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Abstract

Despite BIM asset information management processes having advanced to globally
recognised standards, facilities and asset integration remains problematic for many
companies engaged in the construction project lifecycle. Challenges typically stem
from deficiencies in the BIM regulations and standards, inaccurate information
exchanges, software interoperability issues and unclear requirement definitions that
ultimately result in higher project costs and poorer operational efficiencies. An
exploration of these challenges and their potential solutions is therefore important if
BIM-FM integration issues are to be improved. Few studies have systematically
investigated this subject from the perspective of a BIM-accredited Mechanical and
Electrical (M&E) company engaged on projects. This paper combines a literature
review with an empirical case study of a BIM-accredited Mechanical and Electrical
(M&E) contractor to explore the critical issues surrounding facilities and asset
management integration; this combination of evidence providing a distillation of the
issues surrounding BIM/FM asset integration and its” resolution. 15 key issues from the
literature were classified under 4 broad themes (Informational, Technological,
Organisational and Industrial) as being of primary concern; the case study analysis
verifying the findings and also providing a series of bespoke recommendations for
improving industry practice. The paper clarifies the problem issues (both negotiable
and systemic) afflicting the industry, indicating how individual companies can develop
their own processes for improving BIM-based asset integration. It may be concluded
that although BIM asset integration processes have reached globally recognised
standards, systemic characteristics of the industry result in persisting problems that

impact the BIM-FM asset management journey.
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1. Introduction

The paper examines the challenges faced by Mechanical and electrical (M&E)
companies aiming to deliver assets in BIM compliant projects. It reveals the current
deficiencies in BIM regulations and standards for Tier 2 contractors, such as M&E
contractors, and uses a comprehensive literature review and case study analysis to scope
out solutions and approaches to these issues. The work adds to the growing literature
concerning BIM-FM integration by exploring current BIM work processes, information

requirement issues and the role of standards (i.e. BS EN ISO 19650-2).

Whilst it is recognised that BIM adoption can lead to a wide range of efficiency and
productivity benefits [7], it is also noted that 85% of total project costs are ultimately
related to FM issues [37]. For instance, annual costs through waste caused by operating
issues from inaccurate information and interoperability was reported as 10.6 billion
USD in the United States [22]. Other scholars [e.g. 25; 17] have also identified unclear
information requirements and software interoperability as issues affecting smooth asset
management processes. Therefore, whilst BIM adoption can theoretically reduce
operating costs by providing information accurate assets to clients and facility managers
[40], 2017), BIM-FM integration issues need to be robustly addressed and resolved
early to improve delivery in the FM phase. Although extensive studies have addressed
BIM adoption in design and construction, there has been less focus on the FM phase
[24]. Additionally, few studies have systematically investigated the subject from the
perspective of a BIM accredited Mechanical and electrical (M&E) company; scholars
commenting that there are not enough studies specifying the complex relationship
amongst clients, TIER 1 and TIER 2 contractors in the BIM asset integration process

[25;47; 41]. Indeed, whilst [17] highlights how BIM asset integration in the design-



build phase can have significant effects on BIM-FM integration after handover, most
previous studies have focused on the FM phase, not considering specific processes from

the TIER 2 contractor’s view.

The paper begins with a review of BIM, facilities asset management processes and a
critique of the academic literature in this area. The literature review identifies a number
of important issues relevant to the work of contractors aiming to work in BIM-enabled
project environments. Details of the literature review together with the overall
methodological approach are given in a following research method section. The work
and experiences of a UK M&E contractor is then presented in a case study section. A
discussion connects empirical insights with the issues and themes of the literature
review, leading to a series of propositions and recommendations to assist BIM-FM
integration work. The combination of empirical evidence and literature review gives
practitioners and academics a distillation of the important issues around BIM/FM asset

integration and directions for further research work.

2. BIM and FM Asset Management: Overview

Building Information Modelling (BIM) is an integrated, collaborative information-
sharing process between project stakeholders that covers the design, construction and
facility management (FM) phase of construction projects [40]. Information includes 2-
dimensional (2D), 3-dimensional (3D) models, schedules, cost and building lifecycle
data [45]. The advantages of BIM have resulted in its” widespread adoption, with
surveys showing 75% of design professionals in developed countries believing BIM is a
vital technology for the near future [32]. In the UK, which is a BIM-driven country,

level 2 BIM adoption has been mandated on projects procured by the government since



2016 [32], with Level 3 BIM aiming to integrate digital design into the assets for
facility management (FM), being a stated objective of the “Digital Built Britain” agenda

[38].

BIM is predominantly adopted in the design and construction phase rather than the FM
phase as its functions and options typically originate in construction support such as
visualisation and construction management [34]. Liu and Issa [13] highlight that most
practitioners in the design phase tend to focus on clash checking, neglecting operation
accessibility. In their survey, Eadie et al. [10] highlight that only 10% of
companies/projects focus on FM phase benefits of adopting BIM, the emphasis instead
being on the cost benefits of BIM in the design phase. However, benefits of BIM can
be significant in the FM phase as 85% of project lifecycle costs after construction can
be traced to FM issues [37]. Additionally, more than 80% of FM working hours are
spent on seeking accurate information, an issue often missed by practitioners during
design phase work [4]. BIM implementation in FM can alleviate these issues by
providing reliable BIM-based data and accurate as-built information to facility
managers [3; 40]. Case studies, such as that observed by Dempsey (2009) and cited in
[40] emphasise that 98% of operation time is likely saved through BIM-FM integration.
Also, BIM adoption in FM enables rational decision making regarding FM activities

[13].

On the other hand, due to its relative novelty, BIM-FM integration issues are largely
under- recognised in the current market. Issues such as unclear scope, software
interoperability and unclear information requirements continue to hinder BIM-FM
integration [25]. So whilst McArthur [17] emphasise that early consideration of FM is

vital to capture specific information requirements, there is usually very little



collaboration between clients and facility managers in design phase works, with various
constraints to BIM-FM integration [40] existing. Official standards and guidance
relating to BIM and asset management information has also evolved in tandem with

industry familiarity with BIM.

In 2019, British Standards Institution (BSI) developed the standard ‘BS EN ISO 19650-
1/2° to improve the quality of BIM delivery processes; the original BIM standard ‘PAS
1192 series’ being replaced by ‘ISO 19650 series’ with global recognition [6]. BS EN
ISO 19650-2 focuses on “project delivery, where the majority of graphical data, non-
graphical data and documents, known collectively as the project information model
(PIM), are accumulated from design and construction activities” [8]. Furthermore, BSI
provides diverse training with these standards, leading to accreditation and awards to
qualified organisations who achieve successful BIM asset delivery. These processes
and accreditations have contributed to a gradual standardisation process of the BIM
industry, with iterations of the standards aim to improve and clarify processes for
industry. However, there have been few studies examining the utility of these standards
from the perspective of a Tier 2 M&E contractor. Moreover, there has been little
exploration of the issues and challenges commonly encountered by M&E companies
aiming to deliver work to BIM standards. A closer critique of the BIM information

delivery cycle and academic literature highlights a number of issues of relevance.

2.1 BIM Information Delivery Cycle

Ideal BIM information management processes for the operational phase of assets are
clearly stated by BSI [9]. At a high level, client’s needs should be derived from the

Organisational Information Requirements (OIR). According to the OIR, Asset



Information Requirements (AIR) are generated to determine any data and assets to be
captured including technical aspects of data production [9]. The AIR is used to define
Employer Information Requirements (EIR), which determine the final information
requirements to be delivered from provider (Contractor) to receiver (Client). These three
steps are defined as the “Information requirement” phase [33] (see figure 1). As soon as
the information requirement step is complete, graphical and non-graphical data, called
Project Information Model (PIM), start to be created and integrated after setting up the
BIM Execution Plan (BEP). At handover, final data is integrated to an Asset

Information Model (AIM) [9]. These processes are shown in figure 1.

However, because the design phase has a significant impact on the whole project
lifecycle [42], many scholars highlight the importance of fundamental specification of
information requirements at the initiation stage [18]. As already noted, appropriate
planning and design can significantly save FM costs, as design phase decisions and
consequent actions determine almost 80% of the FM cost [23], so less interaction
among key stakeholders in early phase can negatively affect later stages due to

unidentified risks [1].
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Figure 1: Information Requirement steps

Two international standards, ISO 19650-1 and 2, were published in 2019, themselves
derived from PAS 1192-1/2. ISO 19650-2 focuses on “project delivery, where the
majority of graphical data, non-graphical data and documents, known collectively as the
project information model (PIM), are accumulated from design and construction
activities” [8]. However, although BSI and ISO provide industry recognised standards,
stakeholders in construction generally have limited knowledge of standards such as PAS
1192 to satisfy informational requirements for BIM [24]. Also, many tend to develop

their own standard or processes for their own needs [36].

ISO 19650-2 emphasises that a clear definition of client OIR and AIR is the most
important factor in achieving successful BIM asset delivery [8]. However, many clients
tend to request just COBie or Industry Foundation Class (IFC) files without careful

consideration about what they really need in the FM phase [45]. A critical issue here is



the difficulty in identifying salient information for BIM-FM integration [41]. Level of
detail (LOD) is about how detailed BIM models and assets convey the essential
information for each stage; LOD being determined between the client and contractor.
Ideally, the LOD should only include essential information that will be used for
construction and facility management rather than containing irrelevant information [45].
This is because over-specification of LOD requires extra effort, whilst over-
simplification can miss important information [45]. Additionally, it is recognised that
reviewing and updating thousands of assets with diverse parameters can be labour-
intensive and time-consuming [43]. The study conducted by [24] shows that although
owners and FM teams recognize long-term benefits of BIM, the standards or
governmental guidance do not provide detailed methodology to gain the benefits. As a
result, in reality, project teams face difficulties in defining the LOD of BIM assets as
they do not have detailed standard settings including terms and classification of the
BIM-based assets [41]. As noted by [25], BIM asset integration needs precise standard

or guidance for information requirements.

Furthermore, a lack of IT competency in client and FM teams is another critical issue
identified by scholars [25]. Key stakeholders of the project tend to have little experience
and knowledge of BIM-FM integration [24]. In a study, [47] found that most of the
2,100 internal and external practitioners surveyed in FM phase do not have IT
experience, which will limit their knowledge of information requirements issues [25].
As aresult, FM teams often take lower priority for clients, as reflected by one client
interviewee from the study of [11] who said “I was supposed to meet with them ... ina

week’s time, but I’ve had to push it out about three weeks because of other priorities”.
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Additionally, FM teams and designers often have different knowledge and perspectives
towards FM assets because their scope of work is different. FM teams can give
designers operational perspectives such as space management and operating conditions
[35], but often, relevant information is ignored because designers do not know how to
specify the detailed data requirements due to lack of designer operational experience
[35; 41]. The study of [28] shows that designers create models for the construction
purposes rather than producing as-built drawings because modelling and drawings are
required only for construction. As a result, information that FM teams need may be
missing in the design phase [30], highlighting the importance of collaboration between

designers and FM teams to specify what should be updated and what FM needs.

As soon as the information requirement process is finished, requested assets begin to be
created and integrated by designers and engineers. COBie is an important non-graphical
asset format that includes digital information about operational assets such as equipment
lists and preventive maintenance schedules [19]. Although COBie data is usually
successfully transferred to FM teams, they tend to find difficulty in the integration with
AIM [43]. In the study conducted by [41], COBie was not fully operational, being
replaced by a customised spreadsheet; a crucial issue being that non-standardised
information is gathered [43]. Also, [16] found that 74% of FM practitioners did not
receive appropriate information from contractors for FM stage work. Often, clients or
FM teams tend to rely on designers with the belief that designers will provide details in
compatible formats [11]. Thus, if FM teams were more fully engaged in the design
phase, they would not experience issues with federating COBie data with AIM (COBie

data initially being created in the design phase).
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Previous studies highlight the importance of effective communication for capturing as-
built processes. Although FM teams obtain as-built models at handover, there can be
many differences between the models and BIM models specifically relating to FM [14].
This can be because the as-built data and models are not accurate. Causes include
miscommunication between designers and site engineers [15]. Despite its™ collaborative
features, producing a BIM as-built model may be more demanding for communication
than producing a non-BIM as-built model. For instance, [15] argue that non-BIM as-
built data can proceed directly to site, whereas BIM as-built necessarily requires
collaboration between BIM engineer in office and site engineer on site during the
integration work. Collecting and updating site data on BIM is time-consuming [21].
Some solutions have been introduced to alleviate these issues [20], including Image [2],
Image-based clouds [21] and 3D laser scanning [5]. Each one has its own limitations.
For example, although 3D scanning technology is denser and more accurate, its process
requires extensive skills, expensive equipment and various personnel [2]. Also, this
process can also be time-consuming and malfunction in bad weather [12]. Although
various as-built BIM software packages have been launched, the purpose of such
software is mostly about saving different versions of as-built data, which does not
support communication between stakeholders. Field BIM is currently being adopted to
improve site communication. For example, Autodesk’s BIM field provides data
management that accelerates field communication between BIM engineers and site
engineers. This development can improve the as-built miscommunication between
stakeholders. The above review of BIM Information Delivery issues derives from a

review of the literature, presented in Table 1, and detailed below.
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3. Research Method

The study set out to understand what issues must be addressed by a BIM-accredited
engineering company for successful BIM asset integration. A combined literature
review with empirical case study investigation was deemed appropriate as previous

studies have adopted such an approach to good effect [25; 26; 30; 35].

Although the paper offers a single empirical case study with a relatively small number
of interviewees, it contributes to existing understandings of BIM-FM integration; the
empirical case approach enabling study of a “particular contemporary phenomenon
within its real-life context using multiple sources of evidence” [44]. Specifically, the
case study allows issues associated with the standard ‘BS EN ISO 19650-2’ to be a
focus of critical attention and reflection, providing “an opportunity to observe and

analyse a phenomenon that few have considered before” [46].

The overall methodological approach is illustrated in figure 2.
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Figure 2: Methodological approach

A literature review identified 3,606 studies; this number being refined to 625 following

further keyword searches and abstract review. Other inclusion criteria included peer-
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reviewed conference or journal papers because they validate the reliability of the
resources [46]. Sources published after 2009 in BIM-driven countries (UK, USA,
Korea, Australia, New Zealand, Netherland, Finland, Swiss, Singapore, Taiwan,
Pakistan and China) were selected to collect recent issues in BIM-leading countries.

The resultant collection of 26 sources are presented in Table 1. 15 recurring issues were
identified from the literature regarding BIM-FM integration, the 15 issues occurring 108
times in total in the corpus. These issues were discussed in the previous literature
review, and can be classified into 4 broad categories: Informational, Technological,
Organisational and Industrial. When dividing these issues by phases, it was notable that
Technological and Industrial issues did not occur before handover, with fewer issues
identified in the design-build phase. The survey of the literature provides a foundation
for future interpretations [31] and a basis from which examination of the case study

could be approached.

[insert Table 1]

3.1 Case Study

The case company is a UK Mechanical and Electrical (M&E) contractor with more than
240 employees. It provides various engineering services mostly in design and build
systems. In 2018, the company developed its own BIM processes (in accordance with
the PAS 1192-2 standard), obtaining BIM accreditation Part 2: “Delivery phase of the
asset of PAS 1192-2” from the British Standards Institution (BSI). Moreover, in 2019,

as PAS 1192-2 was being replaced by BS EN ISO 19650-2, the company was audited
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and accredited by BSI again with newly revised BIM processes. Most of the companys
turnover is comprised of M&E components, the company engaging in project work
ranging in cost from £50,000 to £20 million. In 2018, most projects were from the

educational and commercial sectors.

The company’s contractual position in projects is that of a Tier 2 appointed party: the
company having direct relationship with TIER 1 and supply chain contractors, but being
typically distant from the client and facility management. In practical terms, this means
communication with the client is not typical. When the company has questions to ask,
they must speak with the TIER 1 contractor. In addition, 97% of contracts are delivered
within a design-build framework, the remaining 3% being traditional contracts related
to minor maintenance contracts. The design-build framework is generally considered

better for internal collaboration.

Data collection was based on company documentation analysis, face-to-face interviews
and site visits. Unstructured and semi-structured interviews were conducted with
practitioners involved in BIM asset integration from the company. The position and
experience of each interviewee are detailed in Table 2; interviews being designed to

obtain perspectives on BIM-based asset integration.

No

Interviewees

Position

Years of working

in the company

Years of working

with BIM process
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1 | Interviewee A | Design Manager 23 4

2 | Interviewee B | Managing surveyor 12 4

3 | Interviewee C | Mechanical Design Engineer 6 0.5
4 | Interviewee D | Electrical Design Engineer 16 4

5 | Interviewee E | Revit Engineer 4 3

6 | Interviewee F | Project Engineer 10 2

7 | Interviewee G | BIM Coordinator 2 11

8 | Interviewee H | Revit Engineer 5 3

9 | Interviewee I | Site Manager Subcontractor (Undefined)
10 | Interviewee J | Mechanical Engineer 15 4

Table 2: Interviewees position and experience

4. Case Study Analysis

The following case study highlights the significance of the issues previously discussed
and reveals how the M&E contractor is addressing them. As a TIER 2 company, the
M&E contractor receives a specified BIM Execution Plan (BEP) from the TIER 1
contractor, typically generated by the client and TIER 1 contractor together based on
Asset Information Requirements (AIR) and Exchange Information Requirements (EIR)
information. This is appraised using a bespoke BEP appraisal form, being returned to
the Tier 1 contractor. The TIER 1 contractor then reviews the appraisal form, revising

the BEP accordingly. According to interviewees, the BEP is the primary source of BIM
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Information for the TIER 2 contractor. However, because information in the BEP is

derived from the AIR and EIR, the BIM coordinator may need to query the documents,

“As a TIER 2 contractor, we would not necessarily appraise the EIR... we typically
appraise only the BEP. If there was an element missing from the BEP, then we look
into the AIR or EIR because the whole point is for us is to appraise the BEP to be clear

and concise” (Interviewee G).

As the company is only involved in the BEP process (not in AIR and EIR, due to
contractual relationships), the disconnection with the client and their FM needs brings
risks that can affect the quality of BIM information requirements. Thus, during BEP
appraisal, the case company aims to identify specific risks and missing contents related
to asset requirements or information beyond typical requirements. However, it can be

difficult to measure the time and cost of such risks, as a Revit engineer noted:

“This morning, we had a meeting to develop a standard document, a pre-tender
document that includes what level of COBie we deliver as standard, the asset
information register we deliver as a standard, and the information requiring additional
costs. We are currently tasked with what that additional cost is, but I am not sure how to
measure it. Within the BEP processes, tender stage, sometimes some parts of asset
information registers are marked with “to be agreed” to consider the time and cost later”

(Interviewee H).

During the BEP appraisal process, many comments can be made by the M&E company,
due to imprecise information in the AIR and EIR, sometimes almost doubling the page

number of BEP documents. A design manager noted:
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“BIM Execution Plan Appraisal is key to meeting a clear information requirement for
us, but we don’t really get involved in facility management so we cannot comment on
something related to FM on the BEP. Also, in reality, the client and FM are not really
involved in the AIR and BEP, so these requirements are not specified in the BEP”

(Interviewee A).

This emphasises the significance of understanding BIM information requirements
between the client and TIER 2 contractor. The interviewee related how on a recent
project, the client had a professional BIM team that highlighted everything they needed
in the Asset Information Register which resulted in successful BIM adoption in the FM
phase. In contrast, in a recent commercial project, a TIER 1 Contractor was in major
control of the AIR, EIR and BEP development, resulting in multiple information
requirement changes due to less efficient communication. A root cause of this is client
disinterest in BIM assets as they tend to believe the builder or designer to know better

than they.

Supply chains are critically important for the M&E contractor; the company having
approximately 600 supply chains in total, including 250 (active) and 100 (design
responsible). These contractors often have little or no BIM knowledge, tending not to
provide BIM-related data. In order to address this problem, the M&E contractor has

adopted a supply chain assessment process. A BIM coordinator explained:

“We have two assessment forms for suppliers; one for those with design responsibility
and another for those that do not have design responsibility. Through assessment, we
identify what knowledge our supply chains have. Questions are scored and maintained

in our database. If our supply chains don’t have a very good score, it doesn’t mean that
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they will not get any work from us. It identifies training requirements. We don’t want to
lose our supply chains and we want to make them more knowledgeable about BIM. Our
supply chains are trained every 2 months and assessed every 12 months. So, on our
database, we should see the score go higher and higher. We offer training and our

supply chains pay for our time to train them” (Interviewee G).

Such training and learning work with suppliers are considered fundamental and part of
the BIM process for the M&E company. However, if a large number of supply chains
require training, the company may not be able to train them due to a lack of manpower.
As the M&E contractor is effectively responsible for ensuring their supply chains have a
mutual understanding about BIM processes, a BIM supply chain assessment form is
produced to be completed by supply chain contractors. The TIER 1 contractor will duly
receive a copy of all such supply chain BIM documents at the end of the tender process.
These activities align with a number of the issues highlighted in the literature review
(Table 1) and indicate how the M&E contractor is addressing them: unclear
requirements for BIM adoption and inaccurate level of detail (c.f. bespoke BEP
appraisal form; supply chain database; supply chain assessments); need for specific
guidance/templates (c.f. training and learning; assessment forms); technical competency
(c.f. training and learning). The insights also highlight the need for company flexibility
and how BIM preparation and training have time and cost implications (marked under

Organisational and Industrial themes on Table 1).

Following the post-contract award, all design information to be acquired is fully
examined by the M&E project team. Subsequently, models begin to be produced from
consultant models containing architectural details and fundamental design. A Common

Data Environment (CDE) is then established to compile, manage and share

20



documentation, including graphical and non-graphical assets for stakeholders in the
project. All deliverables of BIM-related assets are then determined with a Task
Information Delivery Plan (TIDP) template; any changes to the template being
discussed with the BIM coordinator before it is documented. These processes from

tender to post contract award are illustrated in Figure 3.

Pre-tender Post Contract Award
BIM Requirement to TIER 2 Provide consultant models
TIER 1 including AIR, EIR and BEP to TIER 2 Contractor
7Y

A

Assess designinformation

Appraisal of BEP to highlight
any risks or required content
missing from the BEP

Y

Internal projectLaunch.
(Establish CDEPlatform)

A

TIER 2 Review appointment documentsand
TaskInformation Delivery Plan (TIDP).

Ensure supply chain havea
good understanding of BIM Host Project Inductionmeeting

A

Technical Design & Production
Information.

Submit a supply chain
assessment form to TIER 2

Supply Chain
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Figure 3: Pre-tender and post contract award processes

Following agreement over the BEP with the TIER 1 contractor, a COBie database
(based on Asset Information Register) is created and populated into Project Information
Models (PIMs). This is considered a fundamental asset for BIM-FM integration. In
order to ensure all requirements embedded in the BEP are being met, a task manager
conducts various tasks for accurate technical design and information production,
including model status, stage completion, Information production procedure, COBie
completeness and technical content examination procedures. These activities need a
significant amount of time, cost and workload resources, as well as I'T software and
knowledge (issues highlighted as significant in Table 1). Design information is
commonly modified during and after construction, with missing information often
occurring. Recording as-built activities are vital to providing accurate BIM assets at
handover, with communication being through CDE, mark-up drawings by site engineers
and 3D scanning. Figure 4 shows the overall BIM integration processes for the M&E

contractor.

AIR,EIR Asset COBie

Documentation by o Information (Non-
TIER 1 & Client Register graphical)

&Embedded Populated

creation Handover
(graphical)

Receive Appraisal
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Figure 4: BIM asset integration process in the case company

In the M&E company, COBie data is created by a Revit engineer (called Information
Originator in ISO) based on the received Asset Information Register. COBie
information is continuously added to models throughout the project lifecycle, because if
COBie is not regularly populated to models, it may lead to project delay. However,
missing COBie information is always an issue throughout the project lifecycle, as a

Revit engineer related:

“COBie data is continuously added throughout the project lifecycle but there is always
going to be missing information related to COBie that we receive during the project. We
try to fill out as much information on the models with regards to COBie as earliest as
we can. In addition, we adopt a BIM-link that helps minimise the need to revisit certain
elements as effective plug-in software. However, this is a lot of work and things can

become late” (Interviewee E).

BIM assets and models are integrated based on the BEP previously reviewed with the
TIER 1 contractor. However, because information tends to continuously change,
appraisals and revisions are needed to determine whether changes raise the project cost
or not. If COBie requirements are frequently revised, it may result in reducing the
quality of BIM asset integration. This is a chronic problem due to the difficulty of
specifying the BIM assets and understanding what the client wants. Such issues relating
to interoperability between BIM and FM technologies have been previously identified

by scholars (Table 1).
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In terms of software interoperability, the M&E contractor receives fundamental models
and designs from architect contractors. Although BEP specifies an Industry Foundation
Classes (IFC) file, the file received may not be compatible due to interoperability issues,

as an engineer explained:

“On a recent project, we tried to bring in architect models to our Revit environment, but
it did not recognise spaces or certain elements, so we sat down with the architect to
solve the problem. Luckily, they had a BIM specialist. I would not say architectural
companies are necessarily competent in delivering models. In ideal world, everybody is

using Revit, but architects tend to use other platforms.” (Interviewee D).

In this case, the BIM specialist played a crucial role in solving the interoperability
problem. As the TIER 1 contractor is responsible for federating the models from
different TIER 2 contractors, it could be argued that solutions to software
interoperability problems should be provided by the TIER 1 contractor, but in practice,
this does not always happen. A wide range of changes and modifications are commonly
seen during construction, but the M&E contractor is contracted to work within
tolerances. The importance of how data on site is managed and how information gets
relayed back to the M&E contractor was relayed through the interviews. Field BIM has
been recently recognised in the company to provide accurate digital assets in BIM

models, a project engineer emphasising its significance:

“We are looking at Field BIM to capture all information on site and to put it back into
BIM models. We have been getting site information from site engineer’s marking up
drawings, but are finding out we need to rely more on technology to capture information

such as via 3D scanning. I have recently asked our director to purchase a 3D scanner.
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That will enable us to capture as fitted services on-site and put that into a model”

(Interviewee F).

Capturing site information can be difficult due to miscommunication and countless
changes made on site. The communication between site engineers and designers is
considered most crucial, which is why the contractor is trying to improve
communication between stakeholders by adopting new technologies such as 3D

scanning.

A site mechanical engineer said:

“We are supposed to fully use BIM and 3D models, but, in reality, 2D drawings are
used more on site because of accuracy. For example, 3D drawings don’t show the
sockets between pipes or, sometimes, panels don’t show up in models. Also, people on
site tend to use 2D drawings for convenience. But 3D scanning will surely help us
communicate with designers or engineers more quickly and efficiently. But I am not
sure how to overcome the issues of inaccuracy and also it will require additional

training” (Interviewee C).

The above insights reveal how tensions remain around introducing new technologies to
sites that disrupt established ways of working; the empirical evidence also aligning with
literature review findings (Table 1) relating to interoperability, cost and time

implications.

5. Discussion

The empirical insights from the case study supplement findings of the literature review,
illuminating a number of issues and improvement strategies for effective asset

management from an M&E company perspective. The paper findings align with recent
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discussions of an industry roundtable on digitising the asset at the Centre for Digital

Built Britain [48]. Key takeaways of the roundtable included:

e FM needs to be involved in specifying information requirements from the start
of a build.
e The whole supply chain, including manufacturers, should use a standard
taxonomy for describing assets.
e A proactive asset management strategy, rather than reactive maintenance, will
reap maximum benefits from BIM.
Figure 5 visualizes the primary integration issues, disconnections between stakeholders
and main points in the BIM asset integration journey for a Tier 2 M&E contractor. It
also highlights the bespoke work undertaken by the M&E contractor with its™ supply
chains (i.e. annual assessments of ability; training and learning activities; database of

suppliers).
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A key insight of the paper is how the M&E contractor, which was successfully audited
and accredited by BSI in 2019, revises its" BIM processes and supplements them with
further necessary activities. These bespoke BIM processes address the deficiencies in
the BIM asset management work stream. Such bespoke BIM processes (e.g. BEP
appraisal form; supply chain database) assist the Tier 2 contractor in their work, by
there remain more fundamental challenges. The need for better communication
between the client and contractor remains an issue. Communication is inhibited by the
contractual boundaries, so that although British Standards Institution [8] highlights the
importance of clear understanding of OIR and AIR and an accurate EIR to deliver
successful BIM assets, the disconnection between client and TIER 2 contractor is

significant.

Although clear descriptions of OIR and AIR is emphasised for successful BIM
information requirements [8], identifying essential information for BIM-FM asset
integration can be difficult [41]. A lack of IT competency and understanding of BIM
from the client is a crucial issue in defining the essential information required for asset
management [25; 24]; unclear information requirements issues [45] being evident from
the M&E contractor evidence, highlighting the need for closer engagement between

client and contractors.

Although the TIER 1 company may have extensive experience in this area, it is difficult
to exactly develop what the client wants and what the TIER 2 contractor understands
because different stakeholders have different responsibilities and interests towards the

complete BIM assets [27]. The disconnection between clients and TIER 2 contractors
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may pose various risks such as changes to asset components and resulting information
changes. This argument is supported by the studies into the relationship between cost
and potential changes on projects, which argue that cost of changes is more significant

in latter stages of a project [29].

Theoretically, if the BEP is completely accurate in the early stage of the project, the
risks of missing contents or extensive requirements can be avoided. However, the
empirical findings show that clients are not fully engaged when it comes to BEP review.
Furthermore, the TIER 2 contractor cannot be involved in AIR and EIR stages because
they are not even assigned to a project at that stage. Therefore, in order to define
information requirements clearly, clients should make an effort to clarify them with the

TIER 2 contractor, which requires earlier engagement.

The findings generally reflect the complex communication relationships amongst client,
TIER 1, TIER2 and supply chains; the case company playing a bridging role between
TIER 1 and supply chains. To improve the quality of BIM-FM asset integration, better
communication between key stakeholders is needed. For this to happen, contractual
barriers to better communication must be overcome to improve the situation. Complete
alliancing may not be necessary to address this: mutually beneficial memorandums of
understanding or letters of intent may help in bringing M&E contractors into project

discussions at an earlier stage.

Software interoperability is another persistent problem afflicting the industry, emerging
as a significant issues in the empirical investigation as effecting asset
creation/integration. Interviewees commented that clients should understand the

fundamental problems of interoperability between software, ideally before the pre-
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tender stage, to minimise interoperability issues in advance. Although the TIER 2
contractor is the BIM asset creator and integrator, as a passive contractor,
interoperability issues cannot be solved without TIER 1 participation or client

willingness towards BIM asset integration.

It was found that the M&E contractor plays a crucial role in bridging the TIER 1 and
supply chain gap to make asset information accurate and precise; the M&E contractor
taking the initiative to check supplier ability and keeping a database of suppliers with
BIM knowledge. However, such processes are often accompanied by investment costs
for training, software and infrastructure [4]. Although this increased work volume and
project costs, the case company utilised its™ supply chain database with suitable training
in order to understand what the supply chain could supply, the company seeing such

work as having long term investment value.

The empirical insights support the view that COBie data is often inaccurately received
at handover, suggesting that data is neither standardised nor accurate [43]. Parsanezhad
and Dimyadi [41] highlight that COBie is often not fully operational, leading to it being
replaced by customised spreadsheets. The challenge around producing specific asset
registers with related COBie requirements can result increased project costs and time,
generating repetitive activities during the project lifecycle. For the M&E contractor,
despite adopting a BIM-link as a plug-in to improve this situation, the whole asset
information integration process including models and COBie data were time
consuming. Interviewees maintained that early engagement from the client is considered
the most important factor to produce accurate COBie information, as this can alleviate
issues of continuous changes due to improved communication between key stakeholders

during the BEP process.
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6. Conclusions

The paper examined BIM asset management processes from the perspective of a fully
accredited M&E contractor active in the UK construction market. A literature review
identified several key issues of concern for BIM-FM integration; the case study analysis
verifying the findings. As well as noting the significance of issues such as designer-
client collaboration to set successful information requirements [41; 43], creation and
integration of COBie data and software interoperability [43; 26] and as-built data
management in the design-build phase [14; 21], the case study also revealed specific
bespoke practices and processes to address deficiencies in the BIM asset management
work stream. The insights can assist practitioners to develop their own standards or
processes for improved BIM-based asset integration. It should also be noted that these

bespoke processes were developed by a fully BIM-accredited M&E contractor.

It can be concluded that although BIM asset integration processes are now well
developed to a globally recognised standard, certain characteristics of construction
project management result in persisting problems that impact the BIM-FM asset
management journey. These include organisational communication issues, software
interoperability issues, contractual barriers to joined-up working and supply chain BIM
awareness issues. The need for greater collaboration and more communication between
key stakeholders at early project stages remains an issue for the Tier 2 contractors that

provide a vital link to the supply chain.
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