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Abstract—The introduction of Building Information Modeling (BIM) as a
tool for facilitating information and knowledge sharing through digital represen-
tation of the physical and functional characteristics of a facility has seen wide
application in the construction industry, spanning over the entire life cycle of a
facility. However, the current BIM rather complex and requires a huge amount of
data to develop. This study therefore aims to investigate the implementation of
BIM for Operation and Maintenance Management (O&M) in Malaysia by identi-
fying the information that should be prioritized to enable BIM mobile application
at O&M phase. Three (3) rounds of expert discussion using Delphi techniques
were carried out with 10 to 15 selected experts in O&M and BIM. Most of the
experts agreed that technology could improve the efficiency of service delivery
and interested in implementing BIM in O&M practices. Simplified BIM for
O&M that consists of the critical information includes location, dimension asset
information, asset capacity, specification, manufacturer, statutory, condition
and cost was developed. All this information was systematically organized in a
data matrix. Majority of the stakeholders agreed that the Simplified BIM system
is useful, flexible, least complex, and effective in managing and monitoring
maintenance operations of their building.

Keywords—BIM, operation and maintenance, mobile application software,
existing building

1 Introduction

Fourth Industrial Revolution participation by Malaysia is allowing the industry to
make full use of Artificial Intelligence (Al), robotics, Virtual Reality (VR), big data
analytics, the Internet of Things (IoT), and software engineering, leading to higher
digital adoption. Through observation for the past 20 years, the Malaysian construction
industry has been going through digitalisation in improving the built assets delivery. In
order to achieve better service delivery, the use of digital technologies (DTs) that includes
the Fourth Industrial Revolution (4IR) had been introduced widely. Through the
adoption this technologies advancement, industries are in the process of production
process digital transformation of their services and delivery [1,2]. The digitalisation
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transformation could be crucial in the three major phases of construction projects,
which are the design and engineering, construction, and operation phases [3,4]. The
main concern of O&M is to efficiently support the asset life cycle through maximizing
system operation, preventing unplanned shutdowns, as well as optimising life-cycle
costs. In addition, [5] mentioned that BIM helps enhance procedure that influences
information to analyse and forecast outcomes during various phases of the building life
cycle. Hence, it benefits the building owner in managing and maintaining the property
to ensure the building is functioning effectively. The efficiency of the O&M process is
expected to increase with the availability of an integrated digital database [6].

Building condition assessment (BCA) is based on ratings on building condition
and defect inspection using the Building Assessment Rating System developed by the
Public Works Department of Malaysia. The BCA system is guided by the assessment of
the condition to the building using numerical scores (1 to 5) and priorities in the repair
process. The assessment by the surveyor or inspector on the condition and priority on
the defects found is based on expert evaluation during the building inspection and is
mentioned in Tables 1, 2 & 3. Generally, a lot of the latest information on the building
will be collected. This includes architectural, civil, mechanical and electrical informa-
tion. Large data collection is required to ensure that the results of the building condition
assessment are accurate and reflect the actual condition of a building. An assessment
of the current condition of a building is also a process to determine the appropriate
maintenance work for a building. O&M is a crucial stage in the asset or building life
cycle to ensure its efficiency. O&M’s cost is one of the fractions of building life-cycle
costs, and it acquires 60% of the total cost [7,8]. The majority of the building life-cycle
cost is spent during the O&M stage, which raises a major concern for the stakeholders.
Thus, the effort to optimise the use of any resources to ensure cost-saving, efficiency,
and effectiveness of the building operation and maintenance are critical to be adopted.
BIM has ability in providing a platform for facilities managers to manage building
information in a digitalized 3D environment. This provides an opportunity to advance
and transform facilities O&M [9]. In the local context, the mobile application of BIM
during post-construction (O&M), particularly for existing buildings, is not widely
adopted. Research on the implementation of BIM in the O&M stage is scarce, espe-
cially in developing countries, Malaysia. Therefore, this paper presents the Simplified
BIM by identifying the information that should be prioritized to enable BIM mobile
application at O&M phase. This includes identification of critical information that
should be prioritised, collected, stored, utilized and shared in BIM model. In addition,
the gathered information would be used in developing an implementation framework
for simplified BIM that covers on structured implementation plan or best practices on
how BIM can be applied to improve O&M tasks.

2 Operation and maintenance (O&M)

Maintenance is defined by BS 3811 as the combination of any actions objectively
to keep and maintain an item towards its acceptable condition. The operation and
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maintenance (O&M) stage are where the asset is being used to the intended service
required and daily running; thus, the management activities are critical to ensure proper
use of the asset at this stage (refer to Figure 1). O&M of assets covers a wide range
of services and expertise for the built environment to efficiently perform its intended
function [10]. According to [9], maintenance and repair, emergency management, and
energy management are the activities included under operations and maintenance of
building facilities. Besides, maintenance and upgrade works are also expected to be
provided at this stage, complying with the asset’s maintenance routine [11].

Flanning

Identifying the need for
the asset, and ensuring
the proposed asset isthe
mast effective solution

Disposal e
Acquisition

assetisnot in use .
Procurement inculdes

financial and costing

anymare, or may become
wastefulin termof costing
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Asset andfadlities used o
intended services and
design

Fig. 1. The asset management lifecycle (adapted from [11])

3 Data gathering-building condition assessment (BCA)

BCA is a method of condition inspection for a building for the purpose of getting
the overall scoring for building condition. A guideline has been issued by the Public
Works Department (JKR) Malaysia for the implementation of this method. This build-
ing inspection approach is not limited to contemporary but can also be applied to
heritage buildings. BCA collects all data regarding the physical condition of a building
performed by a qualified surveyor or building inspector. This covers all disciplines of
building, namely architecture, civil, mechanical and electrical. Apart from knowing the
score for a building, this method is also used in the decision-making process regarding
the maintenance plan. Data obtained from the BCA method can assist in determining
the financial allocation for future maintenance work. BCA assessment is generally an
assessment of the condition and priority of improvements that need to be implemented.
The score from the calculation will give a conclusion as stated in the score matrix as
in Table 3.
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Table 1. Condition assessment

Condition Assessment
Condition Scale Description
1 Like New Minor Maintenance
2 Fair Minor Repair
3 Poor Replacement/Major Repair
4 Very Poor Replacement/Not Functioning
5 Dilapidated Damage/Missing
Table 2. Priority assessment
Priority Assessment
Priority Scale Description
Normal 1 Functioning, Cosmetic defect
Routine 2 Minor defect that could lead to major if no action taken
Immediate 3 Major defect, not achieved the intended functions
Emergency 4 Element not functioning or high-risk defect that could lead to serious injuries
to building users
Table 3. Assessment matrix

No Description (Matrix) Score
1 Scheduled Maintenance 1-4
2 Condition Monitoring 5-12
3 Need Close Observation 13-20

Generally, a large amount of data can be collected through the BCA method. Among
the types of data that can be collected are measurements, physical conditions, types of
materials and specifications of building elements and components. This type of data is
very useful if it can be digitized so that easy to be stored and referenced when needed.
BIM is seen as an application method that can meet those needs by storing all available
data in 3-dimensional form for easy reference in the future.

4 Type of information in BIM mobile application

The type of information in BIM involves graphical data, non-graphical data, and
documents (refer to Figure 2). Graphical data is the virtual building model, either in
2D or 3D, visualized the asset or building references, locations and context, and the
relationship between rooms, spaces, and components. The non-graphical data play a
vital role in building information modelling, as not just to visualize, the model acts
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as the package to contain a project’s information. This information is known as the
non-graphical data and documents of information [12,13]. It is a norm that a building
can contain at least hundreds of systems, items, components, materials, or even prod-
ucts, and in which each of these lists come with a lot of information. To organize this
information, BIM associates and incorporates this massive information readable through
information model, no longer through hard copies of information [14]. Documents refer
to most BIM information, which required a well, standardized, and indexed arrange-
ment that can be stored in an accessible digital system [15].

Graphical

Data
Environment &
Document

Non Graphical

Fig. 2. The link between graphical data and non-graphical

4.1 BIM level of detail (LOD)

The BIM standard of PAS1192 helps to identify how much the graphical detail
is necessary at every stage of the project, called Level of Detail (LOD). Apart from
BIM Dimension, there is a Level of Details of BIM, comprised of Level of Develop-
ment and Level of Information. The Level of Developments is the levels of clarity of
the BIM content at different building life cycle levels, from design until the as-built
phase [15,16]. There are six (6) levels of LOD, namely LOD100, LOD200, LOD300,
LOD350, LOD400, and LOD500.
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4.2  BIM level of information (LOI)

The Level of Information (LOI) defines the non-graphical content of a model as a
project’s defined stages (Montague, 2016). The non-graphical increases as the project
develops. Five levels of LOI are LOI1, LOI2, LOI3, LOI4, and LOIS:

i) LOIl—Concept Stage (a simple description based on the design intent outlined)

ii) LOI2—Design stage (indicate the specified deliverable from the overall
performance)

iif) LOI3—Technical stage

iv) LOI4—Construction stage

v) LOI5—Operation & Maintenance stage (the key properties to be transferred into an
asset database that prescribed generic products meeting the desired requirements for
overall performance)

4.3 O&M assets and elements

[9] suggests that necessary information required to be transferred into BIM is based
on O&M’s main activities and further explains six main activities include maintenance
and repair, emergency management, energy management, relocation management,
security and general information of O&M. However, despite looking at the main activi-
ties of O&M, BIM or information model of a facility should contain one full or multiple
designed model files that integrate information related to the systems such as space
information in architectural, and elements information such as mechanical, electrical,
plumbing or piping, and be presented in CDE as a single model of the asset [17,18]. The
information developed according to the inventory of building and elements systems
is considered more structured and thorough. Thus, a list of O&M assets and existing
building needs to be identified according to i.e. superstructure and substructure such as
the architectural or structural, mechanical and electrical systems as the initial process
to enable an integrated BIM mobile application. In this study, the manual or guidelines
on the specification of building assets or mechanical and electrical systems provided by
the Department of Public Works Malaysia are used as the main reference for elements’
inventory. Piling, diaphragm wall, work below lowest floor finish are the elements for
substructures. In addition, frame, roof, staircase, firefighting systems, and surveillance
installation systems are examples of the building elements.

4.4  Simplified building information modeling (Simplified BIM)-a digital
mobile application

Simplified BIM offers basic model that can be used by the stakeholders in manag-
ing important O&M data for their buildings. Simplified BIM only consider the O&M
information that is critical and required for every element and item in existing build-
ings to be enabled BIM functions at the O&M phase. The BIM mobile application at
the O&M phase contains information such as spatial dimensions and geometry, assets
and its locations, characteristics of the building components such as walls, floors,
and ceiling. Schedules and operational costs, which are BIM 4-Dimension and BIM
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5-Dimension, are also necessary information for BIM in operation and maintenance.
According to [19], in a normal circumstance, the following lists of information are

needed for the BIM model:
i)  Rooms/spaces
ii) Zones/departments

iii) Systems or assemblies
iv) Components or equipment

Products/materials

vi) Maintenance tasks, spare parts, and tools/resources required to maintain and oper-

ate the building

vii) Contact details or people involved in the project
viii) Documents related to the project, building, materials, products, and systems

Documents refer to the source of BIM information. Through the NBS, [13] listed

the standard documents and information required for a project, from design to facility
management stage:

Client brief and technical requirements

Appointments and contracts

Bonds and insurances

Project stage reports

Technical reports i.e. the planning, design, environmental impact assessment reports
Analysis, assessments and calculations

Sustainability certification

Surveys

Meeting minutes

Project file notes

Request for information (RFI’s)

Method statements

Correspondence

Media such as related photographs, images, presentations or videos
Regulatory application or submissions of fire safety or disability access
Non-statutory application or submission

Tendering procedures

Models

Design, construction and as-built drawings, specifications, schedules and data sheets
Cost plans and bills of quantities

Payment certificates

Contracts final accounts

Project plans and programs

Technical submittals and approvals

Health and safety risk assessments and safety plans

Compliancy specification, certificates or opinions

Inspection plans and records

Quality control procedure

Details on systems, equipment, materials and products [13]
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The complexity of ordinary BIM requires large number of resources to support the
needs of model development. Hence, the identification of important and useful data is
important to ensure the model are efficient and fully utilised during implementation.
The classification of LOD of every item based on available critical information would
be the final analysis of this study.

[20] defines mobile application as the small software designed to run mobile device
with required functionality, services, and experiences. The use of mobile applications
significantly grows for the past 10 years in line with the used of mobile cellular. For
instance, the statistics of mobile cellular subscriptions in the world has been increasing
from 4.63 billion to 7.98 billion in 2019 [21]. The growing number proves that mobile
device is becoming one of the essentials gadgets for everyone. The growing impor-
tance of mobile application, provide impetus to develop varies mobile applications in
assisting human works.

5 Methodology

This study adopted qualitative method which consists of Focus Group Discussion
(FGD) and a case study for verification. Figure 3 shows the flow of data collection
process developed for this study. It began with a literature review to develop a draft
theoretical framework. The process followed by the recruitment of focus group partic-
ipants for data collection process. FGD is necessary for the researcher to obtain more
in-depth information on how BIM in O&M being implemented in the industry [22].
There are three (3) phases of FGD, and each conducted with a specific objective to
achieve the research aim. Non-probability sampling is used; the experts were selected
based on specific criteria which were the practitioners in BIM or involved in O&M of
buildings.

Objective of FGD 1 is to get feedback on the draft conceptual framework developed
based on literature reviews (variables and integration between O&M and BIM). Objec-
tive of FGD 2 to get feedback on the critical information that needs to be included in
the BIM simplified model and it involves 4 stages, (1) confirming or agreement on
the developed theoretical framework and the critical information, (2) identifies more
information that was considered necessary by experts based on their real-world practice
experiences, (3) focuses on electrical and mechanical components and (4) identify-
ing the source of the critical information. While objective of FGD 3 is to validate the
simplified BIM model and matrix data developed.

An office tower in Kuala Lumpur was selected as a case study. Part of the building
has been used to validate the framework developed. Archived document in form of
plans and specifications were gathered. Inspection on-site had also been carried out
used BCA method to suffice the information needed. Data collected from various
sources were filtered and compiled in the form of matrix data (excel sheet). In paral-
lel, the model was developed in the REVIT software, and the matrix data was merged
manually into the model.
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6 Result and discussion

Data obtained from the 3 series of FGD and a case study were analysed using thematic
and descriptive analyses. Cost and efficiency are considered as the primary constructs
that need to be focused on O&M performance. Many of the experts agree that technol-
ogy could improve the efficiency of service delivery and interested to implement BIM in
O&M practice. Technology used should be simplified with reasonable start-up cost, the
important data that need to be included in the simplified BIM model, compatible with
the building needs, start-up cost should be minimum and allowed for future improve-
ment; and system should be sustainable, which allowed for future expansion. However,
barriers or challenges that possibly encountered could be client support, initial cost
that need to be spent and return on investment (ROI). An Implementation framework
was developed as the preliminary result found based on the systematic extraction pro-
cess to identify the O&M critical information for BIM towards the classification of
BIM Level of Detail (LOD and LOI). For BIM at the O&M stage, both graphical and
non-graphical data are expected to be provided for a model shown under BIM type
of data. O&M assets and clements precede the process. It is related to the essential
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system of substructures and superstructures, i.e. architectural or structural, mechanical
and electrical, and every system’s items. After developing a list of substructure and
superstructures, the clarity of BIM information needs to be identified according to the
necessary O&M type of information. The critical information can be extracted based on
the level of development (LOD) fundamental theory.

Referring to the O&M type of information phase, width, depth, height, or the size
is among the necessary information that required starting from LOD 200 [15]. This
information is categorised as dimension. Specification is the information required,
especially at facilities management phase or the 7th dimension of data linked to the
model [13,16]. Specification information such as type, material and installation method
is required at LOD 400 [15]. Similar to specification, information on manufacturers
such as the detail information and purchase date is also required at the 7th dimension of
data and begins at LOD 400 [15, 23].

Condition of the assets is the information required for O&M stage based on inspec-
tion data gathered [24]. Based on the review analysis on BIM mobile application, the
condition is not listed as a piece of information required. However, the condition is
found as necessary as it is considered as one of the important activities for O&M [9].
Thus, for the detail’s information on condition, this study has referred to the building
condition assessment manual, the Code of Practice for Building Inspection Reports
(CP BS101). There is five information related to the building condition, which is new
or good, fair, poor, very poor and dilapidated [25]. New or good is referring to the assets
and elements that required minor servicing. Fair is for the assets and elements that
required minor repair. Poor is referring to the assets and elements that required major
repair or replacement. Very poor is when the assets and elements are malfunctions
and finally dilapidated described damaged or missing assets or elements [25]. Cost is
the fifth information required to enable BIM at O&M stage. Cost is the non-graphical
information for BIM, and cost for O&M is one of the fractions of building life cycle
cost. It is important information on both sides of BIM and O&M. Information on cost
consists initial, maintenance, disposal or demolition, overhead and the residual or scape
cost [7]. Source of information is the next stage of the research, simultaneously to
achieve Objective 2 of the research. It is referring to the source of the critical informa-
tion (Dimension, Specification, Manufacturer, Cost and Condition) can be collected.
Especially for an existing building, if the data to fulfil every Level of Details (LOD)
is scattered or not exist. The classification of LOD will be the final analysis of this
research, to classify the LOD of every item based on available critical information. As
this research is focusing on O&M stage, LOI5 will be referred as this level of infor-
mation covers the key properties to be transferred into an asset database, as well as the
prescribed generic products that meet the desired overall performance requirements.

Figure 4 shows the finalised implementation framework of the Simplified BIM
model for the O&M digital mobile application based on feedback gathered from the
respondents. In the process of developing the simplified BIM model, the data matrix
was predevelop based on this finalised implementation framework. Data matrix

iJIM — Vol. 15, No. 20, 2021 155



function to organise the data systematically (refer to Figure 5). The data matrix contains
the information on O&M elements and items (x-axis); and O&M type of information
(y-axis). Data collected from the case study come from various sources (ex: the contract
document, drawings) were filtered and compiled in this matrix (excel sheet). In paral-
lel, the model was developed in the REVIT software, and the data was later merged
manually into the model. Figure 6 shows the simplified BIM Model Digital Mobile
Application for the O&M.

The data was displayed in two (2) levels of details in BIM for the O&M mobile
application. Based on the respondents’ feedbacks, information display for level 1 are
data from as built drawings if the documents drawings are available. The data displayed
for Level 1 however, can be improvised in this model by including the other informa-
tion according to the needs such as space code, element code, size, asset number (for
M&E), equipment brand (for M&E), and expiry date (for M&E). Generally, the exten-
sion on the detail’s information should be displayed as Level 2. Level 2 data gathered
form archived documents such as specification, contract, details drawings and manuals.
Information display for level 2, the data was adopted from the data matrix (Figure 5)
that contain the information on Location, dimension/asset information/capacity, speci-
fication, manufacturer, statutory, condition and cost for each of the assets and elements.
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Fig. 4. Implementation framework of simplified BIM model for O&M digital
mobile application
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7 Conclusion

In conclusion, the implementation of BIM within the Operation and Maintenance
in Malaysia has been investigated. The information that should be prioritised to
enable BIM digital mobile application at the O&M phase has been identified. Critical
information that should be prioritised based on the in-depth analysis of the literature
review includes location, dimension/asset information/capacity, specification, statutory,
manufacturer, condition, and cost. Critical information can be collected from various
sources such as building inspection report, as-built drawings, construction drawings,
purchase approval (technical material sheet and sample), contract documents, and
on-site survey. A prototype for Simplified BIM Model Digital Mobile Application has
been developed using REVIT software alone to digitalise all important data needed in
executing O&M tasks.
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