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[bookmark: _Toc39201188]1.0 CHAPTER ONE – Introduction
[bookmark: _Toc39201189]1.1 Background and Problem
Building Information Modelling is a process for the production and management of information across the life cycle of a construction project (NBS, 2016). Through a range of beneficial features, the possibilities for improved function during the project’s life have dramatically increased. Recognition for BIM’s utilisation throughout the lifecycle has started to surface within the industry and a more collaborated approach has begun. BIMs significance has also been shown within the UK construction industry, through its employment of directives, mandates and legislation (UK Gov, 2016).
Although, there is still some haziness with BIM’s utilisation throughout the entire lifecycle. The facility management phase is noted as the last but longest phase during the building’s lifecycle (Nordstrand, 2000). But it has proven problematic with the application of BIM. Many problems and issues have been raised through the industry's understanding of BIM, the management of BIM data and the underlining issues relating to the interoperability.
[bookmark: _Toc39201190]1.2 Aims
This dissertation aims to explore the implementation of BIM within the facility management phase of the UK Construction Indsutry. Research will be conducted through a review of existing literature, questionnaires and interviews.
[bookmark: _Toc39201191]1.3 Objectives
1. To examine the implementation of BIM in FM within the UK Construction Industry
2. To evaluate the industry’s opinions on the current implementation of BIM in FM
3. To identify potential barriers that lie within the application of FM in the BIM lifecycle
4. To provide recommendations for the improvement of BIM usage within FM


 
 












[bookmark: _Toc39201192]2.0 CHAPTER TWO – Literature Review 
[bookmark: _Toc39201193]2.1 Introduction
Since the early 2000’s the construction industry has progressively begun developing new digital technologies, with the ultimate aim of reducing its carbon footprint and enhancing the industry’s economic sustainability. These digital developments help provide the sector opportunities to cultivate new methods and approaches through the application of smart devices, virtual reality and computer aided design. With the incorporation of these, projects across the industry has begun to see a decrease in time from inception to completion, an increased profit margin through developed savings and overall, a better quality of product through the utilisation of post completion management.
Among all of the emerging technologies has been the introduction of Building Information Modelling (BIM). The impacts of BIM have led it to become the front runner for the digitalization of the construction industry. Autodesk (2020) describe BIM as “an intelligent 3D model-based process that gives architecture, engineering, and construction (AEC) professionals the insight and tools to more efficiently plan, design, construct, and manage buildings and infrastructure.”
However, despite the industry going through a digital transformation, there has been a tremendous need to provide adequate systems to help manage both new and existing facilities. McAuley et al. (2013) stated that it’s widely accepted that the overall cost of operation and maintenance of a building could be up to five times more than it would to construct it. Lee et al. (2012) supported this by suggesting the operational phase of the building is presented as the main contributor to the overall lifecycle cost, with estimates showing lifecycle costs to be five to seven times larger than the initial investment.
During 2014, a dramatic increase of awareness was seen within the facilities management community and over 62% recognised that BIM supported the delivery of facilities management. Although it’s a fairly complicated process, BIM provided the necessary provisions to allow FM engagement throughout the lifecycle of the building. But concerns have arisen over many troubled areas that are slowing down the adoption.
[bookmark: _Toc39201194]2.2 The Building Life Cycle
The life expectancy of a building can go into the 100s of years and that during this time, the structure is exposed to the many different stages of the life cycle. These life cycles span from the initial extraction or acquisition of the raw materials required, to the manufacturing and construction of the elements, the operation and maintenance of the asset, through to the eventual demolition and disposal of the structure (Crawford, 2011).
Crawford’s explanation of the ‘Life Cycle’ essentially refers to the life span of the structure and how it will be managed throughout. The purpose of this, is to ensure that proper consideration has been provided at each stage, with the ultimate aim to preserve the longevity of the building’s life, through the utilisation of sustainable and economically appropriate measures.
Ngwepe and Aigbavboa (2012) supported this by saying the six life stages; material extraction, manufacturing, construction, operation and maintenance, demolition and disposal, reuse or recycle, are all intensively involved. They go on to highlight the industry’s environmental impacts through this process in an attempt to provide encourage to incorporate more ways so that minimal effects would be made to the environment. Horne et al (2009) added to this by saying buildings are posed to a ‘Life cycle assessment’ problem. Through the consumption of substantial quantities of materials and energy, there are two major life cycle phases that are more impacted: construction and operation.
The UK governments have noticed this by implementing new policies and legislation. It published the ‘Government Construction Strategy (2016-2020)’ and detailed 50% reduction targets by 2025 from the built environment. Building Research Establishment Environmental Assessment Method (BREEAM) was also introduced to help standardise an approach for the performance of a building’s life cycle, through ‘design, specification, construction and operation’.  
[bookmark: _Toc39201195]2.3 Facilities Management Phase
The facilities management phase did not have much recognition and was often overlooked, however in recent years it has been proved to be the longest and most crucial phase in the building’s life cycle (Nordstrand, 2000).  It is found within every phase of the building life cycle and is a considered a ‘multi-disciplinary’ profession (McAuley et al. 2012). 
The FM origins were initially implemented during the 1990s, as during that time infrastructure was starting to become more sophisticated and required necessary management (Amarantunga and Baldry, 2001). Akitn and Brooks (2000) defined FM as a unified approach of operating, maintaining, improving and adapting the building, so that the main objectives of the organisation can be sustained through their formed environment. Facilities management mostly covers the end project, from the maintenance of the building, to the quality control and financial management. FM is comprised of multiple disciplines, through the integration of people, places, processes and technology, with the ultimate objective of guaranteeing functionality of the asset (Kelly, 2018).
The intention of the facility management phase is not to completely focus on the optimization of the buildings running costs but to raise the efficiency of management pace, related assets for the people and the processes required for their operation (Amartunga and Baldry, 2002).
 “Buildings are long-lived products that in normal circumstances would have life expectancies many times greater than those of their constructors and users” Kohler et al (2010). An impression made on the longevity of a building’s life. It explains that a standard structure would last a considerable amount of time longer than the occupier. Understanding this means that throughout the habitable life of the building, strain is inflicted, either directly through stress from occupancy or indirectly through exposure to the world. If not properly managed and maintained, it could cause a great deal of issues to the aesthetics, function and overall integrity.
[bookmark: _Toc39201196]2.3.1 Challenges behind current Facilities Management procedures
The general consensus remains within FM services, that difficulty of calculating strategic value still prevails within the sector. This is backed by previous studies that reveal a large majority of clients are still unconvinced by the importance of FM and how well it contributes to the organisations success (Davies and Sharp, 2014). It is further heightened by the reality that organisations are principally assessed through their budget performance and this directly results in the level of service being neglected. Again, a larger majority of studies show the FM industry dealing with cost of services and operations, as opposed to offering more business value (Ware and Carder, 2012). 
Consequently, the additional opportunities offered within FM services are not well understood. Despite the attributes being diagnosed through workforce wellbeing, retainment and general appeal. The concept of FM has evolved over the last few decades, with it initially being seen as a service provider and transitioning into a fundamental business driver. 
“90% of clients still feel that FM holds a supporting, rather than a strategic, role and will only achieve a higher ranking within an organisation’s hierarchy when it finds new ways to deliver value”. Davies and Sharp (2014) give the impression that FM should be looked at throughout the lifecycle of the structure. Their impression allows us to believe FM is not only a supporting service but can be of more benefit when saturated within an encompassed approach.  
The most commonly reviewed challenges that lay within FM literature relate to the information handling and handover to end user.  Hardin (2009) states this is one of the biggest problems related to the efficient functionality of FM. Originally, the facility manager used 2D drawings or self-inspects of the building to maintain an up-to-date profile of the components post-completion. This information would be manually stored and then recalled on for any future alterations, refurbishment or maintenance.
William East et al. (2012) supports this by explaining scenarios where boxes with unsorted building information was being handed over to owners. The inefficiency of resourcing does not only lead to time being wasted through assorting, managing and rebuilding paper databases but also deprives the essential maintenance for the structure from being acted on as personnel are having to do additional, unneeded work.
[bookmark: _Toc39201197]2.4 Building Information Modelling
The initial concept of Building Information Modelling has existed in various forms since the 1970s. The original introduction was seen through Charles M. Eastman, a professor for the Georgia Institute of Technology in 1975, who referred to the basic design of an object, as opposed to the modern-day process. The term ‘Building Model’ was then published in a 1986 paper “Architectural Design exposed: From Computer-Aided Drawing to Computer-Aided Design” by Simon Ruffle. Ruffle argued that computer aided design systems showed that digitally presented data structures of the building design, would relieve designers from the manual task and allow creative design to emerge as a fundamental human skill.
The need for this digital revolution was greatly influenced on the many reports published in the coming years. Reports such as the Latham Report ‘Constructing the Team’ was the front runner for the industries regeneration. This report was contracted by the UK Government with the sole purpose of investigating the problems within the UK industry. Upon completion, it rapidly dispersed throughout the sector has Sir Michael Latham labelled the industry “ineffective, adversarial, fragmented and incapable of delivering for its customers”.  A few years later during 1998, The Egan Report ‘Rethinking Construction’ was similarly produced. Sir John Egan suggested for “dramatic improvements” and stated, “the industry as a whole is under achieving”. Both reports produced a number of recommendations to help standardize an approach to the on-going issues, with Latham’s recommendations giving rise to the Construction Act 1996. Each noted the lack of efficiency in construction production, they highlighted the many issues that arise through the unusual nature of the industry, specifically in the considerable potential of contractual disputes and the wastefulness the industry exports in comparison to others.
During 2002, seen the opening introduction of “Building Information Modelling” by Autodesk, who published a white paper titled “Building Information Modeling”. The paper detailed a newly innovative approach to the building’s design, construction and management. It provided the ability to maintain information across the lifecycle of the building and ensuring accessibility of the information was digitally integrated. This provided ease of accessibility throughout the supply chain, that to present day, has resulted in a faster resolution of decisions, increased profitability, a higher quality final outcome as well as giving the client a clear overall vision of the end-product.
[bookmark: _Toc39201198]2.4.1 Drivers for BIM Adoption within the UK
The positive influences BIM provide to a project have not gone unrecognized in the UK, with the UK Government significantly endorsing it through the introduction of directives and strategies, aiming to help the public with a standardized approach of incorporating BIM. The NBS National BIM Report 2018 detailed that the strategy aims to meet, by 2025:
· 33% fall in initial costs and life cycle of built assets.
· 50% fall in carbon emissions.
· 50% fall in time from start to finish.
The strategy is based on the “BIM Levels of Development”. The NBS (2014) wrote an article that suggested the concept of a product being BIM compliant has been defined through the “BIM Levels”. It explained that the development of shifting the construction industry into a fully collaborative approach, requires distinct and distinguishable milestones. These milestones are identified as (NBS, 2014):
· Level 0 (Low collaboration)
· Level 1 (Partial collaboration)
· Level 2 (Greater collaboration)
· Level 3 (Full collaboration)
During 2018 the UK continued to proactively advocate BIM by moving their BIM Level 2 mandate from their existing national standards into international standards.
· BS 1992 was superseded by BS:EN:ISO 19650 – 1.
· PAS 1192-2 was superseded by BS:EN:ISO 19650 – 2.
The adoption of BIM within the UK construction industry has dramatically increased as a result of the UK Government Construction Strategy. During 2011, 43% of construction professionals were neither aware nor using BIM in their projects but in 2019, it dropped to only 2%, who were neither aware nor using, with 69% aware and currently using (BIM report, 2019).
[bookmark: _Toc39201199]2.5 BIM FOR FACILITIES MANAGEMENT
[bookmark: _Toc39201200]2.5.1 Introduction
“An increasingly discussed solution to the information handling problem with FM is “Building Information Modelling” (Eastman et al. 2008) 
As previously noted, the use of Building Information Modelling within the construction industry has dramatically emerged. The application has allowed for an easier operation of maintaining the facility as components that need to be changed, restored or removed can be done so following the BIM data model. Owners and operators can mitigate a portion of the cost to manage the facilities through the adoption of a BIM design, suggested by Rundell (2006).
BIM can be used to improve communication throughout the project life cycle as well as provide many attributing factors that reduce cost, project errors, provide better predictability of outcomes and improve the assets operation and maintenance (Sanchez et al. 2014). This is supported by Jordani (2010) who says from an FM perspective, for productive and economical use, there is a need to optimize the building life cycle.
Recognition of BIM and FM has begun to grow within the industry but there is an inconsistent level of understanding, maturity and application across organisations, sectors and industries. There is an accumulation of academic literature and industry reports that point to the importance of early design FM engagement says IBFM (2014).
BIM is used in facility management to help increase efficiency of operations, increase financial saving and expenditure throughout the life cycle, with the ultimate objective of enhancing the facility’s useful life (Smith and Tardif, 2009).
[bookmark: _Toc39201201]2.5.2 The Value of BIM Implementation for FM
According to McGraw Hill construction, who reported the “Business Value of BIM for owners (2014)” an approximate 78% of UK owners express that BIM holds very high value within the FM phase. The same study goes on to list the advantages that can be taken from BIM, such as:
· Complete accurate data, that is linked directly to graphics.
· BIM FM software.
· Ability to capture real time performance data.
· Reliable as built model for management.
· Scheduled maintenance integrated into model.
· More accurate planning, scope and budgeting for alterations.
The importance of understanding BIM, not just as a technical solution but as an inclusive business approach requires the pre-existing framework that covers processes and workflows within the organisation to be altered (Smith et all. 2012). Eastman et al. (2008) explains that much of the responsibility of implementing BIM relies on the owner, with the critical success of it depending on the effective leadership and involvement.
UK Government Strategies and Standardisation
This has been nationally recognised within the UK. In May 2011, the UK Government introduced the Construction Strategy: Soft Landings with the intent of reducing construction cost within the public sector. The Soft Landings framework was a joint initiative between BSRIA and UBT, who addressed the strategy as: “Soft Landings is a building delivery process which runs through the project, from inception to completion and beyond, to ensure all decisions made during the project are based on improving operational performance of the building and meeting the client’s expectations.”
A year later, the UK Government published a ‘One Year On’ report. That went on to describe soft landings as the framework required to help align the interests between the design and construction phase, with the operational phase of the product. It aims to meet and perform to the client’s expectations, whilst reducing re-visits and improving experiences for each involved. The purpose in this was to help the industry migrate more efficiently from the handover stage into the post-occupancy.
The progressive recognition for a standardised approach for BIM in FM has gradually gotten better. During 2018, BS:EN:ISO 41001:2018 was published that set requirements for Facility Management, Management systems and guidance for use through a BIM approach.
[bookmark: _Toc39201202]2.5.3 COBie
Construction Operations Building Information Exchange (COBie) is described by the NBS as:  “a non-proprietary data format for the publication of a subset of building information models (BIM) focused on delivering asset data as distinct from geometric information.”  COBie was referred to as the steppingstone in the digitisation of manual paper information to digital and provides structure for the information delivery to facility managers (Teicholz, 2013).  
COBie provides a format for the efficient management of data in relation to the design, construction and operational phases. The main benefits of COBie is seen through the handover of information post completion, as it allows condensed digital information to be passed over, without the need for physical project information. This results in time spared when exchanging relevant information. (Teicholz, 2013)
However, despite the numerous benefits, COBie is still not a proficient system to the FM community. The drawbacks include the time frame the COBie model is completed. As the COBie model is provided at the end of the construction process it may take months or even years to complete as changes to a project are required to be listed and determined to be resolved (Teicholz, 2013). Another disadvantage of using COBie consists of missing exportation data with the current BIM software, the lack of interoperability will affect the quality of project management during FM. 
As there is no specific COBie software facility managers face complex decisions and will be directed to the most compatible products to address individual aspects of COBie information management data. The lack of adoption of products available to use may result in expensive data translation and transformation efforts (Teicholz, 2013).
[bookmark: _Toc39201204]2.5.4 Challenges for BIM implementation/Barriers to BIM
Eastman et al. (2008) stated that no matter work process, there are always risks associated with change and BIM is no exception. IBFM (2017) said that the AEC has began adopting BIM as the new norm but still, the level of awareness and perception of BIM from an FM’s point of view, has not received the same attention. This in turn creates a gap between efficient and effective running of the BIM process. IBFM (2017) continue by saying the importance of the FM role within the BIM process is been increasingly recognized as being critical. The realization of the potential benefits of BIM are being missed and subsequently leads to profit-loss, errors and wasteful documentation.   
People, process and technology
According to Kelly (2018) the challenges of full integration of BIM throughout the building life cycle, fall into three categories: People, process and technology. Kelly explains collaboration between key players within the life cycle of the building, allows knowledge to be better understood and exchanged. This consequently encourages long-term thinking and in turn, reduces the total building cost. Although challenges can be seen between stakeholders, as issues lacking interdisciplinary coordination seems to be the most common issue (UKCM, 2020).	Comment by Cody Colarusso (1703000): https://www.ukconstructionmedia.co.uk/press-releases/issues-affecting-the-adoption-of-3d-bim-modelling-xs-cad/

Gu and London (2010) explained there was a lack of processes that allow design models to be updated with as-built information and considered this to be among the top challenges for BIM in FM applications. Kelly (2018) continues by saying a major challenge that lies within information handling, is the process of updating the virtual model with as-built information. This then leads into the question; who remains responsible for creating and maintaining the model throughout the lifecycle.
Despite the technological advances BIM has provided, there has been modest consideration offered to the interoperability of BIM technology and Computer Aided Facility Management (CAFM), during handover of information and data (Kelly, 2018). The BIM4FM survey 2013 supported this by stating it would help ensure BIM data that is captured, can be used in different operations.
Information handling and handover
Whilst BIM has consistently established its value within the design and construction process, it has only been up until recent times where the necessary technologies for BIM FM have begun emerging. CRC explained the emphasis made on the building lifecycle back in 2007, stating the current procedure of efficient transfer of information, design and as-built construction data does not facilitate the progressively significant phases of operations and a strategic AM/FM.
With the amount BIM has been implemented within the design and build, it has left tremendous opportunity to leverage the information stored during these phases in order to practically improve the management of facilities (Eastman et al. 2008).
Smith (2011) stated in the ‘Journal of Building Information Modelling’ that most of the time, the project contractors would have to re-build the models provided by the design team, which is completely counterproductive to the BIM process, as its main purpose is to help streamline the exchange of information and not hinder it.
BIM Interoperability and Data Management
O. Roper (2010) emphasises the importance data holds within FM. As helpful as virtual model’s are with visualizing space, the imported data detailing all of the components that are being used in the building and the possible links for maintenance, repair or replacement information provide enormous enhancements for facility management. Although, effectively displaying and sharing the extracted information has left questioning behind the management of BIM data.
IBFM (2014) explains that the facilities management and operations team utilise a range of software and systems that usually fail to integrate faultlessly with BIM deliverables. Additionally, owners might encounter other challenges while transitioning BIM data, be it through data alteration or change in operations and practices. 
A 2004 study by the National Institute of Standards and Technology (NIST) discovered that through the lack of interoperability and loss of data, additional expenses were calculated to be a total 12.4 percent of the total annual cost of building operations.
2.5.5 Capital Expenditure of BIM 
There are draw backs preventing the implementation of BIM; Cost of implementation, which can be difficult to justify especially if BIM is used within FM, as the benefits to improve the asset performance will accumulate over potentially 100’s of years, which is a far longer period required than investment required to witness the benefits. The limited amount of hard evidence for the benefits, which is developed by a lack of consistency in measuring the benefits of BIM (PWC 2018).







[bookmark: _Toc39201205]3.0 CHAPTER THREE: METHODOLOGY
This dissertation seeks to contribute to pre-existing research regarding the implementation of BIM in FM. The aim of the research is to develop an understanding of what barriers are preventing the full collaboration of BIM within FM. It also intends on examining how the challenges revealed in the previous chapter are perceived by industry professionals and what sort of recommendations would be advised for a more efficiently introduced process within BIM for FM applications.
This section will aim to define the appropriate methodology suited for this research. It will discuss the various classifications of research, the justification of data collection and the techniques of data analysis that will be applied.
[bookmark: _Toc39201206]3.1 Research Methodology
In order to explore and analyse the industry’s current view for implementing BIM for facility management and the challenges that lay behind it, it is important to employ the correct research method. Fellows and Liu (2008) identify research methodology as “the principles and procedures for logical thought processes”. Adopting the appropriate procedures helps develop a reliable and valid data set that subsequently establishes a solid connection to the theory.
Understanding the process of implementing the correct methodology is a relatively complicated ordeal and was best referred to by Saunders et al. (2008) as an onion. Selection of the appropriate data collection method is usually in the centre of the onion but before getting to the centre, important layers need to be peeled away. The initial starting point is determining the ‘worldview’ of the researcher, which are philosophies categorised between positivism, realism, interpretivism and pragmatism. These philosophies contain important assumptions in which you view the world and will underpin the choice of strategy and methods you select.
The next layer of the onion is seen as the strategies of inquiry. Creswell (2008) defines the strategies as being either quantitative, qualitative or mixed methods of designs or models. These provide direction for the procedures in the research design. Quantitative strategies be seen as experimental research that consists of influencing a variable in order to identify the outcome of another variable. Qualitative strategies involve a variety of approaches, the considered approaches for this research are ethnography; observation or interaction with the study’s participants in their real-life environment. Grounded theory; construction of theories through gathering and analysis of data. And case studies; in-depth exploration of process, activity or individuals. Mixed method strategies is defined by the research of essentially mixing different methods of data collection; qualitative quotes to support statistical results (Creswell & Clark, 2007).
Finally, the remaining layer, research methods. Research methods involve techniques of data collection, analysis and interpretation (Creswell, 2008), that best serve the intended research. These can be identified again, through quantitative, qualitative or mixed methods. Qualitative methods usually conducts focus groups, interviews, observational methods and document analysis. Quantitative methods normally utilise experiments, questionnaires, surveys, sampling and census. Mixed methods involve both qualitative and quantitative methods.
[bookmark: _Toc39201207] 3.2 Methodology Approach and Strategy
As appropriate selection should be based on the research question and objectives at hand. This particular study concluded that following a pragmatism philosophy was best suited to the Author as the intent of such philosophy is to best answer the research question, aim and objectives as opposed to the other philosophical worldviews.
This then led to a mixed method strategy, as it would better test the understanding of the nature regarding the research aims and objectives by incorporating qualitative interviews but using questionnaires. This is because this research relates to building theory on the implementation of BIM in FM and the perceptions conceived by industry professionals. Adopting a solely quantitative approach was felt to be restrictive as it is largely relevant for theory testing.
Patton (2001) classifies qualitative research as a naturalistic approach that is invested in understanding the phenomena. This can be seen through context-specific settings or ‘real-world’ settings, where the researcher takes the phenomenon of interest at face value and does not try to change it. This form of research differs to the numerical and statistical approach seen in quantitative research (Strauss and Corbin, 1990), by seeking to explore the understanding, extrapolation and illumination of theory as opposed to the prediction, generalization and determination used in quantitative (Hoepfl, 1997).
[bookmark: _Toc39201208]3.3 Research Methods of Data Collection
Data collection is usually presented in the form of either, primary research or secondary research. Primary research is described by Saunders et al. (2009) as research that has been formed through fieldwork studies such as surveys, questionnaires, interviews etc. Secondary research is also described by Saunders et al. (2009) as research that is gathered by reference to published data.
Corti and Thompson (2012) establish the reuse of secondary data for analysis can offer a more detailed narrative when suggesting issues related to the researcher’s question. Naoum (2012) who explains the enablement of descriptive secondary data permits an in-depth debate involving the subject focus and providing the author the fundamentals for analysis and conclusions. 
Utilising case study’s is glorified by Naoum (2012) who states the selection of case studies as the research can be flexible, in the sense where it does not rely on third party engagement. The main purpose of selecting case studies was based on Creswell (2009) who stated that they help provide an in depth understanding of an event, activity or process and can adopt a variety of data collection procedures. Although Biggam (2015) explained that there is risk aligned with case studies, as the selection may not represent the wider industry.
The method of data collection that is felt best suited to this research, can be seen as both open-ended qualitative interviews and quantitative questionnaires, or triangulation approach. This provides the depth of knowledge from individuals but also allows data to be collected from the questionnaires on its applicability tot the rest of the industry.
[bookmark: _Toc39201209]3.3.1 Interviews
Interviews can investigate issues in depth, they help discover the thought process behind opinions and inform decision making (Kvale, 2007). However, interviews can be very time consuming, taking up time to set up, interview, analyse and report on the findings. Concerns can also be made as different interviewers can interpret responses in a different theme and thus changing their view on the findings. Semi-structured interview involves a sequence of open-ended questions based on the topic at hand. The open-ended aspect allows the interviewer and interviewee the opportunity to elaborate more on a specific topic and can be encouraged to speak by either party (Mathers et. al.. 2009).
[bookmark: _Toc39201210]3.3.2 Questionnaires
Questionnaires can provide the opportunity to collect large volumes of data from numerous samples of participants, in a relatively short period (Naoum, 2012). As primary data collection was seen through the conduction of interviews, it was seen appropriate for the use of questionnaires to gain a wider view of the industry professionals regarding the research question. The development of the questionnaire can be seen in HERE, and was prepared following Fink (2003)’s advice. This was ensuring the questionnaire met the objectives of the research and each question was clear. The questionnaire a basic LikeRT scale to provide adequate data. It’s acknowledged that this form of data collection does experience risk, through researcher bias.
[bookmark: _Toc39201211]3.3.3 Ethical Considerations
The participants interviewed each work for organisations across the UK from a cross section of projects; construction projects, infrastructure works, civil engineering and the construction industry digital environment. The participants are familiar with the BIM and FM process and have expertise that can provide ‘real world’ input on the objectives illustrated within this dissertation. This research opted for using semi-structured interview questions and questionnaires. The reason being, is it allows the participants freedom to offer their professional experiences within the open-ended interviews and the questionnaires provide a general understanding and awareness of BIM in FM across the wider industry.
[bookmark: _Toc39201212]3.3.4 Analysis of Data
Given that this research is following a mixed method approach, the data gathered from the qualitative open-ended interview questions were analysed through thematic analysis which helps establish the themes apparent in the responses. The data gathered from the quantitative questionnaires was analysed using statistical and informative analysis. The analysis for both was relayed to the research objectives and aim.
[bookmark: _Toc39201213]3.3.5 Evaluation Criteria
Credibility – Is seen as the most essential aspect for establishing trustworthiness as the researcher is asked to link the study’s results to reality in order to determine the truth (Nowell et al., 2017). In order to ensure the credibility of the participants, relevant examination of the trustworthiness will be executed along with certified publishing’s of secondary data.
Dependability – Is an important trait to trustworthiness as it tests the research study’s findings if there is consistency or if its repeatable. This is double checked over verification of the raw data collection in comparison to the findings (Nowell et al., 2017). In order to check dependability of the participants, relevant examination will be carried out on the secondary data used, to ensure the data is reinforced with sound, literate information.
[bookmark: _Toc39201214]3.4 Summary of Methodology Approach
To summarise this chapter. The choice of approach was centered on the aims and objectives of the research. The aim was to explore BIM’s implementation in the current UK construction industry and to identify the difficulties preventing full collaboration.
Firstly, the research would be conducted from a pragmatic philosophical worldview and followed a mixed method strategy that mainly used a qualitative approaches with the use of case studies. Data collection was both qualitative and quantitative by utilising open-ended interviews and a questionnaire. The choice of selecting both forms of data collection, would help reinforce the perceptions made and provide a solid, well rounded theory.
Secondary sources of data in the form of books, case studies, construction and industry journals, government reports, internet sources and statistical data from official surveys were also used in order to cros












[bookmark: _Toc39201215]4.0 CHAPTER FOUR: RESULTS AND DISCUSSION
[bookmark: _Toc39201216]4.1 Introduction
This chapter of the research will be presenting both questionnaire and interview results. The questionnaire results presented in the form of graphs, with the interview results presented in the form of thematic analysis. This chapter will also discuss the data acquired, justification of questions posed and identified themes that can be related back to the objectives.
[bookmark: _Toc39201217]4.2 Interviews
BIM Managers, Operation Managers and software developers with sufficient experience to provide relevant opinions were targeted for interviewing. The participants involved in the interviews have a contrast of backgrounds within the industry. All participants are based in the UK, in order to give relatable and reliable opinions and experiences. The participants are interoperability software director (1), BIM mangers (2) and facility/operation manager (2). The decision to select applicants from differentiating backgrounds was to be able to see BIM engagement at different levels of the lifecycle. This allowed the interview questions to have more diverse responses.
	
	Position
	Profile

	Respondent 1
	Operations Manager at UWTSD SA1
	Respondent 1 has a wealth of experience in the industry, previously working as a facilities manager and project coordinator. 

	Respondent 2
	Business Development Director at Revizto
	Revizto is one of the organisations helping to digitally bridge the gap between FM and BIM. 

	Respondent 3
	BIM Manager at CB3 Consult
	Respondent 3 is one of the senior technicians, currently advising at CB3 Consult.

	Respondent 4
	BIM Manager at UWE Bristol
	Respondent 4 is currently the BIM Manager for UWE.

	Respondent 5
	BIM Manager/Senior Architect 
	Respondent 5 has worked in multi-disciplinary firm.



[bookmark: _Toc39201218]4.3 Limitations
Unfortunately, given the current global pandemic, it has prevented the ability to conduct formal, face to face interviews. This meant contacting each respondent and asking them to provide answers for the interview questions but in a different format. 
The suggested format would be to follow a qualitative email survey, where the respondents were sent the interview questions and were asked to complete, with as much detail as possible. However, given standard human tendencies, whilst some of the responses provided enriched, detailed information relating to the specified questions, some of the responses were not. This has limited the available amount of analysis that can be carried out on the responses. 




[bookmark: _Toc39201219]4.4 Interview Results 
1. Is BIM currently adopted as a strategic approach for Facility Management within your organisation?

According to the literature, BIM as a strategic approach is deemed important.
 Only one participant clearly stated they have adopted BIM as a strategic approach for their management of facilities. One participant explained they are only using BIM to manage their coordination of construction processes. Two participants stated they are not using BIM as a strategic approach. One participant was unable to comment as they are developers behind collaboration technology for BIM in FM.

2. What importance is being placed on your organisations BIM for FM approach?

According to the literature, there is a lack of importance being placed on the implementation of BIM within FM. Two respondents felt there is currently little importance placed on BIM in their organisation, for its use in FM. Three respondents felt it was important, with two emphasising the importance of standards and the third explaining it is important for the management of FM. 

3. Are stakeholders currently engaged with your organisation in your BIM approach?

According to the literature, there was a lack of engagement seen across the stakeholders. Every respondent stated that at some level, they are engaged with stakeholders with their BIM approach. Although one response explained there was a lack of understanding of BIM.

4. Has the UK Government soft landings mandate contributed to your organisations adoption of BIM for FM?

According to the literature, there was inclination to believe the UK Government soft landings mandate was a primary driver for the adoption of BIM for FM. Three of the respondents stated the soft landings mandate has contributed to the adoption of BIM in FM. Two of the respondents stated it has not.

5. Is your organisation’s FM involved in early engagement within the BIM process? If yes, is early engagement benefitting design and construction? If not, why?

According to the literature, early engagement of FM is seen as beneficial in respect to BIM collaboration. Three of the respondents stated that there is some involvement of FM during the early design of the project, with each explaining it is beneficial in the long run. Respondent 3 and 4 stating it provides better efficiency of the project and respondent 2 saying it is beneficial for the design. Two of the respondents did not see any evidence of early involvement during their BIM projects, with one stating there was no importance placed on it and the other stating there was a lack of knowledge. 
6. Do you believe early engagement of FM is necessary?

Every respondent stated that early engagement of the FM is necessary. Each respondent agreed. Respondent 1 stated it was important for the correct information and usability for the end user. Respondent 3 also stated it was important for correct information and mentioned without early engagement, it could cause disruptions during the project timeline. 

7. What do you see as the principal challenges for BIM for FM, in your organisation? (Excluding interoperability)

The literature provides review of the many challenges that are facing the implementation of BIM for BIM. Most of the respondents stated the cost involved of incorporation of BIM in FM was the significant draw back. There was also consensus that the understanding of BIM is not well versed.  Respondent 2 stated client requirements and changing standards was their main challenge. Whilst respondent 4 stated the understanding and implementation could drive away users and revert them back to old habits; paper drawings or pdfs. 
8. Are you using COBie on your projects? If yes, is it beneficial? If not, why? According to the literature, the use of COBie has been been adversely viewed by the industry. 

According to the literature, the use of COBie has been been adversely viewed by the industry. 
Majority of respondents stated they are using/have used COBie. Respondent 4 said they utilised the standards presented by COBie but incorporated them within a different approach. None of the respondents justified their use of COBie.

9. Are there challenges during hand-over of project? Which challenges are mostly presented? 

According to the literature, the handover period of projects is one of the major issues relating to the implementation of BIM in FM. There were mixed answers with this question. Two respondents stated there was a lack of knowledge of the BIM process. One respondent stated engagement and visibility of process. One respondent stated incomplete models. One respondent felt there was minimal issues. However, respondent 4 and 5 stated inaccurate models was a main challenge of theirs.

10. Is interoperability of BIM data, a significant issue within your organisation? If not, why?

According to the literature, one of the major issues relating to the implementation of BIM in FM is interoperability. Four out of the five respondents stated that they have encountered problems with interoperability of BIM data. With three respondents emphasising software clash. One respondent was unable to comment.

11. Are you seeing a return on investment from the adoption of BIM within FM?

According to the literature, the investment of BIM in FM is beneficial for everyone involved. Three respondents completely advocated the implementation of BIM. Two of which emphasised the savings in time and one explained it help accessibility of the buildings data. Although the same respondent stated is difficult to put a financial cost on the return on investment. Two respondents were not currently using so were unable to comment. 
12. Has the publishing of BS:EN:ISO 41001:2018 changed your BIM approach for FM?

According to the literature, the newly published British Standards should provide more information for adopting BIM in FM. All respondents felt these published standards have no impact on their approach for FM. One respondent was unsure of what the standards were.

13. Who is responsible for updating BIM models with as-built information post completion?

According to the literature, there is a lack of knowledge on who is responsible for maintaining records for the BIM models. Two of the respondents stated they felt it was the contractors obligation. Two respondents stated it was contract depending and one respondent stated the client. Respondent 3 explained there was issues with updating with as-built information, which resulted in them replacing them from as-built to record issue drawings. Respondent 4 explained there are different stages, where the contractor supplies initial information, this is then handed over to estates team. Small changes would require the contractor to alter on the relevant software and this would be updated by the estates team. 

14. What recommendations would be made to more efficiently implement BIM for FM during the design, construction and operation and maintenance phases of the BIM project:  

For further development of this research, the author had asked for recommendations for a more efficient implementation of BIM from the respondents. This will be displayed within the research findings section.
[bookmark: _Toc39201220]4.5 Conclusion of Interview Results
[bookmark: _Toc39201221]4.5.1 Implementation and engagement of BIM in FM
Questions 1, 2, 3 and 13 all discussed the implementation and engagement of BIM in FM. 
It is interesting to note, that there is a degree of value given to BIM with a general acknowledgement of the positives BIM can provide within FM. The data collected suggests, however, that there seems to be mixed understanding in the management of the model. It also suggests the engagement of stakeholders does not appear to be an issue, which is controversial, as the literature indicated the engagement of multidisciplinary stakeholders appeared to be a common issue (UKCM 2020).
[bookmark: _Toc39201222]4.5.2 Early introduction and ROI of FM in BIM
Questions 5, 6 and 11 discussed early FM involvement in BIM and return on investment. 
From the literature reviewed, there was an assumption that early involvement should be deemed a priority. Although there were mixed responses relating to early introduction within the respondent's organisation, there was an overall approval for the early introduction of FM in BIM as it was seen as beneficial and important. This clarifies the literature by IBFM (2014) who published a report on the importance of early FM engagement. This was also extended by the respondents emphasising multiple benefits attained through BIM’s adoption within FM.
[bookmark: _Toc39201223]4.5.3 Barriers to BIM in FM
Questions 7, 9 and 10 each discuss the barriers for BIM implementation in FM.
One of main motives of this research was to understand the barriers professionals within the industry feel BIM imposes. The literature discussed the many challenges that were published, with the main categories being people process and technology, handover and interoperability of BIM data. Each of these were discussed within the responses as the principle challenges identified from the data, was the lack of industry understanding, the lack of knowledge available and the significant issue relating to interoperability of BIM. Cost and inaccuracy of models were also felt to be barriers preventing the efficient implementation. 
[bookmark: _Toc39201224]4.5.4 Awareness of standards and applications for BIM
Questions 4, 12, 8 discuss the standards and drivers for the adoption of BIM in FM.
As stated in the literature review, the UK construction industry has proactively advocated the use of BIM by their development of standards, mandates and drivers. It was interesting to note that whilst there was commendation for the use of COBie, there was a complete lack of awareness for the British Standards involving BIM in FM. Most believed the GSL mandate provided some assistance, but others did not. Despite the efforts provided by the UK construction industry, it appears most information is not transitioning into the industry. 
[bookmark: _Toc39201225]4.6 QUESTIONNAIRE
As mentioned previously, in order to obtain a wider view of the construction industry’s approach of implementing BIM within the FM phase, a questionnaire was designed. Understanding the wider industry’s perception of BIM will allow a better overall conduction of interview and address more specific problems relating to the implementation. Grove et al (2009), stated data collected from the questions asked is only reliable if the sample has sufficient knowledge within the field.  	Comment by Cody Colarusso (1703000): Grove, R.M., Fowler, F.J. Couper, M.P., Lepkowski, J.M., Singer, E. and Tourangeau, R., 2009. Survey Methodology. Chichester: Wiley & Sons.
The sample was selected based on their experience within the construction industry and specifically, their understanding of BIM. The questionnaire was segregated into parts, alike the interviews. The first part testing the reliability of the sample. The second part explored the barriers and implementation of BIM. The third part assessed the contribution of relevant standards and mandates, to their organisations projects. 
[bookmark: _Toc39201226]4.7 Questionnaire Results and Analysis
[bookmark: _Toc39201227]
4.7.1 Section One. Demographic of participants.

Figure 4.1 Responses to Question 1 “What is your current knowledge of BIM?”
[image: ]

Figure 4.2 Responses to Question 2 “What best describes your current industry position?”
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Figure 4.3 Responses to Question 3 “What best describes your organisation?”

[image: ]

The data in the above figures suggests that all of the respondents have industry experience, whilst some aren’t directly involved with BIM in FM, it still argues that the sample has a relative understanding and sufficient experience that can be applied to this research.

[bookmark: _Toc39201228]4.7.2 Implementation and barriers of BIM
Figure 4.4 Responses to Question 4 “Is your organisation currently implementing BIM in FM?”
[image: ]


Question 4 was posed to understand the current adoption of BIM in FM among the respondents. The responses in figure 4.4 indicate that most of the responses correspond to the literature review findings, specifically IBFM (2017) who explained BIM for FM is not receiving much attention as the rest of the lifecycle.













Figure 4.5 Responses to Question 5 “Do you believe BIM in FM should be more prioritised?”
[image: ]

Question 5 was asked in order to understand the respondent's level of importance they give both BIM and FM. The results shown in figure 4.5 indicate that all eleven respondents believe BIM should be prioritised more, with mostly importantly, none, believing it shouldn’t be. 

Figure 4.6 Responses to Question 6 “What are the main challenges for implementing BIM? 
[image: ]

Question 6 was asked in order to identify the perceived challenges the respondents feel BIM provides, with the freedom to provide multiple answers. The responses in figure 4.6 indicate that the cost of implementation and difficultly in understand are the main contributors.














Figure 4.7 Responses to Question 7 “Is BIM interoperability across stakeholders an issue within your organisation?”
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Question 7 was asked, as the literature suggests interoperability is one of the main issues when adopting BIM for FM. The results shown in figure 4.7 indicate that 100% of the respondents believed interoperability was an issue.


Figure 4.8 Responses to Question 8 “Do you believe early engagement of BIM for FM is necessary?”
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Question 8 was asked as the literature suggested that early engagement of FM is important (IBFM 2014). The results shown in figure 4.8 indicate that ten respondents believe early engagement is necessary with only one respondent believing it is not.















[bookmark: _Toc39201229]4.7.3 Section three. Awareness of BIM standards and mandates.
Figure 4.9 Responses to Question 9 “Have the British Standards and International Standards of BIM in FM contributed to your organisation’s use of BIM in FM?”
[image: ]

Question 9 was asked, as the literature suggest the recognition of BIM is not going unnoticed, with the UK Government publishing many standards for the use of BIM in FM. The results shown in figure 4.9 suggest that eight out of eleven respondents felt there has been no contribution from the British and international standards. Whilst the remaining three have seen an impact from them. 


Figure 4.10 Responses to Question 10 “Has the government soft landings mandate contributed to the handover of your BIM projects?”
[image: ]

Question 10 was posed as the Government Soft Landings mandate was suggested to be beneficial to the construction industry for the operational phase. The results shown in figure 4.10 indicate six respondents have seen no benefit, whilst four have seen some benefit from it. Only one respondent felt it has absolutely contributed to their project. 




[bookmark: _Toc39201230]4.8 Conclusion of Questionnaire Results
[bookmark: _Toc39201231]4.8.1 Implementation and barriers of BIM (Question 4,5,6,7,8)
The general perception taken from this section of the questionnaire concluded what was discussed within the interviews and literature. That there is a lack of recognition surrounding the benefits BIM could introduce into the FM phase. The main challenges that were perceived within the questionnaire also add to the findings found within the interviews, that suggested interoperability of BIM is a significant issue within the industry. This could be based on the general lack of understanding and cost of implementation, turning prospective users away. 
There is, however, some acknowledgement of the use of BIM in FM with every respondent in the questionnaire stating BIM should be more prioritised. This was also seen with mostly every respondent for both the questionnaire and interview advocating the importance of an early introduction of FM within BIM. 
[bookmark: _Toc39201232]4.8.2 Awareness of BIM standards and mandates (Question 9 and 10)
The insight gained from this section of the questionnaire was controversial with the results viewed in the interview. There appeared to be a mixture of use of the GSL within the interviews but a lack of awareness when detailed in the questionnaire. Most importantly, there was almost no contribution being recognised from the British Standards currently imposed for BIM in FM.
[bookmark: _Toc39201233]4.9 Findings of this Chapter
From both the literature and the data collected within this research, the findings will aim to clarify the objectives. This research set out to seek the current implementation of BIM within the facility management phase. It also wanted to identify the challenges disrupting the application and the views the UK construction industry has on BIM in FM and the recommendations from industry professionals to help with a more collaborative approach.
[bookmark: _Toc39201234]4.9.1 Current Implementation of BIM in FM
The findings from the data collected suggested that there is an absence of BIM in the FM application. Which agreed with the IBMF (2017) report that proposed BIM lacked enthusiasm throughout the operational phase. It is interesting to note however, that despite the lack of application, both, the data and the literature, shows that the recognition of BIM in FM has grown across the industry and there was still a general understanding of the benefits BIM in FM can provide. This was seen in both data collection methods, with all the respondents advocating the implementation of BIM within FM. 
What was more surprising, was the data collected supported the literature (IBFM 2014) relating to early FM involvement. Regardless of the level of implementation or understanding, there was still recognition for FM to be included during design and construction.
One of the possible reasons for lack of implementation could be related to what the literature stated (Eastman 2008), that most of the responsibility of implementing BIM relies on the owner, if they do not feel it is worth it, then no adoption will be made. This was also backed by the literature (Davies and Sharp, 2014) who mentioned that clients were unconvinced by the importance of FM and how much it contributes to the success of the organisation. The data also suggested that there was a lack of strategic approach for BIM in FM, which was identified in the literature (Smith et al. 2012) as an important aspect, as BIM as an inclusive business approach is beneficial for the effective utilisation. 
It can be perceived that it’s only a matter of time before BIM is predominantly invested within the FM phase, as the data and literature (Smith and Tardiff, 2009) both show BIM enhancing the facilities useful life as well as the potential cost that can be mitigated through the adoption of BIM in FM (Rundell, 2006). It is argued that such findings provide an interesting perspective on how BIM in FM is portrayed throughout the UK construction industry but despite the recognised benefits it can provide within the design and construction phase, the use of BIM within FM is still believed to be in its infancy.
[bookmark: _Toc39201235]4.9.2 Barriers to BIM
The data collected from this research indicates that there are a variety of principle challenges that are potentially the reason for the lack of BIM application in FM. 
One of the occurring themes displayed in the both the literature and data collected, was the barriers imposed during handover of documentation. The concept of BIM is to streamline the exchange of information, however the literature suggested that (Smith, 2011) issues have been apparent for some time, in that there are restrictions in the ability to handover relevant information in a timely, structured manner. Which we can see is evident from the data collected in the interviews and questionnaire with one respondent stating “Lack of knowledge of BIM from organisation so did not know what to ask for. Therefore no handover.” It suggests that despite the handover stage being such a crucial step, the lack of familiarity of BIM is causing issues, which completely counteracts the concept model. 
This could also extend into another identified barrier from the data collected, the inaccuracy of models. If there is disruption between handover, the relevant information will not be efficiently conversed and as such, will relate to un-informative model. To continue further, the literature suggested (Gu and London 2010; Kelly 2018) there is a lack of awareness relating to updating the model with ‘as-built’ information. Which from the data collection, did not appear to be a major issue. With most respondents stating it was contract depending or they had a process involved for the management of ‘as-built’ information.  

It was further discussed the UK Government’s attempts to help soften the transition through the introduction of the GSL mandate. Whilst this has been beneficial for some organisations, with one respondent stating BIM and GSL go hand in hand, it is not a universal code that has helped everyone. The data collected from the questionnaire reinforced this, with the wider industry of respondents stating it has had no contribution to their handover. Which given the literature, suggests it has made a bigger impact that is realistically has. 
What was surprising was the data collected relating to COBie showed that it was highly rated within the industry, despite the literature stating the many drawbacks it provides. The introduction of COBie was introduced to help negate the inefficiency of handover and from the responses detailed above, it appears to be doing as such, whether it is implemented directly, through the documentation or indirectly through structure. 
The principle challenge that was found within the literature was the interoperability of the BIM process. It was imperative to identify the issues surrounding this as it is felt the main contributor to the lack of BIM adoption and as such, was identified in both data collection to be a significant issue. Almost every respondent from the interview explained they had encountered some form of issue relating to interoperability, which from the literature (IBFM 2014) also clarifies software between FM and OM is pertinent to integrate faultlessly. This was further extended by the wider industry with everyone stating they thought interoperability was an issue. This consequences of this was identified in the literature  (NIST 2004) as not only impactful on the data but financially. 
[bookmark: _Toc39201236]4.9.3 UK Construction Industry Understanding of BIM
The data collected from this research aimed to identify the general understanding of professionals in the industry, relating to BIM in FM. The general consensus was that despite the industry’s awarenss of BIM and their advocation for implementation into the FM phase, there is a minority of expertise. This could be one of the main results preventing the full collaboration in FM. This was further extended by the interview results, which depicted a lack awareness relating to the standards of BIM in FM. It was further concluded by the results in the questionnaire that showed an absence of contribution British Standards and International Standards have given for BIM in FM, despite the literature stating  (Business Value of BIM for owners, 2014) 78% of UK owners express the value BIM holds within the FM phase. 
Although there is plenty to suggest BIM within the design and construction stage is blossoming, the same cannot be said for FM. It was interesting to note that the interview results showed the GSL had some form of impact, whereas the questionnaire results show one respondent out of eleven, having an impact. Could this be dependent on the project or type of asset? The could be the case, as respondent 4 (BIM Manager at UWE) stating both the GSL and BIM go hand in hand, whereas respondent 5 (BIM Manager/Senior Architect at multidisciplinary firm) suggested GSL has not made an impact whatsoever. It could also be the industry’s attitude to change, as stated in the literature, the acceptance and adoption of newly introduced processes fears many traditional professionals as change, in their eyes, in not required “If it is not broken, then don’t fix it”.
4.9.4 Recommendations for improvement of BIM in FM 
The data collected from this research was able to give us some very informative recommendations. They were summarised as follows:
· Clearly defined requirements from the client.
The main recommendation was to ensure properly defined requirements from the client at the start of the project and plan through the process to handover. This will allow for a better transition from construction to operational and minimise the risks of data loss.
· Ensuring early FM engagement to allow input for a better overall product for the end user. 
From the data collected within the questionnaire and interview, it was apparent that there is recognition for the early involvement of an FM. The literature supports this also. The impacts that can come from ensuring the FM has input on the design, will allow for a better understanding of the components in place and subsequently a better overall efficient and effective management.
· Efficient communication between both design and construction teams and operational teams.
It is apparent within the lifecycle, that a multitude of stakeholder engagement will prevail and consequently, a multitude of involvement across the building. Ensuring defined requirements are provided at the initial consultation will not only add to a more efficient process but help negate any issues that could come up later down the line.
· If adopting CAFM database systems, understanding the restrictions it imposes on the data.
Something not really touched up within this research was CAFM systems. Although they are essentially the software of the BIM in FM process, they are crucial in effectively managing FM, as technology has advanced to the point where any issues that surface within a structure, can be easily identified and rectified through applications such as Revizto, Bentley, BIM360, ArchiCAD. 
This was an interesting yet commendable recommendation. That despite the benefits CAFM systems provide, there are issues that govern it. These issues directly relate to that of interoperability and handover of data. 
4.10 Summary of Chapter
This section addressed the claims made in the literature, compared it to the data collected and gave an overall understanding of the aim of this research.






[bookmark: _Toc39201238]5.0 CHAPTER FIVE: CONCLUSION
To clarify, this research suggests that there is an acknowledgment of BIM throughout the life cycle of the building and that there is an expertise in the field, whom of which have a profound knowledge relating to the drivers, issues and general knowledge surround BIM in FM. But it is clear to see the level of awareness is not parallel to the level of implementation across the industry. The significant issues noted are that of interoperability, lack of standard awareness and data transition through handover. 
Aim
It was felt that this research did conclude its initial aim, which was to explore the implementation of BIM in FM across the UK Construction Industry. It looked at the main sections comprising the implementation, which was the adoption of BIM in FM, the industry’s opinions relating to BIM in FM and the barriers BIM was facing for complete collaboration.
Objective One
“To examine the implementation of BIM in FM within the UK Construction Industry.”
This research began by reviewing the literature regarding the utilisation of BIM in FM. The purpose behind this was to build theory as to why BIM had been slowly adopted within the FM phase. It was concluded that from both, the literature review and the responses detailed in the collected data, that understanding of the benefits BIM can provide in FM are acknowledged, but the overall adoption is still in its infancy. 
Objective Two
 “To identify the potential barriers that lie within the application of FM in the BIM lifecycle.”
This research set out to identify the barriers that were preventing the application of BIM in FM and it is felt that this was accomplished. The principal challenges for BIM in FM was seen through the cost of implementation, the ill-management of data (Handover, inaccurate models, interoperability) combined with the lack of standard awareness. The solutions appear simple but are far more intertwined than meets the eye. 
Objective Three
“To evaluate the UK Construction Industry’s opinions on the current implementation of BIM in FM.”
The research wanted to evaluate the industry's opinions regarding the current implementation of BIM. This was decided as it could provide a real insight, from industry professionals who are at the forefront of BIM usage. The consensus behind the industry opinions is that BIM in FM does not hold much priority within the current industry despite the numerous reports stating it does. It does, however, have a level of recognition within the industry but as previously stated, appears to still be in its infancy. 
Objective Four
“To provide recommendations for the improvement of BIM usage within FM.”
[bookmark: _Toc39201239]In order to contribute to the effective utilisation of BIM in FM, it was felt that recommendations from industry professionals were necessary. The recommendations can be seen in chapter 4.9.4. and the author is happy with the recommendations provided. 



5.1 Limitations
BIM for FM is still on a relatively low priority scale for some of the industry, but it can be seen as still in the early stages of industry implementation. Consequently, this gives a limited amount of information in academia as there is minority of have relevant expertise. 
Limitations were also seen when conducting the interviews. At the present time there is a global pandemic that has resulted in the UK being on a national lockdown. Because of this, the intended targeted interviewers were unable to attend, however they were able to complete the interview questions via email. This has resulted in limited responses to the questions asked. 
The author would have liked more participants in both the questionnaire and interviews, to help give a rounded understanding as 16 participants are an incredibly small fragment of the wider UK construction industry. 
[bookmark: _Toc39201240]5.2 Recommendations for further study
This research illustrates the importance being placed with the FM phase of the building lifecycle and that BIM can undoubtedly contribute to that, and as such, it is recognised that the findings of this study could have been enhanced through a more presently researched literature. It would also be useful to conduct a more thorough interview with questions that are implicitly addressing key issues within the BIM FM industry. 
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Respondent 1

Question 1 Is BIM currently adopted as a strategic approach for Facility Management within your organisation?

Not yet. We have BIM models of 3 new buildings and are currently exploring training and software options for utilising BIM.

Question 2 What importance is being placed on your organisations BIM for FM approach?

No importance. After completing my studies, I was the person to introduce the idea of BIM usage for FM to the organisation.

Question 3 Are stakeholders currently engaged with your organisation in your BIM approach?

Yes, the SMT like the idea. A demonstration of the software we are looking to use is booked for w/c 27/04/2020

Question 4 Has the UK Government soft landings mandate contributed to your organisation’s adoption of BIM for FM?

No

Question 5 Is your organisation’s FM involved in early engagement within the BIM process? If yes, is early engagement benefiting design and construction? If not, why?

The FM were not involved, I cannot say why as I did not work for the organisation at the time. In my opinion, the team involved did not have the understanding of the potential of BIM.

Question 6 Do you believe early engagement of FM is necessary?

Yes, in order to request the correct information that makes BIM useful and usable for the end user.

Question 7 What do you see as the principal challenges for BIM for FM, in your organisation? (Excluding interoperability)

Highlighting its uses to the end use, who may see it as 'something else to do'. Cost involved- always difficult to prove cost efficiency for new software.

Question 8 Are you using COBie on your projects? If yes, is it beneficial? If not, why?

No live projects so cannot comment sorry.

Question 9 Are there challenges during hand-over of project? Which challenges are mostly presented?

Lack of knowledge of BIM form organisation so did not know what to ask for. Therefore no handover.

Question 10 Is interoperability of BIM data, a significant issue within your organisation? If not, why?

Unsure as we have not started using properly yet.

Question 11 Are you seeing a return on investment from the adoption of BIM within FM?

Please see above answer- not in use properly yet.

Question 12 Has the publishing of BS:EN:ISO 41001:2018 changed your BIM approach for FM?

No, not in use yet.

Question 13 Who is responsible for updating BIM models with as-built information post completion?

Organisation currently does not do this. We have the skills in house so this would be completed by UWTSD.

Question 14 What recommendations would you make to more efficiently implement BIM for FM during the design, construction and operation and maintenance phases of the BIM project:

Get the FM team engaged early and allow input. Ensure the organisation knows what to request from the PC, as PC will always give option which reflects minimal work from them. Clearly defined requirements and usage to steer PC on requirements.
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Respondent 2

Question 1 Is BIM currently adopted as a strategic approach for Facility Management within your organisation?

Not yet. We have BIM models of 3 new buildings and are currently exploring training and software options for utilising BIM.

Question 2 What importance is being placed on your organisations BIM for FM approach?

Our mission is for every project to Start with FM in mind from the very beginning. The asset that is being designed and constructed is for the client so any data associated with the acid needs to be in a format that can be made best use of during operation.

Question 3 Are stakeholders currently engaged with your organisation in your BIM approach?

Yes we work directly with a number of digital estate managers who help us shape the way our technology is developed moving into the future.

Question 4 Has the UK Government soft landings mandate contributed to your organisation’s adoption of BIM for FM?

Our role is to assist in the soft landings approached by developing the technology that is accessible to pretty much anybody. The challenge we are faced with is his technical tools have been used to develop large models that are readily available to the types of people in the FM space. We have developed a hybrid solution that can be used from design through into operation ensuring all parties involved get the best possible outcome from BIM

Question 5 Is your organisation’s FM involved in early engagement within the BIM process? If yes, is early engagement benefiting design and construction? If not, why?

Absolutely the sooner we’re involved the better. If we can make smarter decisions sooner then inevitably we’re going to design and build a better asset for our client.

Question 6 Do you believe early engagement of FM is necessary?

Yes!

Question 7 What do you see as the principal challenges for BIM for FM, in your organisation? (Excluding interoperability)

Accessibility! Too many tools and file formats and personal preferences can convolute the process.

Question 8 Are you using COBie on your projects? If yes, is it beneficial? If not, why?

Not us but our clients absolutely!

Question 9 Are there challenges during hand-over of project? Which challenges are mostly presented?

Again engagement and visibility of process and status.

Question 10 Is interoperability of BIM data, a significant issue within your organisation? If not, why?

It’s a significant issue for our clients which is why we’ve developed Revizto to solve the interoperability problem. Revizto allows clients to review drawings and models of all sorts in one single application!

Question 11 Are you seeing a return on investment from the adoption of BIM within FM?

Not us but clients absolutely!

Question 12 Has the publishing of BS:EN:ISO 41001:2018 changed your BIM approach for FM?

No

Question 13 Who is responsible for updating BIM models with as-built information post completion?

Contract depending ...

Question 14 What recommendations would you make to more efficiently implement BIM for FM during the design, construction and operation and maintenance phases of the BIM project:

Ensure that the process is agreed and outlaid from the forefront and any technology that can benefit the entire team is implemented from the outset. See www.revizto.com for more information
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Respondent 3

Question 1 Is BIM currently adopted as a strategic approach for Facility Management within your organisation?

It began as a compulsory requirement on all government funded schemes. As the British Standards and International Standards have progressed, we have adopted them as company standards. It sets a common environment for production of drawings and management of digital assets.

Question 2 What importance is being placed on your organisations BIM for FM approach?

BIM has always been at the forefront of the companies focus. By making myself BIM manager just over a year ago, it has emphasized the importance of continuously improving BIM standards within the company, as well as keeping on top of ever changing UK and global standards.

Question 3 Are stakeholders currently engaged with your organisation in your BIM approach?

Clients, architects and seperate consultancies naturally engage with our BIM approach as project specific requirements always help develop our standards and libraries. The back-and-forth between seperate companies tend to benefit all parties with the progression of the BIM approach.

Question 4 Has the UK Government soft landings mandate contributed to your organisation’s adoption of BIM for FM?

The soft landings did help with adapting the company standards to line up with the British Standards, especially with a smaller company that doesn't have a specific dedicated BIM team that can progress the company standards seperately to the process of producing drawings. The soft landings gave the company the freedom to take the time to make these adaptations whilst working on projects.

Question 5 Is your organisation’s FM involved in early engagement within the BIM process? If yes, is early engagement benefiting design and construction? If not, why?

All BIM projects tend to have a BIM pre-start meeting which allows the client, architect and all consultancies to discuss the strategy that is to be used on the project. This engagement allows continuous adaptation and betterment to project specific standards which allows projects to run much more smoothly. This early stage engagement is a key part to the success of BIM within our company. We have also seen benefits once the project gets to site with minimum issues.

Question 6 Do you believe early engagement of FM is necessary?

Early engagement is definitely necessary. All parties involved on a BIM project will always come into each project with different priorities therefor what seems a low priority with the client may be a large priority to the architect or engineer. Without the early engagement, these items are usually forgotten about and cannot be changed later down the project timeline.

Question 7 What do you see as the principal challenges for BIM for FM, in your organisation? (Excluding interoperability)

Receiving client requirements for their end product at an early stage is still a big issue for us. I believe it has something to do with the fact that standards are continuously changing and therefor clients requirements change along with them.

Question 8 Are you using COBie on your projects? If yes, is it beneficial? If not, why?

We have used COBie on one project in the past which needed minimal input from ourselves seeing as our drawings/models only have a handful of different items (e.g. columns, beams, foundations) which only have a few different materials for take offs (e.g. steel, concrete)

Question 9 Are there challenges during hand-over of project? Which challenges are mostly presented?

We have minimal issues. At construction stage, steel fabricators commonly take over responsibility of the structural drawings.

Question 10 Is interoperability of BIM data, a significant issue within your organisation? If not, why?

We do have issues with interoperability within our civil engineering team. BIM software tends to be set up to suit architects and structural engineering and does not suit drainage and landscaping modelling. The software that does cater for the civils information does not seem to communicate with the software we use for structural information.

Question 11 Are you seeing a return on investment from the adoption of BIM within FM?

100%! early adoption of producing BIM models means we have an extensive BIM library full of commonly used families and details. This means we can produce early stage models and drawings in the matter of a couple of days, where this process would usually take upwards of a week.

Question 12 Has the publishing of BS:EN:ISO 41001:2018 changed your BIM approach for FM?

No, not in use yet.

Question 13 Who is responsible for updating BIM models with as-built information post completion?

the contractor is responsible for keeping us up-to-date with any on site changes to drawings for us to keep a true record of what has been built. This rarely happens and because of this, we have moved away from producing 'as built' drawings and replaced them with 'record issue' drawings.

Question 14 What recommendations would you make to more efficiently implement BIM for FM during the design, construction and operation and maintenance phases of the BIM project:

Clients/Contractors should have a clear idea of what their goal is with the project and what they want at the end of the project. This information can then be sent to all consultants on a project.
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Respondent 4

Question 1 Is BIM currently adopted as a strategic approach for Facility Management within your organisation?

Yes

Question 2 What importance is being placed on your organisations BIM for FM approach?

It is the method used for the capture of information on assets, which is used to inform planned and reactive maintenance. Beyond this, the 3D model forms the master graphical records of the estate. These are used for numerous reasons, the most important of which are for fire safety.

Question 3 Are stakeholders currently engaged with your organisation in your BIM approach?

Yes

Question 4 Has the UK Government soft landings mandate contributed to your organisation’s adoption of BIM for FM?

Yes, UWE have adopted both BIM and softlandings. The two things are complimentary

Question 5 Is your organisation’s FM involved in early engagement within the BIM process? If yes, is early engagement benefiting design and construction? If not, why?

Yes, through multiple methods. Firstly the BIM requirements have been formed in collaboration with stakeholders, so the EIR is asking contractors to deliver models that are useful for long term applications (operations, maintenance, cost planning space management, security, etc). Also, BIM is used during the design of the building to involve stakeholders in the design, particularly around CDM.

Question 6 Do you believe early engagement of FM is necessary?

Absolutely!

Question 7 What do you see as the principal challenges for BIM for FM, in your organisation? (Excluding interoperability)

Generally, the adoption of new digital ways of working. The understanding of what the supply chain will be supplying and when, including what is physically possible. For example, you cant ask for information on manufacturers and products before they have been specified. There also needs to be an understanding that information comes at a cost, asking for too much data, that may not be useful is bad practice. Beyond this, there is a tendency to always fall back to old habits, like paper drawings or PDF's saved on a network drive, instead of using collaborative platforms like Revizto or BIM 360.

Question 8 Are you using COBie on your projects? If yes, is it beneficial? If not, why?

Yes and No, we are requesting structured data within 3D models using COBie fields. For Example COBie.Type.Category. We aren't asking for a COBie excel files as part of the delivery.Our endgame is to link the Revit files to a CAFM system. In our opinion, the Excel output is creating another stand-alone source of building information that could be modified independently from the Revit model. The COBie field naming is useful to standardise data across the industry.

Question 9 Are there challenges during hand-over of project? Which challenges are mostly presented?

Yes. Inaccurate models (not reflecting the built asset). Incomplete or incorrect model data. Late delivery, bear in mind the information is being used to maintain safety-critical systems.

Question 10 Is interoperability of BIM data, a significant issue within your organisation? If not, why?

Yes. CAFM has not caught up with the changes BIM has brought. Our system (Archibus) does not sync with the model, even though the developer claims this functionality. Without a sync tool, we are forced to import data through excel, meaning its incredibly difficult to maintain a single source of information as models and data changes over time.

Question 11 Are you seeing a return on investment from the adoption of BIM within FM?

I think we are but it's incredibly difficult to measure. We've had reports from our contractors of things that would have been significant issues had they not have been spotted early in the model. I suspect only a tiny fraction of these instances would be reported as it's not in the contractor's interest. Data on buildings is now extremely easy to find, before it was very difficult and time-consuming. Proving the amount of time saved, the number of surveys not required, etc is very difficult to put a financial value against.

Question 12 Has the publishing of BS:EN:ISO 41001:2018 changed your BIM approach for FM?

No

Question 13 Who is responsible for updating BIM models with as-built information post completion?

The contractor is responsible for supplying as built info from a project. After this point the Estates Digital Campus team takes ownership of the models. There are various methods for updating after this point. For very small works, the contractor will mark up changes using our Revizto software and we will then update the Revit models using this data. For larger projects, the models are given to an external design/contractor team and they will have to update the model as part of the project work.

Question 14 What recommendations would you make to more efficiently implement BIM for FM during the design, construction and operation and maintenance phases of the BIM project:

1. Understand what you want to do with the data and models from the beginning. 2. If using a CAFM database system, understand the restrictions (like character lengths) that this imposes on the data and instruct your contractors to work within these restrictions. 3. Have very clear documentation available from the point the project is tendered (AIR and EIR). 4. Ensure BIM is scored as part of the tender process. 5. Use the information as soon as it hands over, and ensure you maintain it as things change over time.
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Respondent 5

Question 1 Is BIM currently adopted as a strategic approach for Facility Management within your organisation?

Partly. Clients write it into their briefs but then do not use it when queried how they are intending to use it. Its lip service.

Question 2 What importance is being placed on your organisations BIM for FM approach?

Not much. We've only been asked to put COBie data into one as-built model even though most briefs ask for this.

Question 3 Are stakeholders currently engaged with your organisation in your BIM approach?

Yes but they lack knowledge on BIM.

Question 4 Has the UK Government soft landings mandate contributed to your organisation’s adoption of BIM for FM?

No

Question 5 Is your organisation’s FM involved in early engagement within the BIM process? If yes, is early engagement benefiting design and construction? If not, why?

No. There was no importance placed on it.

Question 6 Do you believe early engagement of FM is necessary?

Yes.

Question 7 What do you see as the principal challenges for BIM for FM, in your organisation? (Excluding interoperability)

The cost of incorporation between stakeholders. There is not much understanding of relevant infomration. Standards are always changing as well. 

Question 8 Are you using COBie on your projects? If yes, is it beneficial? If not, why?

Yes but only for one project. 

Question 9 Are there challenges during hand-over of project? Which challenges are mostly presented?

Lack of knowledge. issues with inaccurate models of the project.

Question 10 Is interoperability of BIM data, a significant issue within your organisation? If not, why?

Yes. Our systems often tend to clash with other systems used within the model.

Question 11 Are you seeing a return on investment from the adoption of BIM within FM?

Not applicable

Question 12 Has the publishing of BS:EN:ISO 41001:2018 changed your BIM approach for FM?

Unsure of standards, BS1650 is the new bible.

Question 13 Who is responsible for updating BIM models with as-built information post completion?

Depends on the contracts that have been agreed.

Question 14 What recommendations would you make to more efficiently implement BIM for FM during the design, construction and operation and maintenance phases of the BIM project:

Early engagment from the FM I guess would provide a better overall product for the end users. Ensure maintinablility of documentation through the use of CAFM. 
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