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Because of their characteristic attributes of storing all the information of a building and visualising the
maintenance process of a project over its entire lifecycle, generating the automated control and
monitoring of building diagnosis (e.g. component utilisation, component failure, etc.) as well as providing
decision support for the choice of maintenance measures and the scheduling of maintenance, BIM
technologies have a special appeal for the building maintenance profession. In spite of this appeal, there
are currently very few operational BIM technologies in the field of IBS building maintenance. One reason
for this may be a lack of awareness by the industry as to what BIM technologies currently exist and what
their capabilities are. Presenting this information to the potential users in an easily scannable format is
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Fixed Starting one of the objectives of this paper. A second objective of this effort is to present the characteristics of the
PRE-BIM state-of-the-art BIM technologies to researchers and industry practitioners. This information will help

them in making a choice of the most appropriate tools and trigger communication between users working
in similar domains.
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Abstrak

Oleh kerana ciri-ciri kualiti dalam menyimpan semua maklumat sesuatu bangunan dan menggambarkan
proses penyelenggaraan projek di keseluruhan kitaran hayat perkhidmatan, menjana kawalan automatik
dan pemantauan diagnosis bangunan (contohnya penggunaan komponen, kegagalan komponen, dan lain-
lain) dan juga menyediakan sokongan keputusan untuk pemilihan langkah-langkah penyelenggaraan dan
penjadualan penyelenggaraan, teknologi BIM mempunyai potensi besar dalam profesion penyelenggaraan
bangunan. Walaupun dengan potensi ini, terdapat sangat kurang operasi teknologi BIM dalam bidang
penyelenggaraan bangunan IBS. Salah satu sebabnya mungkin kekurangan kesedaran oleh industri
tentang apa teknologi BIM termasuk keupayaan penyelesaiaannya. Menyampaikan maklumat ini kepada
pengguna dalam format yang ringkas dan mudah adalah salah satu objektif jurnal ini. Matlamat kedua
usaha ini adalah untuk membentangkan ciri-ciri ‘state-of-the-art’ teknologi BIM untuk penyelidik dan
pengamal industri. Maklumat ini akan membantu mereka dalam membuat pilihan yang tepat tentang
teknologi yang paling sesuai dalam meningkatkan komunikasi antara pengguna yang bekerja dalam
bidang tugas yang sama.

Kata kunci: Teknologi Model Informasi Bangunan (BIM); Sistem Binaan Berindustri (IBS);
Penyelenggaraan Bangunan; Malaysia
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S

HM1.0 INTRODUCTION

Because of their characteristic attributes of storing all the
information of a building and visualising the maintenance process
of a project over its entire lifecycle, generating the automated
control and monitoring of building diagnosis (e.g. component
utilisation, component failure, etc.) as well as providing decision
support for the choice of maintenance measures and the
scheduling of maintenance, Building Information Modelling
(BIM) technologies have a special appeal for the building

maintenance profession. The following typical features of today's
IBS building maintenance environment show the need for a BIM-
like technology for improving Industrialised Building System
(IBS) building maintenance quality and productivity.® According
to Love et al., Miettinen & Paavola and Volk et al., inadequate
technical knowledge and poor quality IBS products or
components have led to significant needs in the BIM-based
building maintenance management.234
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. Lack of knowledge in structural analysis and design of
pre-fabricated components;

. Improper detail design of ties and connections;

. Nonstandard joints complicating design by fixing
reliance on a particular manufacturer;

. Communication issues among construction players;

. Difficulty of finding expert workers;

. Difficulty of training workers for assembly;

. Sequential assembly that makes future change difficult;

. Insufficient information about material and recovery
methods;

. Inadequate information about material and component
life expectancy;

. Insufficient information among builders about building
systems;

. Insufficient coordination among design, manufacturing
and construction components; and

. Deficient quality control.

In spite of the need and potential benefits, there are currently
very few operational BIM systems in the field of IBS building
maintenance. One reason for this may be a lack of awareness by
the industry about what BIM systems currently exist and what
their capabilities are. Presenting this information to the potential
users in an easily scannable format is one of the objectives of this
paper.

A second objective of this effort is to present the
characteristics of the state-of-the-art BIM systems to researchers
and industry practitioners. This information includes knowledge
structure and system-building tools, which will help them in
making a choice of the most appropriate tools, and trigger
communication between users working in similar domains. The
factor that will affect the use of BIM systems in the IBS
construction industry is the nature of this industry, which is the
absence of available diagnosis tools and guidelines of cooperation
among construction parties when measuring the maintenance
delivery in IBS construction.® The repairing maintenance method
(fragmentation approach) restrict contractors and manufacturers
from being involved in the design stage of a performance project,
which often results in design changes and a corresponding
maintenance and operation cost increase including construction
time, production and labour cost.®” According to Kamaruddin et
al. and Rahman & Omar, the management level in Malaysia,
monitoring, diagnosing technology and repairing maintenance
method of IBS buildings is far behind some developed
countries.®® Compared with the relatively high level of IBS
construction in the USA and Japan, the supporting technologies
and large-scale production systems (such as supervision systems
and matching construction technologies) are used to improve the
construction maintainability of components and could diagnose
the maintenance problems with safety monitoring process to
prevent the building construction accidents.’® Low defect
diagnosis for building maintenance may cause great economic
losses and personal casualty incidents due to the disaster building
defect. For example, concrete roof of the Gong Badak stadium
collapsed in Kuala Terengganu on June 2, 2009.1* The roof
structure crash occurred under construction for SMK Taman
Connaught in Kuala Lumpur and three labours were injured on
Jan 15, 2010.%2 In addition, a few of ceilings at a Hospital Serdang
in Selangor collapsed for a third time as a result of its structural
failure (steel corrosion) on November 14, 2013.® Thus, the
management of maintenance in the complex and high-rise
buildings claims a high emphasis on the systematic process for the
improvement of maintenance management system of IBS
construction.

The inefficiency in decision making process has been found to be
a major cause of aesthetic and functional faults.!* The defects
include cracks, blemishes, moisture penetration, water leakage
due to improper jointing and poor thermal insulation.’> Many
factors stimulate ineffective decision support to provide the
sufficient information of maintenance strategy with the extensive
coordination on technical knowledge requirements and schedules
prior to maintenance operations of project implementation,
however poor maintenance management or repairing maintenance
method (fragmentation approach) deficiency can give a major
impact to the IBS building maintenance activities.** According to
Chen et al., the main reasons for not optimum decision making on
IBS building construction projects were lack of knowledge and
exposure to IBS technology, since the resolution implementation
were based on familiarity and personal preferences (e.g.
experience of the design team) rather than rigorous data between
team members through regular meetings.® This is also supported
by Bari et al., who agree with that the incorrect strategic decision
at the initial project phase was a major cause of cost overrun and
supply chain integration problem due to lack of comprehensive
principles in the maintainability approach such as measuring
convention, standardisation, buildability score and open system
practices among IBS construction teams.! The integrated
decision making process with the maintenance strategy from the
design stage to the installation of components is needed that can
significantly improve the repairing maintenance method of IBS
building construction projects.’” This could realise with a good
management system with the implementation of BIM, to enhance
managing efficiency for both defect diagnosis and decision
making process, thereby establishing a more effective
maintenance strategy for an IBS building construction.

W20 STATE-OF-THE-ART BIM TECHNOLOGIES IN
BUILDING MAINTENANCE

Despite the fact that the use of ICT solutions in assessing,
planning or process execution takes place at a different scale and
function, the emerging trend such as using sophisticated or
innovative tools and techniques could improve productivity in
maintenance activities and have a great potential to redefine and
re-engineer the conventional setting. Concerning this, there is
scope to manage large and complex buildings with advanced and
smart solutions based on advanced ICT (e.g. BIM and CMMS
integration) for improving maintenance management on
construction sites. There are many researches and literatures in
practice and academic regarding these ICT applications in
maintenance (including retrofits and monitoring).®* The main
applications and scenarios of ICT are developed for the
construction industry includes the following:
e BlIM-based Facility Management (BIMFM)-to support
the 3D CAD-based models for identifying, tracking,

coordinating and accessing particular  building
maintenance into a database system;!8
e BlM-assisted Facility = Management-to  provide

automatically identifying equipment and facility
supporting operational and strategic management of
buildings in the design and construction phases;°

e BIM integrated Computer-Aided Facility Management
(BIMCAFM)-to plan the maintenance activities and
monitoring the maintenance operation with a
combination of 3D CAD;20

e Knowledge BIM-Based System-to use priority in the
maintenance planning and strategy for maintenance
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execution in the design/construction/operation of
buildings using case-based reasoning (CBR);?

e Mobile and BIM-based Facility Maintenance
Management (BIMFMM)-for the acquisition and
tracking of maintenance information and provides an
information sharing platform using a webcam-enabled
notebook or tablet;??

e RFID Localisation and BIM-based Visual Analytics—for
location management, tracking of maintenance
components in the building;?

e Navigation system using BIM and RFID-to locate and
navigate any components in an unfamiliar building
facility in real-time;?

e 3-Dimensional Visualized Expert System-to provide a
corresponding building maintenance plan for reference
based on the optimisation of maintenance
management;?®

e Defect Management System using BIM, Image-
Matching and Augmented Reality (AR)-to detect
dimension errors and omissions as well as to enable
quality inspection without visiting the real work site;?

e Collaborative BIM-based Markerless Mixed Reality
BIM3R)-to facilitate real-time and on-site data
collection and to support inspectors in evaluating
building elements using Mixed Reality (MR) as
visualisation technique;?’and

o  BIM-based Visual Analytics Approach (Integration with
COBIE)/Facilities Management Visual  Analytics
System (FMVAS)-to identify, assess the root cause (for
the specific defect problem) based on the visual
analytics for building.?82°

HW3.0 CHARACTERISTICS OF BIM TECHNOLOGIES IN
BUILDING MAINTENANCE

This section will discuss the various characteristics of the state-of-
the-art BIM technologies in terms of how they work and the
system stages. There are three primary components of a BIM
stage representing transformational milestones along the
implementation continuum which separate ‘pre-BIM’, a fixed
starting point representing industry status before BIM
implementation, and from ‘post-BIM’, a variable ending point
representing the ultimate goal of employing BIM concepts and
tools to achieve Virtually Integrated Design, Construction and
Operation (viDCO) as shown in Figure 1:

1. The volume and complexity of changes identified in
BIM stages are transformational and requires the object-
based modeling, model-based collaboration and
network-based integration for reaching a maturity level
as defined as the quality, repeatability and degree of
excellence within each stage.3®%! The object-based
modelling is consisted of few types of model-based
deliverables, such as parametric, algorithmic and other
3D graphical views as well as is normally identified on
the software to be offered (e.g. model-based CAD 2D
and 3D).

2. The model-based collaboration provides model
interchanges and model-linking or federation through a
BIM based functional design an ordering process
(FDOP) to shorten the latency in collaboration between
architects, engineers and contractors and perform rapid
information and knowledge exchange in early project
design phases.?

3. The network-based integration facilitates the multi-user
collaborative interaction in distributed systems
environment and provides effective technology platform
in  Architecture Engineering Construction (AEC)
industry through the combination of the open data-
exchange mechanism and distributed network
architecture.®

Fixed Starting
Point
PRE-BIM
Anobject-based v
modelling software
toolis similarto Object-Based
ArchiCAD, Revit, MODELLING

Tekla or Constmictor

Amodel-based
solutionispartofa
multidisciplinary
collaborative

Model-Based
COLLABORATION

Anetwork-based
solution (like model
servers or BIM
Softwareaza

Network-Based
INTEGRATION

Service (S32a8))is

to share object-

basedmodels with

atleast two other v

disciplnes Variable Ending Point
POST-BIM

Figure 1 BIM stages (Source: Succar et al.>)

The following section explains further the components of the
BIM system; the object-based modelling, model-based
collaboration and network-based integration.

BIM System Components
Object-Based Modelling

The building information is modelled based on object and are
represented as elements in a virtual building. This platform object
is identified by an ID number, this ID number is paired with a set
of instructions that describes the geometry and also other data
associated with the object.® The object-based modelling also
contain specification, quantities, analytical parts and some extra
parts such as cost and sustainability information as well as can be
classified in a different way such as demonstrated as an open
matrix with variable numbers of objects and variable number of
properties for each object. One example of the object-based
modelling is where the information and the behaviour of number
of column differ from slab in terms of the properties that represent
the object.%6

Object-based modelling can be operated at many forms (e.g.
simple or complex) and for many purposes. Every purpose will
serve as a base information model for all disciplines, custom
workflow processes and custom applications in the areas of:
simulation, decision making, the analysis of data and content of
building construction in the context of maintenance management
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projects.’” The object-based modelling can generates single-
disciplinary models within design, construction or operation as the
three project life-cycle phases. Designers and fabricators are
taking benefits of using object-based modelling due to save time
and automatic in coordinating of 2D documentation and 3D
visualisation. However, construction projects by their nature are
fragmented, complicated, risky and uncertain. The challenge of
the object-based modelling is when using them, in remote
construction projects which have their unique problems, resulting
in the loss of control over communications and management,
including lack of management skills, human resources and
building structure.383°

Model-Based Collaboration

Model-based collaboration contains a repository of the building
data, allows native applications to import and export files from the
database for viewing, checking, updating and modifying the
data.*® According to Jalyzada et al., the model-based collaboration
is often called integrated BIM represents a significant paradigm
shift in industry practices to enable live collaboration on a
centrally shared model and database between all members of the
construction supply chain.®® The data is shared, exchanged and
stored between a centralised server (e.g. Industry Foundation
Classes (IFC) and Product Life-Cycle Support (PLCS) standard)
and versioning information using collaborative and integrated
BIM system. The model-based collaboration will enable a
transition from 3D CAD visualisation or rendering to
interoperable multi-Dimensional (nD) CAD modelling and
analysis, which stand for the practice of integrating multi-level
professional services on top of a single 3D object CAD model.
Interoperability at data level also can effectively reduce
fragmentation in interface management and collaboration
management in the AEC work flow.** The model-based
collaboration included object models, representation models and
meta information for importing and exporting documents to link
building elements and other object types to facilitate the
implementation of a predictive Life-Cycle Management System
(LMS) and by that improve the feasibility for adopting long-term
and dynamic maintenance strategy in the building maintenance
management process. The information provided in the structure of
LMS and its connection to other business support systems is
transformed to an open BIM, with the aid of IFC and PLCS by the
model server, which the model-based collaboration as a tool for
supporting all types of decision making and planning of optimal
design, construction works and systems therein can then be used
for data visualisation, simulation and analysis.*?43

Model collaboration systems (MCS) such as model servers
can exploit and reuse information directly from the models to
extend the current intra-disciplinary collaboration towards multi-
disciplinary collaboration. Figure 2 shows an example of the MCS
which require users and functions to support different use cases
for performing a role in the collaboration process.

The focus users range from a large architectural practice, a
general contractor to the construction product manufacturer
depending on their functionality and perception of future
requirements for BIM collaboration. From the MCS, four basic
domains have been identified for the functional requirements for
multi-disciplinary collaboration on models; these domains are
model content management, model content creation, viewing and
reporting and system administration. The model content creation
domain can supports content creation operations in a Building
Information Model to improve the quality of content being created
making sure it is suitable for publishing on the central data
repository while the model content management domain can
provides a higher level of access and permissions to operate on

model content. The viewing and reporting domain can includes
tasks like model/multiple model viewing, navigation/walkthrough,
clash detection and colour customisation for design discussion or
as per client/project requirement. The system administration
domain can includes use cases from an IT system administration,
organisation or project administration standpoint.*

User Type
Contributor Coordinator Consulter
v
User Reguirement Domains Function Examples
Model Collaboration System
. Create
. Checkout
Model Content . Commit/Check in
Creation +  Update
¢ Add
« Edit
¢ Delete
Model Content ¢+  Rename
Management ¢ Move
¢ . Status
+  Differ
¢ Revert
¢  DBranch
+  Merge
¢+ Log
+  Resolve
System * Lok
Administration * Clone
s+ Stamp

Figure 2 Example of MCS (Source: Shafiq et al. “4)

Network-Based Integration

Network-based integration is the transition from collaboration to
integration and it become interdisciplinary nD models that allow
complex analyses at early stages of virtual design and
construction.*® The network-based integration is achieved through
model server technologies, single integrated/distributed federated
database or SaaS solutions that integrate project activities and all
aspects of design, construction, and operation are concurrently
planned to maximise the value of objective functions while
optimising constructability, operability and safety.*67 Platform as
a Service (PaaS) and Infrastructure as a Service (laaS) for the
network-based integration has created a way for different
applications to openly interoperate and exchange information that
provides their service to construction companies with a certain
scale to interact between the existing software and other software
through the network and put the operating system, middleware,
and applications into the network of the virtual machine and the
dynamic elastic network infrastructure and platform for both PaaS
and laaS respectively. SaaS come with software features-based
data information integration with different functions throughout
the whole lifecycle of projects to optimise design, visualise,
simulate and share data and processes at any time. The examples
of Saa$S are Google Apps, Salesforce and Zoho Office.*

As mentioned above, BIM stages use network-based
integration represented by a ‘cloud’, usually referring to the
Internet where it can be accessed by various devices anywhere
and anytime. The network-based integration lies directly upon an
SaaS layer providing a post-BIM platform upon which
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applications and services can facilitated integrated project
delivery targeted for pertinent parties, including architect,
engineers, owners and contractors as illustrated in the Figure 1.
Figure 3 depicts some other examples of the network-based
integration that offer three broad services referred as SPI
(Software, Platform, and Infrastructure) contributed to exchange
information more effectively and efficiently throughout the
building life cycle. The infrastructure resources in IAAS are the
separation of management concerns in computing, storage, and
networking for supporting complex virtual network topology
configuration as well as handling live virtual machine migration
(e.g. memory, storage and network connectivity).*>%The PaaS
platform resources typically include object storage, identity,
runtime, queue and databases desired to provide a certain
framework and a basic set of functions that users can customise
and use to develop their own applications and transfer to other
customers through their server and Internet. The SaaS resources in
the top layer are more suitable for delivering the selective
software and application functionality (e.g. monitoring, content,
collaboration, communication and finance) as a service include
centralised configuration, software release updates without
requiring reinstallation and accelerated feature delivery.484%:5

Servers
Desktops

Laptops
SOFTWARE/APPLICATION

Collaboration

Monitoring Communication

Content Finance

PLATFORM

Identity Runtime Quene

Object Storage Database

INFRASTRUCTURE

Block Storage

Computing Network

Phones Tablets

Figure 3 Example of Network-Based Integration in a Cloud-Based
Deployment (Source: Jalaludin et al. *)

H4.0 POTENTIAL BIM TECHNOLOGIES APPLICATION
AREAS IN BUILDING MAINTENANCE

Many researchers have shown the potential of software
applications in various areas of the construction industry
including maintenance management that can be enhanced by
using the latest technology for information sharing and
communication as listed follows:

e  BIM-based Facility Management (BIMFM)-to enhance
progress maintenance monitoring and quality inspection
efficiency;®

e BlM-assisted Facility Management-to bridge the
communication gap between design and facility
management professionals on a database level;®

e BIM integrated Computer-Aided Facility Management
(BIMCAFM)-to improve building analysis, energy
efficiency and sustainability as well as collaboration
using Integrated Project Delivery (IPD);?°

e  Knowledge BIM-Based System-to improve
preventive/corrective  maintenance  strategies and
planning;*

e Mobile and BIM-based Facility Maintenance
Management (BIMFMM)-to provide a real time service
platform and support quality control efficiency during
the maintenance management process;

e RFID Localisation and BIM-based Visual Analytics to
support real time maintenance tracking and improve
inventory management control;?

e Navigation system using BIM and RFID-to increase
inventory accuracy, simplify maintenance work
processes, save valuable time and money;?*

e  3-Dimensional Visualized Expert System-to reduce
time, labour, and financial expenses, as well as further
enhance component reliability;?

e Defect Management System using BIM, Image-
Matching and Augmented Reality (AR)-to prevent
building work defects proactively, save inspection time
and reduce rework related costs at construction sites;

e Collaborative BIM-based Markerless Mixed Reality
(BIM3R)-to facilitate the inspection operations and
maintenance schedule of a building;?’and

e BlIM-based Visual Analytics Approach (Integration
with COBIE)/Facilities Management Visual Analytics
System (FMVAS)-to provide defect detection and
diagnosis solution in order to formula effective
corrective and preventive maintenance plans.?2

Table 1 shows five (5) current BIM systems that are selected

based on major functions in the comparison over current
technologies where there is the same gap among those systems
which is the defect diagnosis and decision making support
function.
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BIM BIM BIM BIM BIM BIM
Systems CAFM CMMS RFID EXPERT AR
No SYSTEM
Functions

1 Asset Inventory Yes Yes Yes Yes Yes
& Registration

2 Work Order Yes Yes Yes Yes Yes

3 Asset Yes Yes Yes Yes Yes
Management

4 Defect Yes Yes - Yes Yes
Inspection

5 Complaint - Yes Yes Yes Yes
Management

6 Maintenance Yes Yes Yes Yes Yes
Estimating

7 Maintenance Yes Yes - Yes Yes
Coordination

8 Energy Yes Yes Yes Yes Yes
Management

9 Labour - Yes Yes Yes Yes
Management

10 Financial - Yes Yes Yes Yes
Management

11 Quality Control - Yes Yes Yes Yes

12 Maintenance Yes Yes Yes Yes Yes
Planning/Schedu
ling

13 Decision - Yes -
Support in M&E
Diagnosis

14 Decision - - -
Support in
Concrete
Diagnosis

15 Report & Yes Yes Yes Yes Yes
Statistic

5.0 CURRENT TECHNOLOGICAL CHALLENGES

The expansion of current technologies is to assist the maintenance
management processes using BIM-based system. The processes
start from identification, defect diagnosis, maintenance planning
and execution of the facilities.’? The defect diagnosis in
maintenance management becomes as challenges for storing and
delivering quality assessment data of precast concrete elements to
provide the reliable inspection due to ineffective implementation
strategies and best practices need to be undertaken with the
implementation of BIM-based diagnostics system in the
organization.5® Effective management of maintenance diagnosis
relies on the sophisticated technology in ensuring the successful
of dependability building facility and to achieve the expected
return on investment in maintenance (ROIIM).%

Another challenge for BIM technology is to provide the
adequate strategic decision making to analyse information in
improving the maintenance project outcomes (cost, time, quality,
safety, functionality, maintainability, etc.).5> Most research on
BIM in Malaysia has been focused on developing regulations and
policies, application of BIM, solving technical problems, and
searching for the value of BIM. However, the use of BIM in
Malaysia during IBS building maintenance for decision-making
has not been thoroughly reported in Malaysia yet. One may be
wondering then if BIM is indeed well utilised in Malaysia during
IBS building maintenance for practical decision-making.%
Specifically, the use of BIM for scheduling, estimating,
coordination, review of drawings, and tracking for change orders
were carefully monitored and compared with the industry
expectations as they were addressed in the literature.837

The developed model of decision making support quantifies
the overall condition properly and evaluates the possible

alternatives regarding selecting a solution for building
improvements.>” A few researchers have considered IBS to
provide more efficient decision support tools in assessment such
as PPMOF (Prefabrication, Preassembly, Modularisation and
Offsite Fabrication), IMMPREST (Interactive Method for
Measuring PRE-assembly and  Standardisation), PSSM
(Prefabrication  Strategy Selection Method), and CMSM
(Construction Method Selection Model). Nevertheless, these
existing tools consider inadequate aspects of sustainability.5®
Sustainability involves issues such as the design and management
of buildings; materials performance; operation and maintenance;
long-term monitoring; and the dissemination of knowledge in
related technical contexts. Besides, most of the available
assessment guidelines and tools are only used after the design of
the IBS building project is about to be completed.>® Due to
unavailability for strategic decision support tools in assessment
for IBS construction industry using BIM, it is desirable to develop
a computerised integrated project delivery (IPD) with decision
support for BIM. The BIM technology associated with IPD during
the design phase is to improve the quality of decision with the
precise and comprehensive information based on technology
application used to generate critical assessment information about
a proposed design, including cost estimates, energy-use analysis,
structural details, etc.5® Therefore, the current technology
challenges append the competition in the market for emerging of
the managerial decisions technology of ICT-based system that
focuses on improvement of complex maintenance management
processes such as defect diagnosis and decision making process
which most organisation need.%

6.0 CONCLUSION

Majority of the current implementation of ICT in maintenance
management processes mainly focus on the traditional design
approach with little emphasis on decision making and defect
diagnosis tools. The traditional approach means that all the design
and construction process will be conducted in sequential manner
to provide maintenance teams in assessing building degradation,
choice of optimal maintenance strategies for component or
materials in an IBS building with the most minimal life-cycle
analysis of projects (e.g. requirements, operational, and
maintenance information).?-* Modern developments in ICT
technology related to construction industry are now commonplace
for facilitating maintenance on various activities (failure analysis,
documentation of maintenance, fault location, repair and
reconstruction). An example is the bottleneck of massive data
between maintenance components and building management,
which can now be eliminated by converting raw data on the
quality of systems and the process capability in the information
and knowledge for dynamic decision making. However, the
solution of a shift from fragmented into more integrative way of
construction management is an immense technological promise
based on the potentiality of emerging innovative methodologies
such as BIM. BIM can assists clients to determine the appropriate
technology strategy and scope of each deliverable, with the
intention of reducing redundancy and rework while improving
performance and productivity of an operation and maintenance
processes effectively in the future. A focused research in a more
comprehensive area is desired for more effective application of
BIM in defect diagnosis and decision making. This review has
highlighted that BIM is a potential method in maintenance
management on IBS buildings in Malaysia.



75

Zul-Atfi Ismail et al. / Jurnal Teknologi (Sciences& Engineering) 74:3 (2015), 69-76

Acknowledgement

The first author would like to thank Universiti Malaysia Perlis
(UniMAP) and Ministry of Education Malaysia (MOE) for their
sponsorship of this research under Skim Latihan Akademik IPTA
(SLAL).

References

[

[2]

3]

[4]

(5]

(6]

[’

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Sadafi, N., Zain, M. F. M., Jamil, M. 2012. Adaptable Industrial Building
System: Construction Industry Perspective. Journal of Architectural
Engineering. 18: 140-147.

Love, P. E. D., Simpson, I, Hill, A, Standing, C. 2013. From
Justification to Evaluation: Building Information Modeling for Asset
Owners. Automation in Construction. 35: 208-216.

Miettinen, R., Paavola, S. 2014. Beyond the BIM Utopia: Approaches to
the Development and Implementation of Building Information Modeling.
Automation in Construction. 43: 84-91.

Volk, R., Stengel, J., Schultmann, F. 2014. Building Information
Modeling (BIM) for Existing Buildings - Literature Review and Future
Needs. Automation in Construction. 38: 109-127.

Chen, Y., Okudan, G. E., Riley, D. R. 2010. Decision Support for
Construction Method Selection in Concrete Buildings: Prefabrication
Adoption and Optimization. Automation in Construction. 19(6): 665—
675.

Yunus, R., Yang, J. 2012. Critical Sustainability Factors in Industrialised
Building Systems. Construction Innovation. 12(4): 447-463.

Chang, C., Tsai, M. 2013. Knowledge-Based Navigation System for
Building Health Diagnosis. Advanced Engineering Informatics. 27: 246
260.

Kamaruddin, S. S., Mohammad, M. F., Mahbub, R., Ahmad, K. 2013.
Mechanisation and Automation of the IBS Construction Approach: A
Malaysian Experience. Procedia Social and Behavioral Sciences. 105:
106-114.

Rahman, A. B. A, Omar, W. 2006. Issues and Challenges in the
Implementation of Industrialised Building Systems in Malaysia.
Proceedings of the 6th Asia-Pacific Structural Engineering and
Construction Conference (APSEC 2006), Kuala Lumpur, Malaysia. 1-9.
Zhang, X., Skitmore, M., Peng, Y. 2014. Exploring the Challenges to
Industrialized Residential Building in China. Habitat International. 41:
176-184.

Kaos, J. 2013. Lagi Bumbung Runtuh di Terengganu. Available at
http://www.mstar.com.my/berita/berita-semasa/2013/09/29/lagi-
bumbung-runtuh-di-terengganu/.

Isa, M. S. M. 2010. Bumbung SMK Taman Connaught Runtuh Akibat
Kecuaian. Availabe at
http://www.utusan.com.my/utusan/info.asp?y=2010&dt=0117 &pub=Utu
san_Malaysia&sec=Kota&pg=wk_01.htm.

Ramli, M. M. 2013. Siling Hospital Serdang Runtuh Lagi. Available at
http://www.bharian.com.my/bharian/articles/SilingHospitalSerdangruntu
hlagi/Article.

Chiu, C., Lin, Y. 2014. Multi-Objective Decision-Making Supporting
System of Maintenance Strategies for Deteriorating Reinforced Concrete
Buildings. Automation in Construction. 39: 15-31.

Onyeizu, E. N., Hassan, A., Bakar, A. 2011. The Utilisation of
Industrialised Building System in Design Innovation in Construction
Industry. Applied Sciences. 15(2): 205-213.

Bari, N. A. A, Yusuff, R., Ismail, N., Jaapar, A., Ahmad, N. 2012.
Factors Influencing the Construction Cost of Industrialised Building
System (IBS) Projects. Procedia Social and Behavioral Sciences. 35:
689-696.

Wood, B. 2012. Maintenance Integrated Design and Manufacture of
Buildings: Toward a Sustainable Model. Journal of Architectural
Engineering. 18: 192-197.

Su, Y. Lee, Y. C, Lin, Y. C. 2011. Enhancing Maintenance
Management using Building Information Modeling in Facilities
Management. 2011 Proceedings of the 28th International Symposium on
Automation and Robotics in Construction (ISARC), Seoul, Korea. 752—
757.

Liu, R., Issa, R. 2012. Automatically Updating Maintenance Information
from a BIM Database. International Conference on Computing in Civil
Engineering, Florida, USA. 373-380.

Gnanarednam, M., Jayasena, H. S. 2013. Ability of BIM to Satisfy
CAFM Information Requirements. The Second World Construction
Symposium 2013: Socio-Economic Sustainability in Construction,
Colombo, Sri Lanka. 12-21.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Motawa, 1., Almarshad, A. 2013. A Knowledge-based BIM System for
Building Maintenance. Automation in Construction. 29: 173-182.

Lin, Y., Su, Y. 2013. Developing Mobile and BIM-based Integrated
Visual Facility Maintenance Management System. The Scientific World
Journal. 1-10.

Motamedi, A., Setayeshgar, S., Soltani, M. M., Hammad, A. 2013.
Extending BIM to Incorporate Information of RFID Tags Attached to
Building Assets. 4th Construction Specialty Conference, Montreal,
Canada. 1-9.

Costin, A., Shaak, A., Teizer, J. 2013. Development of a Navigational
Algorithm in BIM for Effective Utility Maintenance Management of
Facilities Equipped with Passive RFID. Computing in Civil Engineering.
653-660.

Chen, H., Hou, C., Wang, Y. 2013. A 3D Visualized Expert System for
Maintenance and Management of Existing Building Facilities using
Reliability-based Method. Expert Systems with Applications. 40: 287—
299.

Kwon, O., Park, C., Lim, C. 2014. A Defect Management System for
Reinforced Concrete Work Utilizing BIM, Image-Matching and
Augmented Reality. Automation in Construction. 46: 74-81.

Ammari, K. E., Hammad, A. 2014. Collaborative BIM-based Markerless
Mixed Reality Framework for Facilities Maintenance. Computing in Civil
and Building Engineering. 657-664.

Asen, Y., Motamedi, A., Hammad, A. 2012. BIM-Based Visual
Analytics Approach for Facilities Management. 14th International
Conference on Computing in Civil and Building Engineering (14th
ICCCBE), Moscow, Russia. 1-8.

Motamedi, A., Hammad, A., Asen, Y. 2014. Knowledge-assisted BIM-
based Visual Analytics for Failure Root Cause Detection in Facilities
Management. Automation in Construction. 43: 73-83.

Kjartansdottir, I. B. 2011. BIM Adoption in Iceland and Its Relation to
Lean Construction. MSc Dissertation, Iceland.

Barlish, K., Sullivan, K. 2012. How to Measure the Benefits of BIM - A
Case Study Approach. Automation in Construction. 24: 149-159.

Huang, L., Haubi, F., Breit, M., Borrmann, A. 2012. BIM-based
Information Exchange for Functional AEC Design and Ordering
Processes. 14th International Conference on Computing in Civil and
Building Engineering (ICCCBE 2012), Moscow, Russia. 1-8.

Juan, D., Zheng, Q. 2014. Cloud and Open BIM-Based Building
Information Interoperability Research. Journal of Service Science and
Management. 7: 47-56.

Succar, B., Sher, W., Williams, A. 2013. An Integrated Approach to BIM
Competency Assessment, Acquisition and Application. Automation in
Construction. 35: 174-189.

Kull, A. 2012. Compatibility Issues with BIM. MSc Dissertation,
Sweden.

Jalyzada, A., Tizani, W., Oti, A. H. 2014. Building Information
Modelling (BIM)-Versioning for Collaborative Design. Computing in
Civil and Building Engineering. 512-519.

Ahn, D., Cha, H. 2014. Integration of Building Information Maintenance
Data in Application of Building Information Modelling (BIM). Journal
of Building Construction and Planning Research. 2: 166-172.

Sidawi, B. 2012. Management Problems of Remote Construction Projects
and Potential IT Solutions: The Case of Kingdom of Saudi Arabia.
Journal of Information Technology in Construction. 17: 103-120.
Avrayici, Y., Egbu, C., Coates, P. 2012. Building Information Modelling
(BIM) Implementation and Remote Construction Projects: Issues,
Challenges and Critiques. Journal of Information Technology in
Construction. 17: 75-92.

Singh, V., Gu, N., Wang, X. 2011. A Theoretical Framework of a BIM-
Based Multi-Disciplinary Collaboration Platform. Automation in
Construction. 20(2): 134-144.

Shen, L., Chua, D. K. H. 2011. Application of Building Information
Modeling (BIM) and Information Technology (IT) for Project
Collaboration. International Conference on Engineering, Project, and
Production Management (EPPM), Singapore. 67—-76.

Tarandi, V. 2011. The BIM Collaboration Hub: A Model Server Based
on IFC and PLCS for Virtual Enterprise Collaboration. Proceedings of
the CIB W78-W102 2011: International Conference, Sophia Antipolis,
France. 1-10.

Hallberg, D., Tarandi, V. 2011. On the Use of Open BIM and 4D
Visualisation in A Predictive Life Cycle Management System for
Construction Works. Journal of Information Technology in Construction.
16: 445-466.

Shafig, M. T., Matthews, J., Lockley, S. R. 2013. A Study of BIM
Collaboration Requirements and Available Features in Existing Model
Collaboration Systems. Journal of Information Technology in
Construction. 18: 148-161.



76

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Zul-Atfi Ismail et al. / Jurnal Teknologi (Sciences& Engineering) 74:3 (2015), 69-76

Khosrowshahi, F., Arayici, Y. 2012. Roadmap for Implementation of
BIM in the UK Construction Industry. Engineering, Construction and
Architectural Management. 19(6): 610-635.

Succar, B. 2009. Building Information Modelling Framework: A
Research and Delivery Foundation for Industry Stakeholders. Automation
in Construction. 18: 357-375.

Sackey, E., Tuuli, M., Dainty, A. 2013. BIM Implementation: From
Capability Maturity Models to Implementation Strategy. Sustainable
Building Conference 2013 (SB13). Coventry, UK. 196-207.

Zhang, S., Yan, H., Chen, X. 2012. Research on Key Technologies of
Cloud Computing. Physics Procedia. 33: 1791-1797.

Jalaludin, F. W., Arif, E. E. M., Wah, H. K., Mohammad, W. A. W.,
Salleh, N. A. M., Hooi, Y. K., Yin, E. C. W. 2014. Information Systems:
An Introduction. Oxford University Press.

Wickboldt, J. A., Esteves, R. P., Carvalho, M. B. D., Granville, L. Z.
2014. Resource Management in laaS Cloud Platforms Made Flexible
through Programmability. Computer Networks. 68: 54-70.

Oliveira, T., Thomas, M., Espadanal, M. 2014. Assessing the
Determinants of Cloud Computing Adoption: An Analysis of the
Manufacturing and Services Sectors. Information and Management. 51:
497-510.

Lung, B., Levrat, E., Marquez, C., Erbe, M. 2009. Conceptual
Framework for E-Maintenance: llustration by E-Maintenance
Technologies and Platforms. Annuals Reviews in Control. 33: 220-229.
Kim, M., Cheng, J. C. P., Sohn, H., Chang, C. 2015. A Framework for
Dimensional and Surface Quality Assessment of Precast Concrete
Elements using BIM and 3D Laser Scanning. Automation in
Construction. 49: 225-238.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Jantunen, E., Emmanouilidis, C., Arnaiz, A., Gilabert, E. 2011. E-
Maintenance: Trends, Challenges and Oppurnities for Modern Industry.
World Congress. 18(1): 453-458.

Talebi, S. 2014. Exploring Advantages and Challenges of Adaption and
Implementation of BIM in Project Life Cycle. In 2nd BIM International
Conference on Challenges to Overcome, Lisbon, Portugal. 1-20.
Zahrizan, Z., Ali, N. M., Haron, A. T., Marshall-Ponting, A., Hamid, Z.
A. 2013. Exploring the Adoption of Building Information Modelling
(BIM) in the Malaysian Construction Industry: A Qualitative Approach.
International Journal of Research in Engineering and Technology. 2(8):
384-395.

Rashidi, M., Lemass, B. 2011. A Decision Support Methodology for
Remediation Planning of Concrete Bridges. KICEM Journal of
Construction Engineering and Project Management. 1(2): 1-10.

Yunus, R. 2012. Decision Making Guidelines for Sustainable
Construction of Industrialised Building Systems. PhD Dissertation,
Australia.

Nawi, M. N. M., Haron, A. T., Hamid, Z. A., Kamar, K. A. M,
Baharuddin, Y. 2014a. Improving Integrated Practice through Building
Information Modelling-Integrated Project Delivery (BIM-IPD) for
Malaysian Industrialised Building Systems (IBS) Construction Projects.
Malaysia Construction Research Journal (MCRJ). 15(2):1-15.

Lee, J., Lee, M., Lee, S., Oh, S., Kim, B., Nam, S., Jang, J. 2013.
Development of Computerized Facility Maintenance Management
System Based on Reality Centered Maintenance and Automated Data
Gathering. International Journal of Control and Automation. 6(1): 1-12.
Nawi, M. N. M,, Lee, A., Azman, M. N. A., Kamar, K. A. M. 2014b.
Fragmentation Issue in Malaysian Industrialised Building System (IBS)
Projects. Journal of Engineering Science and Technology. 9(1): 97-106.





