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ABSTRACT Organisations all over the world are increasingly becoming digitally enabled, including infrastructure providers 
and are looking to use this new found a digital way of working to transform the organisation into a more lean, efficient and productive 
organisation. Digital transformation is not exclusively about digital technology but the fact that technology, which is digital, will enable the 
organisation to create greater informed decisions around there current and future challenges, objectives and strategy. While many organisations 
are currently going through a digital transformation process, there are challenges in demonstrating the value of such a transformation process 
to the broader organisation. This is partly due to the fact that for digital transformation to be successful it must encompass all of the organisation, 
including traditional business processes and functions that are not prone to change. Furthermore, it can be witnessed that digital transformation 
is not purely a technical solution but is also an organisational cultural change, one that allows for an agile approach to working and one that 
acknowledges failure in a positive perspective. 
 
A framework is proposed in this paper that utilises the BIM information management processes and adopts them into a digital transformation 
process. The framework aims to not look at BIM within individual lifecycle stages, but the full adoption of BIM between all the lifecycles 
stages. Furthermore, it will support the full organisational adoption of BIM within all organisational functions such as risk management, 
customer reengagement, fiscal management, resource management, ETC. finally, the framework will enable the culture to change requirements 
by providing a collaborative and transparent environment to digital transformation. 
 
1. Introduction 

Digital transformation in a board sense has been a hot topic for 
discussion, both within the academic literature and within 
industry participation. Digital transformation is seen as a key 
organisational strategy to support sustainable growth. This is 
especially important with asset centric organisations that are 
being asked to deliver greater operational performance within 
increasing financial constraints and limiting environmental 
resources. Furthermore, there is an increasing regulatory 
landscape in the remit of data and information management 
that aims to ensure transparency in public services, security and 
protection of data around personal records and security-related 
data and standardise data formats, models and structures. Many 
of these regulations are being enforced by legal requirements 
with harsh penalties. One such example is the General Data 
Protection Regulation (GDPR) that aims to protect the 
personnel records of customers that organisations hold and 
gives control to individuals to focus companies on deleting 
there records, failure to conform to this regulation can result in 
a 20 million euro fine or 4% of annual global turn over. 
(European Union 2016).    

Fundamentally organisations are being asked to achieve more 
with a decreasing financial envelope, increasing data 
management regulations and with minimal impact on the 
natural environment. Hence the need for organisations to 
develop their digital transformation capabilities in line with the 
above challenges. 

 In recent years Building Information Modelling (BIM) has 
been a widely discussed topic, both within the academic 
literature and within industry applications. BIM is being seen 
by many organisations as a critical enabler to embed digital 
processes within their organisation. Specifically, the 
information management processes within BIM aids in 
breaking down the traditional information siloes and barriers 
that are present in asset centric organisations. BIM itself has 
been adopted within the silos of the organisations. In general 
BIM adoption has been widely successful within the design 
and construction phases, but with limited adoption within the 
operational and maintenance (O&M) phases. Furthermore, 
BIM has mostly been adopted within individual departments 
such as the civil design, geotechnics and architectural design, 
but with limited adoption in organisation management 
functions such as risk management, financial management and 
health and safety management.  

Asset Management has emerged as a domain both within 
academia and industry as a set of methodologies, framework 
and tools that support the alignment of organisational 
objectives around the value of their physical assets. Asset 
Management is gaining support in industry adoption by ISO 
55000 that defines a methodology and associated processes 
need to develop an asset management system, from a 
management perspective point-of-view (ISO 2014). Asset 
management aims to align the organisational requirements, 
both financial and non-finance to the value of the operational 
performance of their physical assets that encompass your 
traditional asset-centric departments such as your operational 
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and maintenance teams but also your management functions 
such as risk management and fiscal management. Due to the 
broad, collaborative and alignment nature of asset 
management, it is considered a critical element to a successful 
digital transformation process. 

A recent survey found that 78% of organisations believe that 
digital transformation will become critical for their 
organisational profitability within the next two years. 
However, 63% believe the transformation (both technical and 
management) is happening to slow. From the same survey, it 
was cited that a “lack of urgency” was a frequent obstacle and 
only 38% responding that the Digital Transformation was a 
permanent fixture on the CEO’s agenda and forms part of the 
broader organisational vision and objectives (Fitzgerald et al. 
2018). Furthermore, while most employees would agree with 
the vision, they are poorly equipped with the knowledge, 
information, tools and techniques to help them support the 
digital transformation process.  

 As can be seen within Fig 1, a recent study rated the 
construction industry (including asset management) as the least 
digitally mature sector. It can be clearly witnessed that digital 
transformation within the construction industry lacks in a clear 
and comprehensive strategy, required digital skills and 
knowledge, lacking support from leadership and more skills 
within the leadership team to support the digital transformation 
process.    

Figure 1 Digital Maturity of Sectors (Kane, Gerald C 
and Palmer, Doug and Phillips, Anh Nguyen and Kiron, 
David and Buckley 2015) 

 

This paper investigates the use of BIM in the information 
management process within to support an asset-centric 
organisations journey throughout the digital transformation 
process. Section 2 provides an overview of current academic 
literature and standards within the domains of digital 
transformation, BIM and asset management. Section 3 
proposes a digital transformation framework that is enabled by 
BIM. Finally, section 4 provides a conclusion and guidance on 
the need for future research requirements.  

2. Literature and standards review   

This section reviews the management domains of Digital 
Transformation and the more technical domains of BIM and 
asset management. While the scope of this paper is focused on 
organisations that manage infrastructure and estates, it is 
essential to go beyond these domains in order to investigate the 
best practice, as such the domains of finance, health care and 
marketing will be revised.  

2.1 Digital Transformation Strategies 
First, it should be noted that digital transformation strategies 
are not an Information Technology (IT) strategy. IT strategies 
focus on the IT hardware and software deployment with only a 
narrow understanding of the operational asset value that they 
support. Furthermore, IT strategies propose a roadmap for the 
future development and use of IT within the organisation, and 
it does not explicitly focus on the transformation of individual 
products, services or projects (Matt and Hess 2015).  

Digital transformation is not a new concept. J.F. Rockart et al 
in 1979 noted the advancement of Information Management 
Systems (IMS) and how their use would revolutionize and 
transform the traditional business models, but Rockart witness 
that the emerging IMS where rarely successful and often did 
not cross organisational departments (Rockart 1979). Rockart 
et al noted the need for tools and techniques so organisations 
could develop holistic approaches to a digital approach that 
engaged all levels of management and all functions. J. c 
Henderson et al in 1993 noted that IT was evolving from its 
more administrative role to a more strategic role within an 
organisation and as such requires a strategic management 
process (Henderson and Venkatraman 1993). Furthermore, it 
was noted the emerging domain of strategic management of 
information technology and the need to align this emerging 
domain with existing management processes. 

the emergence of IT evolving from an administrative task to 
strategic tool to exploited as a mean to controls risk and 
increase profitability, took the focus away from IT  as a 
hardware / software solution and focused more of a digital 
approach, creating the emergence of digital strategies. 
(Drnevich and Croson 2013) notes the development of a 
“Digital Business Strategy” that provides a framework for the 
integration of IT and organisational strategy. While this 
demonstrates the evolution from administrating IT to digital 
strategy, it doesn’t focus specifically on the transformation 
process itself, but rather on the current and future business 
opportunities based on digital technology and processes and 
not the transformation requirements to achieve these 
objectives.   

There are an emerging set of definitions that aim to provide the 
scope and structure of what is specifically digital 
transformation. When reviewing the definitions, they generally 
fit into one of three categories as summarised below. 

1. Technology – focused on the design, development 
and extension of IT hardware and software within an 

 

 
 

organisation, with little to no focused on the processes 
that the technology supports. 

2. Processes – focused on the digitalisation of 
organisational processes with little to no bias on 
individual technology solutions.  

3. Framework – focused on the development of the 
digital transformation processes and framework itself, 
with no bias to individual processes or technology. 

Table 1 provides a summary of the most popular definitions 
within the literature along with their reference and category. 

Table 1 Definitions of Digital Transformation 
definition Category Reference 

Digital transformation 
strategy is a blueprint that 
supports companies in 
governing the 
transformations that arise 
owing to the integration of 
digital technologies, as 
well as in their operations 
after a transformation. 

Framework (Matt and 
Hess 2015) 

Extended use of advanced 
IT, such as analytics, 
mobile computing, social 
media, or smart embedded 
devices, and the improved 
use of traditional 
technologies, such as 
enterprise resource 
planning (ERP), to enable 
significant business 
improvements. 

Technology (Chanias 
2017) 

Digital transformation is 
concerned with the changes 
digital technologies can 
bring about in a company’s 
business model, which 
result in changed products 
or organizational structures 
or in the automation of 
processes. These changes 
can be observed in the 
rising demand for Internet-
based media, which has led 
to changes in entire 
business models (for 
example in the music 
industry). 

Processes (Boufenneche 
et al. 2016) 

 

While there is not a specific framework or methodology that is 
widely used within developing digital transformation 
strategies, there are some common themes that have been 
emerging from the digital strategy domain that include the use 
of technologies, structural changes, change in value creation 
and financial aspect, see figure 2 (Vial 2019).  

Figure 2 Common Themes within Digital 
Transformation (Matt and Hess 2015) 

 

the key difference from a general digital / IT strategy to digital 
transformation is the creation or change in new value paths 
including financial and non-financial value. The digital 
transformation process is generally supported by disruption 
within traditional business models, changes in customers’ 
expectations or a change in the regulatory landscape, which 
leads to a strategic response and hence the development of a 
digital transformation strategy to change or create the newly 
required value path.  

2.2 Building Information Modelling (BIM) as a strategic 
organisational tool for transformation  
As noted within Section 1, BIM has been widely adopted 
within the design and construction phases specifically by lead 
designers, contractors and the wider supply team. The adoption 
of BIM within the design and construction phase has 
demonstrated a reduction within total design and construction 
cost, increase in productivity and improved risk management 
processes (Azhar 2011; RIBA Enterprises 2017; Bryde, 
Broquetas, and Volm 2014). But the adoption of BIM within 
asset management is limited, despite the O&M phase being 
over 80% of an asset’s whole-life (Gao and Pishdad-Bozorgi 
2019). Furthermore, the adoption of BIM within the broader 
organisational departments such as financial management, 
customer engagement, human resources and business 
development is limited (Kelly et al. 2013). 

There is no direct evidence of BIM being used directly within 
a digital transformation process. While there are examples of 
BIM being used to aid the development of strategic 
frameworks. Bill Succar proposes a comprehensive framework 
for industry stakeholder engagement within BIM, an essential 
part of this framework is the tri-axel model, see figure 3. BIM 
fields look at identifying the stakeholders, BIM stages denote 
the maturity of the given stakeholder and BIM lenses provide 
the depth and effort needed to access the BIM fields / stages 
(Succar 2009).  
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that the technology supports. 
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individual technology solutions.  
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widely used within developing digital transformation 
strategies, there are some common themes that have been 
emerging from the digital strategy domain that include the use 
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the key difference from a general digital / IT strategy to digital 
transformation is the creation or change in new value paths 
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transformation process is generally supported by disruption 
within traditional business models, changes in customers’ 
expectations or a change in the regulatory landscape, which 
leads to a strategic response and hence the development of a 
digital transformation strategy to change or create the newly 
required value path.  

2.2 Building Information Modelling (BIM) as a strategic 
organisational tool for transformation  
As noted within Section 1, BIM has been widely adopted 
within the design and construction phases specifically by lead 
designers, contractors and the wider supply team. The adoption 
of BIM within the design and construction phase has 
demonstrated a reduction within total design and construction 
cost, increase in productivity and improved risk management 
processes (Azhar 2011; RIBA Enterprises 2017; Bryde, 
Broquetas, and Volm 2014). But the adoption of BIM within 
asset management is limited, despite the O&M phase being 
over 80% of an asset’s whole-life (Gao and Pishdad-Bozorgi 
2019). Furthermore, the adoption of BIM within the broader 
organisational departments such as financial management, 
customer engagement, human resources and business 
development is limited (Kelly et al. 2013). 

There is no direct evidence of BIM being used directly within 
a digital transformation process. While there are examples of 
BIM being used to aid the development of strategic 
frameworks. Bill Succar proposes a comprehensive framework 
for industry stakeholder engagement within BIM, an essential 
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fields look at identifying the stakeholders, BIM stages denote 
the maturity of the given stakeholder and BIM lenses provide 
the depth and effort needed to access the BIM fields / stages 
(Succar 2009).  
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Figure 3 BIM Framework, stages, lenses and fields 
(Succar 2009) 

 

Furthermore, a recent development by the Centre for Digital 
Built Britain (CDBB) saw the development of a BIM Benefits 
Measurement Methodology (BMM) that provides a 
methodology for the measuring of benefits (Centre for Digital 
Built Britain 2018).  

Despite the recent developments, it can still be witnessed that 
one of the biggest challenges within BIM is measuring its value 
(Waterhouse and Philp 2016), hence the lack of the adoption 
of BIM within the O&M phase. Furthermore, BIM has been 
used as a tool for designers and contractors but has not been 
used as a transformative process within the organisation, 
despite the distinct advantages.  

2.3 Summary 
Much like in the 1980s when IT evolved from a administrative 
role into strategic and business development, business digital 
strategies are evolving into digital transformation strategies. 
This is being led by a wave of disruption within traditional 
business models, increasing customer demands and new 
competitive landscape that is forcing the need for a 
transformation in creating or changing value paths for the 
organisations, your traditional digital strategy does not support 
the value creation process. 

While there have been some examples of asset management 
organisations using technology to transform elements of their 
organisation, they usually are in an ad-hoc manager and solely 
focused on the technology solution and not the organisational 
processes. 

It can be seen that there is a clear need for a framework that 
enables BIM to be used as a tool to aid in the development of 
digital transformation processes.  

3. Framework Development  

the proposed framework utilises the elements of asset 
management, BIM and common themes within digital 
transformation strategy development, see figure 4. 

Figure 4 BIM enables Digital Transformation 
Framework 

 

The above framework utilises the universal themes of digital 
transformation, information management processes within 
BIM and asset management. Each section of this framework is 
described in detail below. 

3.1 Organisational Information Requirements (OIR) 
On the left-hand side, we have the documents produced as part 
of designing and developing asset management systems. This 
includes the creation of asset management objectives that are 
directly derived from organisational objectives. The asset 
management objectives should be used to develop a set of 
OIR’s. The OIR’s are a set of questions that when answers will 
confirm (or not) if the organisation are meeting their 
objectives. As an example, if the organisation had an objective 
to reduce the operational cost by 5%, they will want to ask such 
questions as, how much is my total operational cost? What are 
the assets systems that cost me the most? What is the minimum 
required operational performance? And who is the principal 
sponsor of achieving this objective?  

From a digital transformation perspective, the value path 
creation / change comes from the need for the organisation to 
transform itself, typically from external factors such as 
changing business models, changing expectations of customers 
and a new emerging competitive landscape. These challenges / 
disruptions are documented. Much like the asset management 
objectives and used to develop OIR’s  

Value path creation OIR’s generally takes the form of two 
kinds. Firstly, information that provides feedback on the value 
currently being created, to validate that it is still meeting a 
customer / commercial need. Such an example would be 
collection customer feedback from a new feature on an 
application or a review of the overcrowding risk on a railway 

 

 
 

line by reviewing the movement of people on and off the train. 
Secondly, information that validates that a new value path is 
needed or an existing one needs to change to meet the new 
requirements. As an example, collecting information regarding 
the demand for new railway service, or the need for a new 
ticketing model. this information can be received by customer 
surveys as feedback for small initial trials. 

In general, the OIR’s for the value creation is more abstract in 
nature than the asset management objectives, this is due to their 
board nature and context.  

3.2 Asset Information Requirements (AIR) 
This sections aims to translate the OIR’s into AIR’s. The AIR’s 
should aim to answer the questions developed from the OIR. 
The information captured at this level should be captured at an 
asset system level (see figure 5 for the classification of an asset, 
with examples from UNIClass (Delany 2015)) and capture all 
of the required information to ensure that organisation can 
make an informed decision around the given objective.  

Figure 5 Asset Classification System 

 

Structure change references to the organisational processes that 
need to change to support and develop the new value paths. 
This includes but not limited to change in organisational scope 
due to a new market segment, the need for new digital skill 
sets, change to organisational structure, e.g. consolidating 
departments and a changing regulatory landscape. Within this 
context, the AIR should support the organisational structure 
change requirements.  

Much like the OIR the AIR take generally two forms. First, it 
is to capture the required information needed to support the 
structural change. As an example, this could state the required 
level of digital capability within a given section of the 
organisation or required level of integration between 
departments to support a new value path. Secondly, it is 
validating that the required organisational change has taken 
place. This is achieved by witnessing and documenting the 
change within the AIR. As an example, you could measure on 
a monthly bases the increase in digitally skilled employees and 
validate if you are (or not) meeting your structural change 
requirement.  

3.3 Asset Information Model (AIM) 
Finally, is the development of an AIM. The AIM acts as a 
central repository for all asset related information, this AIM 
should integrate with all the organisational departments 
including financial, customer and risk, not just operational and 
maintenance. If the AIM is developed by the OIR and AIR 
processes outlined above, it will support the direct line-of-sight 
from asset performance to organisational / asset management 
objectives.  

From a digital transformation perspective, the AIM acts as an 
integration between the information requirements developed 
during the value path creation and the structural change with 
the adoption of new technology. The AIM can provide the 
requirements for the new use of technology, both from a 
technical point-of-view and a managerial point-of-view.  

4. Conclusion  

This paper proposes how the current information requirements 
development framework within the BIM standards can help to 
support the development of a digital transformation strategy 
within an asset management organisation.  

The paper starts by reviewing the current literature in the 
domain of digital transformation. Where it is noted that IT has 
moved from an administrative role in the 1980s into a strategic 
organisational role. Digital strategies started to appear within 
the early 21st century and more recently digital transformation 
strategies have appeared to combat ever-evolving disruptions 
that are challenging traditional business models, increasing 
customer demands and a fast-moving competitive landscape. 

BIM has been cited within the asset management industry as a 
key enabler to support an increase in productivity while 
limiting risk and gaining better control over quality 
management processes. But despite this, BIM adoption within 
asset management and the O&M lifecycle phase is limited. 
Furthermore, while BIM would be indirectly helping asset 
management organisations to adopted digital processes, there 
is no formal methodology or framework that aligns BIM, asset 
management and the common principles of digital 
transformation.  

This paper proposed a framework for the development of a 
digital transformation strategy that is enabled by BIM and 
supported by asset management. The information requirements 
relationships as defined within PAS 1192-3 (British Standards 
Institute 2014) are used to bridge the gap between digital 
transformation concepts and BIM. 

Future research should look at that this initial research effort 
and investigate how common BIM documentation and 
strategic organisational documentation can support each other 
within developing the framework into an industrial case study. 
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BIM and asset management. Each section of this framework is 
described in detail below. 

3.1 Organisational Information Requirements (OIR) 
On the left-hand side, we have the documents produced as part 
of designing and developing asset management systems. This 
includes the creation of asset management objectives that are 
directly derived from organisational objectives. The asset 
management objectives should be used to develop a set of 
OIR’s. The OIR’s are a set of questions that when answers will 
confirm (or not) if the organisation are meeting their 
objectives. As an example, if the organisation had an objective 
to reduce the operational cost by 5%, they will want to ask such 
questions as, how much is my total operational cost? What are 
the assets systems that cost me the most? What is the minimum 
required operational performance? And who is the principal 
sponsor of achieving this objective?  

From a digital transformation perspective, the value path 
creation / change comes from the need for the organisation to 
transform itself, typically from external factors such as 
changing business models, changing expectations of customers 
and a new emerging competitive landscape. These challenges / 
disruptions are documented. Much like the asset management 
objectives and used to develop OIR’s  

Value path creation OIR’s generally takes the form of two 
kinds. Firstly, information that provides feedback on the value 
currently being created, to validate that it is still meeting a 
customer / commercial need. Such an example would be 
collection customer feedback from a new feature on an 
application or a review of the overcrowding risk on a railway 

 

 
 

line by reviewing the movement of people on and off the train. 
Secondly, information that validates that a new value path is 
needed or an existing one needs to change to meet the new 
requirements. As an example, collecting information regarding 
the demand for new railway service, or the need for a new 
ticketing model. this information can be received by customer 
surveys as feedback for small initial trials. 

In general, the OIR’s for the value creation is more abstract in 
nature than the asset management objectives, this is due to their 
board nature and context.  

3.2 Asset Information Requirements (AIR) 
This sections aims to translate the OIR’s into AIR’s. The AIR’s 
should aim to answer the questions developed from the OIR. 
The information captured at this level should be captured at an 
asset system level (see figure 5 for the classification of an asset, 
with examples from UNIClass (Delany 2015)) and capture all 
of the required information to ensure that organisation can 
make an informed decision around the given objective.  

Figure 5 Asset Classification System 

 

Structure change references to the organisational processes that 
need to change to support and develop the new value paths. 
This includes but not limited to change in organisational scope 
due to a new market segment, the need for new digital skill 
sets, change to organisational structure, e.g. consolidating 
departments and a changing regulatory landscape. Within this 
context, the AIR should support the organisational structure 
change requirements.  

Much like the OIR the AIR take generally two forms. First, it 
is to capture the required information needed to support the 
structural change. As an example, this could state the required 
level of digital capability within a given section of the 
organisation or required level of integration between 
departments to support a new value path. Secondly, it is 
validating that the required organisational change has taken 
place. This is achieved by witnessing and documenting the 
change within the AIR. As an example, you could measure on 
a monthly bases the increase in digitally skilled employees and 
validate if you are (or not) meeting your structural change 
requirement.  

3.3 Asset Information Model (AIM) 
Finally, is the development of an AIM. The AIM acts as a 
central repository for all asset related information, this AIM 
should integrate with all the organisational departments 
including financial, customer and risk, not just operational and 
maintenance. If the AIM is developed by the OIR and AIR 
processes outlined above, it will support the direct line-of-sight 
from asset performance to organisational / asset management 
objectives.  

From a digital transformation perspective, the AIM acts as an 
integration between the information requirements developed 
during the value path creation and the structural change with 
the adoption of new technology. The AIM can provide the 
requirements for the new use of technology, both from a 
technical point-of-view and a managerial point-of-view.  

4. Conclusion  

This paper proposes how the current information requirements 
development framework within the BIM standards can help to 
support the development of a digital transformation strategy 
within an asset management organisation.  

The paper starts by reviewing the current literature in the 
domain of digital transformation. Where it is noted that IT has 
moved from an administrative role in the 1980s into a strategic 
organisational role. Digital strategies started to appear within 
the early 21st century and more recently digital transformation 
strategies have appeared to combat ever-evolving disruptions 
that are challenging traditional business models, increasing 
customer demands and a fast-moving competitive landscape. 

BIM has been cited within the asset management industry as a 
key enabler to support an increase in productivity while 
limiting risk and gaining better control over quality 
management processes. But despite this, BIM adoption within 
asset management and the O&M lifecycle phase is limited. 
Furthermore, while BIM would be indirectly helping asset 
management organisations to adopted digital processes, there 
is no formal methodology or framework that aligns BIM, asset 
management and the common principles of digital 
transformation.  

This paper proposed a framework for the development of a 
digital transformation strategy that is enabled by BIM and 
supported by asset management. The information requirements 
relationships as defined within PAS 1192-3 (British Standards 
Institute 2014) are used to bridge the gap between digital 
transformation concepts and BIM. 

Future research should look at that this initial research effort 
and investigate how common BIM documentation and 
strategic organisational documentation can support each other 
within developing the framework into an industrial case study. 
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ABSTRACT In recent years, Building Information Modelling (BIM) has been embraced as the most promising technology to promote the 
digitalization of global architecture, engineering and construction (AEC) industry. Currently, BIM is mainly applied into the planning, design 
and construction phase. However, its applications in operation and maintenance (O&M) is still limited due to the technical barriers in 
heterogeneous data integration and platform-based collaboration. O&M is the longest and the most costly phase throughout the building 
lifecycle, Particularly for Mechanical, Electrical and Plumbing (MEP) systems, which are frequently run in order to provide active services for 
normal building operations, they are facing the challenges of system component aging and performance deterioration. Therefore, periodic 
maintenance is required to ensure the normal performance of MEP systems.   This study aims to propose a novel development idea of a BIM-
sensor integrated platform framework for the maintenance management of piping in building MEP systems. The development of the platform 
not only can link the digital modelling with sensor-based data monitoring and collection to achieve high efficient maintenance for MEP systems, 
but also can provide services including access, extract, storage, sharing and update of historic maintenance information about building piping. 
It is hoped that this study can make a contribution to narrowing the gap between the theory of heterogeneous data integration and relevant 
practical applications, meanwhile give a solution to help address the inconsistency of BIM adoptions in other project phases (such as design, 
construction, etc.) and in facility management (FM). 
 

1. Introduction 

A case study from Becerik-Gerber et al. (2012) illustrated that 
there was a large gap between the BIM application level in 
design and construction stages and that in operation and 
maintenance stage. As one of the results of this study, in three 
different building lifecycle stage, there were 83% of BIM users 
and 78% of non-BIM user were interested in BIM application 
in design stage, 79% of BIM users and 70% of non-BIM users 
were interested in construction stage, and only 42% of BIM 
users and 78% non-BIM users were interested in operation and 
maintenance stage. It revealed that only approximately half of 
the BIM users paid attention on potential BIM application in 
operation and maintenance stage (Becerik-Gerber et al., 2012). 

In industry application, Facility Management (FM) was a 
large-scale concept, which had been defined by International 
Organization for Standardization in ISO 41011:2017 as 
“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.” As a result, the detailed activities in FM 
was often hard to study in the round. In general, a FM team 
was combined by a group of Facility Managers, who were 
responsible to different management objects or activities 
(International Facility Management Association, 2018). 
Rather than management activities in space management, 
occupancy management, technology management and so on, 
our study focused on the BIM implementation in MEP 
Services Operation and Maintenance Management. Operation 

and Maintenance (O&M) is a crucial process in equipment 
lifecycle (Feng C. and Wu P., 2017). As concluded by Liu and 
Issac in 2013, the cost in O&M phase contributed about 60% 
in the whole facility lifecycle, which mainly consisted of 
equipment and piping system maintenance and repair at that 
moment. 

2. Aim and objectives 

This study aims to propose a novel development idea of a 
BIM-sensor integrated platform framework for the 
maintenance management of piping in building MEP systems. 
Performance deterioration is a quite common issue on piping 
due to material aging, corrosion and blockage. But usually it is 
not easy for facility managers or inspectors to discover such 
problems immediately through traditional maintenance way, 
which can result in system failures. This developed platform 
integrates BIM with sensors to implement real-time 
deterioration monitoring and digital modelling. The BIM 
application can realize a more intuitive representation of 
piping and building information and make them visualized on 
a digital model with accurate geometric information to achieve 
the purpose of facility management. High-performance and 
low-cost sensors are used in this study to achieve real-time 
observation and in-time feedback for piping monitoring. 
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