-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Universiti Teknologi Malaysia Institutional Repository

THE ADOPTION OF BUILDING INFORMATION MODELLING IN
INDUSTRIALISED BUILDING SYSTEM

FATIN AFIQAH BINTI AHMAD BAJURI

A project report submitted in fulfillment of the
requirements for the award of the degree of

Master of Engineering (Construction Management)

Faculty of Civil Engineering

Universiti Teknologi Malaysia

JANUARY 2017


https://core.ac.uk/display/199242289?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

To my family,

| hope that | make my parents and siblings proud.

To the community,

| hope this research could assist in overcoming related problem.

To my supervisor,
I hope all my efforts are meaningful to you.

I thanked you for your guidance and patience.

To myself,

I hope the sleepless nights are worth to sacrifice.



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious and Most Merciful Alhamdulillah,
all praises to Allah for the strengths and His blessing in completing this project
report. Special appreciation goes to my supervisor Dr Chai Chang Sa’ar, for his
supervision and constant support. His invaluable help of constructive comments and
suggestion throughout the project report work have contributed to the success in this

study.

Sincere thanks to all my friends for their support during my study. Thanks or
the friendship and memories. Last but not least, deepest gratitude goes to my beloved
parents Mr Ahmad Bajuri Bin Hj. Ramlan and Mdm. Rusnah Binti Abu Nasir and
also my sisters for their endless love, prayers and encouragement.



ABSTRACT

The growing demand of housing has prompted the Malaysian construction
practitioners to realize the benefits of Industrialised Building System (IBS). Despite
its advantages, IBS in Malaysia is plagued partly due to inefficient adoption strategy
and lack of awareness among the practitioners. Hence Building Information
Modeling (BIM) is introduced to facilitate the life-cycle of the project by eliminating
construction inefficiencies. BIM offers a process of re-engineering to enhance the
automation in IBS in terms of quality and productivity performance. The aim of the
study is to evaluate the BIM functions in relation to Malaysian IBS work process. In
order to achieve the aim, the effectiveness of IBS and BIM implementation in
Malaysia were identified. The data is collected through interview sessions with IBS-
BIM practitioners. Data from the interview were analyzed using Content Analysis,
summative approach. From the analysis, it was found that there are 4 BIM functions
(clash detection, visualization, shop drawing, coordination) which able to cope with
3 IBS work process (initial work, component production and installation). Even
though BIM are not fully utilized in every work process, it has shown improvement
in terms of quality, time and cost. Moreover, an IBS-BIM implementation
framework was formulated through framework analysis. The IBS-BIM framework
explained BIM integrated functions in relation to IBS work flow. This study is
essential to boost the confidence level of IBS practitioners in enhancing its
productivity through the BIM implementation. Also, this framework is crucial to help
BIM committee and local authorities in determining implementation strategies to

integrate BIM in other construction related industry as well.
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ABSTRAK

Permintaan rumah yang semakin meningkat telah mendorong industri
pembinaan di Malaysia untuk mempraktikkan Industrialised Building System (IBS).
Walaupun mempunyai banyak manfaat, namun IBS di Malaysia masih kurang
dipraktikkan. Hal ini kerana, strategi penggunaan yang kurang cekap dan kurangnya
kesedaran di kalangan pengamal pembinaan. Oleh itu, Building Information
Modeling (BIM) diperkenalkan bagi melancarkan kitaran hayat projek dengan
mengurangkan  ketidakcekapan dalam pembinaan. BIM menawarkan proses
kejuruteraan semula untuk meningkatkan automasi dalam IBS dari segi kualiti dan
produktiviti. Tujuan kajian ini adalah untuk menilai fungsi BIM dalam proses kerja
IBS Malaysia. Dalam usaha untuk mencapai matlamat kajian, tahap efektif IBS dan
BIM di Malaysia akan dikenalpasti. Data yang telah dikumpul melalui sesi temubual
dengan pengamal IBS-BIM. Data dari temubual tersebut telah dianalisis dengan
menggunakan Analisis Kandungan, pendekatan sumatif. Berdasarkan keputusan
analisis, terdapat 4 fungsi BIM yang mampu memebantu melancarkan 3 proses kerja
IBS (kerja peringkat awal, pengeluaran komponen dan peringkat pemasangan).
Walaupun BIM tidak digunapakai sepenuhnya dalam setiap proses kerja, ia telah
menunjukkan peningkatan dari segi kualiti masa dan kos. Satu rangka Kkerja
pelaksanaan industri IBS-BIM di Malaysia dihasilkkan melalui Analisis Kerangka
Kerja. Dalam kerangka kerja IBS-BIM, pelaksanaan fungsi BIM dalam proses kerja
IBS diterangkan. Kajian ini adalah penting untuk meningkatkan tahap produktiviti
memlalui perlaksaaan BIM. Selain itu, rangka kerja ini juga membantu komuniti
BIM dan kerajaan tempatan dalam merangka strategi perlaksanaan BIM dalam

bidang pembinaan yang lain.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In 2020, Malaysia is expected to be a well-developed country with the good
economic growth, social stability and good quality of life. In realizing the objectives,
the construction sector in Malaysia plays a pivotal role in attaining Malaysia as a
developed country status. Construction sector has a great impact on community
lifestyle since this sector help in generating income and creating job opportunities.
This sector has contributed to the economy relatively compared to the other sector

such as service, tourism, and manufacturing sector (Khan et al., 2014).

The construction industry in Malaysia faced challenges with the hiking of
demand for houses as well as adopting the sustainable construction practice. The
conventional method of construction seems cannot cope with huge demand in a
period of time (Kassim and Walid, 2013). As a developing country, Malaysia is
moving towards a sustained growth rate according to the Brundtland commission
report (Mohamad et al., 2016). Based on the report, developing country should

achieve sustained growth rate about 5 to 6 %.



In realizing this vision, the Construction Industry Development Board
Malaysia (CIDB), has taking initiative in Malaysian Construction Industry Master
Plan 2005-2015 to increase the level of knowledge within the construction
community regarding to the sustainability on construction site. However, this
approach is still at the early stage and the awareness among the construction players
needs to be improved. Therefore, Malaysian Construction Industry Master Plan
2005-2015 is mandatory in order to pursue long term sustainability. Besides, the
sustainable development principles improvement may enhance the ability of local

construction players to compete in the global market.

The sustainable in construction can be achieved by the industry by
minimizing  the  construction waste and using efficient building material.
Industrialised Building System (IBS) seem to be an effective method to achieve these
goals (Yunus and Yang, 2011). However, IBS is still not effectively implement even
it has been introduced in Malaysia in the early 1960s. The implementation of IBS in
Malaysia was lagging behind due to Malaysian construction players are prefer
conventional methods rather than prefabrication technology. As a result, government
establish (CIDB), to enhance prefabrication technology in the construction industry

response with the housing demand (Azman et al., 2012).

One of issues hindering implementation of IBS might be due to the
fragmentation of the construction industry and the manufacturing industry itself
(Nawi et al., 2011). This practice incurs problem in decision making and project
delivery along the construction process. These problems have lead to significant
needs of Building Information Modeling (BIM) in IBS project. Information
Technology (IT) based tools like BIM have a great potential in providing an effective

platform for construction players to make a strategic decision.



Building Information Modeling (BIM) is an innovation platform that
facilitates design, digital representation, scheduling of the project and also control the
project in term of cost and time (Memon et al., 2014). BIM can promote
collaboration between parties that involves in the construction project which can help
to increase the effectiveness and efficiency. More importantly, BIM can be a
platform to improve the communication between players (Matafi et al., 2012). BIM
help to facilitate interaction of different players in the different stages of design,
manufactured, delivering, assembling and operational process (Costa and Madrazo,
2015).

BIM implementation in the construction industry has widely explored in
numerous studies. Sources by a number of researchers have mentioned that BIM
have potential in increasing the efficiency of the construction industry (Rokooei,
2015). During the opening of Infrastructure & Construction Asia’s Building
Information Modeling and Sustainable Architecture Conference in 2009, BIM has
been official introduce by Director of Public Works (PWD) and today Malaysia has
now begins to adopting BIM. The seriousness of Malaysia in BIM adoption could be
seen in the establishment of BIM Steering Committee in 2013 by CIDB. This
committee is collaborating with local bodies in construction industry with aim to
facilitate the BIM adoption in Malaysia. Malaysia BIM Roadmap has been
developed to formulate strategic plan of BIM implementation by 2020.



1.2 Problem Statement

IBS is a combination of manufacturing industry and construction industry
which involving many parties. During prefabrication process until the erection of
components on the construction site will be controlled and monitored. Involvement
of many parties causing a massive amount of documentation like drawing, bills of
quantities and other reports. These documents are expected to be reviewed by others
players like engineer, contractor, supplier, manufacturer, fabricator and owner to

help them in making a decision and monitor along the process.

IBS practitioners are experiencing conflicts, ambiguities, and uncertainties
complexities in communication across the organization with traditional practices
which can cause many problems like cost overrun, low-quality product and delay
(Khosrowashahi and Ariyaci, 2012). This happened due inaccurate information
transfer, poor design information, and wrong deliveries which cause highly
fragmented business (Othman, 2011). The fact that construction industry are made
up of separate parties from diverse professions and the involvement only in certain

stage of the construction phase are attributed to these issues.

Therefore the adoption of BIM in IBS industry raises the concern due to the
lack of awareness of BIM capabilities in IBS process can be one of the reason
implementation is still at the low level. In addition, there are possibilities of
downtime during the transition process. Therefore, an appropriate and effective
strategy is needed to raise the awareness the capabilities of BIM and reduce the
downtime while implementation process and construction project are on-going at the

same time to maintain the productivity of the project.

The complexities in the construction of IBS are worsening by the gap
between manufacturing industry and construction industry (Rahim et al., 2012). The
fragmentation within the IBS process may cause low productivity and time and cost



overrun. These problems are rooted during the change order, inadequate drawings
and specifications, late issuance of construction drawings by consultants and the

interrelated problem of coordination between stakeholders (Haron, 2013).

The integration of BIM in the building lifecycle is seen able to integrate the
fragmented practices and promote changers in the business process (Aranda-Mena et
al., 2009). CIDB has proposed technology tools like BIM to improve the efficiency
of the construction process. BIM is capable to generate error-free shop drawings to
increase the support for standardization of prefabrication elements (Nath T. et al.,
2015).BIM application in construction project helps information collaboration
between stakeholders during different phases of the project. In addition, BIM is more

systematic even the information comes from different resources simultaneously.

1.3  Aim and Objectives

Complexity in the construction of IBS occurs by the gap between manufacturing
industry and construction industry (Rahim et al.,, 2012). Therefore, appropriate
technology like BIM is indeed to close up the gap between these industries. This
study is carried out to evaluate the implementation of BIM in IBS industry in

Malaysia. These (3) objectives are formulated as follows:

I.  To identify the effectiveness of BIM functions in Malaysian IBS industry.
ii.  To determine the IBS work process in accordance to BIM functions

iii.  To develop IBS-BIM implementation framework in Malaysia.



1.4 Scope of Study

Nowadays, players in the construction industry have been exposed to the
benefits of BIM because there are lots of studies focuses on the implementation of
BIM in the construction industry. However, these studies need to be more specific
since in Malaysia there are a conventional method and IBS method of construction.
These two methods of construction have differences in term of material, process and
parties involved. Therefore, in order to study the effectiveness of BIM in IBS, the

focuses are given according to the work process.

IBS industry can be considered as a manufacturing process as the product is
manufactured in a factory and assemble on the construction site. The combination
manufacturing and construction industry create a massive documentation. BIM can
be the tools to ease the data transferring as well as the communication between

stakeholders.

Based on previous study by Latifi et al (2013) claimed that by applying BIM,
improvement in planning, design and construction can be achieved. This statement is
supported by Ismail et al (2012), which stated that BIM can contribute to the
successful in management factor of IBS project by improvement in planning and
scheduling, strategy, good working collaboration and business approach. In addition,
a sophisticated tool like BIM can be solutions based on advanced ICT to improve
productivity in IBS building maintenance work (Ismail et al., 2015). A few
researchers have considered BIM as tools that helping in improving the efficiency of
IBS project, nevertheless, BIM need to revise through every stage of IBS process. By
focussing on the comprehensive area desired can help in analyzing the level of

acceptance of BIM in every stage in IBS process.



This study focuses on the perception of players that involves in IBS project
and applying the BIM in their project. By investigating the perception of BIM-IBS
practitioner, this study able to reveal the level of BIM acceptance in IBS industry.
Interview session will be conducted with the targeted respondents are the four (4)
group of architect, engineer, consultant, and contractor. The respondents were asked
a certain question regarding the effectiveness of BIM. This study is conducted in
peninsular Malaysia and limited to the IBS practitioner. Finally, a framework of to

enhance the BIM implementation will be proposed.

1.5  Significance of Study

Malaysia’s construction industry has lagged behind in technology aspect.
Thus, the problem of productivity, quality and value have arisen (Zahrizan et al.,
2013). Construction industry itself is very complex and involving many parties.
Immense amount of document and drawing exchange among the parties may create
an error which can lead defect to occur in the final product. Adopting BIM in a
project can help to facilitate the way of working and improve the data exchange
between parties even the data has been changed, the data remains consistent and
organized for all stakeholders to view. As a result, faster project approval which can

help to save time and money.

Despite the potential of BIM to increase the efficiency, the adoption of BIM
in IBS industry raises the concern due to the lack of awareness of BIM capabilities in
IBS work process could be one of the reason implementation is still at the low level.
Based on the outcome from this study, IBS practitioners able to understand how BIM
are implement in every work process. This outcome is essential in order to
developing plan of intriguing players in IBS industry to implement BIM in their

project, therefore the effectiveness of BIM must be proven.



This study can be evidence of benefits BIM could bring to the organization in
achieving their goals after investment in adopting this technology. The success story
from IBS-BIM practitioner may harvest interest to others IBS practitioners. This
study also can be the performance indicator of implementation of BIM in IBS
industry in each the work process. CIDB shall use the information in this study as a
guide to help speed up the adoption of BIM in Malaysia. The framework may be
used by BIM committee to figure out on how to tackle IBS practitioners to utilize

BIM into every work process.



1.6 Research Methodology

These are the sequence of stages involve in the development of study finding.

» The issues is the complexity in the data

Stage 1: sharing and transfer cause by the gaps
between manufacturing industry and the
Research Issue construction industry and the improvement

= . by using BIM.

Industrial Building * Review of implementation of IBS in
System Malaysia.

Stage 3: « Background of BIM in Malaysia.
Building Information * Identification of BIM implementation.
Modeling » the adoption of BIM in IBS industry.

Stage 2: * Type or process of IBS in Malaysia. }

‘ « Data collection: completed open ended
interview with parties involve in IBS in
Stage 4: Johor.

Data Collection « Data anlysis: Detail study in application of
. ‘ BIM in IBS. Then the frequency analysis

from the content of the interview.

NG

Stage 5: . .
] ) » Discussion of the data.
Result and Discussion | )
|
Stage 6: « Conclusion of the research and the
Conclusion & recommendation to increase the application

Recomandations | of BIM in IBS industry.

Figure 1.1: Sequence stage of study
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Stage 1: Identify the Research Issue

Research usually starts by identifying the issues raised. There are a few
approaches to identify the issues such as based on experienced, discussion with the
supervisor, reading articles regarding the current issues in the industry and find the
research gap from the previous study. Resources on the topic can be accessed
through online e-database from UTM’s library website. In this stage, the objectives
of the study are identified.

Stage 2: Literature 1 (Industrial Building System)

In this stage, all the information that need to this study like the background of
IBS in Malaysia is collected in order to help the process of achieving the study
objectives. Information is collected from various resources such as by reading
material, journals and article. Besides that, Construction Industry Development
Board (CIDB) website also provides vital information like a list of IBS Company in

the area of the case study.

Stage 3: Literature 2 (Building Information Modeling)

Documentation regarding the BIM characteristic and application in Malaysia
Is important to achieve objectives of the study. Data is collected from journals,
articles, convention paper, seminar paper and the internet. The concern of this
chapter is to get information about BIM in Malaysia in order to get an accurate

picture of the study area.
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Stage 4: Data Collection

Background study in literature writing helps in determining the method of
data collection. After the method of research is discovered, interview session will be
conducted regarding the application of BIM to know the validity and reliability. Data
is collected from 4 parties involve in IBS industry in Johor. By using content

analysis, the result is measured.

Stage 5: Result and Discussion

From the data analysis, it is possible to know if the objective of this study is
achieved. Every objective has a different method of analysis will be carried out.
Analyzing method like content analysis, frequency analysis, and independent T-test,
will be used in this study. For a better understanding, the result of the data analysis

will be present in a graphical form such table, pie chart, and graph.

Stage 6: Conclusion and Recommendations

In this stage, the judgment of the study finding will be made to sum up

whether the objective is achieved. Besides presenting the study finding,

recommendation, limitation and suggestion of ideas for further this study is made.



12

1.7  Organization of the Project

This project contains seven (7) chapters. The following the outline of each chapter:

Chapter 1 is the introduction of the project. This chapter presents the
background of the problem, objectives of the study, scope and limitation, significant

of study, research design and the organization of the study.

Chapter 2 is the literature review focus on the Industrialised Building System.
This chapter demonstrates discussion about IBS industry in Malaysia support by

achievement, limitation, and reviews of the previous study.

Chapter 3 is literature review on Building Information Modeling which
focuses on the issues that related to the BIM in Malaysia. In this literature study,
review on BIM is made based on the previous study to support the background and

rationale of the study.

Chapter 4 is on research methodology. This chapter focuses on the outline in
collecting data for each objective. Every objective has a different way to collect data.

This chapter also explains tests that need to be run in the process obtaining the result.

Chapter 5 is deal with result and analysis. In this chapter, the data that
obtained from the interview sessions will be analyzed. Then, the result of the analysis

is shown in graphical form such table, pie chart or bar chart.

Chapter 6 focuses on discussion of the result obtained. Extended review and
discussion about the application of BIM in IBS will be made by asking why should
apply this study in industry, who will get the benefits by this study, what is the
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benefit of this study, where the study can be applied and when the study can be
applied in the industry. These questions will be addressed in order to get a

comprehensive discussion.

Chapter 7 is the conclusion of this study. In this topic, the summary for this
study is made by state whether the objective is achieved or not. Next, the

recommendation to improve this study is made for a further explores in future.



REFERENCES

Abanda, F. H., Vidalakis, C., Oti, A. H. and Tah, J. H. M. (2015). A Critical Analysis
of Building Information Modelling Systems Used In Construction Projects.
Advances in Engineering Software. (90), 183—201.

Alshawi, M. (2007). Rethinking IT in Construction and Engineering: Organisational
Readiness, Taylor and Francis, London and New York. First Edition.

Madison Ave, N.Y.: Taylor & Francis.

Ammari, K. E., Hammad, A. (2014). Collaborative BIM-based Markerless Mixed
Reality Framework for Facilities Maintenance. Computing in Civil and

Building Engineering. Page 657—664.

Antillon, E. 1., Morris, M. R. and Gregor W. (2014). A Value-Based Cost-Benefit
Analysis of Prefabrication Processes in the Healthcare Sector: A Case Study.
Proceedings IGLC Industrialisation, Prefabrication, Assembly and Open
Building. June. Oslo, Norway: IGLC, 995-1006.

Aranda-Mena, G., Crawford, J., Chevez, A., Froese, T. (2009) Building information
modelling demystified: does it make business sense to adopt BIM?,

International Journal of Managing Projects in Business, 2 (3), 419 — 434.

Azman, M. N. A., Ahamad, M. S. S. and Hilmi, N. D. (2012). The Perspective View
Of Malaysian Industrialized Building System (IBS) Under IBS Precast
Manufacturing. The 4th International Engineering Conference —Towards

engineering of 21st century.



100

Barii, N. A. A, Abdullah, N. A., Yusuff, R., Ismail, N., & Jaapar, A. (2012).
Environmental Awareness and Benefits of Industrialized Building Systems
(IBS). Procedia-Social and Behavioral Sciences, 50, 392-404.

Begum RA, Satari SK, Pereira JJ. Waste generation and recycling: comparison of
conventional and industrialized building systems. American Journal of
Environmental Sciences 2010;6(4):383-8.

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.

Cheung, E., Chan, A. P. C., & Kajewski,S. (2012). Factors contributing to successful
public private partnership projects: Comparing Hong Kong with Australia
and the United Kingdom. Journal of Facilities Management, 10(1), 45-58.

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.

CIDB (2003). Industrialised Building System Seminar 2003 Towards
Industrialisation Of Malaysian Construction Industry. Malaysia: CIDB

Malaysia.
CIDB. (2011). 7th IBS Roundtable Workshop — Technology Foresight Report.

Costa, G., and Madrazo, L. (2015). Connecting Building Component Catalogues
With BIM Models Using Semantic Technologies: An Application For Precast

Concrete Components. Automation in Construction. (57), 239-248.

Creswell, J. W. (2009). Research Design: Qualitative, Quantitative, and Mixed
Methods Approaches. (3rd Ed.). Thousand Okas, CA: Sage.

De Wever, B., Schellens, T., Valcke, M., & Van Keer, H. (2006). Content analysis
schemes to analyze transcripts of online asynchronous discussion groups: A
review. Computer & Education. (46), 6-28.



101

Dimoudi A, and Tompa C. (2008). Energy and environmental indicators related to
the construction of office buildings. Resources, Conservation and Recycling
(53), 86-95.

Ding, L., Zhou, Y. and Akinci, B. (2014). Building Information Modeling (BIM)
application framework: The process of expanding from 3D to computable nD.
Automation in Construction. (46), 82-93.

Eastman, C. M., Teicholz, P., Sacks, R. and Liston, L. (2008).BIM Handbook: A
Guide to Building Information Modeling for Owners, Managers, Architects,
Engineers, Contractors, and Fabricators. Hoboken, NJ: John Wiley and
Sons.

Effie, P. Christopher, P. Rory, P. and Anis, A. A. (2011). Sustainable construction
waste management in Malaysia: a contractor’s perspective. In: Management

and innovation for a sustainable built environment.

Gardezi, S. S. S., Shafig, N. and Khamidi, M. F. B. (2013). Prospects of Building
Information Modeling (BIM) in Malaysian Construction Industry as Conflict
Resolution Tool. Journal of Energy Technologies and Policy. (3), 345-350.

Gottschalk, L. A. (1995). Content analysis of verbal behavior: New findings and

clinical applications. Hillside, NJ: Lawrence Erlbaum Associates, Inc.

Gu, Ning and London K. (2010). Understanding and facilitating BIM adoption in the
AEC industry. Automation in Construction. (19),988-999.

Guo, H. L, Li, H. and Li, V. (2013). VP-Based Safety Management In Large-Scale
Construction Projects, A Conceptual Framework. Autom Constr. Volume
(34), 16-24.

Hamid, Z. A., Kamar, K. A. M., Alshawi, M. Zain, M. Z. M., Ghani, M. K. and
Rahim, H. A. (2011). Industrialised Building System (IBS) Construction
Supply-Chain Strategies of Malaysian Contractors. Sixth International
Conference on Construction in the 21st Century (CITC-VI) “Construction
Challenges in the New Decade” July 5-7 2011, Kuala Lumpur, Malaysia



102

Haron, A. T. (2007). Organisational Readiness To Implement Building Information
Modelling: A Framework For Design Consultants In Malaysia. Degree of

Doctor of Philosophy 114, University of Salford Manchester.

Harris, M., Ani, A. I. C, Haron, A. T., Preece, C. and Husain, A. F. (2014).
Prioritizing Building Information Modeling (Bim) Initiatives For Malaysia
Construction Industry. XXV FIG Congress. 16-21 June, Kuala Lumpur,
Malaysia.

Hergunsel M. F. (2011). Benefits of Building Information Modelling For
Construction Managers and BIM Based Scheduling. Worcester Polytechnic
Institute. Degree of Master of Science.

Hsieh, H.-F., & Shannon, S.E. (2005). Three approaches to qualitative content
analysis. Qualitative Health Research, 15(9), 1277-1288.

Ismail, F., Yusuwan, N. M. and Baharuddin H. E. A. (2012). Management Factors
for Successful IBS Projects Implementation. Procedia - Social and Behavioral
Sciences. (68), 99 — 107.

Ismail, Z., Mutalib, A. A., Hamzah, N. and Baharom, S. (2015). BIM Technologies
Applications in IBS Building Maintenance. Jurnal Teknologi (Sciences&
Engineering) 74:3 (2015), 69-76.

Jabar, L. I, Ismail, F. and Mustafa, A. A. (2013). Issues in Managing Construction

Phase of IBS Projects. Procedia - Social and Behavioral Sciences, 101, 81 —
89.

Jabareen, Y. 2009. Building a Conceptual Framework: Philosophy, Definitions, and
Procedure. International Journal of Qualitative Methods 2009, 8(4). 49-62.

Jaganathanan, S., Nesan, L. J., Ibrahim, R. and Mohammad, A. H. (2013). Integrated
Design Approach For Improving Architectural Forms In Industrialized
Building Systems. Frontiers of Architectural Research. (2), 377-386.

Kamal, E. M., Haron, S. H., Ulang, N. M. and Baharum, F. (2012). The Critical
Review on the Malaysian Construction Industry. Journal of Economics and
Sustainable Development. 3(13), 81-87.



103

Kamar, K. A. M., Alshawi, M. & Hamid, Z. A. (2009). Barriers to Industrialised
Building System (IBS): The Case of Malaysia. BuHu 9th International
Postgraduate Research Conference (IPGRC) Salford, UK.

Kamar, K. A. M., M., Abd, Z., Maria, H., Mohd, Z., Ahmad, Z. and Abd, H.(2012).
Drivers and Barriers Of Industrialised Building System (IBS) Roadmaps In

Malaysia. Malaysian Construction Research Journal, 9, 1- 8.

Kassim, U. and Walid, L. (2013) Awareness of the Industrialized Building System
(IBS) Implementation. Procedia Engineering 53 ( 2013 ) 58 — 63.

Khan. R. A, Liew M. S. and Ghazali, Z. (2014). Malaysian Construction Sector and
Malaysia Vision 2020: Developed Nation Status. Procedia - Social and
Behavioral Sciences 2nd World Conference On Business, Economics And
Management. 109 (2014 ) 507 — 513

Khosrowshahi, F and Arayici, F (2012) Roadmap for implementation of BIM in the
UK construction industry. “Engineering, Construction and Architectural
Management”, 19(6), 610-635.

Kim, H., Anderson, K., Lee, S. and Hildreth, J. (2013).Generating Construction
Schedules Through Automatic Data Extraction Using Open BIM (Building
Information Modeling) Technology. Automation in  Construction. Volume
(35), Page 285-295.

Kyngas, H., & Vanhanen, L. (1999). Content analysis as a research method
[Finnish].Hoitotiede, 11, 3-12.

Love, P. E. D., Edwards, D. J.,, Han, S. and Goh, Y. M. (2011). Design error
reduction: toward the effective utilization of building information modeling,
Research in Engineering Design. 22(3), 173-187.

Ghafar, M. A., Ibrahim, R. and Shari, Z. (2014). Embedding Cultural Knowledge in
Building Information Modeling (BIM) for Fabrication Efficiency to Reduce



104

Industrialized Construction Waste. Computing In  Civil And Building
Engineering 195-202.

M. Alshawi, Rethinking IT in Construction and Engineering: Organisational
Readiness, Taylor and Francis, London and New York, 2007.
M.H. Tsai, S.C. Kang, S.H. Hsieh, A three-stage framework for introducing a 4D
tool in large consulting firms, Adv. Eng. Inform. 24 (2010) 476-489

M.P. Gallaher, A.C. O'Connor, J.L. Dettbarn, L.T. Gilday, Cost Analysis of
Inadequate Interoperability in the US Capital Facilities Industry, NIST GCR
04-867, 2004

Matafi, A. A. M. (2012). Application of Building Information Modeling in

Architecture Engineering Construction Industry. Bachelor Degree Page 35.

University Technology Malaysia.

Matafi, A. A. M. (2012). Applications of Building Information Modeling in
Architecture engineering Construction Industry. Bachelor Degree of Civil

Engineering. University Technology Malaysia.

Memon, A. H., Rahman, I. A, Memon, I. and Azman, N. I. A. (2014). BIM in
Malaysian Construction Industry: Status, Advantages, Barriers and Strategies
to Enhance the Implementation Level. Research Journal of Applied Sciences,
Engineering and Technology. 8(5), 606-614.

Mohammad, M. F., Baharin, A. S., Musa, M. F. & Yusof, M. R (2016). The Potential
Application of IBS Modular System in the Construction of Housing Scheme

in Malaysia. Procedia - Social and Behavioral Sciences 222, 75 — 82.

Musa, M. F., Mohammad, M. F., Mahbub, R. and Yusof, M. R. (2015). Enhancing
the Quality of Life by Adopting Sustainable Modular Industrialised Building
System (IBS) in the Malaysian Construction Industry. Procedia - Social and
Behavioral Sciences, 153, 79 — 89.

Nath, T., Attarzadeh, M., Tiong, R. L. K., Chidambaram, C. and Yu, Zhoa. (2015).
Productivity Improvement of Precast Shop Drawing Generation Through



105

BIM-Based Process Re-Engineering. Automation In Construction. Volume
(54), Page 54-68.

Nawi, N., Abdul-Nifa, F.A., Abdullah, S., & Yasin, F.M., (2012). A Preliminary
Survey of the Application of Industrialised Building System (IBS) in Kedah
and Perlis Malaysian Construction Industry. Conference on Sustainable
Building South East Asia, 5-7 November. Malaysia.

Nelson A. M. (2006). A metasynthesis of qualitative breastfeeding studies. Journal of
Midwifery & Women's Health, 51(2), e13—€20.

Onyeizu, E. N., Abu Bakar, A. H. (2011). Assessing key factors in design in the
Industrialised Building System (IBS) approach stakeholder’s opmion

International Journal of Academic Research, 3(4), 168-175.

Othman, A. A. E., (2011). Improving Building Performance through Integrating
Constructability in the Design Process. Built and Natural Environment
Research Papers Pennsylvania State University (2010), University Park, PA,
USA. The Computer Integrated Construction Research Program. (2010).
“BIM Project Execution Planning Guide — Version 2.0.” July.

Pope C, Mays N. Qualitative Research in Health Care. London: BMJ Books, 2000.

Potter, W.J. & Levine-Donnerstein, D. (1999). Rethinking validity and reliability in

content analysis. Journal of Applied Communication Research, 27(3), 258-
284.

Rahim, A. A., Hamid, A. Z, Hj Zen, I, Ismail Z. and Kamar K. A. M. (2012).
Adaptable Housing of Precast Panel System in Malaysia. Procedia-Social and
Behavioral Sciences, 50, 369-382.

Ritchie, J. & Spencer, L. 1994. Qualitative data analysis for applied policy research”
by Jane Ritchie and Liz Spencer in A.Bryman and R. G. Burgess [eds.]
“Analyzing qualitative data”, 1994, pp.173- 194.



106

Rogers, J. P. (2013). The strategic adoption of building information modelling by
Malaysian engineering consulting services firms. Degree of doctor of

business administration.

Rokooei, S. (2015). Building Information Modeling in Project Management:
Necessities, Challenges and Outcomes. 4th International Conference on

Leadership, Technology, Innovation and Business Management 210, 87-95.

Sacks, R., Eastman, C. M., Lee, G. and Orndorff, D. (2005). A target benchmark of
the Impact of three-dimensional parametric modelling in precast construction,
PCI J. 136-139.

Salma, A., and Alex, B.(2013). B.S. A BIM-based Approach for Communicating and
Implementing a Construction Site Safety Plan. 49th ASC  Annual

International Conference Proceedings Associated Schools of Construction.

Salman, A. M. K. and Tayyab, M. (2006). Building Information Modeling (BIM):
Now and Beyond. Australasian Journal of Construction Economics and

Building.

Schilling, J. (2006). On the pragmatics of qualitative assessment: Designing the
process for content analysis. European Journal of Psychological Assessment,
22(1), 28-37

Shou, W., Wang, J., Wang, X. and Chong, H. Y. (2015). A Comparative Review of
Building  Information ~ Modelling  Implementation in  Building and
Infrastructure Industries. Arch Computat Methods Eng. 22, 291-308.

Shukor, A. S., Mohammad, M. F., Mahbub, R., & Ismail, F. (2011). Supply chain
integration in industrialized building system in the Malaysian construction

industry. The Built and Human Environment Review, 4(1), 108-121.

Smith, D., (2007). An introduction to Building Information Modeling (BIM). J.
Build. Inform. Model., 17,12-14.



107

Son, H., Lee, S. and Kim, C. (2015). What drives the adoption of building
information modeling in design organizations? An empirical investigation of
the antecedents affecting architects' behavioral intentions. Automation in
Construction, 49 (2015) 92-99

Lachimpadia, S. K., Pereiraa, J. J., Tahab, M. R. & Mokhtara, M. (2012) Construction
waste minimisation comparing conventional and precast construction (Mixed
System and IBS) methods in high-rise buildings: A Malaysia case study.

Resources, Conservation and Recycling 68, 96— 103.

T. Pazlar, Z. Turk, (2007) Interoperability in practice: Geometric data exchange
using the IFC standard, Special Issue of BIM use, vol. 13, 362—-380.

Taib, MD. A. R. (2007). Simulation Of Industrialised Building System Formation
For Housing Construction. Master Thesis Page 31, Universiti Teknologi

Malaysia.

Takim, R., Harris, M. and Nawawi, A. H. (2013). Building Information Modeling
(BIM): A new paradigm for quality of life within Architectural, Engineering

and Construction (AEC) industry. Procedia - Social and Behavioral Sciences,
101, 23-32.

Thanoon, W. A., Lee, W. P. Abdul Kadir, M. R. Jaafar M. S. and Salit, M. S. (2003).
The Essential Characteristics If Indutrialised Building System, International

Conference Industrialised Building System, Kuala Lumpur, Malaysia.

Wang, W. C., Weng, S. W., Wang S. H. and Chen, C. Y. (2014). Integrating
Building Information Models With Construction Process Simulations For
Project Scheduling Support. Automation in Construction, 37, 68-80.

Wiersma, W. (1995). Research methods in education: An introduction (Sixth
edition). Boston: Allyn and Bacon.

Yunus, R. and Yang, J. (2012). Critical Sustainability Factors in Industrialised
Building Systems, Construction Innovation, 12(4), 447-46.

Zahrizan, Z., Ali, M. N., Haron, A. T., Marshal-ponting, A. and Hamid, Z. A. (2013).
Exploring the Adoption of Building Information Modelling (BIM) In The



108

Malaysian Construction Industry: A Qualitative  Approach. International

Journal of Research in Engineering and Technology, 2, 384-395.

Zhang, Y. , & Wildemuth, B. M. (2009). Qualitative analysis of content. In B.
Wildemuth (Ed.), Applications of Social Research Methods to Questions in
Information and Library Science,.308-319.





