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Introduction

This special issue focuses on transforming the construction industry through innovation,
safety, and sustainability. The construction industry is undergoing a pivotal transformation
driven by rapid technological progress, evolving regulatory frameworklsaarnncreasing
focus on environmental responsibility, workplace safety, and operational efficiency. This
special issue presents a diverse collection of research articles that collectively explore the
evolving landscape of the construction sector acros®us domains, geographies, and
methodological perspectives. From the bustling urban centers of Malaysia and Indonesia to
conservation sites | ike Sout h -riaddevelopméns Kr u
in China, the articles in this issue reti¢kse global and multifaceted nature of construction
challenges and innovations.

A key theme running throughout this compilation is occupational safety and regulatory
compliance, particularly in higlisk environments such as higilse construction projects.
Articles examining causes of accidents, the role of clients in Preventiomgrhidesign
(PtD), and the application of digital tools like Building Information Modelling (BIM) to
manage safety violations highlight the pressing need for robust safety management
frameworks and proactive desitased interventions.

Technological integration features prominently, with several contributions investigating
the adoption and implementation of advanced tools and sy&temisiding BIM, artificial
intelligence (Al), blockchain, and the Internet of Things (IoT). These studigsrscore the
critical success factors, challenges, and emerging best practices associated with digital
transformation, especially in developing economies and infrastructure projects.

Sustainability emerges as another cornerstone of this issue, explored through the
stabilization of organic soils with recycled materials, the influence of building envelopes on
energy efficiency, thermal comfort in certified green buildings, and mateaiadllimg
practices that balance efficiency with environmental responsibility. Such research signals a
growing recognition of constructionds envi
building practices.

The issue also sheds light on process optimization and project management within the
sector. Topics such as lean construction implementation;ddatn culture, scheduling
integration, and the execution of term contracts point to the evolving strahegided for
improving project delivery outcomes and resource management.

By bringing together empirical studies, case analyses, and literature reviews, this special
issue offers a comprehensive view of contemporary trends and enduring challenges in the
construction industry. It serves as a valuable resource for academicgjopexst; and
policymakers seeking to foster a safer, smarter, and more sustainable built environment.
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Editorial

Welcome from the Editors

Welcome to this special issue in Malaysian Construction Research Journal (MCRJ) for
the Construction Industry Congress (CIC2024). We would like to express our sincere
gratitude to our contributing authors, reviewers, organisers and readers.

This special issue in MCRJ for CIC2024 contains twenty (20) exciting papers covering
the theme of ABuil ding Resilience and Sust
greatly benefit from the scientific content and quality of papers publishets iissbe:

A brief introduction of each article is given hereunder:

Ku Adenan Ku Ismail et al. evaluated the causes of construction accidents through the
application of a structured questionnaire to come out with a structured framework that can
enhance the safety regulations in hrgde construction projects in Malaysia. The statistical
techniquesused to evaluate the data obtained are Relative Importance Index (RIl) and
Average I ndex (AVI), whil e Cronbachoés al ph
three different groups of respondents (namely contractor, consarftdclient) the reliability
and validity of the study. The top five of the causes of accidents inrisgltonstruction
project are failure to comply with safety regulations, lack of safety working procedure, no
safety and health management practicetandard operating procedures, not providing safe
working conditions, and inappropriate construction methods. The enforcement of the law
must be strengthened to ensure full compliance by all parties, thereby facilitating the provision
of a safe working erkonment within the construction sector. The top five of the causes of
accidents in higirise construction projects are failure to comply with safety regulations, lack
of safety working procedure, no safety and health management practice or standairtboperat
procedures, not providing safe working conditions, and inappropriate construction method.
The enforcement of the law must be strengthened to ensure full compliance by all parties,
thereby facilitating the provision of a safe working environment withim construction
sector.

Ting et al. examined the implementation of Lean Construction among G7 Contractors in
Malaysia, focusing on awareness, challenges, and key measures for improvement. Lean
Construction, derived from Lean Manufacturing, offers a systematic approach to enhancing
efficiency and minimizing waste. However, its adoption remains limited. Based on survey
responses from 122 construction professionals, it was found that while there is a strong
understanding of efficienegiriven Lean principles, gaps persist in cliéotused concepts.

The highestanked barriers include Lack of Awareness and Lack of Top Management
Support. Essential countermeasures for successful adoption include Management Leadership
and Investment in Technologies. The study highlights how Lean Cormstrican drive
greater efficiency and sustainability in M;
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Ayah Almsedeen et alpresented a study on stabilizing organic soil using concrete waste
and gypsum byroducts. The optimal mix (10% CW + 10% G) resulted in a 1108% increase
in unconfined compressive strength after 28 days. Triaxial tests showed enhanced shear
strength, cohesn, and internal friction angle. The research highlights the potential of these
industrial wastes as sustainable alternatives to traditional stabilizers for improving the
geotechnical performance of organic sails.

Syahirah Kamarul et al. explored safety management practices within the Malaysian
construction industry, particularly focusing on infrastructure construction, and highlight the
importance of adhering to safety protocols. Despite its significant contribution to the country's
ecoromic development, the lack of systematic implementation of safety measures in
construction management can result in accidents, potentially hindering the nation's economic
progress. The research seeks to establish safety managementeial element influencing
project performance and success in construction endeavors, with a specific emphasis on
infrastructure projects in Malaysia. Additionally, efforts will be made to enhance awareness
regarding the importance of safety managementonstruction projects. Data collected
through questionnaires and a case study conducted at the MRT Line 2 Construction Site.

Lungie Maseko et al.looked at the Critical Success Factors (CSF) that may influence
the success of implementing term contracts at the Kruger National Park (KNP). In practice
the KNP has utilized term contracts, which have resulted in failure to achieve project
objectives andincreased contractual disputes. By interviewing the 15 project managers in the
park the study found that planning, communication, stakeholder involvement, project
manager 6s competence and pr o jmnplanentatiomaftemnct er i
contracts. It also identified various measures for process success, including traditional metrics
(time, cost and quality), along with the contemporary factors (safety, minimum site disputes
and environmental impact). Project managdeghlighted a lack of monitoring tools during
the implementation of these contracts, particularly in terms of assessing performance against
the established objectives for empowering local contractors. These results are to improve
procurement, contract andperational management capabilities, preventing future
occurrences.

Siti Kartini et al. investigated energy sustainability in tropical climates, where buildings
consume substantial energy due to air conditioning. Construction materials significantly
affect heat exchange and energy dissipation, making early design decisions crucial for
sustanable building practices. Kartini's study explores how Building Information Modelling
(BIM) can evaluate the energgaving potential of different wall materials in academic
buil dings at Uni versiti Ma | Toeg sfudyaconfpards fotrd s F
wall materials: Insulated Concrete Forms (ICF), Vacuum Insulated Panels (VIP), Aerated
Concrete, and Polyurethane (PU) foam insulation. Using BIM and energy analysis software,
the study modeled current energy consumption patterrd a as sessed t he mat
performance. The findings reveal that VIP walls have the lowest Energy Use Intensity (EUI)
and Uvalue, offering the best insulation and energy efficiency. VIP walls led to a 23.6%
reduction in cooling load and energy comgption compared to traditional brick walls,
resulting in significant savings of 113 kWh/m?2 of electrical energy. This study highlights the
potential of BIM in optimizing building designs for energy efficiency, promoting
sustainability by reducing energgresumption and improving overall building performance.
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Muhammad Tarique Lakhiar et al. assessed thermal comfort and indoor environmental
quality (IEQ) in a GreenREertified building in Malaysia. The study utilized a cross
sectional survey over 15 days, evaluating thermal sensation, temperature acceptability,
airflow, and humidity among 68espondents. Findings show that 57.1% of participants
reported stable comfort, while 30.2% desired increased airflow, and 23.8% found the indoor
air slightly dry. The study also analysed compliance with GreenRE certificationluding
that while the building meets energy efficiency and temperature acceptability standards,
improvements in airflow and humidity control are needed to enhance occupant satisfaction.

Hafnidar A. Rani et al. reviewed key themes including case studies, barriers, and
readiness, emphasizing training and policy support on BIM implementation in Indonesia. The
study highlighted financial and regulatory challenges, recommending national standards and
collaborationlt also focused on government training subsidies and the need foisecios
cooperation to support SMEs and ensure structured, sustainable BIM adoption across the
industry.

Tamiru Mengst Habtu and Walied A. Elsaighpresented a comprehensive bibliometric
review of BIM applications in road infrastructure management, analysing publications from
2010 to August 2024 using Scopus data and the PRISMA protocol. Employing VOSviewer
and Biblioshiny, this study identifies lead publications, collaborative networks, and key
themes, revealing growing interest in BIM alongside geographical limitations. The study
underscores knowledge gaps and future directions, emphasizing the integration of BIM with
emerging technologies, regial adoption challenges in developing countries, and the need
for international collaboration to drive sustainable and practical solutions.

Mohd Khairul Amri Ramly et al. explored the Critical Success Factors (CSFs) for
effective Transfer of Technology (TOT) in Malaysia's digital construction industry. Despite
the rise in TOT activities, there is no consensus on measuring its effectiveness, particularly
among industrhaca@mia collaborators. Using a systematic literature review with the
PRISMA technique, 31 articles were selected from an initial 309, and analysed using NVIVO
software. The study identified seven main thednBslitics, EconomicsSocial, Technology,
Policies, Legal, and Environméntomprising 39 subthemes as key success factors for TOT.
The findings aim to fill knowledge gaps, guide future research, and help construction
organizations navigate digital transformation, achieve swsiéé success, and create better
business opportunities leading to economic growth. Future research should focus on
measuring CSFs to enhance the existing literature on TOT.

Siti Amirah Ahmad et al. investigated the key factors influencing blockchain adoption
i n Mal aysi abs C 0 n st r-structuredo intervisves cwitio 21. industs/i n g
professionals through fa¢e-face and online modes, the study employs thematic analysis to
extract insightsThe findings identify five critical factors shaping blockchain integration:
Social, Educational, Technical, Political, and Financial. Key challenges include low
awareness, a lack of skilled professionals, and insufficient govetrsmgport. The research
provides a framework for policymakers, industry practitioners, and researchers to understand
and address barriers to blockchain adoption. By tackling these factors, Malaysia's construction
industry can move towards greater efficignmost savings, and sustainable material handling
practices, r ei n f-termegilienge. t he sectords | ong
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Mohamad Irwan P. Harahap et al.investigated the integration of Building Information
Modeling (BIM) to mitigate safety violations in higise construction projects in Malaysia.
The study employs a mixedethods approach, combining a questionnaire survey of
construction professionals)ad an analysis of Bl MO0s potenti
The survey identifies common safety issues and explores how BIM can enhance safety through
improved planning, visualization, and reimhe monitoring. The finithgs highlight significant
barriers to BIM adoption, including legal and contractual considerations, limited awareness,
and resistance to change. To address these challenges, a strategic framework for successful
BIM integration is proposed, emphasizinggu&atory support, continuous education,
stakeholder collaboration, and incentives for BIM adoption.

Faisal Sheikh Khalid et al.examined the use of steel and polypropylene (PP) fibers in
concrete to improve tensile strength and reduce cracking, particularly istructural and
low-reliability structural elements like slabs and walls. Concrete mixes with 0%, 0.5%, 1.0%,
and 1.5%of each fiber type were tested. Results showed that fiber inclusion enhanced both
compressive and splitting tensile strength, with the best performance seen in the mix
containing 1.0% PP and 1.5% steel fibers. This mix achie@&d7&o increase in compressive
strength and a 58.8% improvement in splitting tensile strength compared to the control. The
study concludes that combining steel and PP fibers in concrete creates stronger, more crack
resistant composites, making hybrid fimemforcement an effective alternative to traditional
methods in structural and naitructural applications.

Nur Nilam Sari Md Yusoff et al. established a structured framework that supports clients
in adopting a proactive approach to safety, emphasizing early risk management and
collaboration among project teams. The framework offers practical solutions to enhance
workplace safety, sustainaibjl, and project efficiency by aligning client responsibilities with
regulatory requirements. This shift from reactive to preventive safety management is essential
in reducing workplace accidents and strengthening compliaiticéndustry regulations.

Azahar Mohd Yasinexplored the use of Interref-Things (IoT) technologies to enhance
safety on smart campuses, emphasizing their potential to improve campus planning and
administration. Despite these benefits, challenges in deqisading have hindered loT
adoption. Tainderstand the factors, risks, and challenges affecting implementation, the study
conducted serrstructured interviews with 20 safety personnel from private and government
universities experienced in occupational health and safety. Tlearaiysis of the data
revealed five key themes each for influencing factors (competency, financial, technology,
infrastructure, management), risks (management, technology, safety competency, financial,
infrastructure), and challenges (management, compgtsgstem, human, financial). These
findings offer practical guidance for decistorakers and university administrators to
strategically plan IoT integration, prioritize resources, and address critical issues in
implementing loT for improved campus safety

Hashim et al.suggested the stddtribute of datafication comprises seven indicators which
are: (i) D1- knowledge and expertise; (ii) D2professionalism; (iii) D3 code of conduct;
(iv) D4 - progress monitoring; (v) D5risk; (vi) D6 - quality; and (vii) D7- legd. Next, the
second sulattribute of a datariven culture in the construction digital industry, referred to as
infrastructure of data, consists of three indicators as follows: (i} ki#ta security; (ii) ID2
availability of infrastructurgand (iii) ID3 - availability of fund. The third suhttribute,
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cultivation of data, has seven indicators, which are: (i} @&kchnical knowledge; (ii) C2
willingness to adapt into new technology; (iii) C®ase of learning experience; (iv) €4
competency; (v) C5experience; (vi) Cétraining; and (vii) C7% coordination. Another sub
attribute of a datariven culture in the construction industry is termed the culture of use, which
comprises eight specified indicators: (i) Udata interoperability; (i) U2 compatibility with

other organization; and (iii) U3collaborative work processes and modeling standards; (iv)
U4 - internal support; (v) U5 external support; (vi) U6 data standardization; (vii) U7
building model reading and exploration; and (viii) U8vailability of time to use. The last
subattribute, referred to as the culture of production, has eight indications. These indications
are identified as the specified terms which are: (i} ReQisterbased statistic; (ii) P2detail

data collection; (iii) P3 information extraction; (iv) P4outamme expectations; (v) P5ata
estimating; (vi) P6 prevention; (vii) P# mitigation action; and (viii) P8 control strategy.

Xiong Ping et al.explored the critical challenge of material handling (MH) inefficiencies
in China's rapidly expanding higise construction sector. This study addresses the research
gap by identifying key success factors (SFs) through -semnctured interviews with 30
industry professionals and thematic analysis. Findings categorize SFs into four critical themes:
education, awareness and research, utilization of advanced technology, and market drivers.
Enhanced training programs, increased awarenasstainable MH practices, and integration
of digital and automation technologies are essential for improving efficiency. Additionally,
stakeholder collaboration and government policies play a crucial role in fostering an
environment conducive to MH optindtion. The study aligns with China's Construction
Industry Modernization Guidelines (202035) and provides a framework for local
governments, policymakers, and industry professionals to optimize MH practices in CHRB.

Syahirah Mat Sahizol Raduan et al.highlighted the critical role of the Building
Information Modelling Execution Plan (BEP) in fostering communication and collaboration
among project stakeholders by defining roles, responsibilities, and deliverables. However,
inconsistencies in BEP usagaedto a lack of standardisation pose challenges in ensuring
alignment with project goals. This study examines the existing BEP elements and identifies
challenges in its implementation within Malaysian construction projébt®ugh qualitative
document analysis of 14 BEP documents, findings reveal significant variations in BEP
structure and content across organisations. The study highlights the need for standardisation
to enhance BEP practices, improve BIM implementatiod, support government efforts in
advancing BIM adoption in Malaysia.

Patrose Leshinka et al.explored how Artificial Intelligence (Al) can transform
occupational health and safety in the construction industry. The study utilized an exploratory
research approach combining qualitative and quantitative methods, with data collected from
Building Information Modeling (BIM) and analyzed using the HSE Nation Al tool. The Al
tool identified 16 distinct hazards, including falls, heavy machinery risks, and chemical
exposure, which were categorized using a eotmred risk assessmenatrix. High-risk areas
were prioritized for safety interventions, and after implementing control measures,
reassessments showed significant risk reduction. The integration of Al into BIM enabled
enhanced visualization and rdéhe communication of safetisks, fostering proactive hazard
management. The research concludes that Al integration improves hazard detection, risk
assessment, and communication, providing a-dav&n safety approach hence leading to
safer and more efficient construction projects.
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Lim et al. developed an integrated planning and scheduling framework to enhance
construction project control for contractors. Using a qualitative case study approach, the
research explored planning and scheduling practices throughstsentured interviews,
documenmreviews, and observations. Findings revealed that Scope, Schedule, and Cost are the
primary knowledge areas influencing schedule development, with other project management
areas indirectly integrated. The proposed framework follows the Input, Tool ahdidee,

Output (ITTO) model, incorporating eleven inputs, sixteen techniques, and ithesty
project data points to improve task sequencing and resource allocation. Validation by industry
experts confirmed its practical applicability in streamliningjgebplanning and execution.

This structured approach bridges theoretical project management concepts with industry
practices, enabling contractors to systematically develop feasible schedules, enhance project
monitoring, and optimize resource utilizationltimately improving construction project
efficiency.
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CAUSES OF ACCIDENTS IN HIGH-RISE
CONSTRUCTION PROJECTS AND THE APPLICATION
OF SAFETY REGULATIONS IN THE MALAYSIAN
CONSTRUCTION INDUSTRY

Ku Adenan Ku Ismail 1, Idris Othman * and Ahmed Farouk Kineber 2

1Department of Civil and Environmental Engineering, University Technology PETRONAS, 32610 Seri
Iskandar, Perak, Malaysia.

2School of Engineering and Technology, Central Queensland University, Australia.

Abstract

The increase in the number of construction projects also contributes to the high accident rate.
Accidents in the construction industry will affect the construction project, such as increasing
project costs, quality non-conformance, and schedule overruns. The main causes of accidents
on construction sites, according to the ranking, are working at height, unsafe working practices,
failure of structure, incorrect work procedures, and not wearing personal protective equipment.
The statistics are based on the accident reports made by contractors. The causes of
construction accidents are assessed by using a questionnaire in order to develop a structured
framework that can enhance safety regulations. The significant relation and reliability between
group contractor, consul tant and client are measured using
five causes of accidents in high-rise construction projects are failure to comply with safety
regulations, lack of safety working procedures, no safety and health management practices or
standard operating procedures, not providing safe working conditions, and inappropriate
construction methods. The enforcement of the law must be strengthened to ensure full
compliance by all parties, thereby facilitating the provision of a safe working environment within
the construction sector.

Keyword s: Safety Regulations; Causes of Construction Accidents; Questionnaire Survey; High Rise
Construction Projects

INTRODUCTION

Constructioncontributes to significant growth in the Malaysian economy and also
contributes to the high rate of accidents. Accidents in the construction industry will affect the
construction project, such as increasing project costs, defects and delays (IzatkD243l.,
DOSH stated that 1143 cases of construction accidents in Malaysia from 2015 to 2019
(DOSH,2020).

DOSHOG6s statistic as shown on Figure 1 ind
from height place (43%), falling object (15%) caught from an object (13%), crushed by an
object (11%), buried (6%) electrocution (5%) drowning (5%) and others sudinea&
harmful chemicals (2%) (DOSH, 2020). DOSH reported as shown on Figure 2 that the causes
of construction accidents are due to working at height (40%), unsafe work practice or
conditions (27%), failure of structure (18%), incorrect or no workinggutare (10%) and
not wearing PPE (5%) (DOSR020). The statistics obtained from DOSH are based on the
accident reports made by the contractor or project owner. The actual number of accidents and
nearmisses at construction sites may be higher (SOCSO, 2014).

The objective of the study is to identify and rank the root cause of accidents in each stage
of construction projects
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ElectrocutiDrowning Others
n 5%_ | 2%

Burried
6%

Crushed
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Object
11%

__Fall
43%

Falling Object
15%

(Sour@@SH, 2020)

Fi gurPeerilc.emtfagreat al iti es Based on The Types of Acci
i Mal aysi a

Causes of Construction Accidents (DOSH)

Not
Incorrector . aring Unsafe Work

No Working Practice or
; onditions

Working at
Height

(S 0 u r @QGSH, 2020)
Figure 2. Causesof Co n s t r AccidentoimMalaysia

METHODOLOGY
Questionnaire Survey Questions

To get details of the causes of accidents in-hig construction projects, a questionnaire
survey has been conducted. The survey involvedtgghconstruction projects and included
all parties involved, such as contractors, consultants, and clidr@ssufvey will have nine
sections, namely background of respondents, safety awareness, causes of accidents, type of
accidents, impact of accidents, benefits of improving safety and health, preventive measures,
enhancement of safety regulations, and egr@led questions.

Target Respondent s
This study targeted personnel at the professional level in construction companies, such as

the general manager, project manager, site engineer, quantity surveyor, safety officer, and
other professionals involved in construction projects. The study algetedr staff from
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contractor companies, including sabntractors of various sizes, from G5 to G7 grade
contractors. This study will also involve consultants, clients, and other professionals involved
in projects.

A guestionnaire survey was used to analyse the cause of construction accidents in high
rise construction projects. The RIl is used to determine which factors have a huge impact on
the cause of construction accidents in hiigle construction projects. Thanked factors are
classified into classes of impact from very low to very high by using AVI (ldris, 2018). The
RIl and AVI value is determined by using the formula as shown in Table 1 (Kometa et al.,
1994). The reliability and validity of data are detexreid by wusi ng Cronbach

Tabl.€&h&ormul a UsedRtt &6 @aldc AVhat e
Bw
5> 0
B ¢
0

Relative Importance Index (RII) YO

Average Index (AVI) 0 w0

RESULTS AND DI SCUSSI ON

One hundred eighty questionnaires were sent to the construction field in order to get the
reaction. The respondents were engineers, architects, quantity surveyors, engineers and HSE
officers with experience between 5 to 15 years.

Top Five Causes of-RAcei Bdant giingsHi gh

0.855

0.85

0.845
T 084
0.835
0.83 I
0.825
C1 C2 C3 C4 C5

Cause of accident

Figurfep3.ve (5) Causes ©oRi sPeccBudielndtisngisn Hi gh

Tabl oRive (5) Causes ©oRi sfeccBudielndtisngi n Hi gh
Cause of

Rank Accident RII Cause of Construction Accident
1 C1 0.852  Failure to comply with Safety Regulations such as OSHA 1994 and FMA 1967
2 c2 0.849 Lack of safety working procedure
3 C3 0.843 No Safety and Health Management Practice or Standard Operating Procedures
4 C4 0.841  Not providing safe working conditions
5 C5 0.835 Inappropriate construction method
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Based on the survey, the top five causes of accidents irriegbuildings are failure to
comply with safety regulations such as OSHA 1994 and FMA 1967, lack of safety working
procedures, no safety and health management practices or standard operegitigres, not
providing safe working conditions and inappropriate construction methods (Figure 3 and
Table 2).

Rank #1 - Failure to Comply with Safety Regulations such as OSHA 1994 and FMA
1967 (RIl = 0.852, AVI = 4.258)

It is the responsibility of all parties involved in construction to comply with the safety
acts such as OSHA 1994 and FMA 1967 (OSHA, 1994). This study found that most of the
accidents that occur in higise construction projects are due to foampliancewith this act.
Therefore, it is important to ensure all parties involved in the construction, especially
contractors, are adhering to the safety regulations, guidelines and procedures as detailed out
in OSHA 1994 and FMA 1967. Failure of any construcpaactitioners to comply with these
acts is not only an offense but will also pose a high risk of accidents on construction sites
(DOSH, 1983).

Rank #2 - Lack of Safety Working Procedure (RIl = 0.849, AVI = 4.247)

The survey shows that the second top cause of accidents ind@gionstruction projects
is the lack of safety working procedures. Every contractor shall submit safety working
procedures in detail, including method statement, materials to be used, enathine used,
and other important safety procedures to be followed. This safety procedure shall be approved
by the consultant and shall be followed by the contractor during construction (DOSH, 2007).
Therefore, the construction practitioner needs to renthat the safety working procedures
are sufficient and approved for implementation.

Rank #3 - No Safety and Health Management Practice or Standard Operating
Procedures (RIl = 0.843, AVI = 4.216)

According to the survey, the third leading cause of accidents inrisigltonstruction
projects is the lack of safety and health management practices or standard operation
procedures. The top management from all parties involved in construction must gnasur
construction practitioners follow the safety and health management practice or the standard
operation procedures OSHA 1994. It is the responsibility of the top management of each
organi sation to ensure that pPPoThsdilgvea ar e
high level of commitment from the top management to the lower levels.

Rank #4 - Not Providing Safe Working Conditions (RIl = 0.841, AVI = 4.247)

According to the survey, the fourth leading cause of accidents inrisigltonstruction
projects is the failure to provide safe working conditions. The construction practitioner needs
to ensure that the working conditions at the construction site arbysédtowing the safety
guidelines such as providing safety signage, providing appropriate safety gears such as safety
helmet, safety vest, safety shoe, safety glove, ear plug, goggle and safety harness and adhere
to all guidelines and procedures for higée construction project (OSHA, 1994).
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Rank #5 - Inappropriate Construction Method (RIl = 0.835, AVI = 4.175)

The survey shows that the fifth top cause of accidents is inappropriate construction
methods. The contractor must ensure that the construction methods are safe for people's health
and weltbeing. This includes a construction method for a temporary steycuch as the
installation of scaffolding, formwork, and the use of heavy machinery. Safe construction
methods must be considered from the design stage, construction stage and then at the
maintenance stage. Safe construction methods must be refinedgstaom design,
preparation of method statement and close monitoring during construction (OSHA, 1994)

Causes of Construction Accidents Based on
Respondents and I nterview

At o Dfd34 respondents from all levels of the Malaysian construction industry were
recruited for the questionnaire survey, representing a representative sample of the entire
industry. It was determined that 55 contractors from 3 separate G7 contractorggvaorkin
three different projects were selected to respond to the questionnaires. The number of
consultants chosen from the directory is 35, all of them are registered with the Board of
Engineers Malaysia, with 34 respondents coming from the developer s@fitbr.64
respondents, most respondents had more than 15 years of expertise in a comparable field.
According to the results, 33% of respondents hdd years of industry experience, while
14.9% of respondents had 25 years of industry experience (FigUreet® are three major
types of business respondents: 42% from contractors, 26% from engineering consultants, and
23% from developers, with a total number of respondents of 134 (Figure 7)

Years of Experience
134 responses

@ Less than 5 years
@ 5to 10 years

10 to 15 years
@ More than 15 years
@0

@ 25 years
14.9%
32.8%

Fi gurBa c&.gr ollnmRde sopfo n fveratrs of )Experience

Please Indicate Your Profession Field in Your Organization
132 responses

@ Architectural
@ Quantity Surveying
Construction Management
@ Mechanican & Electrical Engineering
@ Civil Engineering
@ Others (please state)
@ Civil Engineer
®IT

12V

Fi gurBeack groofunfidhe Respondent)ks (Profession Fi

t
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Please Indicate Your Current Position In Your Organization
134 responses

@ Executive

® Junior Management
@ Senior Management
® Student

@ Senior Lecturer

® Clerk of work

@ middle mgt

Fi gurBact&k groofunfdhe Respondent)s (Current Posit

Mature of Business
134 responses

@ Client / Developer

@ Contractor

® Enginearing Consultant
@ Architecture

@ Software engineer

@ Information Technology
® Academician

Fi gurBeack groofunidhe Respondents (Nature of Busi

What type of accident always occur in high-rise construction project? (You may tick more than 1

choices)
133 responses

Fall fram height

Fallen objects

Caught between objects

Struck by objects

Building or structure collapse
Machinery and equipment failure B84 (48.1%)
Vehicle Accident

Buried

Electrocution

127 (95.5%)
104 (78.2%)

47 (35.3%)
44 (33.1%)

Harmful chemical

Fi gurTeg p&Coonfst ructi on Accident
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What is the benefits of improving safety in construction projects? (You may tick more than 1
choices)

Positive impact on the project t... 105 (86.1%)

Increasing productivity 97 (79.5%)
Good reputation of companies| 81 (66.4%)
Promote sustainable developm...
Contributes in reducing accide. .. 77 (63.1%)

Increasing opportunities for con... 63 (51.6%)

0 25 50 75 100 125

FigumBenefimsr ofing Safety

What is the negative impact due to construction accidents (You may tick more than 1 choices)

Project cost overrun 97 (79.5%)

Delays in completing the project 102 (83.6%)
Significant impact on the projec.. 58 (47.5%)
Effect the quality of the project 50 (41%)
Giving a moral impact to emplo.. 57 (46.7%)
Dissatisfaction among the proje.. 52 (42.6%)
Negative impact in terms of op... 52 (42.6%)

0 25 50 75 100 125

FigurNed®t mpacto Dlioenstruction Accidents

CONCLUSI ON

The detailed causes of accidents in hiigle construction projects were obtained through
a questionnaire survey. The survey involved high construction projects and included all
parties involved, such as contractors, consultants and clients. Thg bBas/aine sections,
namely background of respondents, safety awareness, causes of accidents, type of accidents,
impact of accidents, benefits of improving safety and health, preventive measures,
enhancement of safety regulations and epeded questiond’ he identified factors in the
survey were grouped under the following categories: (a) safety awareness, (b) Causes of
construction accidents, and (c) Type of construction accident. The questionnaire was
distributed among three different groups: executivesior management, and junior
management. The data obtained are then ranked according to their RIl value. The ranking is
necessary to determine which factors have a huge impact on the cause of construction
accidents in higitise construction projects.

Based on the survey, the top five causes of accidents ifrisghonstruction projects are
failure to comply with safety regulations such as OSHA 1994 and FMA 1967, lack of safety
working procedures, no safety and health management practices or stapdeating
procedures, not providing safe working conditions, and inappropriate construction methods.
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Under Section 15 of OSHA 1994, employers and contractors who fail to provide a safe and
healthy working environment for their employees can be charged under this section, which
carries a maximum sentence of an RM50,000 fine, two years in jail, or botbnfidreement

of this law must be strengthened to ensure full compliance by all parties, thereby facilitating
the provision of a safe working environment within the construction sector.

ACKNOWLEDGEMENTS

The author thanks Yayasan UTP for supporting this research under the Grant Yayasan
UTP Fundamental Research Grant (Reference: ¥BRB 1/2022 (014.C0-405).

REFERENCES

DOSH (,290t2a0t)i st i c on occupational accident
st atvi/sotcicaufaatcii-mteantity st i cs

DOSH (2020) Causes of construction ac<i dent
v/ occumatci-ateatty st i cs

DOSH (,F®&2 ®)I Acchdept/ /Caww. dosh. goaccanyd é mtd e
case

DOS@A9B8Bactories and Machinery (safety, heal
1983) (Kuala Lumpr: DOSH Mal aysia) p

DOSRO0ODPG@ui delines for the Prevention of Fal
Mal ay86Ba) p

r

l dris Othman (2018), Framework to Enhance
System in Construction. I nternational J
Management Resg®drl@8) ( December

l zat ul Farrita Mohd Kamar, Asmalia Che Ahma
Devel opment of Safety and Health Costs Fo
Projects in Malaysi a. Mal aysi an Construc
Vol . 22, Nel7 2, 2024, ppl

Kometa S. T., Ol omol aiye P. O. and Harris F
I nfluencing Project Consultants' Per for
Economics. Vd4l4312(5), ppds33

OSHA 1994 Act 514 Occupational Safety and F
up to 1 Janalary 2006. plé6

Rahi m, A. Hami d, A. Zai mi , M. , Maj i d, A.
Construction Sites. Malaysi ans59.ournal of

SOCSO (2014) Annual Report 20
SOCSO (2014) Annual Report 20
(2014) Anhuabp: Repwowwt peopo

14t athtutn@:n/. /hw wn\
15t athtutn@:n/. /hw wny
B 64 @hagowa.nmyh/t m


http://www.dosh.gov.my/index.php/en/fatal-accident-case
http://www.dosh.gov.my/index.php/en/fatal-accident-case
http://www.perkeso.gov.my/my/laporan%20-tahunan.html

MCRJ Special Issy&/ol. 26 | No.3 | 205 9

AWARENESS, CHALLENGES AND MEASURES FOR
LEAN CONSTRUCTION IMPLEMENTATION AMONGST
MALAYSIAN GRADE 7 (G7) CONTRACTORS

Ting Sim Nee !, Lee Yong Siang 2, Ng Chee Khoontand Dahl i a Jar abee

1Faculty of Engineering, Universiti Malaysia Sarawak, 94300 Kota Samarahan, Sarawak, Malaysia.
2Faculty of Civil Engineering Technology, Universiti Malaysia Pahang Al-Sultan Abdullah, Pahang,
Malaysia.

Abstract

Lean Construction, derived from Lean Manufacturing, offers a systematic approach to
minimising waste, improving process efficiency, and enhancing project delivery for the
construction sector. However, its adoption remains limited in Malaysia. This study examines
the implementation of Lean Construction practices among Grade 7 (G7) Contractors, focusing
on the awareness and challenges towards the concept and strategies for improvement. A
quantitative survey was conducted, and 122 construction personnelfromG7 contr act or s o f
responded. Findings reveal a rather strong awareness of Lean principles among respondents,
especially regarding operational efficiency and waste reduction benefits. However, knowledge
gaps persist in client-centred principles such as Value Identification and Value Stream
Identification, which are crucial for aligning projects with customer needs. Top barriers to the
implementation of Lean Construction techniques include insufficient awareness of the actual
practices, lack of top management support and limited commitment from project teams. Strong
management leadership and investment in modern technologies emerge as the most critical
factors for facilitating Lean Construction implementation. Additionally, raising awareness
through education and training, empowering construction personnel, and conducting pilot
projects are essential for successfully integrating Lean techniques into projects. Given the
persistent challenges in the construction sector, including dealing with inefficiencies, project
delays, cost overruns and material wastages, this study offers critical insights into the role of
Lean Construction in addressing these issues. By identifying key barriers and effective
implementation strategies, the findings contribute to a deeper understanding of how Lean
principles can enhance productivity and promote a more sustainable construction industry in
Malaysia.

Keywords: Lean ConstructionAwarenessChallengesMeasuresG7 Contractors
INTRODUCTION

Lean construction, as defined by the Lean Construction Institute (2024), is a project
delivery approach rooted in production management, which includes introducing a new
framework for designing and building capital facilities. This approach, adapted feam L
manufacturing principles, transforms construction processes by rethinking how work is
conducted throughout project delivery. Lean construction applies the core goals of Lean
manufacturing, that is, maximising value and minimising waste, to specifiodwbgies in
construction project execution. It can also be seen as a continuous improvement strategy in
the construction process, aimed at reducing resource waste and enhancing project value for
the customer (Morshidi, Othman, Bohari and Rais, 2022; &ay©thman and Ismail, 2012).
Consequently, Lean construction can be described as a methodology focused on minimising
waste while producing higbuality end products (Morshidi et al., 2022; Ahmed, Hossain, and
Haq, 2021; Reinbold, Riediger and Pollackl12D
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There are five (5) Lean principles for organisational waste elimination, and these
principles are known as the strategic approach to the phrase "Lean thinking" (Akanbi,
Oyedolapo and Goulding, 2019he following Table 1 shows the five principles of lean
construction techniques.

Tabl.€hEBive Principles of Lean Construction
Code Lean Principles Description References

LP1 Value I den Provide a precise defini(Ver ma, 202:
from the client's point Reshma, 201¢
in construction is as et al ., 201¢
customer's viewpoint, n
from the customer's poil

LP2 Value Stre Thoroughly identify eacl(Verma, 202:

ldentifica that effectively delive Reshma, 201¢
whi |l e el iminating any et al ., 201¢
contribute value to the
A value stream encompas
create value in the proc
and delivering a produc
delivery process in a
crucial to miniamdids egalolp
whickefer to activities
value to the client.

LP3 Flow | mpl ement measures to gt(Verma, 202:
flow within thlt viag ué m Reshma, 201¢
acknowl edge that each o et al ., 201¢
di stinct characteristic:
controll ed.

L P4 Allowing Customer This regudime pusetuctior(Verma, 202:

Pull the consumer requires. /Reshma, 201¢
the requirement to be alet al., 201¢
the client as soon as t
refers to the c¢apakbeirliintg
product to the consumer.

LP5 Pursuing P Always strive for perfe (Verma, 202:
consumer wants and expe Reshma, 201¢
removal of waste. Throucet al ., 201¢
deal with the challenge:

(Source: Akanbi et al., 2019)

Lean construction aims to eliminate waste and enhance efficiency to optimise project
delivery, significantly impacting construction schedules and overall project performance
(Ahmed et al., 2021). The Lean construction approach seeks to address criteslrnisthe
industry, such as delays, cost overruns, and quality deficiencies, which have long plagued
construction projects (Othman, Zainal, Kasim and Abdul Rahim, 2023). One of the key
benefits of Lean construction is its ability to ensure timely prajekvery, providing clients
with greater reliability (Ahmed et al., 2021). Additionally, Lean construction has been shown
to increase workforce efficiency, facilitate improved coordination and communication, and
reduce the incidence of defects and rewdkjjou and Chafi, 2019). Research has also
highlighted that Lean practices positively influence worker productivity and job site safety,
demonstrating a link between Lean thinking and improved safety performance (Marhani et
al., 2021). Furthermore, leanrtce t r uct i onds emphasi s on mini:i
resource efficiency supports environmental sustainability objectives (Francis and Thomas,
2020).



MCRJ Special Issyé&/ol. 26 | No.3 | 205 11

Although Lean construction has the potential to bring about significant benefits, the
construction industry has many barriers when it comes to implementing it on a large scale
(Othman et al., 2023; Ahmed et al., 2021; Marhani et al., 2021). Previousctesadrean
construction has highlighted both the significant benefits and challenges associated with its
implementation in the construction industry. Studies like those conducted by Xing, Hao, Qian,
Tam and Sikora et al. (2021) and Litika, Jelodar, Vishigap Rotimi and Vilasini (2022)
emphasise the difficulties in adopting Lean construction methods, such as resistance to
change, lack of stakeholder willingness to adopt Lean methodologies, and challenges in
transitioning from traditional construction metts to Lean practices. These studies also point
out the initial financial impact, with contractors potentially seeing reduced profits when first
implementing Lean construction techniques (Graces, Forcael and Osorio, 2025). Furthermore,
in Malaysia, the irggration of Lean and Building Information Modelling (LealiM) faced
barriers like insufficient training, awareness, and empowerment from senior management,
limiting its widespread adoption (Aziz and Zainon, 2022). The research underscores the need
for targeted interventions, including training and leadership support, to enable the successful
adoption of Lean practices in the construction industry (Albalkhy, Sweis and Lafhai, 2021).

In the Malaysian context, studies by Marhani, Abdul Haris, Muhammad Rooshdi, Adillah
and Shaza (2023) and Arif, Azmi and Jaapar (2019) show that tools such as teamwork, daily
hurdle meetings, and 5S are widely adopted in the industry, with teamwork ahUatity
Management (TQM) as part of Lean tools are particularly effective in reducing waste and
improving environmental performance. Research by Ansah and Sooroshian (2017) and
Yahya, Musli, Badrul, Mahmod and Abdullah (2023) identified 30 Lean tawdfjding the
Last Planner System and Value Stream Mapping, as suitable for the Malaysian construction
sector. While these studies demonstrate the potential of Lean construction to improve project
efficiency and quality, they also highlight ongoing challengincluding resistance from
stakeholders and a lack of comprehensive understanding or commitment (Pérez, Avila and
Sanchez, 2024). Overall, while the benefits of Lean construction are evident, the
implementation barriers remain significant, and overcgritiese requires targeted strategies
such as leadership support, training, and tailored Lean practices (Aslam.-Batfoe
Muhammad and Ulhag, 2024).

Despite the weldocumented benefits of Lean Construction, including improved
efficiency, waste reduction, and enhanced project performance, its widespread
implementation remains limited due to persistent barriers such as resistance to change, lack
of staleholder commitment, and inadequate training. While previous studies have explored
lean tools and their potential applications in the Malaysian construction industry, there is a
gap in the study of how key countermeasures, such as leadership suppoet] edgeation,
and technological integration, can address these barriers effectively. Additionally, limited
research has examined the interrelationship between awareness, challenges, and strategic
interventions necessary for succestfelan adopti on among Mal aysi

This study aims to bridge this gap by providing empirical insights into the current state
of Lean Construction implementation, identifying critical obstacles, and proposing tailored
strategies to enhance its adoption in the Malaysian construction seistarukial to identify
and analyse these factors to better understand the current level of awareness and knowledge
of Lean construction among professionals in G7 Contractors, as well as the barriers hindering
any broader adoption.
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Research Aim and Objectives

This study focuses on evaluating the implementation of Lean Construction among G7
Contractors in Malaysia. The research objectives are as follows:

i. To investigate the current level of awareness and understanding of Lean construction
among professionals amongst G7 Contractors.

ii. To identify the potential barriers to the implementation of Lean construction amongst
G7 Contractors.

iii. To identify the measures to empower Lean construction implementation amongst G7
Contractors.

RESEARCH METHODOLOGY

Theresearch methodology is summarised in Figure 1 and further described below:

Literature Review

Problem Statement

Gap of Study

Aim & Objectives

|
/ l \

Awareness for Lean Construction Barriers to Implementation of Lean| Key Measures to improve
Tools and Technigues in Malaysia construction in Malaysia

J

Data Collection Via Purposive
Sampling and Survey

Data Analysis via Freguency Analysis
and Average Index Analysis

Discussion and
Conclusion

Fi gurResle.arch Met hod Flowchart
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The quantitative research method is selected for this study due to its effectiveness in
addressing the research objectives and providing reliable, generalisable results. Previous
studies on Lean construction, such as those by Bajjou and Chafi (2019), Sdamipekun,
and Xia (2016), and Othman et al. (2023), have successfully employed this approach. The
guantitative method using a questionnaire survey is chosen because it allows for the collection
of a wide range of responses, enabling the researchvés adarge number of respondents
and ensuring greater generalisability of the findings (Shang and Pheng, 2014; Sarhan et al.,
2016; Tezel, Koskela, and Aziz, 2018 as cited in Bajjou and Chafi, 2019). Additionally, this
approach ensures the repeatability &alidity of the results, providing valuable insights into
the prevalence and distribution of key issues and patterns relevant to Lean construction in the
Malaysian context.

Research Population and Research Sampling

The population refers to a group of individuals who share specific characteristics that the
researcher wants to investigate (Morshidi et al., 2022). In other words, the term "population”
refers to the community or group identified by the researcher. Aifostudy, the targeted
population will be Grade 7 (G7) Contractors in Malaysia is 5680 (CIDB, 2018). The sample
size for this study is 360 respondents determined by applying the formula of sample size
(Charan and Biswas, 2013, as cited in Morshidi.e@P?2) as shown below:

Z°+ p-p
&

1 Z¢ p-po
eN

(1)

WhereZ is the ZScore,p is the population proportiore is the error,N is the total
population

Data Collection

The selected respondents are construatidated personnel from G7 contractor firms,
each with a minimum of 5 years of site experience and a record of completed projects. Since
it is preferable that respondents have prior knowledge of or experience wih L
Construction, it is expected the sample size will further be reduced. A total of 500
questionnaires were distributed via email, phone, and social media platforms, resulting in 122
completed responses, achieving a return rate of 24.5%. As noted by, @aBdlrafi, and
Najeh (2022), a response rate of 14.1% is considered satisfactory in similar research contexts,
indicating that this study's response rate is well above the acceptable threshold.

Purposive and snowball sampling methods were employed. Purposive and snowball
sampling methods were selected because they enable the targeted identification of participants
with relevant expertise. Purposive sampling ensures that only individuals witargidlsite
experience and familiarity with Lean Construction are included, enhancing the reliability of
the findings. Meanwhile, snowball sampling helps reach additional qualified participants
through referrals, ensures a wiglformed respondent poolnd ensures the relevance and
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quality of data collected (Taherhoost, 2016). Additionally, snowball sampling facilitates
access to a specialised population by leveraging participants' networks to identify similarly
qualified individuals.

The survey questionnaire is divided into four (4) sections:

9 Section A captures respondent background information, including gender, age,
highest qualification, years of service in the construction industry, and job title.

9 Section B consists of closemhded questions where respondents use a Likert
scale to indicate their level of knowledge of Lean construction principles.
Respondents may select one of three or¢
but not currentlyimplme nt ed, 6 or fAFamiliar with a

9 Section C presents closedded questions where respondents evaluate barriers
to implementing Lean construction in the construction industry using a Likert
scale. Eight barriers, identified from previous research, are assessed on a scale
ranging rmgloymn DhiSstagpreed to AStrongly Ag

1 Section D includes closezhded questions for respondents to evaluate proposed
measures for strengthening Lean construction implementation in the construction
industry. Seven measures, sourced from prior studies, are rated on the same Likert
scaleranging r om AStrongly Disagreed to fAStr

Data Analysis

The data were analysed using SPSS for Social Science and Microsoft Excel by applying
the frequency analysis method. Frequency analysis is a vital aspect of statistics that focuses
on the frequency of a certain event; it involves creating a thorough fregtainle and
representing the data in a bar chart or a pie chart (Oosterbaan, 2021 and Morshidi et al., 2022).
Moreover, frequency analysis is used to analyse respondents' backgrounds in research
because it provides a clear picture of the distributionemhafraphic factors such as age,
gender, education level, and years of experience.

In addition, descriptive analysis, specifically average index analysis, will be opted to
achieve the objectives of the study. Furthermore, average index analysis is chosen because it
provides a short overview of complex data, making it simple to analyseanpare. Its
advantages include simplifying data presentation, facilitating trend detection, allowing for
comparisons and highlighting discrepancies or patterns in data, all of which improve the
analysis and comprehension of research findings.

The following is the equation for average index analysis for every variable (Chandrasekar
and Kumar, 2014):

E X'+ x3+ x3+ x4+ xB8
Average Index B2+ XA X0 @

Where; & is the number of respondents for Strongly Disagéeejs the number of
respondents for Disagre®, is the number of respondents for Neutcal,is the number of
respondents who Agree, is the number of respondents who strongly agree.
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This study uses an evaluation table similar to Morshidi et al. (2022) to establish the
average index analysis (Al) results. Table 2 shows the Average Index Analysis evaluation

table

Tabl Avérage

I ndexEvWahugsisn(Rabl)e

Average | ndex Evaluati on
1.00 < Average Inde: Very Poor
1.50 < Average Inde: Poor
2.50 < Average I nde: Moder at e
3.50 < Average Inde: Hi gh
4.50 < Average I nde: Very High

RESULTS AND DISCUSSION

Level of Awareness

The

anal ysi s

of Lean

Construct

on

pri

nci

firms in Malaysia provides a comprehensive understanding of the perception and
implementation of these principles within the construction industry. Table 3 presents the

findings in terms of the level of awareness and understanding of Lean Construction Principles

through average indexes, evaluation levels, and rankings for each Lean Construction

principle, offering valuable insights into their prioritisation and applicati

Table 3. Level of Awareness and Understanding of Lean Construction Principles

. Average Index Level of

Code Level of Awareness and Understanding (A1) Evaluation Rank
Value Il dentification:

Lp1 and understanding of t 4 16 Hi g h 5
what generates value f
view in construction ¢
Value Stream |l dentific
awareness and wunder st s

LP2(i that create value in t 4.17 Hi gh 4
producing, and deliver
product .
Value Stream | dentific
. awareness and underste .

Lzl i mportance of mi-anddnirsg SR N 4
operations in construc
Fl ow: Respondent 6s aws
understanding of the ¢ .

LP3 uninterrupted flow wit 4.18 High 3
construction projects.
Al l owing Customer Pull
awareness and under st g

LP4 of '"pull'’ in Lean Cons 4.01 Hi gh 6
i mportance in promptly
clients.
Pursuing Perfection: F

LP5(i with the principle of 4. 18 Hi gh 3
perfection in construc
Pursuing Perfection: F
. engagement in continuc .

Lt i mprovement activities o & A0 gl 2
meet client expectatic

P
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The principle of minimising nowalue-adding operations (LP2(ii)) ranked highest in the
Value Stream Identification process, achieving an average index of 4.26. This finding reflects
a strong understanding among respondents and substantial recognitierimoportance of
waste reduction in enhancing efficiency within construction projects. Respondents
extensively involved in project management and operational roles tend to prioritise waste
reduction due to its direct impact on critical project outcomesy as cost savings and timely
completion.

However, the emphasis on reducing wvafue-adding operations is not an isolated effort
but is intrinsically connected with other Lean principles, particularly Flow (LP3) and
Continuous Improvement (LP5(i)) and LP5(ii)). Respondents ranked Continuous
Improvement (LP5(i)) and Striving for Perfection (LP5(ii)) second and third, with average
indexes of 4.19 and 4.18, respectively. This interconnection highlights the holistic nature of
Lean principles, where eadupportand reinforces the others. Continuous layement
(LP5(i)) represents a sustained commitment to regularly evaluate and refine processes to
remove inefficiencies, while Striving for Perfection (LP5(ii)) extends this by advocating for
an ongoing pursuit of excellence, aiming to eliminate anyvature-adding elements. The
Lean philosophy advocates for a shift away from conventional construction practices towards
a culture that prioritises ongoing improvement, where every process is consistently assessed
and improved. The synergy between these plasiunderscores that waste reduction is not
a onetime goal but an iterative, continuous journey requiring consistent improvement and
vigilance.

In addition, failure to eliminate waste can impede the smooth flow in the value stream,
LP3 (also ranked third), resulting in delays and inefficiencies. The dedication to continuous
improvement is highly connected to sustaining uninterrupted flow (LP3kodstant
emphasis on improving workflows reinforces the concept of flow by identifying and removing
obstacles, decreasing the time it takes to complete a process, and guaranteeing smooth
transitions between various stages of construction. This alignngiifies that respondents
comprehend the importance of maintaining a continuous flow by not only sustaining
operational momentum but also actively improving processes to eliminate inefficiencies that
may hinder this flow.

The principle of Value Stream Identification, LP2(i), ranked fourth with an average index
of 4.17, underscores the importance of identifying and aligning construction phases that create
value. While respondents acknowledge its significance, effective nneplation remains a
challenge, likely due to the complexity of mapping vedgkeling phases in the dynamic and
unpredictable construction industry. This relatively lower ranking, compared to other Lean
principles, highlights a notable gap in understandimd) @pplication. Addressing this gap is
crucial, as challenges in implementing Value Stream Identification can undermine the overall
effectiveness of Lean Construction, given its foundational role in streamlining processes and
eliminating inefficiencies.

Value ldentification (LP1), which ranked fifth with an average index of 4.16, reflects the
respondents' recognition of the importance of aligning construction processes with client
priorities. This principle ensures that all aspects of a project are geavads delivering
maximum value to the client, making it central to Lean practices. However, the lower ranking
indicates a need for improvement in its application, as insufficient emphasis on understanding
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and prioritising client needs can lead to inefficiencies and diminished project outcomes. This
deficiency can also impact the successful implementation of related principles, such as
Allowing Customer Pull (LP4), which relies on a thorough understandiolieot demands.

The findings highlight a strong emphasis on waste reduction and operational efficiency
among Mal aysiabés G7 Contractor s, as eviden
Value-Adding Activities (LP2(ii)). This suggests that respondents recognisertes ninpact
of waste elimination on cost savings, project timelines, and overall efficiency. However, while
this principle is a cornerstone of Lean Construction, its effectiveness is not independent but
rather deeply interconnected with other Lean priespiThe close ranking of Continuous
Improvement (LP5(i)) and Striving for Perfection (LP5(ii)) underscores the industry's need to
refine processes and sustain efficiency over time. This reinforces the iterative nature of Lean
Construction, where ongoing &wuation and process enhancements are crucial tetéong
success.

Despite the strong awareness of efficiedciyen principles, the lower ranking of Value
Stream ldentification (LP2(i)) and Value Identification (LP1) reveals a gap in understanding
clientdriven Lean principles. This limitation is significant, as idemmtidyand aligning value
streams is fundamental to optimising processes and ensuring that construction activities are
aligned with client priorities. The challenge likely stems from the complexity of mapping
valueadding phases in a dynamic and less prellietadustry like construction, which may
contribute to inefficiencies and hinder Lean adoption. Similarly, the lower emphasis on Value
Identification suggests a potential disconnect between project execution and client
expectations, which can undermine thverall success of Lean implementation.

These results indicate that while G7 Contractors have a good fundamental understanding
of Lean Construction, gaps remain in integrating operational efficiency with-chertic
principles. Without addressing these gaps, the full potential of Lean psad#nnot be
realised, as efficiency alone does not ensure value delivery. A more balanced approach,
incorporating both waste reduction and client engagement, is essential for a sustainable Lean
transformation in Mal aysi &ié sequies a sulturalusbift i o n
towards continuous learning, deeper client involvement, and a commitment to excellence. By
fostering a holistic understanding of Lean principles and their interdependencies, the industry
can enhance efficiency, overcome chajjes, and deliver greater value to clients.

Barriers to Implementation

Table 4 presents the barriers to the Implementation of Lean Construction, emphasising
the average indexes, level of evaluation, and rank of each barrier.

With reference to Table 4, the results ir
regarding the barriers to the implementation of Lean construction. Lack of Lean Awareness
and Understanding, BR1, has received the highest ranking with an averagefiddi. The
second highest ranked is followed by Lack of Support from Top Management, BR3. with an
average index of 4.39. Meanwhile, the third highest average index is the Lack of Commitment
of the Project Team, BR4, and Inadequate Strategic Plannityfy,\viith an average index of
4.39. The fourth highest average index is resistance to changing the existing culture due to
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comfortableness with the traditional method, BR5, with an average index of 4.36. Lastly, the
fifth highest ranked goes to Lack of Standardisation, BR8, with an average index of 4.31.

Tabl.Badri €res Itnopl ement ation of Lean Constr uf

Average Level

Code Barriers to | mpl eme (A1) EvaluatRanl

BR1 Lack of Lean Awareness al 4. 41 Hi gh 1

BR2 | mpl ementati on Cost 4. 11 Hi gh 6

BR3 Lack of Support from Top 4. 39 Hi gh 2

BR4 Lack of Commitment of Pr. 4. 37 Hi gh 3

BR5 Resistance to change in 4. 36 Hi gh 4
comfortableness with tra

BR6 The Nature of the Constr 4.00 Hi gh 7
that of the manufacturin

BR7 Il nadequate Strategic Pl a 4. 37 Hi gh 3

BRS8 Lack of Standardisati on 4. 31 Hi gh 5

Ranked the highest with an average index of 4.41, BR1 highlights the fundamental barrier
to Lean Construction, a widespread lack of overall awareness and comprehension of Lean
concepts. According to Sarhan and Fox (2013) and Bajjou and Chafi (2018)yeffaxin
implementation necessitates a thorough understanding of its principles within organisations.
Without this foundational knowledge, Lean Construction practices and benefits remain
underutilised and underrated. The lack of awareness is often refle¢tbroader issues in
organisational culture and knowledge management, which must be addressed through training
and education initiatives. BR3, with an average index of 4.39, ranks as the-béegloest
barrier. Top management support is vital to oveliogmther challenges, as leadership plays
a crucial role in promoting Lean principles, allocating resources, and fostering a supportive
environment. Aziz and Hafez (2013) emphasise that effective leadership is integral to
establishing and sustaining Learortruction. Without this support, efforts to address
barriers like BR1 (awareness) and BR7 (strategic planning) are likely to falter, as the
momentum for Lean adoption must originate from leadership.

Sharing the third rank with an average index of 4.39, BR4 and BR7 highlight the
importance of team dedication and strategic planning. BR4 focuses on the lack of commitment
from project teams, emphasising the need for teamwork, involvement, and a shpoese pur
among members. Commitment is closely tied to awareness (BR1) and leadership support
(BR3), as it requires a cultural and organisational framework that fosters Lean adoption.
Similarly, BR7 underscores the necessity of structured strategic plannswgrtmssful Lean
implementation. Effective planning ensures that Lean principles are systematically and
sustainably integrated into processes. This barrier is interconnected with BR1 (awareness)
and BR3 (leadership), as strategic initiatives require a& aladerstanding of Lean principles
and robust leadership to guide their execution.

Ranked fourth with an average index of 4.36, BR5 highlights resistance to cultural change
as a significant obstacle. This barrier arises from a preference for traditional methods over
new Lean practices. Resistance is exacerbated by insufficient awafi@Rd3sand lack of
leadership support (BR3). Overcoming this challenge requires a cultural transformation that
promotes the adoption of Lean principles through education, leadership, and a clear
demonstration of the benefits of Lean Construction. With areae index of 4.31, BR8 ranks
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fifth among the barriers. The absence of standardised processes hinders the consistent
application of Lean tools and methods, reducing efficiency and predictability. Standardisation
requires leadership (BR3) and strategic planning (BR7) to establishteahpimctices across
projects. Additionally, addressing BR1 (awareness) is essential, as a thorough understanding
of Lean concepts is necessary to implement and maintain standardised processes effectively.

The findings highlight critical barriers that hinder the successful implementation of Lean
Construction among G7 Contractors in Malaysia. The most significant challenge is the lack
of full Lean Principles awareness (BR1), which corresponds with the résulisvel of
Awareness. This underscores a fundamental issue as without a proper understanding of Lean
principles, industry stakeholders struggle to recognise its value, leading to resistance and
ineffective application. This lack of awareness is not gukhowledge gap but a systemic
issue that affects decisionaking, project execution, and lotgym strategic planning.
Equally crucial is the lack of top management support (BR3), which ranks as the-second
highest barrier. Leadership plays a pivotal ioldriving Lean adoption, influencing company
culture, and ensuring resource allocation for Lean Construction initiatives. Without strong
leadership commitment, awareness campaigns, strategic planning efforts, and team
engagement (BR4) are likely to fallhis highlights the need for a talown approach, where
management not only supports but actively champions Lean Construction.

The findings also reveal that team commitment (BR4) and inadequate strategic planning
(BR7) are closely interrelated. A lack of structured planning can lead to fragmented
implementation, where Lean tools and techniques are applied inconsistently. Wiaout ¢
direction and welldefined goals, project teams may remain disengaged, reinforcing resistance
to change (BR5). The preference for traditional construction methods suggests a cultural
reluctance to embrace innovation, which can be attributed to baiffiaient training and
fear of operational disruptions. Moreover, the absence of standardised processes (BRS8)
further weakens Lean adoption, as inconsistency in application reduces its effectiveness.
Standardisation is a critical factor in Lean successyj®ng that best practices are consistently
followed across projects. This challenge is exacerbated by the lack of leadership support
(BR3) and insufficient strategic planning (BR7), reinforcing the interconnected nature of
these barriers.

Overall, these findings indicate that Lean Construction cannot be successfully
implemented through isolated interventions. Instead, a comprehensive approach isdequired
one that integrates leadership commitment, structured education, strategic planding, an
cultural transformation. Without addressing these barriers in a cohesive manner, the industry
risks stagnation, with Lean Construction remaining an underutilised concept rather than a
transformative solution for efficiency and sustainability. Thesetsesoiphasise the need for
an industrywide shift, where organisations actively invest in training, leadership
development, and policy reforms to create an environment conducive to Lean adoption.

The following section focuses on measures to enhance the implementation of Lean
Construction in Malaysia's construction industry to address the identified barriers. These
measures aim to strengthen the understanding, adoption, and integration of Leplegrinc
enabling the industry to overcome challenges and achieve sustainable improvements.
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Key Measures to Enhance Lean Construction Implementation

Table 5 presents the opinions of 122 respondents on potential measures to enhance the
implementation of Lean Construction. The findings include the average indexes, evaluation
levels, and rankings for each of the seven identified measures.

Tabl.&e$ Measures to Empower Lean Construction | mpl e
Il ndustry

Aver a Level

Ran|
Il ndex Evalua

Cod ¢ Key Measures

educati ol 4.53 Very F 2
n construt

CM1 Sufficient awarene ,
f a

p Commi t m¢ 4.61 Very F 1

r

S
i mpl ement ation o |
CM2 Management Leadershi

vital role in ng Lean

CM3 An appropriate | evel of empoweil 4. 41 Hi gh 3
players is essential to empowel
i mpl ement ati on.

CM4 Ensuring that the construction 4. 31 Hi gh 5
Construction and performing "Ti
enhancing the empower ment of L«

CM5 The i mplementation of a pilot | 4. 36 Hi gh 4
empowering |l ean construction i

CM6 It is vital to adapt the modifi 4. 36 Hi gh 4
projects in order to empower L

CM7 I nvestment in Technol ogies cont 4.61 Very F 1
empowering Lean construction i1

Ranked the highest with an average index of 4.61, Management Leadership,
Commitment, and Involvement, CM2, this measure underscores the critical role of strong
leadership in driving Lean Construction initiatives. Effective management involvement
ensures té allocation of resources, the establishment of a supportive culture, and the
prioritisation of Lean practices within organisations. Without robust leadership, other
measures risk losing momentum, as leadership is essential for countering the identified
bariers and sustaining Lean Construction efforts.

Also, achieving an average index of 4.61 Investment in Technologies, CM7 highlights
the importance of adopting modern technologies to streamline processes and improve
efficiency. Technological advancements can significantly enhance Lean practices hygeduci
waste, improving time management, and optimising workflows. However, this
countermeasureb6s success relies on the | ea
guide technological investments in alignment with Lean principles. With an averageinde
4.53, Sufficient Awareness, Education, and Training, CM1 addresses the necessity of raising
awareness and providing education and training on Lean Construction. This countermeasure
directly tackles the barrier of limited awareness (BR1) and ensuaéslthconstruction
players understand Lean principles. Management leadership CM2 plays a crucial role in
initiating and supporting educational programs, while increased awareness enhances the
overall capacity of the workforce to implement Lean practitiestavely.

Ranked fourth with an average index of 4.41, Empowerment of Construction Players
CMS3 focuses on empowering construction professionals by granting them the necessary
authority, responsibility, and accountability to implement Lean practices. Empowerment
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complements CM1 by ensuring trained professionals can take ownership of their roles and
make meaningful contributions. Effective empowerment also requires management support
(CM2) to create and sustain enabling environments. Tied with an average inde, &fikbt
Projects, CM5, and Lean Tool Adaptation, CM6, emphasise practical application. CM5
promotes testing Lean practices through pilot projects to identify challenges and refine
strategies, while CM6 advocates tailoring Lean tools to fit specifiegrajontexts. These

two measures are interrelated, as insights from pilot projects inform the necessary adaptations
to Lean tools, ensuring their effectiveness in diverse environments.

The findings underscore the critical role of leadership commitment in driving Lean
Construction adoption, as it serves as the foundation for all other Lean measures. Effective
leadership is essential for allocating resources, fostering a supportive catiifgrioritising
Lean practices within organisations. This commitment ensures that Lean principles are
embedded into the organisational culture and cascaded throughout the entire workforce.
However, leadership alone is not sufficient; it must be compieedeby comprehensive
training programs to ensure that all levels of construction professionals understand Lean
principles and can apply them effectively. The study also highlights the importance of
empowering construction professionals at all levels ke tawnership of Lean practices.
Empowerment ensures that even vidined personnel can implement Lean successfully by
granting them the autonomy and responsibility necessary to make decisions and drive change.
Without this level of involvement, Lean irdtives may be undermined by rigid organisational
structures and a lack of accountability, suggesting that Lean adoption should be an
organisatiorwide effort, not just a policjevel initiative.

Despite the emphasis on leadership and training, the study reveals that organisations may
not be fully capitalising on the potential of pilot projects and the adaptation of Lean tools in
realworld contexts. Pilot projects serve as a crucial mechanistagong and refining Lean
practices, allowing for practical application and the identification of challenges specific to
each project. The relatively lower ranking of these measures suggests that while organisations
acknowledge the importance of leadersdnip training, they may be overlooking the need for
structured, ongoing learning and adaptation in practice. This gap highlights the need for a
more iterative approach to Lean implementation, where feedback from practical testing
informs continuous improwveent.

Overall, the findings emphasise that successful Lean Construction implementation
requires a comprehensive and integrated approach. Leadership must drive investment;
training must develop capability; empowerment must ensure active participation; and pilot
projects must refine methodologies. The interdependence of these factors suggests that
focusing on one aspect in isolation is unlikely to yield significant improvements. Instead, a
balanced strategy that combines leadership commitment, training, empoweantental
world testing is essential to ensure that Lean principles translate into tangible efficiency gains
in Mal aysiabs construction sector.

CONCLUSION
In conclusion, this study successfully investigates the adoption of Lean construction

practices among G7 Contractors in Malaysia, with a focus on understanding the level of
awareness, challenges, and strategies for improvement. The findings indicatéitbat w



MCRJ Special Issy&/ol. 26 | No.3 | 205 22

professionals in G7 Contractor firms have a foundational understanding of Lean principles,
particularly regarding waste reduction and continuous improvement, the practical application
of these principles remains a significant challenge. One key difficdéytified is the
alignment of construction processes with client values, which hinders the full realisation of
Leands potential. The study further ident.i
construction, including limited awareness, fffisient management support, resistance to
change, and a lack of standardisation. These barriers are deeply interrelated and must be
addressed through a multifaceted approach. The research recommends a combination of
strong leadership commitment, compretiea training, and investment in supportive
technologies to overcome these obstacles. Additionally, strategies such as pilot projects and
continuous feedback loops are proposed to refine Lean practices over time, ensuring their
effective integration into n@ject workflows. These findings offer valuable insights for
industry stakeholders, including G7 Contractor Companies in Malaysia, on how to overcome
the challenges of Lean adoption and improve project performance.

This study is evident in Lean Constructio
long-term growth within Malaysia's construction industry. By addressing the barriers
identified and implementing the recommended measures, such as enhanced peadershi
training, empowerment, and the use of pilot projects, the industry can streamline operations,
reduce waste, and enhance project outcomes. This, in turn, has the potential to boost
productivity and contribute to more caxffective, timely, and higlguaity construction
projects.

Beyond the construction sector, the findings underscore the broader impact of Lean
Construction on national development. As a key driver of economic growth, the construction
industry can evolve to meet modern demands for efficiency and sustainabilityobyding
Lean principles in everyday practices. Thi
global market, attract investment, and promote innovation while contributing to national goals
of sustainable economic growth and improved public welfarsmLe€ onst ruct i onds
on client engagement and value delivery aligns with several Sustainable Development Goals
(SDGSs), particularly SDG9 (Industry, Innovation, and Infrastructure) and SDG12
(Responsible Consumption and Production), reinforcing isvence f or Mal ays
term development.

By providing a detailed analysis of the awareness and understanding of Lean Construction
among G7 Contractors, it highlights critical knowledge gaps and emphasises the need for
targeted educational programs. The study also contributes actionable strdtegies
overcoming the barriers to Lean implementation, which will help industry professionals
navigate the transition to Lean practices. Moreover, the findings are highly applicable to
Malaysian construction professionals and policymakers, offering a roafimapccessful
Lean adoption. In conclusion, this study not only advances academic understanding of Lean
Construction in Malaysia but also provides practical insights that can help drive the broader
adoption and effectiveness of Lean practices in thetwati®n industry. By addressing key
barriers and promoting strategies for improvement, this research paves the way for a more
resilient, efficient, and sustainable construction sector in Malaysia, contributing to the
countryds economiiiyobjectveet h and sustaina
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However, it is noted that the limitation of the research lies in the potential for selection
bias, as purposive and snowball sampling
referrals, which may not fully represent the broader population atrearion professionals.
Additionally, the sample may be skewed toward individuals who are already aware of or
engaged with Lean Construction, limiting the generalisability of the findings. Furthermore,
snowball sampling may result in a homogenous grouprespondents with similar
perspectives, reducing diversity in viewpoints. A way forward for this research is to expand
the sample size and diversity by incorporating a more randomised or stratified sampling
approach to enhance representativeness. Futud&stcould also adopt a mixetethod
approach, combining qualitative insights fromd@pth interviews with quantitative survey

data to provide a more comprehensive understanding of the adoption of Lean Construction.

Finally, comparative studies acrosdfalient countries or construction sectors could offer
valuable insights into best practices and cors@ecific challenges, further strengthening the
applicability of Lean Construction principles in Malaysia.
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Abstract

Organic soils, with their low bearing capacity and high compressibility, present significant
challenges in geotechnical engineering. This study investigated the stabilisation of organic soil
using a novel combination of construction and demolition waste concrete waste (CW) and by-
product gypsum waste (G). Unconfined Compressive Strength (UCS) tests and Consolidated
Undrained (CIU) triaxial compression tests were conducted to examine strength parameters
and stress-strain behaviour under various conditions. The optimal mix of 10% CW and 10% G
showed a 1108% strength increase after 28 days, while CIU triaxial tests demonstrated
substantial improvements in shear strength and stiffness and reduced axial strain at failure.
Test results revealed that higher confining pressure and longer curing times enhanced soll
strength and reduced axial strain at failure. The combination of CW and G improved effective
cohesion and friction angle, indicating better inter-particle bonding and mechanical
performance. These findings highlight the potential of CW and G as sustainable, effective
stabilisers for organic soil. The stabilisation increased the cohesion from 5i 10 kPa to 20i 30
kPa and enhanced the internal friction angle from 25° to 351 40°. This exhibits the effectiveness
of CW and G in enhancing shear strength and mechanical properties, offering a greener
alternative to traditional stabilisers in foundation design and construction.

Keywords: Consolidated Undrained Compression Test; Sustainable Soil Stabilisers; Organic Soil
Stabilisation, Construction and Demolition Waste; Soil Mechanics; Triaxial Testing

INTRODUCTION

In the last decades, it became clear that structural damage depends not only on the
behaviour of the superstructure but also on the subsoil beneath it; the integrity and longevity
of building structures are intrinsically linked to the stability of theimfdation soil{Akbar
Firoozi and Asghar Firoozi, 2024Qrganic soils, in particular, pose a significant challenge
in the construction and infrastructure sectors. Due to its low compressibility, the excessive
deformation of peat also poses a challenge in engineering practice, not only during
construction bualso in the long terrfZainorabidin et al., 2019)raditional methods in soil
stabilisation have relied heavily on cement and lime, raising environmental concerns due to
their large carbon footprint and resource depletion. As the construction industry increasingly
seeks sustainable alternatives, this leal to a growing interest in naraditional methods,
particularly those derived from construction and demolition waste and wagtedycts,
which align with circular economy principles.

Several industrial byproducts, such as Cement kiln dust (CKD) and fly ash (FA), have
been used as alternative stabilisers to improve soil strength while promoting sustainable
construction practices. Previous studies have indicated that CKD could wopkagseasoil
stabiliser for clayey soils as a result of containing reactive calcium compounds that enhance
soil cohesion and reduce compressibility. Silica fume, asprdguct of the production of
elemental silicon or alloys containing silicon producti@na viable soil stabiliser that fills
micro-voids and generates denser mixtures, improving the stabilised soil's structural
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properties. Similarlyfly ash, sourced from coal combustion, exhibits pozzolanic properties
contributing to longterm strength development in stabilised soils. These materials have been
widely studied for their effectiveness in soil stabilisation; however, further comprehensive
research is necessary to evaluate their performance alongside emerging stabilisers such as
gypsum and concrete waste, particularly in undrained soil conditions.

Concrete and gypsum waste have emerged as promising materials among potential waste
based stabilisers. These materials are efficient in enhancing the mechanical properties of soils.
As gypsum contains calcium sulfate, dihydrate has been found to enhdnstresmth
through cementitious and pozzolanic reactions, improving-terrg durability(Abdolvand
and Sadeghiamirshahidi, 2024)oncrete waste, conversely, preserves unreacted cement
particles that contribute to strength enhancement and soil stabilisation through particle
bonding(Kaptan, Cunha, and Aguia2024) Both materials demonstrated the effectiveness
of chemical reactions that hardened the soil through hydration and pozzolanic reactions
(Kaptan et al. 2024)(Wu et al, 2024) Understanding their effectiveness in stabilising
organic soils requires a comprehensive mechanical investigation, starting with unconfined
compressive strength (UCS) testing to determine optimum mix proportions, followed by
detailed triaxial testing tovaluate behaviour under more complex stress conditions.

The unconfined compressive strength (UCS) of stabilised organic soil specimens
prepared in the laboratory is widely recognised as an important indicator for evaluating the
efficiency of soil stabilisation metho@8lohammadinia et al., 2019 owever, when the sail
is exposed to rapid loading conditions, such as construction loads, it may be subjected to
substantially great confining pressure. The existence of groundwater and the drainage
condition make the UCS not indicative of the actuasite behavioufLuis et al., 2019)

Many researchers indicated that soil specimens under undrained load conditions developed
minimal deformation prior to peak strength compared to drained test specimens, which makes
the undrained condition more crucf{alis et al., 2019)

The Consolidated Isotropic Undrained (CIU) triaxial test provides crucial insights into
the stressstrain behaviour, pore pressure response, and strength parameters of stabilised soils
under conditions that simulate field scenarios. The ability to cospietimen drainage and
measure pore water pressures are advantages over simpler techniques like direct shear and
UCS testingAnon, 1990) Limited research has been conducted on the combined application
of gypsum and concrete waste as soil stabilisers, particularly regarding their effects on soll
behaviour under undrained loading conditions.

This study employs a systematic twbase approach to investigate the effectiveness of
gypsum and concrete waste as sustainable soil stabilisers. The first phase utilises UCS testing
to identify the effectiveness of the materials in enhancing the behafiouganic soil and
determine the optimal mixture proportions by evaluating strength development across various
additive combinations. The second phase employs consolidated isotopically undrained (CIU)
triaxial testing on the optimised mixture to provideeper insights into stresfain
behaviour, stiffness characteristics, and strength parameters under conditions that better
simulate field scenarios. Key parameters investigated include-stragsrelationships, axial
strain at failure, and effectivarength parameters, providing a comprehensive understanding
of the stabilised soil's mechanical behaviour.
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MATERIALS AND METHODOLOGY

This section describes the materials utilised and the methodology followed to assess the
effectiveness of gypsum and concrete waste in stabilising organic soil. The soil properties,
additives, sample preparation, and testing procedures are covered litndéifollowing
subsections.

Soils and Binders

The soil sample was extracted from Gebeng, Pahang, Malaysia, at a depth of 1.5 m below
ground level to ensure the exclusion of topsoil and-nepnesentative samples. Natural
disturbed soil was collected, where the organic soil is the foundation of dhistiiial area.
Organic soil forms in wetland environments where the slow decomposition of submerged
plant materials occurs due to anaerobic conditions, leading to their accumulation over time.
In literature, many researchers have investigated the engiggaoperties of organic soil
and revealed that shear strength is low, indicating that the soil lacks sufficient bearing capacity
for structuregAlmsedeen, Muhammad, and Ishak, 20@Z3inorabidin and Wijeyesekera,
2008) Table 1 summarises the soil characteristicsay) diffraction (XRD) analysis of a
representative soil sample provided mineralogical composition and oxide distribution, as
shown in Table 2. The primary elements identified were C (41.8%), O (35.8%); Al
(7.38%), and Si@(10.4%), with the additional presence of CaQJzeMgO, and S@

Tabl.€&ngi neRrramegrti es of Organic Soil

Properties Method Value / Measure
Moisture Content (%) BS 1377 Part 2: 1990 137
Organic Content (%) ASTM D 2974-87 57.7
Specific Gravity BS 1377: Part 2: 1990 1.6
Liquid Limit (%) BS 1377-2: 1990 113
Plastic Limit (%) BS 1377-2: 1990 88.8
Plasticity Index BS 1377-4: 1990 24.0
Maximum Dry Density (g/cm3) BS 1377-4: 1990 0.69
Optimum Moisture Content (%) BS 1377-4: 1990 60.78
pH BS 1377-1990 3.7
UCS (kPa) BS 1377-7: 1975 36
Tabl i Aeral ogi cal Composition of Organic So
. Mass (%)
Elements / Minerals = =
Organic Soil Ccw G
C 41.8 18.1 8.59
o 35.8 47.0 52.5
Ca 0.08 17.3 13.8
Si 4.67 15.0 0.17
AlL,O; 7.38 - 0.72
SiO, 10.4 39.8 0.37
Cao 0.12 30.4 19.7
Fe,0s 2.87 1.30 0.26
MgO 0.17 - 8.87

SO; 0.43 - 21.4
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Additives and Mixture Design

The additive used in this study is a combination of concrete waste (CW) amidhvig
gypsum waste (G), sourced from construction and demolition activities apbdycts of
industrial waste, respectively. CW gradation has a maximum particle size of 2 aarhQN
standard ASTM sieve), and G possesses a fine content passing through a 45 um sieve. The
particles of each binder were inspected using SEM images, as shown in Figure 1. It is seen
that the CW particles are spherical, and the®ig mainly an elongateshape.

2021-09-07 NM D88 x500 200 um

Figure 1. SEM Image for a) CW b) G

Gypsum and concrete waste are environmentally safe under controlled applications as
soil stabilisers. Gypsum is commonly used in agriculture and soil treatment, improving soil
structure and drainage without introducing harmful contamin@itsZhu and Huo, 2021)
Similarly, concrete waste is an inactive material with negligible leaching effects when used
for soil improvemenfAwn and Abbas, 2022%5tudies demonstrate that combining pozzolanic
materials and calciufrich additives enhances soil strength without significantly amending
groundwateKLi et al., 2023)

The mix proportions ranged from 5% to 15% for each stabiliser by dry weight of the soll,
resulting in three combinations. Each mix was assessed for its effectiveness in enhancing the
mechanical properties of the organic soil through UCS testing. Tableva gshe mixture
combinations.

Tabl Mi 8t ure Combinations

Mix ID CW% G%
S1 B 15
S2 10 10
S3 15 5

Sample Preparation

After the soil sample was ovatried, it was passed through a sieve with a 2 mm opening.
The dry additive's materials powder was combined first with-alvegd soil; then, the mixture
was mixed with water with an electrical blender for 7 min to obtainif@ram slurry. The
final mixture specimens were cast into moulds with 38 mm diameter and 76 mm length. After
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compacting, the top surface was cut off, and the sample was wrapped using plastic wrap to
prevent water loss during the curing period. By controlling the weight e€G&ind water

added to the mould, a consistent density was achieved for specimensegfteation. The
sample was prepared using maximum dry density and optimum water content following BS
1377: Part 4: 1990 to ensure consistency with standard compaction standards.

Specimen Curing

Previous studies focusing on soil stabilisation by mixing with additives have indicated
that strength is enhanced when tidependent cementitious reactions devéMu et al.,
2021) Hence, in this study, the aturing method was used; therefore, the specimens used in
scheduled tests were kept in an airtight container over the curing process in a room
environment.

Testing Procedures

The following sections describe the testing procedures used to assess the mechanical
properties of the stabilised soil, beginning with the unconfined compressive strength (UCS)
test, which serves as a fundamental index of soil stabilisation effectiveness.

Unconfined Compressive Strength Test

The Unconfined Compressive Strength (UCS) was performed following the British
standard BS1377/®art 7: 1990. It is a vital indication for assessing the efficiency of soll
stabilisation methods. UCS has been widely considered a credible and simple experimental
method in several research studies focused on soil stabilisation. The results were egcorded
curing periods of 0, 7, and 28 days for all mixed ratios.

Triaxial device: The automatic triaxial shear device was purchased from GDS
Instruments, UK. It consisted of a Load Frame, Data acquisition unit, GDSLAB control and
acquisition software, Cell, and back pressure/volume controllers. Figure 2 presentssecompl
system diagram.

Load Frame

Data acquisition unit =
GDSLAB control & 9

acquisition software ' i

Triaxial cell - 'y

Cell & Back pressure / - Aa
volume controllers

(Source: Rees, 2013)
Figure 2 . GDS Triaxial Automated System
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Consolidated Undrained (CU) Triaxial Test

The samples were left in curing for 28 days to gain most of the strength expected at the
mature age since the UCS results indicated in previous tests show a high enhancement of
strength at 28 days. The Consolidated Isotopically Undrained (CIU) triaxial wese
conducted on both untreated and treated organic soil samples following BS 1377: Part 7:
1990. The testing procedure consists of 3 stages: saturation, consolidation, and shearing.
Before testing, the pumps utilised to exert the confining and baslsymes were purified to
ensure no air was entrapped in the system. The cell and back pressures were increased linearly
in all specimens until they reached a minimum Skemptorglie of 0.95. After the
saturation period, the-Bst was conducted on theegimen to confirm the saturation level.

The B parameter is defined in Equation:

6 wde.@ (1)

Wh e r e is thepuesultant pore pressure increment due to the confining pressure
increment @ildbc around the speci men.

Then, the specimens were consolidated at three various confining pressures: 50, 100 and
200 Kpa. Once the consolidation was finalised, the specimens were sheared under undrained
conditions at constant strain rates until they reached approximately 20¥%staxial The
deviator stress and pore pressure were measured during the shearing.

RESULTS AND DATA INTERPRETATION

The UCS test was utilised to investigate the effectiveness of the improved additive and
identify optimal mixture proportions by evaluating strength development across various
additive combinations.

UCS Results
Strength Development with Different Mixture Ratios

UCS was conducted for each sample to evaluate its shear strength. The UCS test identified
the optimal mix design for organic soil stabilisation using C@5% CW and 8.5% G) of
total dry weight. Figure 3 presents the UCS results for different combinatioed for 28
days. The control sample (S0O) exhibited low strength at 36 kPa. As can be seen, a significant
enhancement was observed as adding CG to the organic soil increased UCS. Table 4 provides
the UCS growth rate (SGI) for various mixture composgion

"Y'O'D Y6 YWklv Y6 "Wt TYE W p T 2)

Table 5 shows the UCS growth rate for the mixture combinations. For example, with
combination S1, the UCS growth rate reached 491.6% after 28 days of curing. In contrast,
with combination S2, the growth rates were significantly higher, reaching 1108%. This
indicates that the ratios of CW and G influence the efficiency, indicating the mixture
combination has different levels to achieve pozzolanic reaction, rapid strength gains, particle
packing, and effective stabilisation interactions. Different SGI vahies constant 20%
stabiliser content suggest that the CW: G ratio is the key to effective stabilisation.
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Figure 3. UCS of SO, S1, S2, S3 at 28 Days of Curing

Tab4&CS andalSGes

Soil Mixture Composition UCS (Kpa) SGI (%)
S1 213 492
S2 435 1108
S3 175 386.1

Effect of Curing Time on Soil Strength
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Figure 4 . UCS at Various Curing Periods for S1, S2, and S3
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The differences in stabilised soil ds UCS
The strengths of the stabilised soil cured at 0, 7, and 28 days were 5.65 MPa, 7.28 MPa, 8.49
MPa, and 9.11 MPa, respectively, for S2. This pattern informed thatGiseof stabilised
soil increased as the curing period increased. Due to the minimal hydration product
development during the early curing phases, soil particle interactions are relatively weak,
resulting in lower strength. However, as the curing perioceases, the unreacted active
chemicals in the stabiliser are activated further, forming additional hydrates. These materials
progressively expand and fill soil pores, resulting in an intense structure that increases soil
strength.

This study indicated an increase in UCS for organic soil stabilised with 10% concrete
waste (CW) and 10% gypsum (G) from 36 Kpa to 435 Kpa after 28 days of curing. This
finding aligns with previous studies indicating alternate stabilisers are effectibanvioadi
& Boroomand (2021) demonstrated the beneficial impacts of gypsum in soil stabilisation by
using recycled gypsum (bassanite) with cement and lime to improve UCS from 37 kPa to 603
kPa (Mohammadi and Boroomand, 2028imilar findings were made b§Eharma and
Sharma, 2020and (Anon n.d.) who discovered that using construction demolition waste
(CDW) in soil stabilisation considerably enhanced UCS, confirming CDW's feasibility as a
stabiliser.

Optimisation and Analysis

The strength results from UCS were used to identify the optimal mix ratio. The S2
mixture, combining 10% CW and 10% G, was recognised as the optimum mixture
combination. Due to a balanced pozzolanic reaction and sufficient particle packing, this
optimum mkture exhibits the highest strength enhancement. This optimum mixture can be
tested using the CU triaxial test for a comprehensive understanding ofssteés$ehaviour
and effective strength parameters.

CIU Results
Stress-Strain Behaviour Under Undrained Conditions

The stresstrain curves of natural organic soil (S0) and the optimum mixture of stabilised
organic soil (S2) under undrained shear conditions are shown in Figure 5. SO specimens
displayed behaviour distinguished by a gradual increase in stress up teaksstqength at
high strain. This indicates that the soil gains strength as it deforms, which means a ductile
failure mechanism. All specimens reached max deviator stress at an axial strain of more than
18%. Meanwhile, the S2 displays a straoftening tadency, transitioning from ductile to
brittle behaviour. As seen in the ygure, st
increase in deviator strength after 28 days. The results show that initial confining pressure
significantly impacted th stressstrain curves. Higher confining pressure generally leads to
higher peak strength. The effect of the confining pressure in S2 was higher than in SO.

Additionally, the stresstrain curves show the stiffness characteristics of the soil
specimens, a significant factor for monitoring ground settlement during loading, which
demonstrated substantial modification following stabilisation. The stiffnessatediby the
slope of the initial portion of the curve in the elastic region, is lower for SO at all confining
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pressures (50, 100, and 200) kPa. These results suggest that S1 deforms more promptly under
stress, indicating a lower deformation resistance. In contrast, S2 exhibited steeper slopes in
the elastic region, indicating higher stiffness and resistance tonagtion. The increased
confining pressures enhanced the stiffness of both samples, but S2 consistently behaved better
than S1, which can be attributed to the improved material composition due to stabilisation.
These findings imply that S2 exhibits enhaths&uctural integrity, increasing its capacity to
support heavier loads with less deformation.
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Figure 5. Stress-Strain Curve for SO, S2
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Strain at failure (° max) is defined as t
(dmax) or the starting point when UOmax i s
reached failure at an approximately high axial strain of2@B%; the failure pint was less
distinct because of the ductile and continuous strain hardening behaviour. In contrast, S2
reached failure at a lower axial strain compared to S1, with a rangel(®)f% axial strain;
the axial strain at failure significantly decreased wittreasing confining pressure, showing
values of approximately 10%, 9% and 8% for confining pressures of 50 Kpa, 100 Kpa, and

200 Kpa, respectively. The Umax versus ‘' ma
positive linear relation was notickde t ween Umax and ‘ max.
Meanwhi |l e, S2 generally had smaller ‘ max

correlation between confining pressure and axial strain is plotted in Figure 7, as a linear
correlation and predictable pattern were observed between them in samplestingdi
auniform distribution of stresses throughout the soil structure. Furthermore, the stabilised soil
exhibited a gradual failure without rapid strength reduction characteristics.

20

15 ‘\.\‘

0 50 100 150 200 250
Confining pressure (Kpa)

—e—S0 S2

Figure 7. Effects of Initial Confining Pressure 0 N max
Effective Strength Parameters

Figure 8 and Figure 9 present the shear stress versus normal stress during the CIU tests
administered by SO and S2. The results were utilised to establish the effective strength
parameters. Comparative Me@oulomb failure criteria analysis showed sigrafic
improvements in mechanical characteristics. The unstabilised soil failed due to a limited
effective stress range (3107 kPa) and minor cohesive resistance. On the other hand, the
stabilised soil exhibited a significant improvement in engineeringopaeince, with an
increased effective stress range (2080 kPa) and improved failure characteristics. Peak
strength grew by approximately 120 %, indicating substantial microstructural modifications.

Additionally, there is an enhancement in the effective cohesion and internal friction angle;
unstabilised soil exhibited an effective f
cohesion (c') of 40 kPa, whereas stabilised soil exhibited aifigantly improved effective
friction a-dQ hne effective xohesidn (c3 6f-30 kPa. Notably, enhanced
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effective cohesion (c') indicates stronger ifgarticle bonding, which results in inherent soil

strength and resistance to shear

def or mat |

enhanced patrticle interlocking and load transfer capabilities, aramisig soil mechanical
behaviour by improving slope stability, lodgaring capacity, and resilience against

deformation at confining pressures of 50, 100, and 200 kPa.

80.000
70.000
60.000
50.000
40.000
30.000
20.000
10.000

0.000
0.000 50.000 100.000 150.000 200.000

NORMAL STRES$ (

SHEAR STRESS (

250.000

Figure 8. Mohr-Circle for SO

200.000
150.000

100.000

~0.000 \
7.000

SHEAR STRESS (

NORMAL STRE$S$ (

0.000 50.000 100.000 150.000 200.000 250.000 300.000 350.000 400.000 450.000

Figure 9. Mohr-Circle for S2

The results of this study's CIU test showed that stabilised soil altered from ductile to brittle
behaviour, with lower axial strain at failure and higher peak deviator stress. The results of this
study are consistent with a study by Patil and Panda (2621 )discovered that utilising
construction and demolition waste in triaxial testing significantly improved soil strength, with
the highest levels of strength occurring atlB% waste conteriPatil and Panda, 202Ihe
improved stiffness findings in this study are supported by Zhang et al.'s (2022) investigation
of C&D waste with polypropylene fibre in cemestabilised soil, which showed notable

improvements in stiffness and shear strerigtiang et al., 2022)

Engineering Implications

Thefindings provide a clear pathway for applying CW and G as sustainable stabilisers
for organic soils. The improved shear strength parameter ensures that stabilised soils can
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withstand higher loads with reduced deformation, thus minimising-temg settlement
issues in infrastructure projects.

The findings also revealed a transition from ductile to brittle failure behaviour. This
transfer has essential engineering implications:

The bearing capacity increases as the stiffness and strength increase, making stabilised
soil suitable for foundations, embankments, and road subgrades that demand high
deformation resistance.

The reduced axial strain at failure leads to controlled failure patterns, which can be
preferred for pavement structures where excessive deformation is undesirable.

Meanwhile, the increased brittleness may cause cracking under seismic conditions or
cyclic loads, requiring careful design considerations in-ighation or seismically active
environments. To prevent excessive stiffness and maintain a balance betveegth st
enhancement and flexibility, compaction techniques and curing conditions must be optimised.

Therefore, even though stabilisation with CW and G improves strength, engineers must
consider the balance strength gain with ductility to avoid abrupt failure in practical
applications.

CONCLUSIONS

This study investigated the stabilisation of organic soils using a sustainable combination
of CW and G as alternative soil stabilisers. The findings revealed the effectiveness of novel
additives in improving the mechanical properties of organic soilseasiitig challenges such
as low bearing capacity and high compressibility. The key findings of this study are as
follows:

1) The optimal mix (10% CW + 10% G) increased UCS by 1108% after 28 days, while
the CIU triaxial test showed an increase in cohesion frof® &Pa to 2030 kPa
(300% improvement) and an enhancement in the internal friction angle from 25° to
35 40° (4060% ingease). These results confirm that CW and G improve shear
strength, stiffness, and lodaring capacity, making them a viable alternative to
traditional stabilisers like cement and lime.

2) This study also identified a shift in soil behaviour from ductile to brittle failure due
to stabilisation. While this enhances stiffness and structural integrity, it may also lead
to increased cracking risk under cyclic loads. Proper mix design, compaction
techniques, and curing controls must be optimised to balance strength improvement
with adequate ductility for practical geotechnical applications.

The outcomes of this study release new insight into the utilisation of demolition and
construction waste for soil stabilisation. The combination of CW and G not only enhances
soil strength but also aligns with circular economy principles by reusing iredirsforoducts.

This sustainable approach provides a feasible alternative to typical stabilisers such as cement,
minimising the environmental impact of geotechnical and construction practices. However,
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this study did not include environmental leachability tests orlwesefit analyses, which are
critical for largescale implementation. Future research should focus ortémrgdurability
assessments, environmental safety (e.g., groundwater contamirisii®)y and economic
feasibility to validate the reaborld applicability of this stabilisation approach.
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Abstract

A notable reduction in both the frequency and severity of injuries has been observed over the

past two decades or more in the construction industry. However, despite these improvements,

the construction sector continues to be identified as one of the high-risk industries
characterised by its hazardous working conditions. This study aims to explore safety

management practices within the Malaysian construction industry, particularly focusing on

infrastructure construction, and highlight the importance of adhering to safety protocols.

Despite its significant contribution to the country's economic development, the lack of

systematic implementation of safety measures in construction management can result in

accidents, potentially hindering the nation's economic progress. The research seeks to

establish safety management as a crucial element influencing project performance and

success in construction endeavours, with a specific emphasis on infrastructure projects in

Malaysia. Additionally, efforts will be made to enhance awareness regarding the importance of

safety management in construction projects. Data was collected through questionnaires and a

case study conducted at the MRT Line 2 Construction Site. Subsequent analysis of the survey

data was conducted using statistical tools, including the Relative Importance Index (RIl) and

Cronbach's alpha, employing SPSS software. The obtained scores were then transformed into

importance indices based on a predefined formula. A significant proportion of high-impact

factors be |l ong to the categories of '"factors associate
6factors associated with mat er i airankangfdctossghuee p ment 6.
are from 'factors associated wi t horgabkseciatechwito| v e me n't

material and equipmentd, and two from 6factors ass

Keywords: Infrastructure; Construction; Safety; HigRisk; Hazardous
INTRODUCTION

Malaysia is categorised as an emerging industrialised country. According to Lewis (1955),
over half of the national capital formation, which includes construction work, is attributed to
the construction industry. The Malaysian construction sector is &dbedivided into two
main areas: general construction, encompassing residential amdsidential construction.
However, nothing is more crucial to a nation's or community's infrastructure than the ability
to construct commercial and suburban strugteféectively and efficiently. The overall Gross
Domestic Product (GDP), as shown in Figure 1, is contributed substantially by the
construction industry, which plays a vital role in the sastonomic growth. Up to 3% to 5%
of the national GDP is contribed by construction. (Shari, 2000; Takim, 2005). The data
highlights that GDP from construction reached its peak value of 14,517 MYR million in the
fourth quarter of 2018 (DOSM, 2019). Observing the external environment, we perceive a
visually dynamic worldvherein the imperative role of infrastructure construction has become
intrinsic to the progress of a developing country. This sector not only contributes significantly
to economic growth and employment but also plays a vital role in enhancing sociaéingl|
and fostering the advancement of its citizens. Nevertheless, despite safety improvements in
recent years, the construction industry is notorious for its elevated risk of accidents and
fatalities at worksites.
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LITERATURE REVIEW

The construction industry faces a concerning prevalence of accidents and injuries, which
come with substantial personal, social, and economic consequences. Additionally, a
company's standing and operational efficiency within this sector can suffer dueject p
delays and financial setbacks stemming from safdigted work stoppages mandated by
safety officials, as well as the expenses associated with treating worker injuries. Thus,
pinpointing the factors contributing to incidents becomes crucial inifgiely effective safety
measures. By adopting sound safety management practices, the occurrence of risks can be
mitigated, leading to enhanced overall project safety performance.

Safety management stresses the importance of ensuring that safety measures are
implemented and complied with diligently by all construction stakeholders. This section
provides an overview of safety performance practices that impact inadequate safety
managenent in infrastructure construction projects. Loosemore and Malouf (2019)
demonstrate a notable awareness among the participants of their study regarding the
significance of worker readiness in enhancing safety implementation. Additionally,
Demirkesen andArditi (2015) identify protection planning as one of five zaaxident
programs with significant impacts. Table 1 shows a gap analysis of factors contributing to
safety management.

Research Objective
The study objectives are:
1 To explore the factors that impacted the efficacy of safety practice
implementation in construction progress, which significantly impact construction
safety performance and overall project success, utilising the Relative Importance

Index (RII) and examinig correlations among construction practitioners.

1 To evaluate the prevailing safety practices affecting the adoption of safety
measures through a case study analysis of a specific project.
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Table 1. Comparison of Gap Analysis
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FACTOR

RESEARCHER

KEY STATEMENT

GAP

MANAGEMENT

Manual observation
serves as a method
for monitoring

construction safety

1 JeeWoong, Kyungki
& Yong (2017)

Safety monitoring through manual
means is labor-intensive and
susceptible to errors.

1 What alternative methods
can be implemented to
decrease reliance on
manual observation?

Inadequacy of proper
occupational safety
procedures

9 Ayob, Shaari, Zaki
& Munaaim (2017)

Fall-related casualties are often
attributed to the absence of safe
occupational procedures among
onsite workers.

1 What strategies can be
employed to effectively
implement safe
occupational procedures?

Safety Meetings

1 Bayafa, Mahdiyar,
Marono (2018)

Enhancing safety performance at
the project level involves increasing
the frequency of formal safety
meetings with supervisors, as
recommended.

1 What is the optimal
frequency for conducting
safety meetings?

Organizational
Safety Policy

9 Hinze and Wilson
(1999); Wong et al.
(1999)

The development of more detailed
written safety programs provides a
better safety performance.

9 How to improve the key
point needed in safety
policy?

Safety Inspection

9 Hollnagel (2018)

To enhance safety performance, it
is necessary to increase the
frequency of jobsite visits.

1 What is the optimal
frequency for site visits per
week to ensure safety
performance improvement?

WORKER INVOLVEMENT

The attitude of
workers towards
safety

T Mohammadi,
Tavakolan &
Khosravi (2018)

1 Chol.,, Ahn & Lee
(2017)

The safety attitude of workers is
identified as one of the root causes
of accidents.

1 What strategies can be
implemented to enhance
workers' attitudes towards
safety or encourage a
greater embrace of safety
practices?

The allocated of
Personal Protective
Equipment

(PPE)

1 Ayob, Shaari, Zaki
& Munaaim (2017)

Unsuitable equipment and
inadequate safety attire can lead to
breakage due to high-impact
incidents.

i How can we promote a
culture where both workers
and top management
prioritize the use of
Personal Protective
Equipment (PPE) during
construction activities?

Inadequate of Safety
Training

 Demirkesen & Arditi
(2015)

9 Loosemore &
Malouf (2019)

Safety training is identified as one
of the top five high-impact zero
accident techniques.

Lack of proper training is cited as a
contributing factor to numerous
falls.

1 What measures can be
taken to ensure the
effectiveness of safety
training?

Rates of employee
turnover within the

9 Durdyey, S., Ismail,
S., & Kandymoy, N.

High turnover rates are associated
with increased likelihood of higher

1 What factors contribute to
newcomers being

labor force (2018) injury rates. associated with higher
injury rates, and what
strategies can be employed
to mitigate this issue?
Work Load 9 Poon, Rowlinson, Extended job-related stress 1 What are the recommended
Koh and Deng increases the likelihood of making limits for workload that
(2013) errors, which can ultimately result should be imposed on
in fatal construction accidents. workers?
WORKPLACE CONDITION

Lack of proper
housekeeping

1 Haslam et al. (2005)
9 Choudhry & Fang
(2008)

In accident studies, significant
contributions to incidents were
attributed to poor housekeeping
and issues related to site layout
and space availability.

Who bears the responsibility
for addressing and
overcoming this issue?

Limitations or
restrictions present
at the site

1 Haslam et al. (2005)

Fatalities are often contributed to
by inadequate space or challenging
access when performing tasks.

1 Options and thorough
planning.
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This study focuses on safety management within construction sites, aiming to highlight
its significance as a crucial component for project efficiency and advancement in the
construction industry. It will specifically target construction projects in Madaygith a case
study conducted at the MRT Line Two project. This research will underscore the importance
and recognition of construction safety management endeavours.

RESEARCH METHODOLOGY

This study aimed to assess the factors influencing the effectiveness of safety practices
implementation and rank them accordingly. To achieve this objective, the descriptive method
was employed to address questions related to the research purpose, esiogntipast\W
(Who, What, Where, When) and 1H (How) aspects. Additionally, a literature review was
conducted to provide a comprehensive understanding of construction safety management.
Subsequently, data collection was carried out through questionnairesyirigl a pilot
survey, to ensure the questionnaire's effectiveness.

The research unfolded with an exploration of construction safety management through a
thorough literature review. A pilot survey was conducted to validate and refine the
guestionnaire before proceeding with the main questionnaire survey. The actual data
cdlection involved site visits to gather firsthand information. The data collected from both
surveys and site visits will undergo analysis to extract valuable insights.

Pil ot Survey

The pilot survey encompassed professional engineers from diverse backgrounds,
including academia, construction, and consultancy industries. Upon gathering and assessing
the pilot survey results, discussions were held to address technical, logisticaly antiex
encountered issues or challenges. Subsequently, adjustments were made to refine the
guestionnaire structure, and, if necessary, the survey type was modified to a more fitting
format. Following these revisions, the largmale survey was then imptented.

Preparation of Data Collection

The primary aim of data collection is to acquire insights into safety management within
construction projects. To achieve this, a combination of observation and qualitative research
methods will be employed, aligning with the objective of testing the piedetheory.
Through an extensive literature review, all pertinent factors have been identified and
categorised into four (4) main groups: (1) Factors related to worker involvement, (2) Factors
concerning materials and equipment, (3) Factors associatetheitworkplace environment,
and (4) Factors pertaining to management involvement.

Interview

Interviews will be conducted to gather qualitative data on safety practices at the
construction site. This method is considered effective for gaining a deeper understanding and
exploring various perspectives, experiences, and opinions-@yed questionsill be used
to facilitate indepth discussions. Interviews will be conducted eithertadace or over the
telephone, primarily with site safety managers.



MCRJ Special Issyé&/ol. 26 | No.3 | 205 44

Questionnaire

A total of 45 questionnaires were sent to project teams, including contractors, clients, and
consultants. The questionnaire was designed based on factors affecting safety management in
construction projects identified in the literature. Of the 39 congbrugirofessionals who
responded, there was a positive feedback rate of 87%. The questionnaires were distributed
online. The results indicated that the majority of respondents recognised the importance of
adhering to good safety practices in constructi@mjegts to enhance safety efficiency and
prevent workplace accidents and injuries.

Data Analysi s

Upon the completion of data collection, the subsequent phase involves data processing.
The information gathered through the questionnaires will undergo a thorough evaluation and
summarisation. This process aims to derive accurate and pertinent insightsafiety
management for the construction project. The Average Index, Relative Importance Index
(RI'l'), and Cronbachés Al pha will be wused t

Relative Importance Index (RII)
The collected data will undergo analysis. The raw survey data from the questionnaires

will be analysed using SPSS (PASW) version 18 software. RIl will be determined to rank the
important factors of construction project safety.

. B
Rel ati ve =—mportance

W represents the weighting of each factor (1 to 5). A is the highest weight (in this case,
5). N is the total number of samples.

Cronbachés Al pha

Cronbach's alpha is widely used to measure reliability. It assesses how items are closely
related as a group. The coefficient value of Cronbach's alpha ranges between 0.0 and +1.0,
where values closer to 1 indicate higher internal consistency amongntise ite

RESULT AND DISCUSSION
The Reliability of The Questionnaire

The reliability test resul t by Cronbach
Cronbach's alpha exceeding 0.60 is deemed acceptable, surpassing 0.70 is considered good,
and surpassing 0.90 is regarded as excellent. As illustrated in Table 2, allt@® fac
influencing safety management in construction projects exhibited a commendable level of
internal consistency in the formulated questionnaire, with a coefficient of 0.968.

The validity test value also stood at 0.968. These results indicate that the prepared
guestionnaires are both reliable and valid for the subject studies conducted in this research.
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Tabl @€hReliability and Validity Statisti:
Rel i alst attygtics
Cronhdac

Al phaa e@n
Cr o n b®a Standard

Al phg I t ems N of |
. 96 . 96 28
0.968 0.968

The Exploration of RIl and Al in Assessing  the Factors That Influence
Construction Project Safety

The findings from the analysis of the RIl and Average Index for the factors are presented
in Table 3.

The collective survey data is presented in Table 3, revealing that approximately 64.3
percent of the factors influencing heafdated misbehaviour among workers in building
projects fall into the higlimpact category. The remaining 35.7 percent are itiledsas
mediumimpact factors. Notably, a significant proportion of higipact factors belong to the
categories of '"factors associated with the
materi al and equi pme nranking fatarspthree are frem faclorp t er
associated with the involvement of workerod
equi pment 6, and two from 6factors associ at e
3.718 to 3.949.

Upon analysing the resul ts, respondent s
|l nappropriate storage and handling of mate
AB. 3: Poor condition of tools, o6 all Thsel ong

underscores the significance of material and equipmdated issues as the primary
contributors to safety misbehaviour. Other significant contributors to the highest causal
misbehaviour comprise unsafe actions and mindsets, inadequate supeinidi@ctive
communication, negligengaduced accidents, insufficient coordination among contractors
and subcontractors, improper tool setup, and inadequate housekeeping.

Conversely, factors such as 'design alteration' and ‘'lack of teamwork spirit' were less
emphasised by the majority of respondents. Changes in design are deemed less frequent and
necessary in the construction phase, particularly in infrastructure prejgcempared to the
pre-construction phase. Additionally, the importance of work team spirit is downplayed, as
engineers and workers generally prioritise effective communication and collaboration due to
the interconnected nature of their work environmemtimpleting construction projects.



MCRJ Special Issy&/ol. 26 | No.3 | 205 46

Tab88tatiSummarly of Factors I nfluenComgt Sacteitgn MENna

. 1: Totally 2: 3: 4: 5: Totally
FC Factors Description Oppose Oppose  Neutral  Endorse Endorse RII AVI Rank
Factors Associated with The Involvement of Worker
Al Dangerous behaviors and 3 2 9 9 16 0.7692 3.8462 1
attributes
A2 Poor Communication 2 2 12 10 13 0.7538 3.7692 2
A3 Lack of Knowledge 3 4 11 16 5 0.6821 3.4103 5
A4 Lack of experience 2 5 10 19 3 0.6821 3.4359 6
A5 Tiredness and fatigue 1 3 18 12 5 0.6872 3.4359 4
A6 Lack of coordination between 2 4 10 11 12 0.7385 3.6923 3
the main contractor and
subcontractor
A7 Lack of teamwork spirit 3 11 11 10 4 0.6051 3.0256 7
Factors Associated with Material and Equipment
B1 Equipment deficiencies 2 3 8 10 2 0.7795 3.8974 2
B2 Inappropriate storage and 1 2 8 15 13 0.7897 3.9487
handling of material
B3 Poor condition of tools 2 3 10 16 0.7795 3.8974 3
B4 Poor configuration of tools 2 3 9 18 7 0.7282 3.6410 5
B5 Lack of supervision 2 2 12 9 14 0.7589 3.7949 4
B6 Lack of protection in material 4 5 12 11 7 0.6615 3.3077 7
transportation
B7 Lack of personal protective 4 5 13 12 8 0.6923 3.4616 6
equipment
Factors Associated with Workplace
C1 Poor housekeeping 2 1 17 9 10 0.7231 3.6154
C2 Site constraint 2 7 14 11 5 0.6513 3.2564
C3 Accidents due to negligence/ 2 5 8 11 13 0.7436 3.7179
careless
C4 Poor construction sequence 3 10 13 10 0.7231 3.6154
C5 Improper security of job site 10 13 5 0.6359 3.1795
C6 Deficiencies of inspection on 8 11 9 11 0.7189 3.5946 4
worksite
C7 Hesitance to allocate 3 4 12 14 6 0.6821 3.4103 5
resources for safety
measures
Factors Associated with Management
D1 Design alterations 3 6 19 2 2 0.6051 3.0256
D2 Lack of project management 1 8 11 3 8 0.6615 3.3077
and planning
D3 Deficiencies in risk 5 6 6 7 7 0.6667 3.3333 2
management
D4 Lack of awareness from top 5 4 8 11 11 0.6974 3.4872 1
management
D5 Subcontractor selection and 2 4 16 3 3 0.6615 3.3077 4
management
D6 Performance pressure 3 17 0.6462 3.2308
D7 Lack of organisational 1 13 6 6 0.65 3.2500

commitment
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The RII & Al of Current Practice in Construction Projects Pertaining to Safety
Management

As for the current practice of safety management in construction projects, it consists of
14 items that required respondents to rate their feedback ushpgiatd.ikert Scale: Yes,
Sometimes, No. The results of the RIl and Al analysis of the factompesented in Table 4.

Tabl Pedcr iSptaitvesti cs of Current Safety

47

Management

Practice Factor Description AVI SD RIl  Rank
P01. All employees have been briefed on the DOSH guidelines 1.3 053 0148 14
P02.  The HSE policy is distributed to all staff members 1.3 0.61 0.200 4
P03. A campaign of safety awareness is implemented 1.4 0.63 0179 11
P04. A safety toolbox session occurs either daily or weekly 1.1 045 0.184
P05. The Safety Management System (SMS) is implemented 1.3 0.62 0.189
P06. The Emergency Response Plan is enforced on-site 1.3 056 0179 10
P0O7. The designated personnel inspect the formwork braces and other supports 1.3 0.59 0.164 12
P08. The ert_ac_tion and dismantling of scaffolds are carried out under 1.5 0.72 0.194 5
supervision

P09. The site worker is equipped with complete PPE at the construction site 1.3 056 0.179 9

P010. Any accidents are promptly reported to the nearest Department of Safety 1.3 0.59 0.164 13
and Health

P011. Department of Occupational Safety and Health issued a certificate of 1.3 0.67 0.205 3
fitness to all hoisting machinery

P012. Safety signboards are placed at the workplace site 1.3 0.67 0.210

P013. A safety and health officer has been employed to oversee safety 1.2 054 0.189
measures at the construction site

P014. A job safety/hazard analysis protocol is in place and being implemented 14 071 0.2155 1

at the construction site

Percent

Index1
Fi gwrPeer centage of Respondents

Practices
M ves
M Sometimes
W

Regarding

P

Pr
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Thebar chart in Figure 2reispdindetngds tamastwe @
Someti mes' regarding various safety pract
either not yet enforced or not taken serio
safety misbehaviodur s .Jo®p esaiffeitgydlhlayz,ar"dP anal

construction siteo, "POS8: The erection andc
supervision", "PO11: Department of Occupat
fitness gomathi mei gt'i nand " PO0O12: Safety si
site"” are four commonly reported practices
Conversely, upon comparing the question

observations at the MRT 2 construction si
number of conclusions can be drawn regardi

ad health officers is deemed significant, [
indeed hired a safety health officer. Howe
was mentioned that the saf-gt yepddthicemrs iasr e
conducted at specific times, l eading to woa

of ficers are absent.

Further more, there exists a di spagiitteg b
observations regarding adherence to safety
appear to demonstrate a | ax attitudckd ttyowasr
evident i n instances where a resident en
appropriate personal probedyi heareesbspmwhnt e
el evated areas exceeding 1.2 metems fforomher
of di sciplinary action against wor ker s c

apprehension that enforcing penalties mighi
st-wpr k orders.

The Spear mano6s TheAnalgséddactors and Efféctive Practices
at The Construction Project

S p e a r com@efatios was used to assess the relation between factors. The outcomes of
the correlation reveal that all values lie within tthéo +1 range, as shown in Table 5. Using
SPSS software, the correlation test revealed the highest correlation valyssciic pairs
of factors. For instance, the correlation between "B06: Lack of protection in transporting
material" and "P09: The worker is equipped with suitable PPE at the construction site" was
found to be 0.549. Similarly, the correlation beem "D01: Changes to design" and "P014:

Job safety/hazard analysis is implemented at the construction site” was determined to be
0.484, while the correlation between "A04: Lack of experience" and "P07: The designated
personnel inspect the formwork braces @ther supports" was 0.442.

These findings suggest t hat there is a s
contributing to safety mi sbehaviour and C
exampl e, addressing issues relatpdrtatidap t
hel p prevent safety incidents by ensuring
i mpl ementing job safety/ hazard analysis pr .
to the design, and conductainndg siurpsppoercttsi obnys

personnel can i mprove safety in cases of |
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Tabl €EobreBatiwern Worker I nvolvement Factor and

Analysed Factors Analysed Safety Practice Correlation Analysis

Lack of Knowledge Inspection of formwork braces and other supports. AA3: P70 Res

Lack of Experience Inspection of formwork braces and other supports. AA4: P70 Res
The worker wears appropriate PPE at the AA4: P90 083 s
construction site.

Tiredness and Fatig ue Publication of HSE policy. AA5: P20 Res
Conducted Safety Awareness Campaign. AA5: P30 Res
Inspection of formwork braces and other supports. AAS5: P70 Res
The worker wears PPE at the site. AA5: P90 Res

Lack of Coordination Between Inspection of formwork braces and other supports. AAG: P70 Re

The Main Contractor and

Subcontractor

Lack of Teamwork Spirit Inspection of formwork braces and other supports. AAT7: P70 Re
All hoisting machinery obtained fitness certificate from A A7: P11060 R
DOSH.

CONCLUSION

Ins u mm,at's cjear that safety performance in construction development is significantly
impacted by the adoption of safety practices. This research holds importance in assessing the
efficacy of safety practices employed in ongoing infrastructure constructiaruttiging
specific objectives.

The study successfully fulfilled its objectives by utilising the Relative Importance Index
(RI to pinpoint and prioritise factors influencing safety management in construction.
Moreover, it endeavours to establish connections between factors affecfigly sa
management and existing safety practices in construction projects while also validating the
identified factors. This validation is carried out through a comprehensive case study utilising
data gathered from the study's patrticipants.
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Abstract

Term contracts enable employers to expeditiously respond to small works, particularly for
maintenance, within a fixed term at agreed rates. However, some organisations are still wary
of the inherent difficulties associated with procuring small works. The procurement of
contractors to implement urgent repairs and reactive maintenance has proven to be
problematic because the work cannot be readily defined or measured at the outset of the
project. And yet, the Kruger National Park (KNP) continues to use the term contracts model
despite the challenges posed by this model. The research used semi-structured interviews to
establish the critical success factors (CSF) for implementing term contracts using KNP as a
case study. The data was analysed using a code-to-theory model for qualitative enquiry. The
findings of this study identified planning, communication, project characteristics, stakeholder

51

invol vement and the project managerds competence

contracts to achieve effective procurement and operations management practices. Project
managers raised a concern with the lack of monitoring tools during the implementation of the
term contract, especially with regard to measuring the performance against the set objectives
of empowerment of local contractors. However, the measures for project success were found
in the traditional methods, which include cost, quality and time, as well as present practices
involving safety awareness, environmental impacts and dispute resolutions. For term contracts
to be successful, effective management programmes would let the KNP identify innovative and
resourceful operational programmes that will enable project managers to understand their
strengths and weaknesses.

Keywords: Critical Success Factors; Maintenance; Procurement; Project Success; Small Works;

Term Contract

INTRODUCTION

Achieving the planned objectives of the client is crucial for the procurement of a
construction project to be successful (Sayyed et al., 2023). The procurement of contractors to
implement urgent repairs and reactive maintenance has proven to be protbeceike the

work cannot be readily defined or measured at the outset of the project (Hanak et al., 2021).
Windapo et al. (2020) found that organisations are wary of the inherent difficulties associated
with the procurement of small works as the approaciprone to be unstructured and
unregulated than larggecale construction works. The need for the procurement of small works

to enhance efficiency and effectiveness is critical since the delivery of maintenance work is
mportant t o t h d busimegs.aTo ioveradme thia éhallengey ene af lthe
solutions identified for public sector clients is to use term contracts.

Watermeyer (2018), quoting fromthe ISO 6707 defi nes term contr
which enables the employer to order
works executed using term contracts in construction are small works or minos, work
renovations, maintenance and routine projects. Of the four forms of contracts permitted for
use for construction and engineering works (CIR&19), the NEC3 Term Service Contract

wor k

C



MCRJ Special Issy&/ol. 26 | No.3 | 205 52

is the most suitable contract for the implementation of term contracts. However, in practice,
employers such as KNP elect to use other forms of contracts for the implementation of term
contracts (South African National Parks, 2021), which has led to daitureach project
objectives and contributed to contractual disputes.

This research focuses on the Statened Entities (SOEs) under the management of
South African National Parks (SANParks). As a case study, the Kruger National Park (KNP)
has been implementing term contracts since 2004, when the outsourced model of
implemening planned and reactive maintenance was introduced. This was a result of the
initiative by SANParks to offer economic opportunities to previously disadvantaged
communities bordering its parks (Mabibibi et al., 2021), particularly emerging contractors.
CIDB Grade 1 to 3 contractors were engaged for a period of three years to do construction
and maintenance of buildings, fences and roads. For these contractors, these works can be
complex, administratively burdensome and may lead to failure because ofl lzajtacity
and experience. To attain the best value for small works procurement, KNP needs to
implement operational management methods to efficiently handle-soadd works within
their estates.

Studies conducted by different researchers on successful small works project delivery
regarded effective performance management (Offei et al., 2019) and categorised factors that
could affect the projectods succ edtanfofuses mpr o |
on task completion, and operational management success is defined as the repetitive steps
required to achieve the project objectives by managing both tasks and teams (Zhang et al.,
2024). To understand project success in small works, KleEs}2afescribes it as a process
that can provide rules and regulations for emerging contractors to cooperate. The main
purpose is to establish a binding agreement between parties under the law. However, CSFs
can contribute to achieving project success budowg on why and what contributes to the
success. This indicates a challenge of identifying key project components along with their
CSF that meet client expectation$his involves implementing established project
management methodologies such as initiating, planning, executing, monitoring and
controlling, and closing. It also requires effective communication, risk management and
resource management to ensure succesiglivery. By following best practices, project
managers can ensure successful project completion and the delivery of the intended results
whilst considering environmental concerns that include factors such as legal, cultural,
sociological, technologicalna financial. This holistic approach ensures all aspects are
addressed and project managers can effectively navigate and mitigate potential challenges
(Kumar et al., 2023). However, projects at the KNP continue to fail, and the client continues
to be dissasfied with the quality of completed work.

Since CSF can vary from project to project and organisation to organisation (Qammaz &
AlMaian, 2020) and most studies did not consider the size of the projects and assumed that
CSF applied across all project types, the need to identify factors thaiditid¢he successful
implementation of term contracts in the KNP is required to coordinate a variety of tasks with
different start and end dates, within a contract whilst adhering to safety protocols and
employing modern technologies to enhance efficiency.
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LITERATURE REVIEW
Term Contracts

Construction works can be classified into either large or small projects, and small works
can be divided into unplanned (reactive) and planned (scheduled) projects (Bukari, 2022).
With each project, an agr eement iltidseahdathel i n g
clientds compensation obligations is recei
procurement and management apply to both, but practices should be customised to match the
specific nature, characteristics, and scale of the task dt kinwever, some urgent repairs
are carried out with instructions without a prior quotation and without a formal arrangement
between the contractor and a client (Windapo et al., 2020). Most term contracts are typically
continuous and involve multiple acities with distinct start and finish dates within the same
contract (Deprez et al., 2018yhey do not always have specifics on how risks will be
addressed and may not always accurately reflect the size, complexity and value of the work
involved. Even thogh they can specify a minimum quantity of deliverables, with the
possibility of additional needs, in most situations, they are set up for maintenance (Van
Huyssteen & Maxwell, 2021).

Term contracts are defined as a preventative or corrective maintenance system over a
predetermined period, as set out in contract documentation, managed by project managers
responsible for both capital and operational expenditure (Mangano & De Marco, 2014;
Yousefli et al., 2017). They are usually arranged by project managers who manage both the
capital and operational expenditure (Birch, 2019) to minimise the time required for awarding,
and sometimes the costs are negotiated. The NEC4 term service clamtraatntenance
defines term contracts as work that should be done over a period of more than one year
(Eggleston, 2019). The JCT (2017) further adds that term contracts should be used by clients
who require a continuous stream of maintenance, minor wanksimprovement projects to
be completed by a single contractor within a specified period.

The motivation for term contracts is that the main maintenance contract already exists,
but other separate small works can be performed. Where a sound business relationship exists,
one contractor can be appointed for different kinds of work. However aobmanagement
problems resulting from inexperienced project managers may affect not just the main project
but al so the operation of the estateds |
procurement management and operations system for smal inditke context of KNP, as it
is important to the business.

The Kruger National Park Context

In the KNP, term contractors are appointed for three years and utilised for small building
works, renovations and road maintenance works (SANParks, 2021). According to the tender
documents, these term contractors are required to execute planned rermrogfiams and
to respond as and when required to urgent larger maintenance projects from floods or other
damaged infrastructure in a geographical area of the park. This method of executing
maintenance projects using the term contracts model was introduttedKNP to minimise
the time required to award construction projects to contractors and reduce the costs associated
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with this process because the client can quickly initiate the work without the need for a lengthy
tendering process.

The KNP is one of Africads | argest game
borders Limpopo and Mpumalanga provinces, west of the Lebombo Mountains on the
Zimbabwean and Mozambique borders, as seen in Figure 1.

South African Map
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Figure 1. The location of the Kruger National Park in South Africa

The term contracts model in KNP describes the use of procurement to promote social and
national agenda as a project's secondary objective while delivering the infrastructure within
budget, cost and quality as the primary objective (Watermeyer, 2018). Eqwie
distinction is important in measuring the project's success through a wider lens which
considers the project's sog@gonomic impact. The focus of this paper is on the importance
of implementing term contracts and how they can deliver the best wathe management
of small works within the context of an organisation with a large property portfolio.

Suitable Form of Contracts for Term Contracts

The Construction Industry Development Board authorised the use of four main forms of
contracts for engineering and construction works in the public sector (CIDB, 2019). The
recommended contracts are contained in the JBCC Series 2000, the GCC for Constructi
Works, FIDIC and the NEC family of contracts. However, the South African construction
industry continues to use the JBCC as it plays a fundamental role in offering standardised
contract forms, dispute resolution services, and educational opportuiitiesigh its main
aim is to promote fairness and transparency, the complex legal language and specific
terminology may be intimidating for those not familiar with it. Certain provisions in this
contract require actions to be taken within specified tintadsa These can often be stringent,
and missing these deadlines may lead to severe consequences, including financial losses. With
most of the small contractors always exceeding the duration period and budget, this is always
a problem. Another fundamentamiitation of this contract form is its singular approach to
procurement, which is the traditional approach and separation between design and
construction. However, over the years, the KNP has implemented term contracts using mainly
the JBCC Principal Buileig Agreement.
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The NEC family of standards is suited for the implementation of term contracts through
its Term Service Short Contract, which contains standard provisions drafted explicitly for this
purpose (NEC, 2013). The JBCC is generally preferred. NEC offers maiigilfte for a
wider range of projects, including smaller works, whereas the JBCC is specifically designed
for building projects. The key difference between the two contracts lies in their focus on risk
allocation, collaboration, and suitability for spécibroject typesfor small works.

In these small works, the pricing strategy is another important determinant of how the

prices are calculated and the apportionment of risk between the parties (Cremer, 2021).
YabarArdiles et al. (2023) stated that the pricing strategies can be catelgasiséher price
based or costs based, the difference being that the contractor is paid based on the
predetermined estimates which includes risks and market premiums regardless of his costs on
the former and payment is according to what the contractot sipethe latter. The JBCC,
GCC and FIDIC forms of contracts are suitable for use with {irés®d models, while the
NEC can be used with both price and dusted models (Deacon & Kajinghakantu, 2024).
SOEs such as KNP should consider using the NEC @droontract for the implementation
of term contracts to improve project outcomes.

Success and Challenging Factors of Term Contracts

Large organisations like the KNP rely on vast, diverse property holdings that are crucial
to their business. Sustaining these resources usually involves significant yearly costs for
maintenance, upgrades, renovations, and minor construction projectac8vities form the
category of small works, which is defined as projects with a value of R3 million or less or
projects with a duration of not less than 6 months (Conley & Gregory, 1999). Previous studies
on CSFs did not consider the size of the projectd,it was assumed that CSF applied across
all project types. Gao et al. (2020) supported this observation and noted that most studies were
conducted on large projects due to the potential savings in value, and it was unknown whether
the same success fart were appropriate and sufficient for small works. It was further argued
that it has become apparent to researchers that a different approach is required for the unique
nature of small works (Debela, 2022).

Silva et al. (2016) formulated a framework for evaluating CSF, which categorises various
aspects of efficiency in the short term (quality, cost, schedules, safety and cash flow) and
effectiveness in the long term (client satisfaction, employee moraléapitity, environment
impact, learning and growth). Rowe (2020) expanded the idea with a process that includes
reduced paperwork, increased teamwork, simplified design requirements, and innovative
procurement.The benefits of this framework are listed @sluced design costs, lower
schedule overruns, and lower change order costs. To assist in assessing and quantifying the
success of projects in order to optimise resource allocation. Gunduz and Almuajebh (2020)
considered the perspectives of all projeckaltelders as crucial, with the most significant
CSF relating to project finance and top management of resources like materials, production
and workforce. Moeuf et al. (2020) further included risks and opportunities for SMEs as they
must meet complex cliemixpectations. The research highlights the significance of training
as the most crucial factor for project success. It also emphasises that managers play a
prominent role in the success of projects.
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The challenge of lovprice reliance for project appointments has resulted in schedule
delays, compromised quality of work, increased costs and a high incidence of claims (Deacon
& Kajimo-Shakantu, 2023). These bids do not guarantee maximum value as figjuali
contractors may submit lower bids with an expectation of making profits through changes and
claims.

Another disadvantage when outsourcing small works to emerging contractors is the lack
of technical and managerial knowledge that has led to dealing with one contractor repeatedly.
Since term contracts often lack specificity in terms of addressing riskprebamsively,
project managers tend to enter into several identical term contracts with one contractor.
Pascuakt al. (2012) expand on this argument by suggesting that outsourcing maintenance
services can result in a reliance on a single contractor, tpdhemeading to monopolistic
behaviour from the contractor. This dependency can result in the contractor setting high rates
for their services. Haidar (2021) highlighted that disputes often arise from irregularities and
contradictions within contracts,hich can negatively impact contractual performance. The
increasing complexity of the issues involved in these disputes can make resolution more
challenging. So, how then can the best value in both procurement and operational
management of small works inethiKNP be delivered?

METHODOLOGY

This research adopted the interpretivism philosophy, which offers precise insights into a
phenomenon through firsthand experiences, avoiding broad generalisation (Creswell, 2015).
Furthermore, qualitative research offers a nuanced understanding of a phenoby
considering the perspective of those experiencing it, rather than relying on broad
generalisations (Biggam, 2008). Interpretivism aims to incorporate a depth of insight and
richness in understanding (Saunders et al., 2012) of the factors tHatdilb the successful
implementation of term contracts within Kruger National Park.

A qualitative research approach was employed to examine the problem thoroughly.
Qualitative research allows for the development of new strategies while creatively gathering
data, leading to a more comprehensive and insightful exploration (Neuman, 2014). A
gualitative research approach is adequate because term contracts enable employers to
expeditiously respond to small works, particularly for maintenance within a fixed term at
agreed rates. The failures are attributed to the fact that not all projedis aesrte regarding
CSF and that the factors can vary from project to project and organisation to organisation.
Qualitative research enables participants to freely express themselves on the phenomenon
under investigation without restriction. This openness ltalp overcome the challenges
associated with procuring for small works.

Target Population and Sampling Technique

The sample selected is the entire population of project managers in the Kruger Park
involved in the implementation and management of term contracts due to its manageable size
of 15 people, according to the structure of the project management unit foNtheStaff
members who have left KNP due to resignations and retirement will be contacted to obtain
their views and a historical perspective on the implementation of term contracts. This was
done to aid the researcher in gaining valuable insights fronctipartis who have directly
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experienced the issue being investigat@tiis method allowed for a more -@epth
understanding of the problem from the perspective of those involved (Creswell, 2015). A
purposive sampling was adopted, as the researcher intended to get insights from the KNP
project managers only. Purposive samplinvolves the researcher using their judgment to
select participants who possess specific characteristics or qualities that are relevant to the
research study. This approach allows for a targeted and intentgeetien of participants

based on the research objectives (Rai & Thapa, 2015). The sample comprises 15 project
managers with building, civil engineering and quantity surveying backgrounds in the park.

Data Collection

Data collection is the process of systemically gathering the necessary information with
minimal inaccuracies to ensure that the analysis yields reliable and meaningful results. By
utilising appropriate methods and techniques, researchers can ensure dlagd ttollected is
accurate and representative of the phenomenon under investigation, leading to trustworthy
and logical conclusions (Parveen & Showkat, 2017). Data was collected using semi
structured, opeended interview questions. This method allowexd & flexible and
exploratory approach to gathering information, enabling participants to provide detailed
responses. These interviews were done using video conferencing tools like Zoom and Teams.
The integration of digital technology in research offensage of benefits, including the
convenience and coesffectiveness of online methods in comparison to traditionpéiison
data collection techniques (Labinjo et al., 2021). By leveraging digital platforms and tools,
researchers can reach a wider audierand facilitate data collection from diverse
geographical locations. Additionally, digital technology enablestiea data collection and
analysis.

According to Blumberg et al. (2008), sestiuctured, opeended questions also enabled
the researcher to get elaborated responses and help confirm the knowledge and perspectives
the participants already possess, as well as uncover new information.efaewmguestions
were themed around: (1) how CSF for implementing term contracts can be established. (2)
how best can procurement and operational management be delivered for small works, and (3)
the causes of failure or success in term contracts in KN@.n€lt step is to analyse the
gualitative data, code and categorise themes to construct theories.

Data Analysis Technigues

The utilisation of NVivol0 software proved beneficial in the coding and categorising
process, enabling the researcher to analyse and organise data effectively. Using this software
helped to systematically identify patterns and themes and construct tHemsess on the
refined data. Schreier (2012) describes qualitative content analyses as a method of assigning
meaning to qualitative data in a systematic way. The initial level of coding typically involves
descriptive coding, where raw data is broken down smaller segments and assigned
descriptive labels or codes (Elliott, 2018). This process helps to identify patterns, themes and
overarching concepts present in the data. Through descriptive coding, several codes are
grouped together to form a common ideaategory.
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Saldanha (2021) emphasised the importance of verifying the categories that have been
developed through the coding process. Once the categories have been established, the final
stage involves comparing them to the original data to ensure the accuracyidihdofahe
interpretations. This analysis helps researchers to confirm the relevance and coherence of the
categories, ultimately leading to the construction of a-de¥eloped scheme, design or
theory. This iterative process of comparing, refining @alitating is essential.

Corbin and Strauss (2008) explained that the systematic interrelation of themes and
concepts develops a coherent and meaningful theory which contributes to the advancement
of knowledge in the field. Figure 2 below shows descriptive coding categorisipgptitems
affecting project success, and the pattern coding is appropriate for the second cycle coding,
which pulls together material into a smaller number of more meaningful units. Although this
does not capture the whole process, it still shows the exibpland richness of the data
analysis.

Descriptive

Coding Pattern Coding

Figure 2. The First Level of Coding The Raw Data

The study's code to theme table for the implementation CSF in term contracts and how
can the best procurement and operations management for small works be delivered is shown
in Table 1. A manually created set of codes was generated by conducting a thealgsis
of qualitative data.

Table 1. Example of The Manually Created Set of Codes from The Theory Model
Code Category Common Theme Refined Theme Theory
Communication

Determining essential elements

Stakeholder Project Planning . and critical success factors for
Stakeholder Critical success ] -
Management and manager & . project management in small works
: involvement factors
Collaboration team Proiect mal Spalek (2005)
J Herath & Chong (2021)
competence
. Project management for small
Project Scope . . h L 4
and Resources Project Project characteristics Technical Skills projects _
e related Complexity of project Altarawneh & Samadi (2019)

Availability

Rowe (2020)

The connection between criteria for
Contract Organisatio Procurement of Procurement success factors that contribute in
Management nalg contractors systems organisations
Processes Allocation of budget Y Cserhati & Szab6 (2014)

Deacon & Kajimo-Shakantu (2023)

Evaluation systems for project
Project and Risk Golden Time Measures of control, success and failure
Management — Budget — Taherdoost & Keshavarzsaleh
Strategies 9 Quality (2015)

Gunduz & Almuajebh (2020)
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Code Category Common Theme Refined Theme Theory

The link between perceived service
quality and client satisfaction
construction contract management

Successful

Change Contract : . competency
completion of projects Performance .
Management performanc Successes and challenges in
; 8 Empowerment of management -
Considerations e contractors sustainable development goals
Sagib et al. (2008)
Hansen, S. (2021)
Mabibibi et al. (2021)
Factors affecting the capacity of
Pre-establishment of small enterprises
Project Proiect term contract Impacts of procurement strategies
Components and ject Post-establishment of Quality Key factors that prompt changes to
A Allocation
Complexity term contract standard contract forms

Ogwueleka (2013)
Windapo et al. (2020)

RESULTS AND DISCUSSION

The sample selected in this research comprises project managers in the KNP with
experience in the implementation of term contracts. The level of involvement in the
implementation of term contracts was not prescribed for this study. However, it became
appaent that the years of experience and being part of the projects from initiation to close
out are important. According to Table 2 below, there are 15 different members involved in
the management of projects. Their roles are of project managers, conaaatgns, quantity
surveyors, architects and quality assurers.

Table 2. Demographics And Years of Working in The KNP

. Professional Registration Number of
el R Status Years in KNP
PM-A  B-Tech in Architecture SRR AE TR 7

Technologist
National Diploma in Civil Engineering currently

PM-B pursuing B-Tech Not registered 8
PM-C Il?]'gfgjlgér: ﬁg:azg%i]r;ifring & Post Graduate Diploma Not registered 2
PM-D M-T_ech Construction Management and Certificate in Candidate Pr.CPM with 3
Project Management SACPCMP
PM-E  MSc in Project Management Not registered 2
PM-F  B-Tech in Quantity Surveying Pr.CPM with SACPCMP 7
PM-G  B-Tech in Architecture Not registered 2
PM-H  B-Tech in Civil Engineering Not registered 3
PM-| BSc Quantity Surveying SACQSP candidate 5
PM-J National Diploma in Civil Engineering Not registered 4
PM-K  B-Tech in Architecture Not registered 2
PM-L BSc Construction Studies Not registered 4
PM-M  B-Tech in Quantity Surveying SACQSP candidate 6
PM-N  B-Tech in Civil Engineering ECSA, Prof Eng 9
PM-O  National Diploma in Civil Engineering Not registered 2
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In terms of demographics, it is significant that none of the participants in this study have
worked for the Kruger National Park for a period exceeding 10 years, which posed a challenge
to answering one of the questions, which is whether the term contnacksl has been
successful over the past 10 years.

The primary question of this study, which guided the analysis, is: What are the CSFs that
will lead to the successful implementation of term contracts?

Factors That Will Lead to The Successful Implementation of Term Contracts

The interview participants believed that there are many factors that will lead to the
successful implementation of the terms of contracts in the Kruger National Park. But the
outlined themes were mostly highlighted during the research. The researchey tipese
factors according to categories to delineate the relationship between the different factors.

Theme 1: Planning

The interview revealed that planning is one of the CSFs for the successful implementation
of term contracts as it is deliberate, with a focus on managing risks througiysttgp
actions (Phillips & Landahl, 2021). For effective planning, projects sheuoklure the
uninterrupted usage of resources like equipment, materials and human resources (Papke
Shields & BoyeiWright, 2017). If delays happen, project managers should adjust time, cost
and resources to meet the target. During the interviews, respsndéarred to the lack of
proper planning as a source of project failure-Bkemarked as follows:

APl anning is a basic requirement for proj
undermined as it plays a role in the succe!

Furthermore, PM) added that the most common way of overcoming project failures is to
establish effective systems for capacity planning and spending enough time on defining work
tasks, selecting appropriate technology, determining necessary resourcetnating the
duration of each task.

With term contracts in the KNP, a lot of effort goes into work packaging for emerging
contractors to manage workloads. These need to be project managers to keep track, analyse
any deviations, detect out of control situations and take appropriate coresttores for the
projects they are involved in.

PM-E said that il f enough time is spent
appointed, everything should be in place,
However, the planning process cannot be done in isolation from the other critical success
factors. There is an interdependency between communication and the involvement of

stakeholders (Gunduz & Almuajebh, 2020).

Theme 2: Communication

The goal of communication is to convey information from one party to another.
Therefore, effective communication ensures that the receiver comprehends the message in the
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same manner as intended by the sender (Carita, 2015). The problem is that construction
projects have different parties with different goals, and these goals may not be compatible.
The primary objective of the client is to achieve the highest quality armadidnality while
keeping costs to a minimum. On the other hand, the contractor aims to meet financial targets
while ensuring client satisfaction (Ayhan, 2019).

To improve efficiency, aid communication, and promote consistency of action, the Park
encourages standardised operational processes. However, communication can be intertwined
as there is a client and there is also a Hospitality Services Managers or Caragelda
responsible for the tourism aspect of the
dependent on balancing both the strategic and operational teams. During peak seasons, work
is constantly disrupted to accommodate tourists; both projectgaenand contractors need
to adjust their schedules for low peak seasons and resources. But this does not always happen
as more claims are done for delays, coordination errors, payments and idling labour.

PM-C commented on the alignment with tourism operations and said the following:
ADuring peak times, there are wusually 1issu
the visitors to the park. o

PM-D stated that fConstant communication i
gui dance and also to avoid disputes. o

Day-to-day issues affecting the project should be reported timeously and resolved through
communication with the other stakeholders involved. But the park's remoteness, distances
between camps, unavailability of network coverage, strict and limited wolnkings due to
gate closure and the alignment of project plans with the tourism operations have caused too
many contractual disputes, delays in payments, and changes in plans and scope.

The parkdéds area of | and has i-Ehrespbondechase d i
foll ows: AKNP is big, and there are a | ot (
to another can be even an hour. If a contractor is awarded work on diffeesnthss can
really cause delays and disruptions. 0o

To improve on communication, efficiency and productivity, project managers should
frequently communicate using innovative information and communications technology (ICT)
tools and internebasedconstruction project management systems to enhance the ability to
achieve project success in the KNP, considering the remote environment that does not have
enough network coverage. Using the latest technological advances, such as having virtual
meetings, wuld mitigate the challenges caused by the distances anteresss of some of
the locations of the projects.

Electronically linking and transferring projectlated data between dispersed project
participants, such as clients, project managers, and contractors, has numerous potential
benefits. These include enabling seamless collaboration, facilitating thereapldtion of
ongoing project issues, and reducing the necessity for unnecessary travel time and associated
cost overruns (Wuni & Shen, 2020).
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Theme 3: Project Characteristics

As procurement and operational management becomes increasingly critical in public
sector organisations, the importance of applying specific performance measurement methods
to measure and improve processes cannot be overstated. These methods are essential f
ensuring project success and achieving organisational goals effectively. Most projects aim to
achieve five key objectives: relevance, efficiency, effectiveness, impact and sustainability.
By focusing on these goals, project managers can ensure agositivibution to the overall
organisation. Project managers in this study listed the following project characteristics as
success factors for the implementation of term contracts:

1 The size of the projects is relatively small, with values ranging from R100 000 to R5
million in value

9 The duration of the project should be less than 6 months

1 The location of the projects is remote, with limited influence or impact from outside
communities

1 The scope of work is maintenance or renovations in nature

1 The authority for scope, schedule and budget lies with the project manager

1 Change in scope and budget is readily accepted while time is a critical constraint

9 Attributes related to the delivery and contractor selection methods.

Although effective project management is important for the successful accomplishment
of projects, an ecmnnovative practice is required in the park to improve levels of
sustainability. Most disputes have been on additional sustainable interventionsebefcaus
verbal instructions and also the capacity and knowledge of these emerging contractors about
the concept.

For term contracts, quality management programmes can also inspire the entire
organisation to actively discover and tackle opportunities for improving operational
performance while also helping project managers better understand their strengths and
weakneses.

Theme 4: Stakeholder Involvement Characteristics

Involving stakeholders allows projects to leverage the knowledge and expertise of
different stakeholders. Relational multiparty contracting methods have been widely
recommended as a solution for boosting value creation, benefiting not just the clidab but a
other project stakeholders (Aapaoja et al., 2013). The internal stakeholders that also benefit
are the different professionals within the Technical Services Department (Project
Management Unit), such as the architect, quantity surveyors, civil engieleetrical
engineer and project managers. These stakeholders would provide expert judgement as input
to the planning, execution and monitoring of the projects. Other internal stakeholders include
the camp manager, maintenance officers, rangers, and/sgph management officials.

Respondents believe that the involvement of key stakeholders is critical because the
requirements for the project are obtained from hospitality managers, and there could be
different expectations from different managers. Some project managers explaintt tha
stakeholders in the park were sometimes manageable because of the limited numbers
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involved. The project managers also observed that there is very limited political interference
on the projects in the park. A comparison with projects outside the Kruger was made by PM
K, stating the following:

il would say that we have | earnt that at
in which we allocate work, because the Park is isolated, and we do not belong to any political
coverage. 0

The project manager went on further to explain the allocation of work to contractors as
based on an objective criterion for merits. This motivates contractors to deliver projects within
the constraint of scope, costs and schedule. Furthermore, commumégtgr which have
become a norm on most projects, are not withessed in the Kruger. This is not to say that the
neighbouring communities around the park are not consulted. But a department and processes
specifically designed to do social engagements wittall development support to the
communities will do that.

Theme 5: Project Managerés Knowl edge, Expel

Project managers believe that knowledge, experience and training are critical.
Knowledgebased leadership fosters a culture of -sgHluation and assessment of the
operating environment, assisting project managers in identifying necessary improvements
related to personnel, policy, and procedures. By encouraging continuous learning and
adaptability, knowledgbased leadership empowers managers to make informed decisions
and drive positive changes within their projects. Some project managers raised cibvaterns
some project managers do not possess the necessary domain knowledge and experience,
which has led to project failure.

PM-C made these comment s: AMy recommendat
given to the civil engineers. And, buil di ni
He further went on to say the foll owing:

engineering project. o

The emphasis by the project managers on specialist background was evident as the
preference was that a project manager should either have training in Civil Engineering and
Building Science or Construction Management or Quantity Surveying for buildiagd
projects. The reason for this is that the project managers believe that the responsibility for
coordinating tasks, comparing them to the baseline plan, analysing deviations by other
stakeholders, taking appropriate corrective actions and monitoringueiligy of the works
lies with them; it is thus crucial to have the necessary specialist knowledge and experience.

Training platforms can serve as a catalyst for driving change and improvements in various
areas, such as procurement systems; operational systems; educational, training, professional
development, and cooperative learning systems; and technological syBieoféering a
structured and interactive environment for continuous learning and skill development, project
managers enhance their competencies, adopt best practices and leverage new technology.
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Project managers also raised a concern with the lack of monitoring tools during the
implementation of the term contract, especially with regards to measuring the performance
against the set objectives of empowerment of local contractors.

Practical Implication of the Findings

Procurement and operations practices are essential but costly activities for any
organisation, as a significant portion of their revenue and operational budget (sometimes up
to 70%) is allocated towards acquiring goods and services necessary to maitain it
operations. The study identified keywords, labelled and clustered as codes to form categories
and the following themes: planning, communication, stakeholder involvement, project
manager 6s competence and project iocdimmact er
contracts (Silva et al., 2016). According to the experience of the project managers in this
study, the term contracts have been successful during the period in which they have been
employed in the KNP. The measures for project success areingyvaty include both
traditional metrics such as quality, time and cost as well as contemporary indicators like
safety, environmental impact and minimum site disputes. While the traditional focus on
economic aspects of the project, the contemporary meaam@esmed at sustainability and
addressing communitielated issues that are pertinent for sustainable construction practices.

As part of implementing an effective management process, the overall performance of the
term contracts has heavily depended on improved performance of the contracting processes.
The project managers raised a concern with the lack of a monitoring toob dhen
implementation of the term contract, especially with regards to measuring the performance
against the set objectives of empowerment of local contractors. The current practice is to
evaluate the achievement of the intended objectives using the upuabitity of the
contractor from a lower CIDB grading level to a higher level. Usually, this upward mobility
is achieved at the end of the term of the contract.

For term contracts to be successful, quality management programmes can inspire the
entire organisation to actively discover and tackle opportunities for improving operational
performance whilst also helping project managers better understand their strandth
weaknesses. And implement alternative procurement systems that may provide flexibility in
planning and managing workloads to contribute towards the best value in the management of
small works.

CONCLUSIONS

Based on the findings, the study suggested that planning for the small works involves
improved communication between stakeholders; employing project managers with relevant
skills, qualifications, knowledge, and experience; maintaining good relationshids; a
formulating a winwin situation for all stakeholders involved. Most of the work done in the
park encompasses a broad spectrum of interrelated tasks; these need to be managed by setting
up standardised procurement strategies and project documentation, Mm@ r i ng contr
performance and defining roles precisely.
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In managing term contracts, challenges often arise, as revealed by the study indicating
that most participants strongly agreed on several key issues. These challenges include unclear
project scope, unrealistic timelines, and budget constraints, whicmpautiproject delivery
and overall success. Additionally, inflexibility in contract terms, payment conflicts, and
inadequate utilisation of information and communication technology (ICT) were also
identified. Addressing these challenges requires effectimamunication, strategic planning,
enhancing project transparency, ensuring project performance and the adoption of advanced
technologies to streamline contract management processes. By addressing these challenges
proactively, procurement and operatiopedctices will improve, and better project outcomes
will be achieved.

Empl oying project managers with good man
lead to improving monitoring tools for emerging contractors within the national contractor
devel opment programme. By creating an en
capabiities may be developed, and their management skills may improve as they upgrade
their CIDB statuses.

Contributions

This study made findings which have useful implications to practice. The contributions
to practitioners are:

T It emphasises the importance of practical actions which can be taken by project
managers to enhance their ability to achieve project success.

1 Implementing term contracts necessitates thorough planning and consideration of
various factors, including plant and equipment specifications, local labour availability
and the complexities of maintenance work involved.

Recommendations

The outcome of this study listed critical success factors for the implementation of term
contracts. However, there is no ranking, and the study does not identify the most important
success factors.

For the Kruger National Park, it is recommended that the park employs qualified project
managers as procurement and operational management of term contracts require skills in
contract management, claims management and stakeholder management. A programme fo
continuous learning and professional development competencies should be in place. And
performance metrics should be established for all employees.

For the project managers, implementing term contracts requires skills to keep track,
analyse any deviations, detect-ofitcontrol situations and take appropriate corrective actions
for the projects they are involved in.
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Abstract

Energy sustainability is a growing concern as energy demand rises and climate change
awareness increases. Buildings in tropical climates consume substantial energy, mainly due to
air conditioning. The materials used in construction significantly impact heat exchange and
energy dissipation. Thus, sustainable design decisions should be made early, preferably during
the feasibility and initial design phases. Building Information Modelling (BIM) can expedite this
process by enabling the evaluation of design alternatives and materials that affect building
energy performance. This paper explores the use of BIM to evaluate the energy-saving
potential of different wall materials for the academic buildings of Block A, Faculty of
Engineering, Universiti Malaysia Sabah. Design alternatives included Insulated Concrete
Forms (ICF), Vacuum Insulated Panels (VIP), Aerated Concrete, and Polyurethane (PU) foam
insulation. This study used BIM software to create a case study model, which was then
simulated with energy analysis software to analyse current energy consumption patterns. The
study identified that VIP had the lowest Energy Use Intensity (EUI) and U-value among the wall
types, providing optimal insulation and energy efficiency. A subsequent cooling load analysis
demonstrated that VIP walls led to a 23.6% reduction in cooling load and energy consumption
compared to traditional brick walls, translating to substantial energy savings. The optimised
wall materials identified through energy analysis resulted in an impressive cooling load energy
savings of 113 kWh/m? of electrical energy, with an EUI value of 203 kwh/m?/year.

Keywords : Energy SustainabilityBIM Energy AnalysisBuilding EnvelopgWall Materials
INTRODUCTION

Energy saving has become increasingly important due to concerns about climate change
and the need to reduce greenhouse gas emissions. With finite resources and rising fossil fuel
costs, improving energy efficiency and transitioning to renewable sourcessagtial for
environmental preservation, economic benefits, and energy security (Akram et al., 2022). This
research compares external wall materials in terms of energy consumption using a case study
and Building Information Modelling (BIM) to analyse theharacteristics and environmental
impact comprehensively. Buildings are among the largest energy consumers, with usage
influenced by factors like size, location, age, and design. Older buildings typically consume
more energy due to outdated systems atack of energygaving features (Motalebi et al.,
2022). On the other hand, enemgfyicient buildings equipped with higberformance
windows, insulation, and advanced lighting systems significantly reduce energy consumption
and operational costs (Firdaes al., 2021). Campus buildings, in particular, contribute
significantly to greenhouse gas emissions, as their high energy demands for cooling, heating,
and lighting often rely on fossil fuels (Nagpal & Reinhart, 2018). Globally, the building sector
accounts for about 28% of C£&emissions from energy use (Ortelgaiz et al., 2022).
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I n Mal aysia, achieving the governmentos t
by 2030 requires energgfficient practices and renewable energy adoption. However,
reliance on fossil fuels and deforestation from palm oil production remain chedleng
(Mustaffa et al., 2022; Vats & Mathur, 2022). By leveraging BIM, this study evaluates the
energysaving potential of wall materials, focusing on their thermal performance in tropical
climates. The findings ai m t ehilesamripuwingtto Mal a
global efforts to reduce energy consumption and greenhouse gas emissions.

The building envelope, which includes the roof, walls, windows, and foundation, plays a
critical role in energy sustainability because it acts as a barrier between the interior and
exterior of the building (Motalebi et al., 2022). A wdlsigned buildingnvelope can help
to reduce the amount of energy needed to heat and cool the building, resulting in lower energy
costs and a smaller carbon footprint. Additionally, the building envelope also contributes to
in natural ventilation and passive solar heatwbjch can further decrease the need for
mechanical heating and cooling systems (Verma & Rakshit, 2023). Overall, the building
envelope is an important aspect of energy sustainability because it can significantly impact
the energy efficiency of a buildirand reduce its environmental impact (Gao & Meng, 2023)
(Ali-Ashgar et al., 2022). The materials used for the building envelope can have a significant
impact on the energy efficiency and sustainability of a building. The type of materials used,
their insulding properties, and their durability can all play a role in determining how well the
building envelope performs in terms of energy efficiencyYAkiri & Szabd, 2021). The use
of appropriate materials for the building envelope is significant because greatly affect
the energy efficiency and sustainability of the building. One of the most important factors to
consider when selecting materials for the building envelope is their insulating properties.
Using highquality insulation materials can helpduee heat loss or gain through the walls,
roof and foundation, which can reduce the amount of energy needed to heat and cool the
building (Macek & Kosina, 2021). This can result in lower energy costs and a smaller carbon
footprint.

Additionally, the use of durable and lawaintenance materials can help to prolong the
life of the building and reduce the need for maintenance or repairs, which can save resources
and costs over time. Another important consideration is the thermal méss wfaterials
used. Materials with a high thermal mass can absorb and store heat energy, which can help to
reduce heating needs in the winter. Similarly, materials with high solar reflectivity can be
used to reduce the amount of heat absorbed by therguiddring the summer, which can
reduce cooling requirements. Using sustainable and renewable materials for the building
envelope can also help reduce the environmental impact of the building. For example, using
materials made from rapidly renewable resesror materials that have lower embodied
energy can contribute to the reduction of the building's carbon footprint. The utilisation of
appropriate materials in the building envelope is significant as it can greatly impact the energy
efficiency, durability and sustainability of the building. Choosing the right materials can help
reduce energy costs, prolong the building's life, and minimise its environmental impact (Wei
et al., 2023).

Building Information Modelling (BIM) is a digital tool that can be used to design, analyse,
and manage the construction of a building. It can also be used to improve the energy efficiency
and sustainability of the building envelope. One of the key bewoéfising BIM in the design
of the building envelope is that it allows architects and engineers to analyse the energy
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performance of different design options in a virtual environment. This can help to identify
areas where energy losses occur and determine the most effective ways to improve the energy
efficiency of the building envelog&hah et al., 2023BIM also allows for the simulation of
different weather conditions and the assessment of different materials and systems for their
energy performance, thermal properties, and energy efficiency. This can help to optimise the
design of the building envelepand ensure that the final design is as energy efficient as
possible. Additionally, BIM can also be used to manage the construction of the building
envelope, which can help to ensure that the materials and systems used are installed correctly
and that théuilding envelope performs as intended. BIM is a powerful tool that can be used

to improve the energy efficiency and sustainability of the building envelope. By using BIM

to design, analyse, and manage the construction of the building envelope, itihéeposs

create a more energpfficient and sustainable building (Adishgar et al., 2023).

Previous research has been conducted on the selection of materials and other factors for
the building envelope to improve energy efficiency. For instakeenar et al. (2020)
compared the properties and performance of various building insulation materials, such as
polyurethane foam, polystyrene foam, mineral wool, cellulose fibre, and aerogel, and to
analyse the thermal conductivity, density, compressive strength, watertadysoapd fire
resistance of the insulation materials, and evaluates their performance in terms of energy
efficiency, durability, and environmental impact. Additionalyni et al. (2022) evaluated
the impact of passive design strategies on building performance in warm and humid climates.
The study focuses on variations in the building envelope design, including shading devices,
window-to-wall ratio, and insulation levels. Another study®tritih et al. (2018jocused on
the integration of phase change materials (PCMs) into the building envelope to achieve net
zero energy performance. The study provides a comprehensive review of passive PCM
technologies and their application in the building envelope for heatidgooling purposes.

It covers various aspects such as the types of PCMs, their thermal properties, their
compatibility with different building materials, and their effectiveness in reducing energy
consumption.

The selection of appropriate materials in the building envelope can have a significant
impact on the energy efficiency and sustainability of a building. It is important to consider
the energy performance and environmental impact of the materials wheningsigd
constructing a building. Malaysia, as a tropical country, is hot and humid, and consequently,
an enormous amount of energy has been used by the cooling system in public buildings. Most
problems in these buildings are wasting energy related tolamgsystem, and most of the
time, users of these buildings are not satisfied with the level of tempefidtasamo et al.,

2023) For this study, four materials were selected for evaluation based on their insulation
capabilities, durability, affordability, ease of construction, and environmental impact. The
reasons for selecting these materials are as follows:

ICF is a building construction material consisting of expanded polystyrene (EPS) foam
blocks that are stacked on top of each other and then filled with concrete. This material is
known for its excellent insulating properties, durability and resistandeetarioisture, and
pests. ICF walls are also easy to build and can save on construction time and lab@ar costs
et al., 2022)VIP is a highperformance insulation material consisting of a core material such
as fibreglass or foam enclosed in an airtight envelope. The vacuum within the envelope
reduces heat transfer through the material, resulting in a very higlluR per inchof
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thickness. VIPs are lightweight, thin, and easy to install, making them a good choice for
retrofitting existing buildinggKan et al., 2022)Aerated concrete, also known as cellular
concrete, is a lightweight and porous building material composed of cement, water, and a
foaming agent. It has good insulating properties, is-résestant, and has high sound
absorption. Aerated concrete is alswvironmentally friendly, as it is made from recycled
materials and requires less energy to produce than traditional coacitiehodjaev et al.,

2021) PU foam insulation is a type of spray foam insulation that is applied as a liquid and
then expands to fill gaps and cavities. It has excellent insulation properties, is resistant to
moisture and pests, and can help improve indoor air quality by redaicindiltration. PU

foam insulation is also durable and can help improve the structural integrity of a building
(Amaral et al., 2021)

In this research, the authors conducted a cooling load analysis to compare the amount of
cooling needed for the current wall and the lowestdlue wall material among the four
materials that were tested. The selected materials were chosen based aothieisigation
properties, thermal resistance, and low embodied energy. The objective of the study was to
determine which material had the lowestvdlue, which is a measure of the rate of heat
transfer through the wall. By obtaining this information,écbmes possible to design and
manage more sustainable and enefficient buildings that reduce unnecessary energy
waste and save on electricity bills.

RESEARCH METHODOLOGY

This study utilises Building Information Modelling (BIM) to evaluate the energy
efficiency of various wall materials by simulating their impact on building energy
performance. The methodology involves modifying the physical specifications of building
wall components, simulating these changes using BIM, and analysing the energy consumption
through Autodesk Energy Analysis.

The case study selected is Block A of the Faculty of Engineering, Universiti Malaysia
Sabah (UMS), a foustory building located on the UMS Kota Kinabalu campus. This building
was chosen due to its high energy consumption, typical of administrative asehréca
facilities in Malaysia. The base model assumed standard construction practices, with wall
materials commonly used in Malaysian public buildings. The intended steps are:

MODEL &
SIMULATION ANALYSIS
Perform energy
Develop a 3D BIM analysis using
model using Autodesk Insight
Autodesk Revit for 360 to evaluate and
energy simulation achieve optimal
COLLECTION  2nd optimization.” mopIrICATION | Energy UEEEI] ENERGY
DATA WALL ntensity (EUD- EFFICIENCY
Gather all building Test 4 type i
drawings and data, building envelope redi‘:ﬁ}ﬁdl:e ig:;ggﬁn
including architectural materials and wall the wall t ye witl:]‘-l (heg
anq struc‘lural delails, configurations lowest EU}’E&gdin‘:t the
i mpmég‘t(;l"\umd%k within Revit's baseline wall through
. Energy Serttings. cooling load
simulations.

Figure 1. Methodology of This Study



MCRJ Special Issy&/ol. 26 | No.3 | 205 73

Case Study

TheFaculty of Engineering (FKJ) is an academic building located at theaaaipus of
UMS in KK, Sabah. Block A, which operates as the main building, was selected as a research
centre and consumes a high electric load. This building, as administration, is fully occupied
by students, administrative staff, and academic staff. @thiktings in FKJ include Block B,
Block C, Block D, and Block E. Block A serves as the case study building, comprising
administration offices and tutorial rooms. The operation hawesfrom 8 AM to 10 PM,
Monday through Friday for lectures and 8 AM to 5 PM for administration offices. The
occupancy rate is high for Block A throughout the week, while the rest of the blocks are used
based on class schedules or upon request. The btsldingcture is reinforced concrete, and
the roofs are pitched and covered with clay tiles without roof and wall insulation.

The facade is covered with cement sand render, and the main materials of the exterior
walls are plaster and brick. Figure 2 is the front view of the Block A, FKJ building at UMS,
Kota Kinabalu, Sabah. To begin the analysis, the location of the FKJ UM8etersined
to be positioned at latitude 6.0345° N and longitude 116.1217° E. The region experiences an
average monthly precipitation of 196 mm, with wind speeds ranging from calm to moderate
breeze, rarely exceeding 7 m/s. The-dwyb temperature in thaea ranges from 21.9°C to
32.8°C, and the relative humidity typically varies between 82% and 86%. Overall, the climate
in this region is characterised by consistently high air temperatures and relative humidity
throughout most of the year.
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Figure 2. The Front Vie of The Selected Building for The Energy Analysis

Development of A 3D Model

The CAD drawings of Block A were imported into Autodesk Revit 2023 to create an
accurate 3D architectural model, capturing all essential structural and functional elements,
including walls, windows, floors, and roofs. Key material properties, includingngéde
resistance (Fralues) and thermal transmittance-{alues), were input to reflect realbrld
conditions accurately. Additionally, the model incorporated zoning and occupancy data to
simulate energy use across different spaces, such as offices amal totwums. Figure 3
illustrates the detailed 3D architectural model of Block A, showcasing its structural
components and spatial layout as prepared for energy analysis
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Development of Building Energy Model

After the building had been modelled in Revit Architecture, an energy model was

Figure 3. Block A FKJ 3D Architecture Plan by Autodesk Revit Software

generated using Autodesk Energy Analysis, which is a-luiltature of Revit software

(Figure 6). Before creating the energy model, the location of FKJ UMS was setting, as

depicted in Figure 4.

Based on the current specification, FKJ is facing west. Therefore, the author needs to
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(@ (b)
Figures 5 (a) and (b) . Sun Path Analysis Throughout The Year at Sabah

To improve a building's energy efficiency, it's recommended that its windows face north
and east directions and are positioned near the centre. This is because windows facing south
and west tend to receive more direct sunlight and heat, which can intweased for cooling
and ventilation, while windows facing north and east receive less direct sunlight and heat,
resulting in a more stable indoor temperature and reduced need for energy consumption.
However, the specific energy efficiency results of ddag depend on various factors such
as the building's location, climate, design, and materials used. Additionally, energy efficiency
can be further improved by using BIM to evaluate energy consumption by building services,
along with other relevant facerHowever, current BIM practices still have uncertainties that
can limit the effectiveness of the solutions proposed for a building. These uncertainties arise
from factors such as neglecting external shading, building textures and materials, variations
in sun angles throughout the year, not evaluating different locations and climatic conditions,
and not considering lighting loads.

Figure 6. The Development of A Simplified Energy Model to Use for The Energy Simulation
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Modification of Wall Materials

This study evaluated four wall materials, selected based on their thermal performance.
Each material was matched with equivalent wall types available in Revit to ensure accurate
simulation. The Walues were calculated to evaluate the thermal resistamaelofmaterial,
with lower U-values indicating better insulation and energy efficiency. The selected materials
and their corresponding-thalues are summarised as follows:

1. Base Casel1l10mm thick brick walls with 20mm plaster on both sidesv@lue:
3.773 W/m2K, Table 1).

2. Aerated Concrete (AACY 150mm AAC blocks (Walue: 1.3636 W/m2K, Table 2).

3. Polyurethane Foam Insulation (PU) 50mm PU foam applied to brick walls {U
Value: 0.4415 W/m2K, Table 3).

4. Insulated Concrete Forms (ICF) Concrete forms with insulation (Malue: 0.3 to
0.1 W/m2K, Table 4).

5. Vacuum Insulated Panels (VIP) High-performance panels (Malue: 0.005 to
0.001 W/mK, Table 5).

The Uvaluesfor these materials were calculated using the formula:
U=1/TotalR (@)

Where: U is the overall heat transfer coefficientv@ue) in W/m2K; Total R is the total
thermal resistance of all layers combined in m2K/W

The thermal resistance of each layer was calculated based on its thickness and thermal
conductivity, while some Walues were directly sourced from reputable literature or
manufacturer specifications to ensure accuracy. This methodology enabled a detailed
comparison of the thermal performance of various wall types and their impact on overall
energy efficiency. For example, the baseline case (brick wall with plaster) demonstrated the
highest Uvalue, indicating the least insulation performance, whereas eeldanaterials like
VIPs offered significantly lower Walues, showcasing superior energy efficiency. The
following tables (Tables ib) summarise the dalue calculations for the baseline and
alternative cases.

Table 1. U-Values for Baseline Case: Brick Walll
(110mm Thick Brick Walls, With 20mm Plaster on Both Sides)

. . k (Thermal Conductivity R (Thermal
Material Thickness (mm) W/mK) Resistance mzK/W) References
Plaster 20 0.57 0.035088 (The ©
. e Open
Brick wall 150 0.77 0.194805 University, 2023)
Plaster 20 0.57 0.035088
Total R (m2K/W) 0.264981

U-Value (W/m2K) 3.773861
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Table 2. U-Value for Case 1: Aerated Concrete (AAC)
(150mm Thick Aerated Concrete Wall)

Material Thickness (mm) < (Therm%IW(r:r(])Prg)d uctivity ResiSth:rmfll W) References
Plaster 150 0.2044 0.7333 Ungg;g pzegza)
U-Value (W/m2K) 1.3636

Table 3. U-Value Calculation for Case 2: Polyurethane (PU) Foam Insulation (110mm thick
brick walls, 20mm plaster at both sides, with 50mm external PV foam insulation)
k (Thermal Conductivity R (Thermal Resistance

Material thickness (mm) W/mK) m2K/W) References
PU form 50 0.025 2
Plaster 20 0.57 0.035087719 (The Open
Brick wall 150 0.77 0.194805195 University, 2023)
Plaster 20 0.57 0.035087719
Total R (M2K/W) 2.264980633
U-Value (W/m2K) 0.441504879
Table 4. U-Value for Case 3: Concrete Forms (ICF)
Material U-Value (W/m2K) Reference
Concrete Forms (ICF) 0.3t00.1 (Build It, 2023)
Table 5. U-Value for Case 4: Vacuum Insulated Panels (VIP)
Material U-Value (W/m2K) Reference
Vacuum Insulated Panels (VIP) 0.005 to 0.001 (Architectos

Cooling Load Simulation

After identifying the wall type with the lowest Energy Use Intensity (EUI) through energy
analysis in Autodesk Insight 360, two simulation cases were conducted to compare the
cooling load requirements and determine the potential energy reduction. Thea$iest
serving as the baseline, used traditional brick walls with plaster on both sides (Table 3), while
the second utilised VIP. For these simulations, the walls in the 3D model were modified
accordingly: the first model featured traditional brick walléhwplaster, and the second
incorporated VIP.

RESULTS AND DISCUSSION

The results highlight the energy performance of the building when using four different
wall materials, focusing on their thermal
load, as summarised in Table 6. Autodesk Insight 360 simulations prokldedalues,
enabling a comparison of the efficiency of each wall type. As a result, the cleseakidd
were used to match equivalent wall types in
including composition and structure, aligned acclyat€his approach provided reliable
insights into their energgaving potential.

Lower U-values indicate greater energy efficiency, with VIP demonstrating the best
thermal performance among the materials analysed. ICF showatl&s ranging from 0.3
to 0.1, indicating good energy efficiency. VIP proved to be the most erffiggnt material
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in the analysis, with Walues from 0.005 to 0.001. The energy efficiency of a material
improves as its Walue decreases. These findings suggest that using VIPs can substantially
enhance a building's energy efficiency.

Table 6. Wall Types and Equivalent Revit Wall Configurations

_— U-Value Equivalent Wall U-Value
L= DEEEghta (W/mz2K) type in Revit (W/mz2K)
1 Base case: 110mm thick brick walls, with 20mm plaster 3773 N/A N/A
on both sides.
2 Case 1: Aerated Concrete (AAC block 150mm) 1.3636 R-2 CMU wall 1.4142
3 C_ase 2: _110mm thick brick walls, 20mm plf_:lster at both 0.4415 R-13 wood frame 0.4869
sides, with 50mm external PV foam insulation wall
4  Case 3: Concrete Forms (ICF) R-13 + R10 metal
0.3t00.1 frame wall 0.3316
5 Case 4: Vacuum Insulated Panels (VIP) R-38 wood frame

0.005 to 0.001 0.1545

wall

Insight Output Report

An Insight output report, which includes the EUI values, was generated from the Energy
Analysis in Insight 360. EUI stands for Energy Use Intensity and is a key measure of a
building's energy efficiency. Expressed in units of kWh/m?/year, EUI representstti
energy consumed per unit area of the building over the course of a year. It is calculated by
dividing the buildingébés t ot a-hours orkWh byite ner g
total floor area (in square meters, or m2) and then dividingothéhe number of days in the
year. EUI serves as a valuable metric for comparing the energy performance of different
buildings, especially those with similar use types. Generally, buildings with lower EUIls are
considered more energpfficient, as they amsume less energy per unit area compared to
those with higher EUIs. The following Table 7 presents a summary of thetypall
modifications analysed in this study to assess the impact on the energy performance of the
case study building.

Table 7. Summary of Analysis on The Modification of Wall Types

— U-Value Equivalent Wall U-Value EUI
L= DEEE (WIm?2K) TypeinRevit  (W/mK)  (KWh/m2yr)
1 Base case: 110mm thick brick walls, 3.773 N/A N/A 218
with 20mm plaster on both sides.
2 Case 1: Aerated Concrete (AAC block 1.3636 R-2 CMU wall 1.4142 208
150mm)
3 Case 2: 110mm thick brick walls, 0.4415 R-13 wood 0.4869 208
20mm plaster at both sides, with
50mm external PV foam insulation
Case 3: Concrete Forms (ICF) 0.3t00.1 R-13 + R10 metal 0.3316 204
5  Case 4: Vacuum Insulated Panels (VIP) 0.005 to 0.001 R-38 wood 0.1545 203

As seen in Table 7, a lowervhlue for a wall corresponds to greater energy savings for
the building (Sofias et al., 2023). This relationship can be further explained using the Overall
Thermal Transfer Value (OTTV) formula:

OTTV =SC x (1- F) x U + SHGC )
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Where: SC = shading coefficient; F = fraction of opaque surface; U = overall heat transfer
coefficient of the building envelope; SHGC = solar heat gain coefficient

The OTTV measures the overall heat transfer through the building envelope, helping to
quantify the building's energy efficiency. This formula considers factors such as solar heat
gain coefficient, shading coefficient, aneMdlue of the building envelog&hah et al., 2023)

The OTTV formula is used to determine the amount of heat that is transmitted through the
building envelope, which in turn affects the amount of energy needed for heating or cooling
the building. By applying the OTTV formula, designers and architectsémise building
designs to reduce energy consumption and improve energy efficiency.

In this study, the wall component contributes approximately 0.2% to 5% of heat transfer
into buildings in tropical climates. Thus, modifying wall types in such climates is not expected
to yield substantial energy savings. However, in a-fmason climategs shown in Figure 4,
the impact of wall components on overall energy consumption becomes significantly higher.
The variation in seasonal temperatures requires walls with greater insulation capacity to
reduce heat loss during cold months and heat gaingdwarmer months. This underscores
the importance of wall insulation in | ower .|

Wall Construction a
500

EUL+- ()

A
* o

9-
100 9o 90900

Wall Construction

Figure 4. Wall Construction Curve Under 4 Seasons Climate Location

Based on Insight 36006s Energy Analysis, f
configuration that achieves the lowest EUI for the case study building. Among the tested
materials, VIP demonstrated the lowest EUI, indicating superior energyentfici
Consequently, VIP was selected for further analysis to quantify the impact of this material on
the buildingbs cooling | oad requi r-sammnt s,
potential.

Cooling Load Simulation Result

To evaluate the cooling load reduction achieved with the VIP material compared to the
baseline traditional brick walls, a detailed cooling load analysis was conducted. To understand
the cooling needs across the building, the interior rooms were catedwnyrisse and grouped
into four zones, with each floor represented as one zone. This zoning strategy allows efficient
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management of the air conditioning system and ensures each zone receives the appropriate
cooling. The installed Variable Refrigerant Volume (VRV) system adjusts cooling output
based on demand in each zone, enabling precise temperature control and iraperggd
efficiency. By conducting this cooling load analysis, the cooling requirements for each space
were determined, ensuring that the air conditioning system was optimised for maximum
efficiency and coseffectiveness.

Table 3. Cooling Load Energy Simulation Report for Brick

Calculated User Design Calculated User Design Calculated User Design

Design Load [W] Load [W] Design Load [W] Load [W] Design Load [W] Load [W]
1 12143.75 21 5516.33 41 6712.13
2 4605.21 22 5515.95 42 5555.76
3 4597 23 5000.81 43 1409.57
4 12107.23 24 5002.31 44 3339.72
5 4924.13 25 6773.7 45 3774.33
6 4410.89 26 17213.17 46 8203.57
7 4410.94 27 3822.97 47 17579.15
8 4987.49 28 3418.32 48 7032.66
9 2716.91 29 1426.69 49 3478.24
10 2222.95 30 5597.09 50 3896.3
11 659.58 31 7962.09 51 5096.71
12 2575.12 32 16951.32 52 5160.39
13 2129.76 33 6713.72 53 5622.99
14 2810.49 34 3335.01 54 5622.37
15 4170.01 35 3820.63 55 17594.05
16 8106.39 36 5416.15 56 7031.51
17 393251 37 4919.2 57 5853.18
18 3332.94 38 4926.46 58 3509.42
19 17195.66 39 5414.14 59 3893.94
20 6830.58 40 16963.79 TOTAL 477684.53

Table 4. Cooling Load Energy Simulation Report for Vacuum Insulated Panels (VIP)

Calculated User Design Calculated User Design Calculated User Design
Design Load [W] Load [W] Design Load [W] Load [W] Design Load [W] Load [W]

1 14789.34 21 7335.2 41 7701.9
2 5874.96 22 7342.1 42 8235.5
3 5868.98 23 6431.3 43 2418.5
4 15014.93 24 6443.5 44 4686.4
5 4787.51 25 7728.1 45 5370.3
6 5277.57 26 21213 46 11533
7 5208.9 27 5385.9 47 22309
8 5100.64 28 4851.8 48 8144
9 3799.3 29 2502.6 49 5335.3
10 3350.79 30 8477.6 50 5173.6
11 1562.15 31 11356 51 6330.4
12 5200.72 32 21355 52 6509.4
13 3451.25 33 7564.8 53 7615.9
14 3853.25 34 5134.7 54 7672.8
15 7314.06 35 5137.3 55 22066
16 11793.97 36 73425 56 8268.9
17 5365.72 37 6234.6 57 8965.6
18 5070.83 38 6349.9 58 5301.4
19 21492.15 39 7311.4 59 5530.6
20 7752.92 40 21089 TOTAL 364945.4
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The results from the HVAC Sizing Summary in Autodesk Revit indicate that the design
cooling load for the brick wall is 477,684.53 W, while for the VIP wall, the design cooling
load is 364,945.4 W. This demonstrates that the building with VIP walls regigrécantly
|l ess cooling energy compared t o-valleéheonale wi t
transmittance). A lower Walue reduces the amount of heat transferred through the external
walls, resulting in lower cooling energy needs. This msethat bettemsulated walls, such
as VIP walls, require less energy to maintain a comfortable indoor temperature compared to
traditionally insulated walls. By selecting wélisulated materials like VIP, cooling energy
consumption can be significantlyeduced, leading to cost savings and a reduced
environmental impact.

CONCLUSION

The use of VIP as a wall material, rather than traditional brick walls, has demonstrated a
significant reduction in cooling load and energy consumption. Research findings indicate that
VIP walls have the lowest Malue and EUI value among the four wall égpassessed,
indicating superior insulation and energy efficiency. This improved insulation reduces heat
transfer into the building, which translates into decreased cooling energy requirements and
achieves a 23.6% reduction in cooling load. While the ahangvall types did not yield
substantial energy savings for the EUI in this particular case study, the impact of VIP walls
becomes more pronounced in fagason climates, where temperature variations are greater.
This highlights the importance of consitlg) energyefficient materials for potential energy
savings and environmental benefits in diverse climates.

The study underscores the need to consider specific properties of wall materials, such as
U-value, thermal admittance, solar absorption, and thickness, to maximise energy efficiency
in buildings. The thermal properties of wall materials directly influethescooling load
required to maintain a comfortable indoor environment, making material selection critical in
reducing energy consumption. Wall materials with a lowaallie provide better insulation,
thereby decreasing heat transfer between indoor amtba@uspaces, which leads to lower
cooling loads and reduced energy use. Conversely, materials with high solar absorption can
increase heat gain, raising the cooling load.

Overall, these findings demonstrate the critical role of wall material selection in achieving
optimal energy efficiency in buildings. By choosing materials that reduce cooling needs,
energy consumption can be minimised, resulting in cost savings andcadeshvironmental
impact.
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Abstract

Occupant comfort is paramount in determining the overall performance and success of green
buildings, but, in tropical climates, inside thermal conditions are very difficult to regulate
effectively. This paper presents a study on thermal comfort and IEQ assessment for gold-
certified GreenRE under the new GreenRE certification in Malaysia. A cross-sectional survey
design was used, and the data were collected from 63 participants occupying the building,
including professionals such as green managers, consultants, and developers. The survey
parameters that were regarded in the study included thermal sensation, temperature
perception, airflow perception, and humidity. Results indicated that 57.1% of the participants
confirmed stable thermal comfort, while 28.6% mentioned an improved comfortable feeling.
Temperature was found acceptable by 69.8% of the respondents, and 63.5% felt comfortable
in the general thermal environment. However, 30.2% of participants preferred more air
movement, which indicates a potential need for further development with regard to ventilation
design. In the same way, although 47.6% of respondents experienced humidity characterised
as "neutral,” fully a fair proportion believed the air was slightly dry (23.8%), which may also
indicate a need for better control of humidity. These findings suggest that the building would
likely pass the major threshold standards of the existing green building certifications in terms
of temperature and energy efficiency but could be improved in response to airflow distribution
and humidity regulation. The study prioritises occupant-centred strategies for indoor
environmental quality, given the importance of aligning the performance of green buildings with
energy efficiency objectives and human comfort standards in tropical climates.

Keywords: Indoor Environmental Quality; Airflow; Humidity; Occupant Comfort; Tropical Climate;
Malaysia

INTRODUCTION

In response to global sustainability efforts, the construction industry has increasingly
adopted green construction practices (Lakhiar et al.,, 2024a; Zhao et al.,, 2019). Green
buildings aim to reduce the environmental impact while improving the comfoheaith of
residents. These structures, integrated with sustainable materials, -effieiggt
technologies and innovative design strategies, maximise the use of resources and reduce
emissions, and contribute to a more sustainable construction enviraivuérgimmad et al.,

2024). Green buildings are estimated to reduce energy consumption by 30 per cent, which
brings significant benefits to the environment and economy (Franco et al., 2021; Lakhiar et
al., 2024c). Green building certifications such as LEBBREEAM and GBI in Malaysia
provide a framework for assessing and certifying buildings on the basis of their sustainability
performance (Ismail et al., 2024). These certifications are aimed at ensuring that green
buildings meet high standards of energy oiéficy, water conservation, and indoor
environmental quality (IEQ) (Altomonte et al., 2019). One of the crucial components of these
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certifications is the expectation that certified buildings provide superior thermal comfort and
improve indoor air quality, thus promoting the wedling and productivity of the inhabitants.
Despite the promises of green construction certificates, howguestions remain as to
whether these buildings consistently provide the desired benefits, especially from the
perspective of the occupants. Several studies reported differences between the expected and
actual performance of green buildings, particulanlyerms of thermal comfort (Gang et al.,
2019; Li et al., 2021). Although energy efficiency and environmental sustainability are well
known documented results, the satisfaction of the inhabitants with the indoor environment is
especially thermal comfortas not consistently achieved (Ganesh et al., 2021; Khudzari et
al., 2024). Thermal comfort is affected by several factors, including temperature, humidity,
airflow, clothing, and the level of activity of residents, making it a complex and multifaceted
prodem (Lakhiar et al., 2024a; Mao et al., 2024).

In tropical regions such as Malaysia, where ambient temperatures and humidity are high,
maintaining thermal comfort in green buildings is another challenge. Green building
certification systems, such as GBI, are designed to address environmental slistainabi
cannot fully address the specific climate challenges faced in these regions (Olanrewaju et al.,
2022). Previous research suggests that gceetified buildings in tropical climates often
struggle to provide consistent thermal comfort, mainly tiueansufficient cooling and
ventilation systems (Khan et al., 2019). These conclusions emphasise the need to conduct
assessments focused on the inhabitants to assess whether green buildings really meet the
comfort needs of their users in such challengiimgates. While green buildings are certified
on the basis of energy efficiency and environmental performance standards, the actual
experience of residents often differs from the theoretical standards of certification systems
(Qiang et al., 2023). Certifitian frameworks such as GBI, LEED and BREEAM emphasise
energy savings and environmental sustainability but may overlook the subjective experience
of the building's inhabitants, especially in terms of thermal comfort (Ascione et al., 2022).
This disconneds crucial because buildings that do not meet energy efficiency objectives but
do not provide adequate thermal comfort are not considered to be fully successful (Ruiz et al.,
2022). In tropical climates like Malaysia, where the challenge of maintainimgaheomfort
is increasing, this problem becomes even more pronounced.

This study aims to address this gap through an empirical assessment of certified green
buildings in Malaysia. Specifically, the research aims to evaluate whether the building is
providing the promised thermal comfort benefits as stated in the greercagdifi This study
will focus on key environmental factors such as temperature, humidity, airflow and occupants'
clothing preferences to determine whether the building meets occupants' comfort standards.
Previous studies focused mainly on the energy effity aspects of buildings (Azis et al.,
2021; Gan et al., 2020; Lakhiar et al., 2023; Manzoor et al., 2021), but few studies examined
the comfort levels experienced by inhabitants in the real world, especially in tropical climates.
The study addresses ttgarveillance by providing an assessment of thermal comfort for
occupants in a certified green building.



MCRJ Special Issy&/ol. 26 | No.3 | 205 86

The aim of the study is fourfold:

1 To evaluate the thermal comfort of green buildings by examining trends and comfort
levels.

1 To assess thermal sensation and temperature perception based on the current
conditions of the occupant.

9 To analyse the perception of airflow and humidity.

The study aims to achieve these objectives by contributing to a growing literature on green
building performance and filling critical gaps by focusing on the experiences of occupants
rather than focusing on energy efficiency metrics.

METHODOLOGY

This study adopts a cresgectional survey design to assess thermal comfort and indoor
environmental quality (IEQ) in a golckrtified GreenRE building in Malaysia. The research
focuses on key environmental factors such as thermal sensation, temperataptiqe
airflow, and humidity as experienced by both occupants and visitors. Data was collected over
a 15day period, capturing occupant experiences at different times. However, responses were
aggregated for analysis rather than examined on a daily. Bagital of 63 responses were
obtained from a potential sample of 100 individuals, resulting in a 63% response rate.
Participants included administrative staff, consultants, contractors, and other visitors,
ensuring a diverse range of perspectives. Iitiaddo thermal comfort factors, demographic
data (age, gender, and occupation) were collected and analysed to explore potential influences
on thermal comfort perceptions.

Survey Design and Data Collection

Table 1. Questionnaire Utilized in The Study

Factor Sub Factor Code Questions Scale
Thermal General TCT1 Since you first arrived at the 1. Staying the same 2. Deteriorating 3.
Comfort Trend office, how has your thermal Improving 4. Fluctuating
Trends comfort changed?
Comfortin  TCT2 How comfortable is the thermal 1. Comfortable 2. Slightly uncomfortable
Environment environment in your office right 3. Uncomfortable 4. Very uncomfortable
now?
Thermal Current TS1 How do you feel right now in -3. Cold -2. Cool -1. Slightly cool 0.
Sensation Sensation your office? Neutral +1. Slightly warm +2. Warm +3.
Hot
Preferred TS2 How would you prefer to feel? -3. Much cooler -2. Cooler -1. Slightly
Sensation cooler 0. No change +1. Slightly warmer
+2. Warmer
Temperature Current TP1 How do you find the 1. Acceptable 2. Slightly acceptable 3.
Perception Temperature temperature at this moment? Not acceptable 4. Slightly not
acceptable
Airflow Airflow AP1 How do you feel about the 1. Completely unacceptable 2. Not
Perception Perception airflow at this moment? acceptable 3. Slightly unacceptable 4.
Acceptable 5. Perfectly acceptable
Humidity Indoor HP1 How would you describe the -3. Much too dry -2. Too dry -1. Slightly
Perception Humidity indoor humidity in your building? dry 0. Neutral +1. Slightly humid +2. Too

humid +3. Much too humid
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This study relies entirely on sekported occupant perceptions rather than direct

instrumental measurements of temperature, humidity, and airflow. While subjective
assessments provide critical insights into occupant experiences, they may not alwetys refle
actual environmental conditions. A structured questionnaire was developed based on
standardised thermal comfort frameworks such as ASHRAE 55 and ISO 7730. The
guestionnaire was structured into five key areas: thermal comfort trends, thermal sensation,

temperature perception, airflow, and humidity. The survey employed iskakt questions,

allowing participants to report their perceptions using a graded response system. Table 1

shows the questionnaire utilised in the study.

Descriptive statistics were used to analyse the survey responses, with results presented as
percentage distributions for each category. Furthermore, the relationship between thermal

comfort trend and environmental factors is analysed through correlatiatysian

Additionally, crosstabulations were conducted to examine differences in perceptions across
gender, age groups, and occupational roles. Furthermore, this study evaluates whether the

buil dingbs ther mal comfort arharkg, pasticularly tinh

Gr €

relation to temperature acceptability, airflow satisfaction, and humidity control. The findings
aim to identify areas where occupant satisfaction may be improved while maintaining energy.

RESULTS

Demographic Distribution

The demographic characteristics of the participants are illustrated in terms of gender, age,
and occupation.

a)

b)

Gender Distribution: The gender distribution of the participants shows a nearly equal
representation between males and females. Males constitute 51% of the respondents,
while females account for 49%, as demonstrated in Figure la. This balanced
distributionensures that both perspectives are well represented in the study, providing
insights from both genders.

Age Distribution: In terms of age, 60% of the respondents were 30 years old and
above, while 40% were under 30 years of age, as depicted in Figure 1b. This indicates
a dominant representation of more experienced individuals in the sample, which
could potetally influence their perceptions of thermal comfort and related
environmental factors due to differing ageated sensitivities to temperature and
comfort.

Occupation Distribution: Figure 1c illustrates the occupational backgrounds of the
respondents, with the highest representation being "Green Manager," making up 21
participants. This is followed by consultants (17 participants), developers (6
participants) and contractors (4 participants). Other occupations included
academician (2 participants), administrative staff (3 participants), and suppliers (6
participants). A smaller number of respondents were categorised under "Others" (5
participants). The diveesoccupational backgrounds of the respondents suggest a
wide range of expertise and viewpoints on thermal comfort, air quality, and
environmental conditions in office spaces.
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Thermal Comfort Trends

The thermal comfort of participants in the office environment was evaluated using a
structured questionnaire. The results are presented in two key areas: general trends and
comfort in the environment.

a) General Trend: Responses to the question regarding changes in thermal comfort since
arriving at the office revealed that 57.1% of participants indicated their comfort had
remained stable, as shown in Figure 2. A further 28.6% reported an improvement in
thermal comfort, suggesting that environmental conditions either improved or were
perceived to improve over time. Conversely, 9.5% of respondents indicated
fluctuating comfort levels, while a minority of 4.8% reported a deterioration in
thermal comfort througput their stay in the office.

60.0 57.1
()
2 400 28.6
5
% 20.0 48 9.5
a

0.0

Staying the same Deteriorating Improving Fluctuating
Fi gwlrGeneral Trend
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b) Comfort in the Environment: The majority of participants (63.5%) reported feeling
comfortable in the current thermal environment, as demonstrated in Figure 3.
However, 20. 6% rated their comfor't as
dissatisfaction. Additionally, 7.9% of respondents indicated they were
uncomfortable, with an equal percentage reporting that they were very
uncomfortable. These figures suggest that, while a majority of occupants are content
with the current thermal conditions, there ra@msaa significant proportion of
individuals who experience varying degrees of discomfort.

80.0 63.5

60.0

40.0
20.6

20.0 7.9 7.9

Percentage

0.0
Comfortable Slightly uncomfortable Uncomfortable Very uncomfortable

Figure 3. Comfort in Environment
Thermal Sensation

The responses to the thermal sensations from participants were analysed based on two
dimensions: the current sensation and the preferred sensation. The results are outlined below.

a) Current Sensation: Participants were asked to assess their thermal sensation using a
scale from3 (cold) to +3 (hot). Figure 4 shows that most of the respondents (34.9%)
selected 1, indicating a slightly cool sensation. Additionally, 27.0% of particgant
reported a neutral thermal sensation (0), signifying general comfort with the current
conditions. A significant proportion (19.0%) rated their thermal sensaticf, at
suggesting that they felt moderately cold. Only a small percentage (3.2%) of
respondets reported experiencing warmth (+1 and +2), indicating that the thermal
environment was generally perceived as slightly cool rather than warm.

40.0
30.0

34.9
27.0
19.0
20.0 12.7
10.0 . l 3.2 3.2
0.0 — [
-3 2 -1 0 +1

+2

Percentage

Figure 4. Current Sensation

b) Preferred Sensation: Figure 5 demonstrates the overall distribution of thermal
sensation; 42.9% of participants rated their thermal sensation as neutral (0). A
substantial proportion of respondents (36.5%) rated their sensation as slightky cool (
1), indicating that the prevailing conditions might have been perceived as cooler than
optimal by a large portion of the group. Extreme responses were minimal, with only
6.3% of participants reporting sensations of ce8j ¢r slight warmth (+1). A very
small minaity (3.2%) indicated warmth (+2), further reinforcing the trend toward
cooler perceptions.
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Figure 5. Preferred Sensation
Temperature Perception

The analysis of temperature acceptability
to the thermal environment in the office.

a) Current Temperature: The majority of respondents (69.8%) rated the thermal
environment as "acceptable," indicating that the current temperature met the comfort
expectations of most participants. A further 22.2% described the temperature as
"slightly accepable," suggesting minor discomfort but still within a tolerable range.
However, a small portion of participants (3.2%) indicated that the temperature was
"not acceptable,” while 4.8% considered it "slightly not acceptable,” reflecting a
limited but noticeble level of dissatisfaction with the thermal conditions as shown in
Figure 6.

80.0 69.8
60.0

40.0 229

20.0 3.2 4.8

Percentage

0.0
Acceptable Slightly acceptable Not acceptable Slightly not acceptable

Figure 6. Current Temperature
Airflow Perception

The responses from participants regarding the acceptability of the current airflow were
analysed. The results are presented below.

a) Airflow Perception: A majority of respondents (52.4%) rated the current airflow in
the environment as "acceptable,” indicating overall satisfaction with air movement.
Additionally, 6.3% of participants found the airflow to be "perfectly acceptable.”
Howeve, a portion of respondents (15.9%) rated it as "slightly acceptable,” showing
minor dissatisfaction. Smaller groups reported more significant discomfort, with
11.1% rating the airflow as "slightly not acceptable,” 6.3% as "not acceptable," and
7.9% as "cmpletely not acceptable.” These findings, as shown in Figure 7, suggest
that while the majority are content with the airflow, there is a considerable group that
experiences varying levels of discomfort.
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Figure 7. Airflow Perception
Humidity Perception

The responses from participants regarding their perception of indoor humidity were
analysed. The results are summarised below.

a) Indoor Humidity: Participants were asked to rate their sensation of the current
humidity on a scale fron3 (too dry) to +2 (too humid). Figure 8 shows that nearly
half of the respondents (47.6%) indicated a neutral sensation (0), suggesting that the
majoiity of participants found the humidity level to be comfortable. A notable portion
(23.8%) reported a slightly dry sensatieR)( while 17.5% felt moderately dryl().

Only 7.9% of participants expressed a preference for slightly more humid conditions
(+1), and a very small minority (1.6%) indicated extreme dryne¥sdr higher
humidity (+2).

50.0 47.6

40.0

20.0 17.5

Percentage

7.9
1.6 1.6

10.0

0.0
-3 -2 -1 0 +1 +2

Figure 8. Indoor Humidity
Relationship Between Thermal Comfort and Environmental Factors

Thermal comfort is a key determinant of indoor environmental quality (IEQ), influencing
occupant satisfaction and wdléing. This study examines relationships between thermal
comfort trends (TCT1, TCT2) and key environmental perceptions, including thermal
sensation (TS1, TS2), temperature perception (TP1), airflow perception (AP1), and humidity
perception (HP1). To analyse the relationship between thermal comfort trends and
environment al perceptions, Spear manos Rho
correlation coefficients and significance values are summarised in Table 2.
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Thermal Comfort Trends and Thermal Sensation

Thermal sensation measures how occupants currently feel in relation to temperature. A
moder ate negative corr el ait6450pr 0.016)tindieanthall CT 1
as occupants experience fluctuations in comfort, theirtire@l sensation of wanth or
coldness becomes unst abl e0.528%i=mMi022aconfirgn that T CT 2
greater consistency in thermal conditions leads to more stable sensations. However, the
correlations bet w-0.824, p¥ CO/3) and MQAT2 ahGR2 (00325=
p = 0.062) are weak, suggesting thetupantpreferred thermal sensations (cooler/warmer)
do not significantly influence their overall comfort trends. This implies thattireal
adjustments matter more than personal preferences.

Thermal Comfort Trends and Temperature Perception

Temperature perception has the strongest positive correlation with thermal comfort
trends. The relationship between TCT1 and
= 0.693, p = 0.003) confirms that when occupants perceive temperature as stable and
acceptable, their overall comfort trends improve significantly. This highlights temperature
regulation as the most critical factor for thermal comfort stability.

Thermal Comfort Trends and Airflow Perception

Airflow also plays a significant role in perceived comfort. The moderate positive
correlations between TCT1 and AP1 (3j3 = 0. 4¢
= 0.011) suggest that better airflow enhances comfort trends over time. This engptiesise
importance of optimising ventilation and air circulation to maintain{@mm comfort.

Table 2. Correlation Analysis of Thermal Comfort Trends and Key Environmental Factors

Items/Code TCT1 TCT2 TS1 TS2 TP1 AP1 HP1
TCT1 Correlation Coefficient 1.000 0.725 -0.645 -0.124 0.742 0.483 0.252
Sig. (2-tailed) 0.001 0.015 0.075 0.002 0.012 0.090

TCT2 Correlation Coefficient 0.725 1.000 -0.528 -0.032 0.693 0.528 0.301
Sig. (2-tailed) 0.001 0.022 0.062 0.003 0.011 0.055

Thermal Comfort Trends and Humidity Perception

Humidity has a weaker influence on thermal comfort compared to temperature and
airflow. The weak positive correlations be
TCT2 and HP1 (3 = 0.301, p = 0.055) itndi ca
perceptions but is not a primary driver. While not as significant, maintaining balanced
humidity levels can support overall comfort.

The analysis highlights temperature perception (TP1) as the strongest determinant of
thermal comfort trends, followed by airflow perception (AP1). Managing these two factors
effectively can stabilise occupants' comfort over time. While humidity percgpti®h) has
a lesser impact, it still plays a supporting role in thermal satisfaction. Additionally, negative
correlations with thermal sensation (TS1, TS2) indicate thattireal thermal conditions
influence comfort more than personal preferences. Thiersodres the need to align actual
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indoor conditions with occupant expectations. To enhance thermal comfort ircgrééad
buildings, facility managers should prioritise temperature control, optimise airflow, and
maintain balanced humidity to create a comfortable and productive inaicoranent.

DISCUSSION

This study offers valuable insights into the thermal comfort and indoor environmental
quality (IEQ) perceptions of occupants in a go#dtified green building under the GreenRE
certification framework. By analysing the responses of 63 participants, Waexkpow the
buil dingds design and systems align with t
both successes and areas needing improvement.

Demographic Distribution

The studybés sample included nearly equal
and 49%, respectively), ensuring balanced insights into thermal comfort perceptions across
genders. Research suggests that women often prefer slightly warmer envircharenten,
which could influence reported dissatisfaction with temperature (Indraganti & Humphreys,
2021). In terms of age, 60% of participants were 30 years or older, a group more sensitive to
temperature fluctuations (Jowkar et al., 2020; Martins e2@22). This demographic may
explain some of the reported discomforts.
AiGreen Managerso making up the |l argest gr o
developers (9.5%). This diversity indicates variathifiarity with green building systems,
affecting expectations of comfort and IEQ.

Thermal Comfort Trends

Most participants (57.1%) reported stable thermal comfort, while 28.6% noted
improvements, suggesting the building generally maintains conditions conducive to occupant
well-being. This aligns with green building goals, particularly in eneffigient HVAC
management. However, 9.5% experienced fluctuating comfort, possibly due to localised
inconsistencies in cooling or ventilation, common in green buildings with passive design
elements (Duan et al., 2024). The 4.8% reporting deteriorating comfort higtaigktsd for
personalised thermal control systems to address individual preferences. When assessing
overall thermal comfort, 63.5% found the environment comfortable, while 20.6% reported
slight discomfort. While this indicates effective thermal managememadst, 14.3% of those
who were uncomfortable or very uncomfortable suggested that localised climate control is
needed, such as zoning systems or-gg&cific ventilation (Taheri, 2024). Green building
standards like ASHRAE 55 aim for 80% occupant satisbn, so further improvements in
airflow or cooling strategies are needed to meet these expectations.

Thermal Sensation

The thermal sensation scale revealed that 34.9% felt slightly-d9phtd 27% reported
neutral comfort (0). However, 19% felt moderately col®), indicating potential
overcompensation by cooling systems in some areas. This highlights the needimljzad
climate control, as occupants have varying metabolic rates and clothing preferences (Li et al.,
2021). Over time, 33.3% reported feeling colder, suggesting a cooling drift in HVAC systems,
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which can lead to discomfort in op@fan spaces (Altrash et al., 2020). Regular monitoring
and adjustments are needed to maintain stable thermal conditions.

Temperature Perception

Temperature acceptability was high, with 69.8% finding the environment acceptable and
22.2% rating it slightly acceptable. This suggests the building meets ISO 7730 and ASHRAE
55 recommendations. However, 8% of dissatisfied occupants highlight indiviahietbiity
in temperature preferences.

Airflow Perception

While 52.4% found airflow acceptable, 40.7% reported dissatisfaction, indicating a need
for increased air circulation in certain areas. ASHRAE 55 recommends air velocities of 0.1
0.3 m/s in offices, particularly in tropical climates where humidity affeeest perception.
Taskbased ventilation or adjustable air vents could address these concerns without
compromising energy efficiency (Boulmaiz et al., 2022).
Humidity Perception

Most participants (47.6%) reportede0heutr s
range. However, 23.8% found the air slightly dry, suggesting improved humidity control is
needed to prevent discomfort in-awnditioned spaces (Paolini et al., 2017).
Relationship Between Thermal Comfort Trends and Environmental Perceptions

Statistical analysis showed strong correlations between temperature perception and

t her mal comfort trends (4} = 0.742, p = 0.0
regul ati on. Airfl ow perception al sahileorr el
humi dity played a smaller role ()} = 0.301,

wi t h ¢ omf o+0.645,tp e @.015),sndi¢ating fluctuations in comfort affect-teaé
sensations. These findings highlight the need for adapgdVAC systems that adjust
dynamically to occupant feedback, ensuring stable comfort conditions. This study
underscores the importance of balancing energy efficiency with ocecpatered design in
green buildings. While the building generally meets tlrncomfort standards,
improvements in airflow distribution and humidity control are needed. Future designs should
prioritise adaptive HVAC systems and personalised climate control to enhance occupant
satisfaction in tropical climates.

CONCLUSION

This study assessed occupant thermal comfort and indoor environmental quality (IEQ) in
a goldcertified GreenRE building in Malaysia, focusing on evaluating thermal comfort
trends, thermal sensation, temperature perception, airflow, and humidity preter€hee
findings revealed that while the building generally met thermal comfort expectations, specific
areas required improvement to enhance occupant satisfaction. The majority of occupants
(57.1%) reported stable thermal comfort, and 63.5% found the btreeahal environment
comfortable. However, 14.3% of occupants experienced discomfort, highlighting the need for
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localised climate control solutions. Regarding thermal sensation, 34.9% of participants felt
slightly cool, and 19.0% felt moderately cold, indicating potential overcooling in some areas.
The preferred thermal sensation showed that 36.5% of occupanteddeslightly warmer
environment. These results emphasise the need for personalised climate control systems to
accommodate individual preferences. In terms of temperature perception, 69.8% of
respondents found the temperature acceptable, and 87.3% wsfiedsatith the overall
thermal environment. However, 30.2% of occupants desired increased air movement, and
23.8% found the air slightly dry, indicating the need for improved airflow distribution and
humidity regulation. The correlation analysis furth@ghtighted the relationships between
thermal comfort trends and environmental perceptions. Thermal sensation had a moderate
negative correlation wi-0.645, pHh @0l andicatng ekt o r t
fluctuations in comfort lead to greateniiions in reatime thermal sensations. Temperature
perception had the strongest positive corr
0.002), followed by airflow perception (}
weaker butnotableor r el ation (3 = 0.301, p = 0.055).
of temperature regulation and the supporting role of airflow and humidity in maintaining
thermal comfort. Therefore, while the building aligned with green certification standards
further enhancements were needed to optimise occupant comfort. To ensure that green
certified buildings achieve both energy efficiency and occupant-bedatlg, adaptive
environmental control strategies, such as personalised ventilation and dynamictyhumidi
regulation, should be prioritised. Future research should explore ocagrdeted
approaches to climate adaptation in tropical buildings, ensuring that sustainability efforts
align with human comfort needs.
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Abstract

Building Information Modeling (BIM) implementation is crucial for enhancing project
performance in the construction industry. This study systematically reviews the literature on
BI'M practices in Indonesi ads ¢ on sgcurentstdatusand
implementation barriers. Prior studies were analysed, focusing on four themes: successful BIM
implementations, innovative applications, implementation barriers, and industry readiness.
Findings reveal significant implementation gaps, particularly in cost-benefit analyses,
readiness assessments at both project and market levels, and implementation discrepancies
between large and small enterprises. The review underscores the need for strategic investment
in workforce training, educational initiatives, and infrastructure to improve BIM proficiency. This
study is a resource for scholars, practitioners, and policymakers to advance BIM integration in
Indonesia. Addressing these barriers and fostering stakeholder collaboration can drive greater

98

industry

efficiency, sustainability, and i nnovation in I n

outlines the necessary steps toward comprehensive, industry-wide BIM implementation.
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INTRODUCTION

n

The Architecture, Engineering, and Construction (AEC) industry faces challenges such
as cost overruns, time delays, quality issues, and communication gaps, all of which impact
project success and efficiendyallow, Renukappa, & Suresh, 2023) address these

persistent issues, Building Information Modeling (BIM) has emerged as a transformative tool

construction, enabling digital

represe

characteristics. BIM facilitates collaboration among shatders across the project lifecycle,

from design to construction and operation, thereby enhancing design accuracy, coordination,
and resource manageméAtwan & Jones, 2020; Rastogi, Kumar, & Bansal, 2023; Chong,
Fans & Lo, Piroozfar, Farr, & Elsawahli, 2020onsequently, BIM has become standard
practice in many developed countries, demonstrating measurable benefits in cost savings,
time efficiency, and quality improvemeniShehzad, Ibrahim, Yusof, Khaidzir, Shawkat &
Ahmad, 2022)

In developing countries like Indonesia, however, BIM implementation remains limited
due to constraints such as high initial implementation costs, a shortage of skilled
professionals, and resistance to industigle changgJones & Alwan, 2020; Zhou, Liu &
Wang, 2023) The Indonesian construction industra key driver of the national economy,
often experiences project delays, budget overruns, and quality deficightigsoho,
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Ramadhani & Susanti, 2023; Pratama & Tjandra, 2020; Putri & Saptari, 2021; Rani, Al
Mohammad, Rajabi & Rahman, 2023; Van Roy & Firdaus, 20@se ongoing challenges
underscore Bl M6s potential to i mprove proj
positioning it as a promising dMNubrehoetaln f or
2023; Rani et al., 2023; Utomo & Wicaksono, 2021; Fitriani, Budiarto, Ajayi & Idris, 2019;
Hermawan & Hidayat, 2020)

Despite these advantages, BIM implementation in Indonesia is still in its early stages, and
a thorough understanding of BIM implementation, associated barriers, and strategies to
facilitate broader implementation is essential for accelerating its uf@akéoso & Yuwono,
2023; Firdaus & Van Roy, 2020; Nugraha, Syahreza & Widjaja, 2023; Pratama & Wibowo,
2020; Wahyudi & Saptari, 2021Previous studies have explored various aspects of BIM in
Indonesia, including government initiatives, industry readiness, and successful case studies
(Rani el al., 2023; Van Roy & Firdaus, 2020; Nugraha et al., 2023; Pratama & Wibowo,
2020) These studies highlight Bl M6s benefit
context, such as limited awareness and technical skills among industry profe¢biogedsia
et al., 2023; Wahyudi & Saptari, 2021)

A systematic literature review (SLR) can provide a comprehensive overview of BIM
implementation in Indonesia by synthesising existing research across four main themes:
successful BIM case studies, potential applications, barriers to implementation, astdyind
readiness. Such a review identifies factors influencing BIM implementation, highlights
barriers, and of fers recommendati ons to g
industry toward broader BIM implementatigNugroho et al., 2023; Pratama & Tjandra,

2020; Van Roy & Firdaus, 2020; Wicaksono & Saptari, 2021; Santoso et al., 2021)

Research on BIM implementation in other developing countries reveals barriers such as
high costs, limited workforce skills, and organisational resistance, which also affect Indonesia
(Nugroho et al., 2023)n Indonesia, where construction challenges like project delays and
guality issues persist, BIM has shown the potential to drive significant improvements yet
remain underutilised. For instance, a case study on a commercial project in Jakarta
demonstrated o st and ti me s a v timegracking land aatagiftegr&ibnMé s
capabilities(Nugroho et al., 2023and a smalscale residential project in Bali highlighted
implementation barriers related to limited budgets and technical infrastructure, underscoring
di sparities in Bl M6s (Flrienmetdl.ij2018) acr oss proj e

Thi s study systematically reviews the |
construction industry to provide insights into its current status and implementation barriers.
By focusing on contex$pecific barriers and industry readiness, this studyo#iaoadmap
for stakeholders in Indonesia to enhance BIM implementation and integration. The study
findings are intended to guide future research, policies, and practice, contributing to a more
robust and effective framework for BIM implementation in Inésia. This study contributes
to the growing body of BIM literature in developing countries, providing actionable insights
for policymakers, researchers and practitioners. By addressing identified gaps in BIM
implementation and fostering industiyde colae b or at i on, Il ndonesi ads
can leverage BIM to enhance efficiency, sustainability, and innovation. This study provides
a structured, contexdpecific analysis of BIM implementation in Indonesia, offering a unique
contribution by identifjilh g barri ers and strat eg-ecermmi@al i gn
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and industry conditions. This review thus bridges existing literature gaps and proposes
tailored solutions for I ndonesiabs constr u

METHODOLOGY

This study adopts the SLR methodology to synthesise existing research on BIM
implementation within Indonesia's construction industry. The SLR approach was chosen for
its structured and replicable process, facilitating a comprehensive assessment chtheslite
while minimising research bigSantos & Gama, 2022This method captures both broad
trends in BIM implementation and specific regional barriers, providing a nuanced
understanding of the factors influencing
construction landscape.

Identification of Prior Studies

Figurel presents a flowchart of the study selection process, illustrating each stage from
initial identification to final inclusion, providing a visual representation of the systematic
approach used in this review. The study selection process followed a sgeystematic
approach based on the PRISMA framework, ensuring transparency and reproducibility. The
process began with an initial search i n ¢
Model ing, 0 ABI M, 0 and @l ndonhedshetewveem 20k f o c
2023 to ensure relevance. Titles and abstracts were then screened to exclude studies unrelated
to BI'M in Indonesiabds construction industr
exclusion criteria were applied, focusing omdiés conducted in Indonesia, written in
English, and empirically examining BIM implementation. Duplicates, review articles, and
irrelevant studies were removed. In other words, only empirical studies in English addressing
BIM in Indonesia were includedxeluding nonEnglish studies, duplicates, and review
articles(Zhou et al., 2023)A full-text review of the remaining studies was conducted to
ensure they met quality and relevant standards faepth analysis. The CASP (Critical
Appraisal Skills Programme) checklist was utilised to evaluate the quality and methodological
rigour ofthe selected studi€Saka & Chan, 2023)his systematic selection process resulted
in a final set of studies that examine BI
industry. Ultimately, 21 studies met the inclusion criteria.

STUDY SELECTIE
IMPLEMEMATION
‘ IN |ND8NESIA .
INTIAL FULL-TEXT
SEARCH wp SEnRAl =p REVIEW

(Imntszncu) (MaL-REARCH) (FuLLTEiT TEVIEW)

FULL-1
SCREENING 4= REVIEW =p |7

oraEaEw) | REVIEW 3
(FULTSSTIEATEW) | CDONESIA) ==

‘ ¢ FINAL SELECTION

4FINAL SELECTION
*

Figure 1. Study Selection Process for Systematic Literature Review on BIM
Implementation in Indonesia
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Data Analysis

The extracted data were categorised into four thematic clusters: successful BIM case
studies, potential applications of BIM, barriers to BIM implementation, and industry
readiness for BIM, contributing to @esmaompr e
(Nugroho et al., 2023)

A thematic analysis was then conducted to identify common patterns, barriers, and
benefits associated with BIM implementation, ensuring the reliability and validity of the
selected studies through the CASP checkBstrg, Zhai & Zhai, 2023; Utomo, Putra, Farrel
& Novandy, 2023)

To minimise bias, studies were sourced from multiple databases, and strict selection
criteria were applied. However, the research acknowledges limitations such as the limited
number of studies available on BIM implementation in Indonesia and the variation
methodologies across studies, which may lead to inconsistencies in findings. Additionally,
while the majority of sources were academic, the limited inclusion of industry reports may
introduce gaps in understanding.

RESULTS

This SLR analysed 21 studies that met the inclusion criteria, organised around four
primary themes: case studies, potential applications of BIM, barriers to BIM implementation,
and industry readiness for BIM implementation in Indonesia. This section psavithematic
di scussion of the findings, highlighting be
in Indonesiabs construction industry.

Literature Search
Study Selection Process
Data Synthesis and Analysis

Bias Mitigation and Limitations

Figure 2. Systematic Literature Review Process

The reviewed studies reveal the use of diverse BIM software tools in Indonesian
construction projects. Autodesk Revit is commonly applied in commercial projects for its
robust design coordination, while Tekla is frequently used in prefabrication for grecis
structural detailing. Heritage preservation projects integrate laser scanning techniques with
BIM models to create accurate digital representations, aiding conservation efforts. These
examples illustrate Indonesia's adaptive approach to selecting BIdMBased on project
demands, showcasing the flexibility of BIM applications to meet diverse project
requirements.
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Case Studies of BIM Implementation

Several studies provide detailed analyses of BIM implementation in Indonesian projects,
illustrating practical applications and benefits. For example, a study on astzige
commercial project documented significant improvements in budget control aodr lab
productivity through enhanced time tracking and data integr@iagroho et al., 2023)n
another study, BIM facilitated conservation efforts for heritage sites in Yogyakarta by
generating precise digital representations of historic buildfBgstoso, Purnama & Hidayat,

2021; Yoga, Oktaviana, Wahyu & Adriyati, 2022) These case studies
potential to streamline project management, optimise resource allocation, and support long
term asset maintenance in various sectors

Potential Application of BIM

The literature identifies various promising BIM applications to advance construction
practices in Indonesia. For example, BIM enables better design coordination in prefabrication,
reducing material waste and accelerating project timelines. Other studiesilt r at e Bl M6
in promoting sustainable practices in green government projects, where BIM integration with
web-based systems improves environmental metrics like waste management and landscape
design(Zhou et al., 2023; Aryanti, Busono & Siswoyo, 2023; Fitriani, Wijayanto & Sutrisno,

2023) Additionally, BIM has proven effective for slope stability and risk mitigation in-high

ri sk areas |l i ke Aceh, highlighting i ts a (
challenges. Implementing BIM in disasfmone areas could improve project liesice,
establishing BIM as a transformative tool for efficiency and safety in the Indonesian context.

Barriers to BIM Implementation

Despite its advantages, BIM implementation in Indonesia faces significant barriers.
Barriers include high initial costs, a shortage of skilled professionals, and resistance to change.
Financial investments required for BIM software, training, and infretstre are prohibitive
for smaller firms(Van Roy & Firdaus, 2020; Siregar, Yuliani & Prabowo, 2023; Mostafa,
Ali, Badr & Salah, 2023)The shortage of professionals with BIM expertise presents another
critical barrier, emphasising the need for targeted education and training prd&taoteh,
Nurdiana, Setiabudi & Suharjono, 202&)rganisational factors, such as low stakeholder
awareness and reluctance to adopt new technologies, further hinder implementation.
Addressing these barriers will require strategic investments in workforce development,
awareness programs, and financigbgart mechanismgAl-Mohammad, Haron, Aloko &
Rahman, 2023; Wicaksono, Juliastuti & Arumsari, 20Z3pvernmensubsidised training
programs and financial incentives for SMEs could bridge the readiness gap, promoting a more
inclusive environment for BIM implementation across the industry.

BIM Readiness in The Industry

BIM readiness varies across Indonesian construction firms. Larger firms demonstrate
higher readiness levels due to greater access to resources and technology, while SMEs face
financial and technical constrain{Putra, Nugraha & Prasetya, 2023urveys among
contractors in Palembang indicate that larger firms are better positioned to implement BIM,
whereas SMEs often lack the necessary technology and tré8iregar, Prasetya & Fitriani,
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2023) Although BIM requires substantial initial investment, financial analyses suggest that
the longterm benefits, including improved efficiency and cost savdngstify these
expenses. These findings highlight the importance of targeted support for simaketof
close the readiness gap and foster broader BIM implemen{dtoa et al., 2022)

Synthesis of Findings

The synthesis of findings reveals a complex landscape for BIM implementation in
I ndonesi a.

Al t hough

Bl M6 s

benefi
are weltdocumented, significant barriers impede its widespread use. Strateggtmients in

ts

n

mpr c

training, education, and infrastructure are essential to develop a skilled workforce capable of
implementing BIM. Leadership initiatives, stakeholder collaboration, and financial incentives

can foster enhanced organisational readiness to e@eduplementation costs. With
industry, |

coor di

nat ed

efforts

across

t he

to achieve higher standards in project delivery, environmental responsibility, and innovation
(Zhang, Li & Setiawan, 2022)

Table 1. Summary of Findings, Barriers, and Recommendations for BIM Implementation in

| nd o n eenstauctisn Industry

Theme

Findings

Barriers

Recommendations

BIM
implementation
in case studies

Potential BIM
applications

Barriers to BIM
implementation

Industry
readiness

Policy and
government
support

Future research
directions

- Improved budget control, labour

productivity,

and heritage

management (Nugroho et al.,
2023; Saka & Chan, 2023).

- Effective in large-scale projects
and heritage conservation (Utomo

et al., 2023).

- Promising for prefabrication,
sustainability and risk management

(Berg et al.,

2023).

- Enhances safety in disaster-prone
areas (Zhang et al., 2022) (Santos
& Gama, 2022).

- High costs for software, training,
and infrastructure (Nugroho et al.,

2023).
- Shortage of

skilled BIM

professionals (Saka & Chan,

2023).

- Larger firms show higher readiness - Readiness gap between

due to resources (Berg et al.,

2023).

- SMEs struggle with limited capacity

and support
2022).

- Policies are
implementat
2023).

(Santos & Gama,

critical for
ion (Nugroho et al.,

- Need for financial incentives and
grants (Utomo et al., 2023).

- Need for lon

g-term studies on BIM

impact (Berg et al., 2023).
- Integration with 10T and Al for

efficiency (S

antos & Gama, 2022).

- Limited documentation
across project types.

- Implementation gap
between large and small
projects (Zhou et al.,
2023).

- Limited real-world
applications in high-risk
areas.

-Lowawar enes s
environmental benefits
(Zhou et al., 2023).

- Financial constraints for
SMEs.

- Industry resistance to
change (Utomo et al.,
2023).

large firms and SMEs.
- Lack of national BIM
standards (Zhou et al.,
2023).

- No mandatory regulation
for BIM.

- Limited government
initiatives (Saka & Chan,

- Readiness assessments
remain underexplored
(Zhou et al., 2023).

- Expand case study

documentation.

small projects.

- Promote BIM in

- Encourage BIM use in

sustainable projects.

financial support.

programs.

standards.

programs.

public project

- Explore loT and Al

- Provide subsidies and

- Establish national BIM

- Enhance SME support

- Raise awareness of B M
role in risk mitigation.

- Develop targeted training

- Implement tax breaks and
training incentives.
- Develop policies for

2023). implementation.
- Lack of data on long-term - Conduct longitudinal BIM
benefits. studies.

integration for sustainable

construction.
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DISCUSSION

The synthesised Il iterature offers i nsi gl
construction industry, covering themes of case studies, potential applications, barriers, and
readiness strategies. Table 1 summarises the findings, barriers, and recomomendat
identified in this study regarding BIM i mp
Each thematic area, ranging from practical case studies and potential applications to barriers,
industry readiness, policy implications, and future researoéctibns, is outlined with
specific insights. This summary highlights critical obstacles, such as high costs and skill
shortages, as well as opportunities for improvement through government support, workforce
training, and technological integration. Theammendations provided in the table aim to
guide policymakers, industry practitioners, and researchers in fostering a supportive
environment for BIM implementation across diverse project scales and sectors in Indonesia.

Successful Case Studies

The reviewed studies present case studie
Indonesian construction, such as improved budget control, labour productivity, and cultural
heritage management. For instance, BIM application in large infrastructyectprdas
improved budget control and labour efficiency through enhanced data integration and real
time tracking(Sukmono, Putra, Bashit & Nugraha, 2021; Santosa, Yudono, Adhitama, 2023)

Bl M6s use in managing heritage sites in Yog
efforts by generating detailed digital representations of historical stru¢gsesoso et al.,
2021)

Potential Applications of BIM

Beyond conventional uses, BIM offers the potential for prefabrication, sustainable
building, and safety improvements in challenging geographical @tedisjartsson, Lalu, Li,
Loder, MayeWilson, McDonald & Moher, 2021)BIM facilitates design coordination,
minimises waste, and shortens construction timelines in prefabrication. In sustainable
building, BIM integration with welbased information systems has led to significant
advancements in government proje@hou et al., 2023; Yoga et al., 2025 application
in slope stability analysis indisasierr one ar eas | i ke Aceh furthe
risk managemer(Fitriani et al., 2023)

Barriers to Implementation

As observed in other developing countries, barriers such as high costs, limited skilled
personnel, and resistance to change hinder BIM implementation in Indonesia. Studies from
Malaysia and India highlight similar barriers, with governrdedt initiativesand training
programs proving effective in overcoming these barf@rmleh et al., 2023; Alohammad
et al., 2023) Adopting similar measures could improve BIM readiness, especially for SMEs
in Indonesia
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Strategies for Enhancing Readiness

Enhancing BIM readiness across the industry is critical. Larger firms are better prepared
for BIM due to resource access, while SMEs face readiness gaps due to limited capacity
(Siregar et al., 2023; Pratama, Utami & Rahardjo, 208Rhough BIM entails high initial
costs, the longerm benefits justify implementation. Targeted support for SMEs, such as
governmendbacked training and incentives, could bridge this @tra et al., 2023)

Integration of Findings

The findings underscore BIlIMOGs transf or ma
industry. Case studies demonstrate practical benefits, while innovative applications highlight
Bl M6s versatility in addressing fulmpaoantalt ry ¢
requires addressing implementation barriers and improving readiness across all sectors.
Strategic investments in training, infrastructure, and stakeholder collaboration are essential to
maxi mi sing Bl M6s benefits.

Policy Implications and Government Support

Government policies play a crucial role in facilitating BIM implementation. Regulatory
frameworks and financial incentives, as seen in other countries, have successfully promoted
digital transformation in construction. In Indonesia, similar policy initegj including
subsidised BIM training, tax incentives for technology adoption, and grants for SMEs, could
enhance industrywide BIM implementation, particularly benefiting SMEs that face financial
and technical barriers. Such policies lower initial costsl support workforce skill
development, fostering a robust environment for BIM integration.

CONCLUSION

Thi s study systematically revi ews t he I
construction industry to provide insights into its current status and implementation barriers.
The study findings highlight the need for targeted workforce training, finasigggdort for
SMEs, and the development of national BIM standards to facilitate a gradual, impactful shift
toward comprehensive BIM implementation. These recommendations aim to enhance
efficiency, sustainability, amdustny. dlisisiudyenc e
provides insights into BIM implementation, revealing promising applications alongside
implementation barriers. Case studies demonstrate successful BIM implementation,
improving budget control, labour productivity, and heritage ass&bagement. These
exampl es il lustrate Bl M6 s potenti al t o S
collaboration, and support sustainable project outcomes. Beyond conventional uses, BIM
shows promise for advancing Indonesian construction practices khpoeigbrication, green
building initiatives, and enhanced safety, particularly in disgstame regions.

However, high initial costs, limited skilled personnel, and industry resistance to change
remain substantial barriers. Addressing these barriers requires strategic investment in training,
education, and organisational initiatives to build a supportiver@mvient for BIM. To
| ever age Bl M6 s potential, t he l ndonesi an
strategies, including enhanced workforce development, organisational change efforts, and the



MCRJ Special Issy&/ol. 26 | No.3 | 205 106

establishment of foundational infrastructure. Future research should prioritise assessing
Bl M6s i mpact on productivity and <cost ef fi
projects to offer measurable benchmarks. Research into policy interventimts,as
subsidies or mandatory BIM standards, could reveal effective practices to accelerate BIM
implementation. Furthermore, BIM readiness assessments at both project and market levels
remain underexplored and would benefit from developing a comprehetsilanesia
specific readiness framework. Longitudinal studies tracking BIM implementation over time
would offer insights into sustained impacts on project performance and industry adaptation.
There is also a need for cressctor studies to identify the diepractices and transferable
strategies across different construction project types, supporting broader BIM implementation
in Indonesia.

ACKNOWLEDGEMENTS

The researchers would like to express their heartfelt appreciation to the Universitas
Muhammadiyah Aceh for their generous support, which made the publication of this study
possible. Their commitment to advancing research in our field has been invaliMaldéso
wish to thank all those who contributed to this study.

REFERENCES

Al-Mohammad, A., Haron, H., Aloko S. and Rahman, M. (2023) Addressing Knowledge
Gaps and Barriers to BIM Implementation in Indonesia. Construction Innovation Journal,
21(1): 7892

Alwan, Z. and Jones, P. (2020) The Role of BIM in Enhancing Construction Project
Efficiency. Journal of Building Engineering, 28, 101040

Aryanti, A., Busono, I. and Siswoyo, S. (2023) Applying BIM for Slope Stability and Risk
Mitigation: A Case Study in Aceh. International Journal of Engineering and Geosciences,
29(4): 211225

Berg, P., Zhai, D. and Zhai, H. (2023) Thematic Synthesis in Construction Research: A
Systematic Review Approach to Identifying Trends and Challenges in BIM Adoption.
Journal of Construction Engineering and Management, 149(7), 04023055

Chong, H-Y., Fan, SL. and Lo, FH. (2023) Digital Transformation in Construction: The
Role of Building Information Modeling (BIM). Engineering, Construction and
Architectural Management, 30(4), 182614

Firdaus, A. and Van Roy, E. (2020) Challenges and Opportunities of BIM in the Indonesian
Construction Industry. Automation in Construction, 118, 103261

Fitriani, H., Budiarto, A., Ajayi, S. and Idris, Y. (2019) Implementing BIM in Architecture,
Engineering and Construction Companies: Perceived Benefits and Barriers Among Local
Contractors in Palembang, Indonesia. International Journal of Constructidg Shpm
Management, 9(1): 234.

Fitriani, R. A., Wijayanto, H. and Sutrisno, S. (20E3jaluating BIM Adoption Challenges
in the Indonesian Construction Secttwurnal of Infrastructure Developmerif7(1): 22
36.

Hermawan, R. and Hidayat, A. (2020) The Role of BIM in Improving Industry Performance
in Indonesia. Journal of Architecture and Construction, 27(3):11@1



MCRJ Special Issy&/ol. 26 | No.3 | 205 107

Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Maiilson, E., McDonald, S. and
Moher, D. (2021) The PRISMA 2020 Statement: An Updated Guideline for Reporting
Systematic Review8MJ, 372(71)

Jallow, H., Renukappa, S. and Suresh, S. (2023) Barriers to the Adoption of Building
Information Modeling (BIM) in the UK Construction Industry: A Systematic Review.
Journal of Construction Engineering and Management, 149(1), 04022153

Jones, P. and Alwan, Z. (2020) Standardizing BIM Practices in Developed Countries: A
Review. Journal of Building Engineering, 28, 101040

Mostafa, M., Ali, S., Badr, H. and Salah, K. (2023) Organizational and Cultural Factors
Affecting BIM Adoption: Insights from Developing Countries. International Journal of
Project Management, 41(2): 1:348

Nugraha, R., SyahrezA. and Widjaja, R. (2023) Government Strategies to Accelerate BIM
Adoption in Indonesia: An Analysis of Current Policies. International Journal of Project
Management, 41(2): 23245

Nugroho, F., Ramadhani, A. and Susanti, E. (2@38jural and Organizational Influences
on BIM Implementation in Developing Countriésternational Journal of Construction
Innovation 20(4): 233248

Piroozfar, P., Farr, E. R. P. and Elsawahli, H. (2021) The Impact of Building Information
Modeling (BIM) on Construction Project Management. Buildings, 11(9), 417

Pratama, A. and Wibowo, T. (2020) Factors Influencing the Adoption of BIM in Indonesia:
Insights from Key Industry Players. Construction Innovation, 20(3):4658

Pratama, D. and Tjandra, S. (2020) Understanding Resistance to BIM Adoption in Indonesia.
Journal of Engineering and Technology Management, 57, 101572

Pratama, D., Utami, A. and Rahardjo, H. (2022) BIM in Indonesian Construction: Challenges
and Opportunities. Journal of Construction Technology and Management, 5886): 23

Putra, A. F., Nugraha, B. and Prasetya, H. (2&B) Readiness in Indonesian Construction
Firms: A Case Study of Contractors in Palembadogrnal of Construction Management
and Economicsl8(3): 101115

Putri, S. and Saptari, M. (2021) BIM Adoption in Indonesian Construction: Current State and
Future Prospects. International Journal of Project Management, 39(494230

Rani, H. A.,, AFMohammad, M. S., Rajabi, M. S. and Rahman, R. A. (2023) Critical
Government Strategies for Enhancing Building Information Modeling Implementation in
Indonesia. Infrastructures, 8(3),.57

Rastogi, A., Kumar, N. and Bansal, S. (2023) Benefits of BIM in the Construction industry:
A Comprehensive Review. Journal of Building Engineering, 67, 105965

Saka, A. and Chan, D. (2023) Investment Returns and Risks of BIM in Indonesian
Construction Projects. International Journal of Construction Management, 23t 45

Santosa, M., Yudono, H. and Adhitama, A. (
Construction Sector: Gaps and Opportunities. Construction Research Journal, 19(2): 88
104

Santos, M. Y. and Gama, J. A. (2022) Systematic Literature Review on the Application of
Building Information Modeling (BIM) in Construction: Trends and Research Gaps
Automation in Construction, 132, 103982

Santoso, H. and Yuwono, T. (2023) Current Trends and Challenges of BIM Adoption in
Indonesian Construction Projects. Journal of Construction Engineering and Management,
149(5), 04023045



MCRJ Special Issy&/ol. 26 | No.3 | 205 108

Santoso, R., Purnama, D. and Hidayat, M. (2021) BIM in Cultural Heritage Management:
Case Study of Yogyakarta's Historical Buildings. Heritage Science Journal, 15(2): 145
158

Shehzad, H. M. F., Ibrahim, R. B., Yusof, A. F., Khaidzir, K. A. M., Shawkat, S. and Ahmad,
S. (2022) Recent Developments of BIM Adoption Based on Categorization, Identification
and Factors: A Systematic Literature Review. International Journal of Cdistruc
Management, 22(15): 3068013

Sholeh, S., Nurdiana, A., Setiabudi, Y. and Suharjono, J. (2023) Barriers to BIM Adoption in
the Indonesian Construction Sector: Challenges and Solutions. Journal of Construction
Management and Economics, 41(3): 263

Siregar, T. A., Prasetya, W. and Fitriani, R. A. (20B)aluating BIM Readiness in
Indonesian Construction Companies: Technical Skills and Infrastructure Challenges.
International Journal of Project ManagemeB6(2): 212225,

Siregar, T. A,, Yuliani, N. and Prabowo, D. (20Z3)allenges in BIM Adoption: Financial,
Technical, and Cultural Barriers in Indoneslaurnal of Construction Engineering and
Management49(2): 132147.

Sukmono, A., Putra, F. A., Bashit, N. and Nugraha, A. L. (2021) Utilization of Terrestrial
Laser Scanning Data in Building Information Modelling (BIM) for Fire Disaster
Evacuation Simulation. Civil Engineering and Architecture, 9(7): 22299

Utomo, H., Putra, S., Farrel, R. and Novandy, N. (2023) BIM Integration with-Béskd
Systems for Enhanced Green Building Practices. Sustainable Building and Design
Journal, 18(2): 10217.

Utomo, R. and Wicaksono, A. (2021) Addressing Construction Challenges in Indonesia: The
Role of BIM. Journal of Construction Research, 32(3)86.7

Van Roy, A. F. and Firdaus, A. (2020) Building Information Modelling in Indonesia:
Knowledge, Implementation and Barriers. Journal of Construction in Developing
Countries, 25(2): 19217.

Wahyudi, W. and Saptari, A. (2021) Evaluating the Maturity of BIM Implementation in
Indonesian Construction Projects. Journal of Building Engineering, 34, 102003

Wicaksono, A. and Saptari, M. (2021) Understanding BIM Implementation in Indonesia:
Current State and Future Directions. Journal of Construction Research, 3288): 67

Wicaksono, F., Juliastuti, E. and Arumsari, R. (2023) BIM Readiness Among Indonesian
Construction Firms: A Comparative Study of Large and Small Enterprises. Journal of
Building Performance, 14(1): 1125

Yoga, P., Oktaviana, L., Wahyu, K. and Adriyati, M. (2022) Implementation of Building
Information Modeling on Slope Stability and Mitigation Analysis in Aceh, Indonesia.
Journal of Applied Engineering Science, 20(1): 22,

Zhang, L., Li, P. and Setiawan, A. (2022) Comprehensive Review of BIM Implementation in
Indonesia: Successes and Challenges. International Journal of Architectural Engineering
and Design, 30(1): 8204

Zhou, X., Liu, Y. and Wang, J. (2023) Advancements in Prefabrication Techniques Through
BIM: Case Studies and Future Directions. Journal of Construction Innovation, 15(1): 56
71



MCRJ Special Issy&/ol. 26 | No.3 | 205 109

BIBLIOMETRIC REVIEW OF BUILDING INFORMATION
MODELLING (BIM) FOR ROAD INFRASTRUCTURE
MANAGEMENT

Tamiru Mengst Habtu ! and Walied A. Elsaigh ?

1Department of Civil and Environmental Engineering and Building Science, University of South
Africa, Johannesburg, South Africa

’Department of Civil and Environmental Engineering and Building Science, University of South
Africa, Johannesburg, South Africa

Abstract

Building Information Modelling (BIM) is an emerging and transformative digital system that
addresses the challenges of conventional road infrastructure management by improving data
integration, visualisation, and collaboration throughout the lifecycle. This study conducted a
comprehensive bibliometric review of BIM for road infrastructure management to show the
current state of the art, knowledge gaps, and future research directions. The leading
publications, collaborative networks and key research themes were identified. A bibliometric
analysis was carried out by utilising data from the Scopus database, which covered
publications from 2010 to August 2024. The PRISMA protocol was employed for the
bibliometric review process. Furthermore, VOSviewer and Biblioshiny bibliometric tools were
employed to analyse publication trends, citations, author and country collaboration and
production, and thematic mapping and Evolution. This study highlights a growing interest in
BIM for road infrastructure management but is limited to specific geographical areas. This study
also highlights gaps and future research directions on integrating BIM with emerging
technologies, addressing regional adoption challenges in developing countries, and
highlighting the importance of international collaborations for sustainable and practical
solutions.

Keywords: BIM; Road Management; Bibliometric analysis; 4th Industrial Revolution; Thematic
Mapping; Thematic Evolution

INTRODUCTION

Road infrastructure is vital for the so@gonomic growth of the countries for providing
access to services, work, and markBercoco, 2018/Neiss et al., 20L18awir et al., 2023)
It is also the heart of an integrated transportation system and vital for each country's quality
of life, competitiveness and sustainable developrfeafiso et al., 2016 Road infrastructure
management is a systematic process of planning, designing, constructing, operating, and
maintaining road networks to provide a safe and efficient transportation gykttsumoto
et al., 2017) The conventional road infrastructure management approach encounters many
challengessuch as ageing infrastructure, inefficient data, poor data collection, poor data
storage and management, limited collaboration among stakeholders, budget constraints, and
environmental consequenc@s.S.FHA, 2024) However, Building Information Modelling
(BIM) is an emerging technology for tackling these challenges by improving 3D visualisation,
data storage and managem@dstman et al., 201Jimproving safety and efficiendAzhar,
2011)and(Shou et al., 2015enhancing collaboration between stakehol@@ysmum et al.,
2013) and develop sustainable design through simulations of environmental impact
assessmer{Ghaffarianhoseini et al., 2017 is an emerging and transformative technology
thathasrevolutionised the AECO indust($aedin& Brahim, 2023) BIM is a digital system
for managing a built asset's physical and functional character(Xtica1 & Xie, 2014). It
also functions as a digital system by integrating technology, processes, and policies to handle
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infrastructure data throughout its lifecycle. In other words, BIM doesn't just change
technology; it changes the entire process. For several decades, BIM has been adopted and
implemented in the design and construction of building prdjgdis Kim et al., 2015) Its

use has expanded to civil infrastructures like bridges, roads, railways and sewer networks
(Alaghbandrad & Hammad, 201®azzini et al.,, 2023)implementation of BIM in road
infrastructure has been slow to gain prevalent acceptance and implemedtatioiKim et

al., 2015) However it is currently being adopted and used in the transportation $Etieng

et al., 2016Aaron Costin et al., 2018 hese emerging technologies enhance the construction
industry's productivity, efficiency, and sustainabilighudzari et al., 2024)

In this study, bibliometric tools and the Scopus database were utilised to conduct a
comprehensive bibliometric review. Bibliometric tools like VOSviewer and Biblioshiny offer
a methodological strategy for systematically reviewing and identifying keysrieatliding
leading publications, influential authors, collaborative networks, and the Evolution of topics
within a specific research domain. Italso used to highlight the emcurrence of critical
keywords and the conceptual structure of the resdanctscape, facilitating a more precise
understandingvan Eck & Waltman, 2010nd(Stephan et al., 2017)

Scopus is a reliable and comprehensive electronic abstract and citation database. It is
awell-known database covering 330 distinct research fields withrpgiEwed publications.
It offers over 28,000 serial titles and 24 million ofmatess papers frormaver 7,000
international publishers, making it a unique resource compared to Web of Science (WoS),
ScienceDirect and Google SchdEsevier, 2024)Unlike WoS, it is more selective in the
inclusion of highimpact journals Scopus indexes a wide variety of journals, including
emerging topics, thus providing a more inclusive overview of global research
trendgMongeon & PauHus, 2016) Regarding citation analysis, Scopus offers detailed
metrics like hindex and citation counts, which are critical for tracking research impact,
especially in interdisciplinary fields of Engineering, Construction and Techno{égiesei
Chadegani et al., 2013While Google Scholar offers broader content, including grey
literature, it lacks a rigorous selection progegsich limits its reliability compared to Scopus
(Harzing & Alakangas, 2016 ompared with ScienceDirect, Scopus offers the advantage of
using more than eight Boolean Operators, facilitating a more refined approach. Therefore, for
in-depth bibliometric studies. In summary, Scopus is preferred due to itstweitured
databasehigh-quality data, extensive coverage and support by advanced tools to visualise
and track research trends. Regarding review and data extraction protocols, the PRISMA
Framework introduced in 2009, is often used to support systematic review and reporting
(Page et al., 2021t offers a wideranging protocol that ensures a meticulous and rigorous
investigation of all available literature relevant to a specific research topic and evidenced by
several key sourcgtockwood et al., 202Hutton et al., 2015)

This study addresses critical research gaps in BIM for road infrastructure management by
systematically analysing trends, influential works, and emerging themes. It uniquely
contributes by offering an exhaustive investigation of the scholarly landscghégtiing
the future research direction on underexplored areas of the adoption of BIM in developing
countries and the potential of BIM integration with emerging 4th IR technologies for
sustainable and efficient road infrastructure management
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Formulating Research Questions

The bibliometric analysis addressed the research gap on BIM for road infrastructure
management by formulating the following four key questions:

RQ1: What has been the publication trend, including volume and growth rate, of research
on BIM for road infrastructure management from 2010 to August 2024?

RQ2: Which are the most frequently cited papers in the field of BIM for road
infrastructure managememind what makes them influential?

RQ3: How do collaboration networks shape the publication landscape in BIM for Road
Infrastructure Management, and how are the authors and countries?

RQ4: What are the key concepts, themes, and emerging topics in BIM for road
infrastructure management, and how has keyword use evolved?

METHODOLOGY

This study aligned with positivist research philosophy, focusing on objective, quantifiable
and qualitative data in bibliometric methods for evaluating academic contributions and
understanding the scholarly landscape through mixed research approachesomelric
review was conducted to quantitatively analyse publication pattetnike providing
qualitative insight into the thematic trends and research gaps. Performance analysis was used
to assess research output over timeamine most cited articles é@nnfluence (citation
analysis) the individuals, institutions and country's research impadh¢idx) and identify
influential contributorgCobo et al., 201 1Xiaozhong Liu, 2013)Science mapping was used
to identify the collaborative networksdauthorshipanalysis) detect influential references
and intellectual bases of the field {citation analysis), map key research keywords and
thematic clusters (coccurrence analysisand analyse trends and shifts in research focus
over time thematic mapping and evolutiprAs illustrated in Figure ,lthe six basic steps
were employed for bibliometric analysis in this study.

Formulating the Research | Establishing a Searching | Conducting a comprehensive |
Questions Strategy search
Analyzing and Reporting the & Extracting and Synthesizing E Screening and Selecting
Findings Data Studies

Figure 1. Basic Steps to Conduct a Bibliometric Review

The PRISMA protocol was utilised for bibliometric review analysis based on the
extracted bibliometric data from the Scopus database.-@pace tools of VOSViewer,
version 1.6.20 (2023) and Biblioshiny, version 4.3.0 (202 employed for bibliometric
analysis. VOSViewer is intended primarily to analyse academic records and create a network
map. Network, overlay, or density visualisations in VOSviewer are also used to visualise co
authorship, cebccurrence, citation, bildgraphic coupling, and ecitaton links. The
Biblioshiny tool in Rpackages is used to analyse annual publication trends and conceptual
structure insights into thevolutionof research themes and the growing influence of emerging
trend topics.
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Bibliometric Data Extraction

As shown in Figure 2 below, the PRISMA protocol was utilised to extract bibliographic
data from the Scopus database. The search was conducted using the Scopus retrieval schema
(TITLE-ABS-KEY), whereas relevant keywords were identified, and search striegs w
formulated accordingly.

The search conducted by this research on August 2024 ‘

!

( ( "Building Information Model*" OR "Building Information
Manag*" OR bim OR i-bim OR infrabim OR "City Information
Model*" OR "Civil Information Model*" OR "Civil integrated
Model*" OR cim ) AND ( "Road Infrastructure” OR "Highway
Infrastructure” OR "Transportation Infrastructure” OR "Road
network"” OR pavement OR "Road Design" OR "Road
Construction” OR "Road Management" ) AND ( "Manag*" OR
maintenance OR "Asset Manag*" OR "Asset Management
system"” OR ram OR rams OR "Facility Management"” OR fm
OR operations OR "Lifecycle Manag*" OR "Project
Management” OR sustainability ) )

Search String

Initial Records identified Excluded articles by automatic
through Scopus database search » filtration (n=67 )
(n= 245)

v

Records after setting inclusion Excluded articles because of
criteria (n= 178) duplication (n =4)

v

Records after duplicates
removed(n=174)

\ 4

Screening ‘ Identification

Records screened based on title
Keywords and abstract(n= 174) » Records excluded (n=30)
iy 4
= Full text articles assessed for
= eligibility(n= 144) » Non relevant Articles (n=15)
=1 1]
=
_— 4
% Articles included in the final review(n=
= 134)
=
=
—

Figure 2. Modified PRISMA Framework for Bibliometric Review

The keywords were identified based on defined research questions and a preliminary
literature review. Searching strings were established by combining keywords with the
Boolean operators "AND" and "OR". The studitised"AND" to connect terms for a narrow
search, "OR" to link related terms for broadening a search, " " to search exact phrases, () for
grouping terms or operators and asterisk (*) or a wildcard character at the end was used to
find all words that startwitk e y wor ds . -ABB-KEK 0 | Swagused to identify
documents based on the title, abstract, and keywords. This study incorporatexVigsezd
journal articles and conference proceedings to get the compressive state of the art. Publication
year, document type, source types, subjeea.ampublication stage, open access and
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publication language were considered for inclusion and exclusion criteria. Hence, the
documents published in English in the subject area of Engineering and Computer Science
were considered in this review. Since the early 2000s, scientific research onnBIM i
Construction has started and shown progress, while the concept of BIM is traced back to
earlier ideas about digital representations of buildings. The substantial research growth in this
research field came after 2010. So, this study was consideredraatdquublished between

the 2010s and August 2024. Conversely, articles that focus on the application of BIM in
buildings or other forms of infrastructure, articles that are not published in English,
unpublished articles and duplicate articles were excldided the review. The keywords,
exclusion and inclusion criteria were identified based on relevance and related to the research
domain. As a result, 245 articles were obtained using search terms in the Scopus database's
search bar. After autefining theresults based on the inclusion and exclusion crit&ii8

articles were identified. The selected articles were exported in CSV file format from the
Scopus database, containing metadata such as citations, bibliographic details, abstracts,
keywords, and conference information. After data extraction, a masrealsng process was
carried out to identify duplicates and assess the eligibility of the articles. This process resulted
in 134 articlespublished between 2013 and August 2@24ng selected for biblioetric
analysis. However, it has limitations, as it may exclude relevant studies and perspectives
found in other databases.

RESULTS AND DISCUSSION

The relevant bibliometric data shown in Table 1 below was extracted from Biblioshiny
software. The analysis highlighted that 134 articles from 87 sources were published between
2013 and August 2024, a 23.83% annual growth rate from 452 authors' contributions, with a
low rate of 4 singleauthored publications. International-aathorship $ prevalent, with
16.42% of documents featuring international collaboratasan average of 4 eauthors
per document. Furthermore, the analysis showed that 14.82 % is the highest average of
citations per document, suggesting a significant impact. B18 4eferences cited in the
papers highlighted the existing literature contribution. The publication growth rate indicates
thegrowinginterest in this research domain and highlights the significant potential for future
research.

Table 1. Bibliometric Data (Extracted from Biblioshiny Software)

Description Bibliometric Data
Timespan 2013: 2024
Sources 87
Documents 134
Annual Growth Rate 23.83%
Authors 452
Authors of single-Author 4
International Co-Authorship 16.42%
Co-Authors per doc 4
Aut hor s Keywords 421
Reference 4578
Document Average Age 3.19

Average citation per doc 14.82
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Annual Publication Trends

As illustrated in Figure 3, the annual publication trend between 2013 and 2024
demonstrates a steady increase in research output and has a notable change in 2023. The
publication trend in 2013 was 1.49%, followed by a slight rise to 3.73% in 2014. Thasdipw
trajectory continued, reaching 8.21% in 2018 and facing a temporary decline in 2019 to 6.72
%. However, the research community rebounded strongly, with publication rates rising to
20.90% in 2023. This exponential growth demonstrates that scholars@eerested and
engaged in this field, indicating a positive outlook for adopting BIM for Road infrastructure
management and future research. Furthermore, in this ddtdisegtructures, Automation in
Construction, Sustainability (Switzerland), The International Society for Optical Engineering,
Journal of Construction Engineering and Management, Advances in Civil Engineering and
Architecture, and various Engineering Jalsmare the top publishers in the research field.

25.00%

20.90%

20.00%

15.00%

10.00%

Published Axticles

5.00%

0.00%
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Publication vear

e Priblication Trends — ceeeeees Expon. (Publication Trends)

(Data Adapted from Biblioshiny)
Figure 3. Annual Publication Trends from 2013 to 2024

Most Cited Articles

As illustrated in Table 2 below, the 10 most cited articles from the 134 selected studies
are discussed. A comprehensive literature review conducted in 2018 by Cos{iA €ltin
et al., 2018)tands out with an impressive 346 citations, demonstrating its broad application
and relevance. Other notable articles by Chong e(Cilong et al., 2016 omparative
analysis, which achieved 129 citations, Tang effalng et al., 2020parametric modelling,
which gained 96 citations, and Fanning e{Falnning et al., 2015wo bridge project
comparisons which received 79 citations. These findings infer a growing interest and
recognition of the importance of BIM in road infrastructure management. The increasing
citation numbers for recent publications conducted by Han 202P(Han et al., 2022)A
study on compaction quality monitoringdicatesa promising future for research in this area.
As a result, research on BIM applications is still in progress and needs further research.
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Table 2. Most Cited Articles on The Application of BIM for Road Infrastructure Management

i i P Total TC Per
Author Article Title Key Findings Citations Vear
Costin A. et al. Building Information This study highlighted the growing 346 49.43
2018 Modelling (BIM) for interest in BIM for transportation
transportation infrastructure. It identifies key gaps
infrastructure: Literature in asset management,
review, applications, interoperability, and as-built data
challenges, and capture.
recommendations
Chong Hy et al. Comparative Analysis of This study's findings showed that 129 14.33
2016 the Adoption and Use of notable cash was saved, and
BIM in Road Infrastructure  project time was reduced by
Projects implementing BIM.
Tang F et al. Parametric modelling and This study enhances 3D 96 19.20
2020 structure verification of visualisation and design accuracy
asphalt pavement based for semi-rigid base pavements by
on BIM-ABAQUS developing a data conversion
interface and employing
parametric modelling.
Fanning B et al. Implementing BIM on The study highlights that BIM has 79 7.90
2015 infrastructure: Comparison  limited use in horizontal structures.
of two bridge construction Also, highlights that BIM has a
projects high initial cost but saves
operational costs by reducing
change orders and rework.
Vignali V et al. Building Information The study demonstrated the 69 17.25
2021 Modelling (BIM) effective use of I-BIM to optimise
application for an existing design and meet regulations,
road infrastructure improve project visualisation with a
3D terrain model, integrate
infrastructure elements, and
enhance project management
through an innovative plugin.
Aziz Z et al. Leveraging BIM and Big This study emphasised the 65 8.13
2017 Data to deliver well- advantages of BIM with Big Data
maintained highways in highway infrastructure
management. For improving data
handling and predictive analytics.
However, information loss during
project handovers is a critical
challenge.
Biancardo Sa et  Integration of BIM and This study highlights VisualARQ's 58 11.60
al.2020 procedural modelling tools  role in enhancing IFC
for road design interoperability and emphasises
verifying IFC models with
BlIMcollab ZOOM for compliance
and issue tracking.
Liu Zetal. 2021 3D Visualization of Airport  This study highlights latency 43 10.75
Pavement Quality Based issues and calls for further
on BIM and WebGL advancements in 3D structural
Integration quality analysis using BIM and
WebGL to improve infrastructure
management.
Sofia H et al. Mobile mapping, machine The key findings of this study are 40 8.00
2020 learning and digital twin for  the effective use of a Digital Twin

road infrastructure
monitoring and
maintenance: Case study
of Mohammed VI bridge in
Morocco

for the transformation of cloud
point data into a BIM model to
enhance maintenance and the
creation of a bridge maintenance
system for improved infrastructure
performance monitoring
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. . A Total TC Per
Author Article Title Key Findings Citations Vear
Han T et al. A BIM-loT and intelligent This study developed a prototype 39 13.00
2022 compaction integrated system that demonstrates effective
framework for advanced real-time tracking and data
road compaction quality management, improving
monitoring and construction efficiency and
management sustainability while accurately
detecting weak areas for timely
interventions.

(Data Extracted from Biblioshiny)
Authors Co -Authorship Analysis

The leading authors are identified throughatghorship analysis, with higher nodes
indicating larger labels imisualisationand thicker link lines indicating stronger connections
between itemwan Eck & Waltman, 2023 he ceauthorship networkisualisatiorhas four
distinct clusters of authors that suggest potential collaborations and knowledge sharing within
specific research domains. Theaathorship was analysed based on setting a threshold of a
minimum of 1 author per document and 1 citation of thb@utvhich identified 324 authors
out of 475. The cluster centreds illustrated in Figure,4Salvatore Antonio Biancardo
strongly linked with Francesca Russo and Cristina Oreto on research focused on BIM
applicatons in road pavement managem@iancardo et al., 2020, 2022; Fabbrocino et al.,
2023; Intignano et al., 2021, 2022; Maltinti et al., 2021; Oreto et al., 2021; Oreto, Biancardo,
Veropal umbo, Vi scione, Russo, & Dell 6acqu
Viscione, Russo, Abbondagt al., 2022and linked with Veropalumbo Rosa on the research
focused on the integration of BIM, GIS, 10T, and AR/VR for smart road network maintenance
and managemef€Carneiro et al., 2018The clustercentred Gianluca Dell'Acqua linked with
Salvatore Antonio Biancardo on research focused on the integration of BIM with life cycle
cost analysis for Road Pavement Maintenéoeto, Biancardo, Veropalumbo, Viscione,
Russ o, & D e |. Thé findirgaidemons&die2tat)the authors have had significant
collaboration in the research domain.

vorobjovas, viktoras

dell’acquapgianluca

veropalqmbo, rosa

russo, f!‘gncesca
massofiti, luigi tibautgandrej
biancardo, s%ﬁtore antonio

de oliveiraggara guerra

oretojgristina capano, alessandra

viscionggnunzio

dell’acqua, gianluca

A\ "
%% VOSviewer bbondati, francesco

(Extracted from VOSviewer)
Figure 4. Results of Author Co-Authorship Analysis
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Production by Author

The author's production analysis is used to describe a dynamic research landscape in the
field. As shown in Figure 5 below, Biancardo, Salvatore Antonio, and Bianchi Cimpolli L.
are fruitful authors with consistent publications. While Bianchi Cimpolli augput has
remained relatively steady, Biancardo, Salvatore Antonio has shown a significant increase in
recent years, indicating a growing research interest and productivity. Veropalumbo, Rosa and
Dell'Acqua, Gianlucaboth researcherbave demonstratea consistent publication record.
However, as shown in the figure below, Bertolin and O'Brien, William J, have a more
irregular publication pattern. In general, the finding highlighted a diverse and evolving
research community within the field of BIM for maging road infrastructure. The varying
levels of author productivity and the emergence of new researchers show a vibrant and
dynamic research landscape with potential for future growth and innovation.

Biancardo, Salvatore Antonio.
Ma, Tao. . i .
Veropalumbo, Rosa. . N.Articles

Bertolini, L.

L L X X

Bianchini Ciampoli, L. -

Authors

Dell'acqua, Gianluca TC Per year
D’amico, Fabrizio ®
Han, Chengjia . .
Napolitano, A. ®

O'brien, William J. @
LR

o
o Year

2016
2018
2020

0,

(Extracted from Biblioshiny)
Figure 5. Author's Production Over Time

Countries Co -Authorship Analysis

The VOSviewenetwork visualisation highlighted the-emithorship patterns between the
countries in this research domain. The clustering of countries indicates the creation of research
networks or collaborations. The analysis was carried out by setting the minimuremofmb
papers and citations of a country as,a@rel 37 countries met the criteria from 42 countries
in the data sets. The analysis included 24 items with a cluster of 19. The weight of the nodes
corresponds to the number of publications from each coueinghasisinghe relative
research output with the corresponding author. As a result, as shown in Figure 6, China, Italy,
the USA, and the UK emerged as major contributors to the field, with numerous connections
to other countries. This suggests their active engageiménternational collaborations and
significant influence on global research. The thicker lines between countries indicate more
frequent and stronger collaborations. Therefore, the cluster of the USA, chain, Canada,
Australia, South Korea ar8ingaporeand the cluster of the United Kingdom, Belgium, Italy,
Lithuania, Slovenia, and Portugal indicatgential for joint research projects and knowledge
sharing within this field. Thus, the network visualisation highlighted the interconnection of
countries in the field of BIM for road infrastructure management.
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Figure 6. Results of Country Co-Authorship Analysis
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140
120
100
80
60
40 m Freq
20 II
0 IIIIIIII.IIIII------ _____________
’bﬂxﬁ‘\&\’b PSRN SR I N SRR
\)%0 q NN N S PN B P N O
@QO\K@&Q & & F D @ ¢ & & R
AERRORSE S A A IR
& I
@ )
oV

(Data Adapted from Biblioshiny)
Figure 7. Results of Production by Country

As shown in Figure above Italy and China are the dominant contributors to the global
research landscape of BIM for road infrastructure management in this dataset. Italy led the
dataset with 116 publicationslosely followed by China with 115. This showed high levels
of research engagement and output in both countries. Although the United States, the United
Kingdom, and Germany also show significant research activity, their publication frequencies
are notablylower than in Italy and China. Morocco and Spaiith 14 publicationsach
represent a growing interest in BIM research, although they are behind the leading nations.
Canada, the Czech Republic, Norway, and Australia, with 10 to 13 publications, deteonst
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moderate research engagement, indicatindeveloping interest. South Korea, Portugal,
France, and Finland, with fewer than 10 publications, present relatively lower research output.
Despite the limited research output and BIM implementation in Africa, Morocco and Egypt
are leading countries in #idata set that show potential to drive BIM research and
development on the continent. This analysis underscores the need for greater research efforts
and collaboration with developed nations to advance BIM amiopti road infrastructure
management in Africa. Through bridging knowledge gaps and fostering collaborations, the
researchers can contribute to the global discourse and develop innovative andspmuiéixt
solutions for the road infrastructure managenuiallenges in the continent.

CoZccurrence Analysis
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Figure 8. Result of Co-Occurrence Analysis

Co-occurrence analysis visualises and analyses the relationships between different
concepts or keywords within a dataset. It helps to identify patterns, clusters, and relations
between terms, providing valuable insights into the thematic connections bdtyaeords
and how research topics are grouped. In this study, the analysis was conducted kyveetting
minimum occurrences of keywords and selecting 81 keywords from 421, and 72 items were
grouped into 10 distinct clusters, showing important relatiossai trends. As shown in
Figure 8above BIM emerged as the most frequent and central keyword, reflecting its
dominance in this research fieldnd it 6 s crbad sgset mandgenvertad h
infrastructure, bridge inspection, pavement condition and maintenance, pavement attributes,
loT, GIS,databasedata management andigitalisation As a resultthis cluster mainly
highlighted research on the application of BIM in pavement and road infrastructure
management. The green cluster highlighted Buildingnformation Modelling for
Infrastructure and Sustainability. This cluster shows themes such as building information
modelling, sustainability assessment, transportation infrastructure, digital twins,
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andemerging 4IR technologies. It represents research exploring the integration of BIM with
sustainable practices in the construction industry's design and management of transportation
infrastructures. The blueluster centred on the keywords of BIM Infrastructure, road
infrastructure, road construction, road pavement, stone pavements, Facility management,
collaboration, operations and maintenaridds cluster reflects studies that focus on these
physical aspects of firastructure management, collaboratard data acquisition. The final

Light blue cluster highlighted automatiamd BIM for InfrastructureThis cluster represents

the integration of BIM infrastructure with automation technologies, reflecting research on
automating processes within BIM frameworks to improve the sustainability and efficiency of
road infrastructure nmagement. In summary, the-oocurrence cluster analysis highlighted

a key thematic area, revealing the interdisciplinary nature of BIM research in road
infrastructure managemengpanning from digital twin technologies to sustainability
assessments and GIS integration for efficiency, sustainability, andtdong asset
management.

Thematic Map Analysis of BIM for Road Infrastructure Management
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Figure 9.Thematic Map Analysis

The thematic map analysis is used to illustrate the research landscape in the field of BIM
for road infrastructure management. The clustering algorithm defined as infomap, the authors'
keywords, a minimum cluster frequerafys per 1000 documents, 2.5 label numbers, and 0.2
label sizes were defined as analysis parameters in the Biblioshiny softwashowsin
Figure 9above the theme map analysis has four quadrants, each representing different themes
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based on their centrality (relevance) and density (development)topheght quadrant

(motor themekincludes keywords such as BIM, asset management, data management,
transport infrastructure, and pavement dedwghlighting wellestablished, highly relevant,

and developed topics in the field. These motor themes indicate areas with robust research
activity and strong interconnections, where topics are both important andevelbped. In

the top-left quadrant(niche themes terms like nordestructiveanalysis, health condition
assessment and pavement maintenance@aeialisedhemes that are wetleveloped but

have lower relevance to the broader field. These niche areas are advanced but remain
marginal. Thebottomright quadranti{fasicThemes)ontains core concepts like Building
Information Modelling,road infrastructure, road digitadition, road informatiomodelling,
collaboration, and management. These are highly relevant topics that form the foundation of
the research field, though they may ypet be as fully developed as motor themes. Lastly, the
bottomleft quadrant émerging or declining thempesncludes terms like BIM road
infrastructurefacility managemenand digital twinssuggesting these areas are emerging as
new research edges in research interest. In summary, to advance the field, future research
should focus on integratin@igital Twins, GIS, andAl-driven systeménto the broader
framework ofBIM for road asset managemeadidressing interoperability challenges and
enhancing datdriven decisiormaking. Additionally, exploringautomation in road
constructiorand improvingpavement maintenance techniqueig reattime data and
nondestructive analysis methods will ¢dbute to longterm infrastructure sustainability.

Thematic Evolution Analysis for BIM in Road Infrastructure Management

Thematicevolution analysiss illustrated in Figure 10 below to highligtite Evolution
of themes, keywords or terms over time within a dataset between 2019 and 2023. BIM is core
in this network which is weltlconnected to themes such as asset management and road
infrastructure, with the prominence @$ significance in infrastructurdigitalisation and
management. In the early year26fl9 to 2020, research primarily focused on foundational
aspects like Geographic Information Systems (GIS), digitalstwamd asset management,
reflecting a growing interest in integrating digital tools and spatial data management,
particularly within the road and civil infrastructure sectors. As the timeline progressed to
2021, more specific applications of BIM emergetluding transportation infrastructure,
collaboration, and management, indicating an expansion from general digital management
tools to focused applications within specific infrastructure areas. The importance of digital
twins and the Internet of Thing{l) also became more prominent during this period. In the
most recent years2022 to 2023, research shifted towards advanced topics such as
digitalisation, infraBIM, road information modelling (RIM), and BIM infrastructure,
suggesting a keen interest in fully integrating BIM with broader digital transformation
technologies. Overkl visualisation demonstrates a thematic shift from general BIM
applications to more specialised and advanced uses and how BIM can enhaticeereal
infrastructure management thgiuintegrationwith emerging technologies like Al, 10T and
digital twin. Thematicevolution analysifighlighted researcthatevolves from conceptual
explorations to practical implementations.
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Figure 10. Thematic Evolution Analysis

In summary, government organisations, contractors, consulting firms, and infrastructure
managers should adopt BIM and emerging digital technologies to address challenges of
ageing infrastructure, data inefficiency, limited collaboration, safety and ememml
issues, and enhance sustainability, efficiency and productivity of road infrastructure
management, as well as to make dhigen decisions for countries' socioeconomic
development.

Limitations of The Research

This study presents a comprehensive bibliometric review of BIM for road infrastructure
management. However, it is not without limitations. The analysis is limited to the Scopus
database due to the bibliometric tools used, such as VOSviewer and Biblioslyiimg ol
data imported from single sources. While Scopus is one of the comprehensive and largest
academic literature databases, this limitation excludes potentially relevant articles indexed in
other sources. The study utilised bibliometric tools to mafigatton trends, ceauthorships,
and thematic analyses. Nevertheless, bibliometric methods may overlook qualitative insights,
such as practical challenges, case studies, and stakeholder perspectives on BIM adoption in
road infrastructure management.

The dataset is limited to publications from 2010 to August 2024, excluding recently
published or ongoing research. Furthermore, the study predominantly focuses on keywords
and citation metrics to identify trends and gaps, which may not fully capture dhéngv
interdisciplinarity of BIM with emerging technologies like artificial intelligence (Al), the
Internet of Things (loT), and Geographic information systems (GIS). Additionally, thematic
analysis based on keyword -oocurrence is inherently constrainég how researchers
identify and structure their publications.
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Future Direction

This review underscores the growing significance of BIM for road infrastructure
management through bibliometric analysis. To advance BIM adoption and effectiveness in
road infrastructure managemergsearchers, policymakesasd practitioners should consider
the following recommendations. First, future researchers should conduct a comprehensive
review by integrating data from multiple databases to enable systematic literature reviews and
metaanalyses, providing deeper quative insights and practical igiance. Second, prioritise
the integration of BIM with Al, 10T, and digital twin systems, leveraging their potential to
enhance data management, predictive maintenance, artthrealecisioamaking in road
infrastructure management. Third, address rediiand countryspecific challenges to BIM
adoption, particularly in developing nations, by funding research that identifies these
challenges through stakeholder surveys, interviews, and case studies. African researchers,
policymakersand practitioners shadistart international collaborations with established BIM
research communities that can accelerate innovation and adoption, enabling the region to
address critical infrastructure gaps using sustainable, techndiogyn solutions.
Policymakers should alscreate enabling environments through supportive regulations,
capacitybuilding programs, and publjgrivate partnerships to ensure the successful
implementation of BIM for soci@conomic growth and sustainable development in the
countries.

CONCLUSIONS

This bibliometric review contributes to knowledge by highlighting a comprehensive
review of the current research trends, gaps, and encouragements for future studies in BIM for
road infrastructure management. The findings underscore BIM's transformatiwtigldb
enhance efficiency, collaboration, and sustainability of road infrastructure management. In
conclusion, the bibliometric review arilising BIM for road infrastructure management has
shown notable insight into annual publication grqwitost infuential articles, international
collaborationproduction by authors and countries and the conceptual structure of the topics.
The following lessons can be drawn:

A The annual publication growth rate of 134 documents published from 2013 to 2024
is 23.83%; this indicates a significant growing interest in BIM for road infrastructure
management. This trend also highlights an expanding research interest that implies
the @ntinued growth of this research area.

A The most influential paper shows the foundational works and paves the way for future
research. So, Costin et al. (2018) Costin et al., 2018and Chong et al. (2016)
(Chong et al.,, 2016have significantly influenced the research landscape, with
citations reaching 346 and 129, respectively. The high citation nurabgrsasise
the critical role these studies have played in shaping the discourse on BIM and its
applications for Road infrastructure management.

A The author's cauthorship and the country's-aathorship Analysis highlight strong
international collaborations, with 16.42% of documents featuring -trosker
collaborations. Authors such as Salvatore Antonio Biancardo and Gianluca
DelllAcqua are cendl figures in the research network and production, while
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countries like China, Italy, and the USA lead global research output. These
collaborative efforts have strengthened the intellectual connectivity of the field,
fostering knowledge sharing across borders and institutions. However, in Africa,
research aimedt the adoption of BIM for road infrastructure management is limited
compared to developed natigmghich highlights the need for more regiepecific
research.

A The coeoccurrence, thematic map, and thematic Evolution analysis highlight several
emerging research themes within road infrastructure managenmehiding
digitalisation road data management, asset management, and integrating BIM with
Fourth Industrial Revolution technologies like Al, 10T and digital twins. The research
has evolved towards advanced technological applications, with recent trends focusing
on sustainability reattime data integration, and Adriven innovations. Emerging
concepts like digél twins and Al, identified in thematic Evolution, point toward the
future of BIM researchemphasisinghe need for more datiriven, automated, and
sustainable approaches to road infrastructure management.
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Abstract

Transfer of Technology (TOT) is one (1) of the processes that ensure knowledge and
information as modern-day resources are effectively shared to create a competitive advantage
for stakeholders. Despite the increase in TOT activities, there has yet to be an agreement
among existing stakeholders, especially industry-academia collaborators, to measure the
actual effectiveness of TOT and how it uplifts and improves collaborating stakeholders. Thus,
understanding the efficacy of TOT is crucial to boost and spur economic and social growth.
Nonetheless, methods need to be established to assess the effectiveness of TOT, especially
in Malaysia's digital construction industry. Thus, this study aims to investigate the Critical
Success Factors (CSFs) to ensure effective TOT. Using the BOOLEAN search string, a
systematic literature review using the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) technique is conducted across Scopus databases. The searches
yielded 309 articles, which, upon screening, a total of 31 article journals were carefully chosen
and thoroughly reviewed and later coded using NVIVO software into seven main themes and
39 subthemes. The study revealed seven main themes, politics, economics, social, technology,
policies, legal, and environment, as the main success factors for effective TOT. Future
directions of research that focus on CSFs as the parameters to be measured will add to the
existing literature on the topic. This study intends to guide construction organisations to
navigate the complexities of digital transformation better, achieve sustainable success, and
ultimately create a better business opportunity that leads to economic growth.

Keywords: Transfer of TechnologyTOT; Critical Success FactorsSSystematic RevieWigital
Construction

INTRODUCTION

Many companies lack the planning and execution to adopt new technology. This includes
the lack of weldefined technology integration strategies, inadequate personnel training, and
a failure to understand the transfer of technology (TOT) adequi@ebuidenhout and Bean,

2022) Besides that, TOT errors can delay projects, increase costs, and compromise safety.
This division makes using new technologies inefficient and wastes cgpi@ETI, 2021)

As technology advances swiftly, the sector must keep up, which could lead to a loss of
competitive edge and economic downf@Norld Economic Forum, 2019; Ministry of Works
(KKR), 2022)

Notwithstanding these barriers, there is optimism. Utilising organised frameworks for
TOT, such as creating specialised teams for technology integration, offering ongoing
employee training and development, and cultivating an environment encouragingiomovat
can greatly enhance results. Moreover, adopting proven methodologies from prosperous case
studies and tailoring them to fit specific organisational circumstances can facilitate seamless
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transitions. Implementingre-emptivemeasures can reduce the risks connected with TOT,
hence guaranteeing that the industry can fully capitalise on the advantages of digital
innovationg OECD/Eurostat, 2018; Sun, 2021)

Conversely, the success of TOT depends on other aspects. Effective TOT in digital
construction requires addressing critical success factors (CSFs) to avoid failure and achieve
desired results. By identifying its weaknesses and adopting strategic solutiens,
construction sector may successfully manage the digital transformation, improving
productivity and sustainability. Financial, organisational, and regulatory variables are crucial
to measuring TOT(Roszkowska, 2013)On top of that, learning from existing project
experience helps in understanding technology capabilities and limitations, especially as with
many technologies, further research is needed to understand the advantages and drawbacks of
technologies fullyHanif et al., 2023)Through understanding and leveraging these factors,
stakeholders can optimise their TOT strategies and maximise the impact of their innovations
on society and the economy of the construction industry itself.

Nevertheless, current research on TOT CSFs and TOT in digital construction is sparse.
Thus, this study seeks to identify the CSFs of effective TOT to illuminate the factors that later
affect digital construction technology transfer. This initiative willompte digital
construction research and expand field expertise.

é Records identified from*: Records removed before screening:
5] SCOPUS Databases > Duplicate records removed (n = 0)
£S5 (n =309) Records marked as ineligible by automation tools (n = 0)
é Records removed for other reasons (n = 0)
A4 Records excluded**
(n=145)
Records screened >
(n=164) Reasons:
1 Non journal articles such as book chapters, conference
papers and white papers.
Reports not retrieved due to exclusion criteria
(n=99)
o A4
£ ) Exclusion criteria:
@ Refons sought for retrieval » 1 Articles published outside the time frame of 1999-2024,
3 (n =65) 1 Not related to critical success factors of technology
transfer,
Unavailable for retrieval or download
T Not written in English
v
Reports excluded:
Reports assessed for eligibility ) 1 Not relevant to research context after title and abstract
(n=31) screened (n =31)
1 After full text review (n=3)
— l
= Studies included in review
2 (n=31)
=
-

FigurSeLR Prisma Fl owchart
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A systematiditerature review (SLR) was utilised for this research. SLR summarise field
information in detail. They propose future research goals, answer issues that individual studies
may have missed, identify persistent difficulties that future studies can addrégsoduce
or evaluate hypotheses explaining evéRtsge et al., 2021Following PRISMA guidelines,
there are four main stages of SLR processes as folldyddentification of journals, (2)
Screening process; (3) Eligibility check; and (4) Inclusion of finalised journals This study
used an SLR of earlier research conducted about the CSFs of effective TOT, as the current
body of knowledge is still lacking inanderstanding the right way of assessing the impact of
TOT (Joshi et al., 2021)Figure lportrays the SLR process that funnelled the study from the
initial 301 articles to 31 articles over the three structured layers of the screening process.

This process begins by identifying article journals through SCOPUS databases. SCOPUS
was chosen as the search engine because of the clear list of indexed content and its extensive
library of publications covering more than 15,000 articles and journalsnrora than 4,000
publishers from different industries, including management, engineering, business, and
construction(Radzi, Rahman and Doh, 2028)systematic desktop search using search string
of "TITLE-ABS-KEY ( critical AND success AND factors AND of AND technology AND
transfer ) AND PUBYEAR > 1998 AND PUBYEAR < 2024 AND ( LIMITO ( DOCTYPE,

"ar" ) ) AND ( LIMIT-TO ( LANGUAGE, "English" ) ) AND ( LIMIT-TO (
EXACTKEYWORD, "Technology Transfer")) AND ( LIMIATO ( SRCTYPE, "j") )" was
conducted on SCOPUS databases and 309 articles were retrieved initially by January 2024.
IDuring the screening stage, journal articles are filtered to ensuredeaemdability and
accuracy. Of the 309 publications, 145 were omitted because they were book chapters,
conference papers, informal documents, or white papers. The second screening step excluded
99 articles using distinctive exclusion factors, leaving @iclas. The parameters were
established in Table 1. Abstract and full manuscript text checks are conducted to ensure the
final papers are eligible for analysis. This process is important for a more detailed evaluation
of journals. It involves an wlepthassessment of the contents to ensure that data and insights
are reliable, highguality, and relevant to the research topic. Only 31 of 65 screened papers
were chosen for further analysis in this study.

TablExclusion & Inclusion Criteria
Inclusion Criteria Weightage of Criteria Justification
Articles published in peer-reviewed 25% Peer-reviewed articles undergo rigorous
journals evaluation by experts in the field, which
enhances the validity of the findings
Studies focusing on Critical Success 25% Articles were evaluated on their direct
Factors (CSF) or Transfer of relevance to the topic of CSF or TOT
Technology (TOT)
Publications in English 10% Ensure ease of accessibility and accurate
understanding.
Exclusion Criteria Weightage of Criteria Justification
Articles not related to CSF and TOT 10% Maintain the study's focus on factors impacting
the effectiveness of TOT
Articles published outside the time 10% Capturing the most relevant and recent
frame of 1999-2024 developments in the field
Non-peer-reviewed publications, such 15% Non-peer-reviewed publications are excluded
as conference papers and reports to ensure credibility and reliability
Articles are not available for retrieval or 5% Inaccessible articles were excluded to ensure a

download thorough review and analysis
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Thematic Analysis is a weproven method widely used in theoretical research that
allows researchers to focus on identifying the themes and developing analysis cohesively,
conducting knowledgbuilding and theorngenerating qualitative SLRSoshi et al., 2021)

In this investigation, NVIVO software assisted with data analyses. Key criteria, such as
critical elements for effective TOT, research methodology, conclusions, and future directions,
were coded from the selected papers. The analysis found seven pierags: Political,
Economic, Social, Technology, Policies, Legal, and Environment aspects of effective TOT
success.

RESULTS AND DISCUSSION

This study analysed publication data using Thematic Analysis. Thematic Analysis
describes data patterns and observations. Qualitative coding organises data by assigning
codes. It involves developing a thorough list of ideas or subjects that best reprels¢at
compilation(Toyon, 2021) Figure Z2illustrates the analysis findings of 31 articles that have
been further classified into seven main themes: Politics, Economics, Social, Technology,
Legal, Policies and Environment, with a total of 39 subthemes that were found to be potential
CSFs for effetive TOT.
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Politics often impact TOT, as governments may regulate it to protect national interests,
enforce international agreements, or stimulate domestic innovg8bahebrahimi et al.,
2022) Moreover, the importance of maintaining good political relationships between
countrieqSun et al., 2023nd maintaining political stabilittMazher et al., 201&re among
key highlights of how politics benefit the accomplishment of the TOT process as rewards
indicatorg(Barbolla and Corredera, 2009)terestingly, the everhanging political paradigm
poses several uncertainties that could threaten TOT and su€eeaskh Bashir et al., 2013)
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Scientific Reputations

From another perspective, TOT must emphasise scientific reputation. Trusted universities
and organisations with good research outputs will likely obtain international collaborations
and funding. A high scientific reputation increases technology uptakeoamuercialisation,
facilitates negotiations, and boosts credibili¢$chiller and Brimble, 2009; Sun, 2021;
Toledano, Gessa and Sanchéazrrera, 2022)

International Reputation of The Universities

Private companies seeking reputable partners may also be drawn to colleges with a good
international reputation for TOT(LOpezMendoza et al., 2020)These institutions have
stronger networks, visibility, and resources for TOT. Their global status attracts outstanding
academics, researchers, and students, creating a vibrant intellectual atmosphere for innovation
and collaboration(Munari, Sobrero and Toschi, 2017)

Ethical Alignment of Stakeholders

TOT depends on stakeholder ethics. This alignment ensures that all parties follow fair
practices, respect intellectual property rights, and support the transfer's mutual benefits.
Ethical behaviour builds trust, which is essential for teamwork. TOT psofeigtht fail due
to disagreements, legal issues, and ethical misalignnlebpezMendoza et al., 2020;
Messina et al., 2022)

Bureaucracy

TOT can be hampered by bureaucracy. Bureaucracy delays raise expenses and deter
investors and partneréMunari, Sobrero and Toschi, 2017OT requires transparent and
streamlined bureaucracy. Simplifying regulations and cutting red tape can attract domestic
and international stakeholde(e6pezMendoza et al., 2020)

International Business Relations

TOT requires strong international business relationships. These partnerships can open
new markets, encourage crdssrder cooperation, and share expertise and resources. TOT is
affected by diplomatic and trade interactions. TOT agreements are more camgoantries
with good business climates and international con{&eis et al., 2023)

Technology Origins

The technological origin of the host country's policies and infrastructure affects TOT.
Countries with innovation, research, and development policies foster transferable technology.
Technology sharing and transfer require legal protections for inventarsinaestors,
including intellectual property laws. Technology recipient country readiness and capabilities
are equally crucial. Country infrastructure, workforce skills, regulatory climate, and
commercial opportunity. Education, infrastructure, and econ@amdl political stability help
countries embrace and employ transferred technologies. Government support and incentives
for technology adoption can also boost TOT sucq®gsikl and Grotz, 1999; Farrukh Bashir
et al., 2013)
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Economic

From an economic perspective, TOT can stimulate growth by allowing countries or
corporations to acquire sophisticated technologies without the need to invest significant time
and resources in developing them from the beginf$og et al., 2023Economic integration
between transferdransferee countries has improved productivity and operation efficiencies
and elevated competitiveness for both organisations and their wlxkgrgen, Nguyen and
Do, 2024) The process can include licensing agreements, joint ventures, and foreign direct
investmen{Quitzow, Huenteler and Asmussen, 2017; Shahebrahimi et al.,.2022)

Market Condition

Additionally, market conditions greatly impact technological transfer. Stable and growing
markets attract investment and foster new technol@gne, Leahy and Bauer, 2003)ax
breaks, grants, and subsidies from the government can also enhance technological transfer.
These incentives make investing in new technology more appealing by lowering the cost
burden. Fiscal incentives can also encourage foreign corporations tfetraheir
technologies to the incentivising country, boosting economic growth and techn(@ogy.
2021; Toledano, Gessa and SaneHerrera, 2022)

Financial Capability

TOT also depends on the receiving entity's resources. Financial stable companies can
absorb and implement advanced technology, giving them a competitive edge and operational
efficiency.(Lane, Leahy and Bauer, 2003; Toledano, Gessa and Sadeheza, 2022)

Investment Climate

Additionally, a good investment climate is needed to attract TOT funding. Positive
investment climates encourage domestic and international investors to fund TOT efforts,
increasing their chances of succe@dunari, Sobrero and Toschi, 201H) contrast(Sun et
al., 2023)indicated that TOT activities require a good business model to make revenues. A
lack of awareness of corporate culture and understanding has hindered TOT's success.
(Passarelli et al., 2020Conversely, a volatile market can deter investors and impede the
adoption of new technologi€king, Lee and Lee, 2015)

Easy Access to Low-Interest Financing Rates

Easy access to funding, especially at low interest rates, is essential for technological
transfer. Companies can invest in new technologies with affordable finance. When borrowing
costs are low, corporations are more eager to invest in new technologi, egindoost
innovation and adoptioiiMazher et al., 2018)

Social

Socially, TOT can impact societies by improving the quality of life through the
introduction of new technologi€képezMendoza et al., 2020Y he diffusion of technology
can reduce inequalities by providing access to modern tools and information, though it can
also widen the gap if access is une{fearnpongtechavanich et al., 2022)
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Cooperation With Developers

Successful TOT requires developer participation. Developers contribute technical
expertise and innovation, while partners provide infrastructure and market access.
(Mohammadi, Dahooie and Khajevand, 2028trong collaboration ensures that the
technology is adapted to meet the specific needs of the recipient organisation, leading to
smoother implementation and higher adoption r@késssina et al., 2022)Nonetheless,
(Schiller and Brimble, 2009also highlighted that cooperation between stakeholders is
essential but is hindered by institutional barriers such as university autonomy and
governmental bureaucracy.

Relationship Trust Between Stakeholders

Beyond that, stakeholder trust is essential for TOT. It lowers uncertainty and encourages
open communication, aligning stakeholders towards common goals. Trust promotes
transparency and information sharing, which helps troubleshoot and optimise technology
during transfer(Barbolla and Corredera, 2009; Passarelli et al., 2020)

Offering Quality Services to People

Providing highquality services is also essential for public and stakeholder support for
TOT programs. When technology improves service quality, it increases credibility and
sustains stakeholder investment and engager{idothhammadi, Dahooie and Khajevand,
2021) Quality services also enhance the reputation of both the technology provider and the
recipient, promoting future collaborations.

Public Support

TOT also benefits from public support. Awareness campaigns and showing the benefits
of new technologies can improve public acceptance. Public support can influence policy and
encourage government and private sector TOT investm@mtsari, Sobrero and Toschi,
2017)

Geographical Distance Between Transferor, TOT and Transferee

The geographical distance between a firm and a university research centre or department
can impact the success of TO{LopezMendoza et al.,, 2020)Proximity makes
communication, collaboration, and problamlving simpler. It allows academic experts to
provide greater hanesn guidance, improving the transfer procéBsissarelli et al., 2020)

Possess Social Mission

Finally, socially conscious organisations are more inclined to transfer technology. A
social mission links TOT aims to societal advantages, which can attract financing and support
from stakeholders. It also guarantees that transferred technology meetSaksseial
demands, boosting its relevance and influeficeledano, Gessa and Sanciiéazrrera, 2022)
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Technology

TOT involves sharing scientific and technical knowledge. Research has examined patent
licensing, collaborative research, and commercialising inventions as TOT (BaHzolla
and Corredera, 20097 he goal is to apply new technologies in practical settings, leading to
realworld applications and benefits.

Product Novelty

Furthermore, product uniqueness is vital to TOT. New technologies often solve issues or
create new markets. Potential adopters may be drawn to the product's uniqueness, making
transfer easier. Novel items can swiftly build a market presence due to ées€dimpetition.

(Lane, Leahy and Bauer, 2003; Messina et al., 2022; Sun et al., Z028) again, it is also
highlighted that novel technologies also face different barriers to being commercialised,
especially ensuring the product is markeidy(Sun et al., 2023)

Scientific Achievement

Beyond that, scientific achievement helps a new technology's credibility and reliability.
Scientific excellence, shown by paeviewed publications and awards, boosts technology
value. Recognition can attract investors and partners, making TOT ¢l®esina et al.,
2022)

Number of Identified Target Markets of New Technology

Previous researchers highlighted that the identification of multiple target markets by
inventors can significantly boost the success of TRddssina et al., 20227 broader market
application increases the technology's commercial potential, attracting more stakeholders and
resourcegLane, Leahy and Bauer, 2003; Passarelli et al., 20203 adaptability makes the
technology adaptable across industries, improving adoption and integration. Nevertheless,
finding the correct market channels and segmentations remains the major obstacle to TOT
success(Sun, 2021)

External Assessment Market Rating

Additionally, IP experts must analyse the practicality of the new technology. These
assessments guarantee that the technology is feasible and s¢Bkddarelli et al., 2020)
Feasibility studies cover technological, economic, and legal issues to assess the technology's
potential and limitations. Positive feasibility ratings decrease risks and uncertainties,
promoting stakeholder support for the transfBarbolla and Corredera, 200®onetheless,
(Passarelli et al., 202@)ghlight that determining the feasibility of a new technology is always
tricky, and it is difficult to predict its outcome precisely.

Technology Feasibility from External Assessment
In addition, external assessments or ratings by industrial experts provide an objective

evaluation of the technology's market potenfdin et al., 2023)These assessments can
highlight the competitive advantages and potential barriers the technology may face in the
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market. Positive ratings from recognised innovation brokers can significantly boost
stakeholder confidence and attract investment, facilitating smoother(F&sBarelli et al.,
2020)

Technical Classification in IP Patent

Finally, the IP patent's technical categories show the new technology's scope and
prospective uses. More classes indicate a wider technology's applicability and versatility
(Jung, Lee and Lee, 2019is can attract more industries and improve TOT. Comprehensive
patent classifications can strengthen intellectual property protection, encouraging
stakeholders to transfer.

Legal

Laws and regulations control TOT across businesses and borders. Intellectual property
rights (IPR) like patents, trademarks, and copyrights protect inventors and facilitate the secure
transfer and commercialisation of ide@®ornpongtechavanich et al., 2022)

Transparency of Judgements and Arbitration Procedures

TOT success requires clarity in judgements and arbitration procedures in transfer
contracts. Transfer contracts that clearly explain arbitration procedures and assure fair and
transparent judgements build stakeholder tr(Munari, Sobrero and Toschi, 2017)
Transparent processes reduce misunderstandings and disagreements, making transfer
negotiations and execution eagigezuidenhout and Bean, 202Zyansparency helps parties
understand their rights and responsibilities, lowering legal issues and improving TOT success.
(Ratinho and Henriques, 2010)

High Protection of IP

TOT must prioritise IP protectio(Barbolla and Corredera, 200®atents, trademarks,
and copyrights protect technology developers and owners from unauthorised use and
replication(Sun, 2021)IP protection gives inventors and businesses the confidence to share
their technologies since their rights are protected. This protection encourages research and
investment in new technologies, facilitating TQJoshi et al., 2021; Shahebrahimi et al.,
2022). However, (Schiller and Brimble, 2009noted that strong intellectual property
requirements hinder TOT stakeholders' contact.

Unfamiliar IP Procedures Systems

Furthermore, navigating unfamiliar intellectual property (IP) procedures and systems is a
significant barrier to TOTShahebrahimi et al., 2022ifferences in IP laws, regulations,
and practices across countries can create barriers to successfuSTOT et al., 2023)
Patentable products in one jurisdiction may not be in another, complicating innovation
protection. Understanding and strategically navigating these IP ecosystems is essential for
TOT. IP professionals can advise on local IP systems and help design palbest
applications that meet regulatory criterf®unari, Sobrero and Toschi, 2017; Joshi et al.,
2021) Additionally, misunderstandings or lack of knowledge about local IP procedures can
lead to legal disputes, delays, and even loss of IP (Bhatbolla and Corredera, 2009hus,
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universities and enterprises must transfer technology to educate their workforce in IP. Clear
standards and procedures that allow for international IP variations can reduce risks and ease
TOT across bordergJoshi et al., 2021)

Aligned University-Business Ethical Norms

Lastly, aligning ethical norms between universities and businesses is critical for the
success of TOTToledano, Gessa and Sanchéarrera, 2022)Ethical congruence ensures
that both stakeholders share a common understanding of practices and standards, fostering
trust and cooperatiorfLopez Mendoza and Mauricio, 2021yhen universities and
businesses have aligned ethical norms, they are more likely to engage in transparent and fair
negotiations, leading to mutually beneficial agreeméMsssina et al., 2022)Ethical
alignment includes respect for intellectual property rights, fair license terms, and-agoeed
research and development procedures. TOT attempts might fail due to ethical differences,
mistrust, and conflicfToledano, Gessa and Sanctierrera, 2022)A university may value
open research access, while a company may value private control and commercialisation.
Such issues must be resolved to guarantee a smooth ti@uogfer Mendoza and Mauricio,
2021)

Policies

TOT policies are government or organisation instructions and rules streamlining TOT.
These rules encourage inventiveness, fair competition, and national security. These projects
often include research and development aid, tax incentives, and-pritdite collaborative
mechanismgBezuidenhout and Bean, 2022)

Transparent TOT Contract

Transparent TOT contracts are essential to TOT successwiitédin agreements help
parties understand their rights, duties, and expectati@m, 2021) Transparency in
contracts mitigates potential conflicts and fosters a cooperative environment conducive to
innovation (Lop et al., 2024) Contracts usually specify the transfer, payment terms,
confidentiality, and dispute settlement. These factors must be transparent to develop trust and
ensure that TOT goes smoothlyMunari, Sobrero and Toschi, 2017; Bezuidenhout and Bean,
2022; Shahebrahimi et al., 2022)

Clear Intellectual Property Rights (IPR) and Start-Up Policy

TOT relies on IPR. Weltlefined IPR rules with strong safeguards and a compelling
incentive structure encourage creativity and inspire inventors and organisations to
commercialise their inventions. An explicit IPR policy helps resolve ownership and
royalty/profit issues. Academics and businesspeople are encouraged to collaborate in TOT.
(Barbolla and Corredera, 2009; Munari, Sobrero and Toschi, 2017; Quitzow, Huenteler and
Asmussen, 2017; Sun, 2020n the contrarySchiller and Brimble, 2009Iso highlighted
that IPR regulations can also be seen as an additional wall of obstruction to encourage
interaction between stakeholders. Effective TOT regulations should also handlegpstart
establishment, administration, and equity distribution. GQbedicies in these areas structure
technology commercialisation through new ventu(€aiitzow, Huenteler and Asmussen,
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2017) These policies should address startup formation, governance, finance, and equity
allocation. Universities and research organisations may helpugtaitucceed and develop

by creating a transparent framework and improving the TOT environiMessina et al.,

2022) On top of that(Ratinho and Henriques, 2010; Joshi et al., 2021; Sun, 201 urged
universities to offer a first right of refusal to invest in their researchers and a professional
reward and merit system to stimulate stgs.

Standard National TOT Regulatory Framework

A standard national TOT regulatory framework is essential for systematic and efficient
TOT. This methodology ensures TOT consistency across industries and regions. In addition,
industry-specific technology policies can address industry challenges andtufpes,
fostering the development and commercialisation of breakthrough technologies. Combining
TOT programs with specific industrial strategies boosts efficigidoghi et al., 2021; Lopez
Mendoza and Mauricio, 2021; Shahebrahimi et al., 2022)

Opportunity to Invest in POC Programs

Previous researchers also suggested that policymakers should consider investing in Proof
of Concept (POC) programs to bridge the gap between research and commerci@lisagjon
Lee and Lee, 2015; Munari, Sobrero and Toschi, 20RDC programs provide critical
funding and support to validate the feasibility and market potential of new technologies
(Mankins, 2002) By investing in these programs, policymakers can helfsteearlystage
innovations, making them more attractive to investors and industry paiassarelli et al.,
2020) This investment can accelerate the development and commercialisation ofedtjeng
technologies, contributing to the success of TOT efi@tm, 2021)

A Negligible Approach to Technology is Believed to be A Luxury Investment

Finally, enterprises, governments, and research institutions may overlook or underinvest
in cuttingedge technologies because they are too expensive or impractical. In environments
that prioritise shorterm profits over longerm strategic gains, this hagns. Prioritising vital
technology over luxury expenditures can help allocate scarce resources to meet critical
demands. By avoiding higtost investments in innovative technologies, companies can
lower financial risks, especially in uncertain market@conomic downturngPassarelli et
al., 2020; Shahebrahimi et al., 202Rjsmissing modern technologies as luxuries can miss
the potential for improvements and competitive advantages. Innovation stagnation can cause
companies to slip behind competitors who are more eager to adopt and integrate advanced
tools, leading to ineitiencies over timeg(Jung, Lee and Lee, 2015; Quitzow, Huenteler and
Asmussen, 2017; Mazher et al., 2018uccessful growth and technological advancement
require recognising the potential of these sophisticated technologies and proactively
incorporating them into the transfer process.

Environment
TOT's success depends on its surroundings. An ecosystem conducive to TOT requires

supportive institutional frameworks, entrepreneurship support programs, an entrepreneurial
climate, technology diffusion channels, and government funding for technologyssart
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Supportive Institutional Environment

Successful TOT requires institutional backing. Universities and research groups must
provide strong TOT frameworks. This requires dedicated TOT offices, transparent policies,
and sufficient resources to commercialise inventighkinari, Sobrero and Toschi, 2017;
Joshi et al., 2021; Pornpongtechavanich et al., 2022)

Increased Entrepreneurship Support Programs

In addition to the above, entrepreneurship support programs are essential in promoting
the TOT (Sun et al.,, 2023)Incubators, accelerators, and mentorship programs help
entrepreneurs launch new technologies. They provide cash, business assistance, and
networking opportunities for TOT efforts.

Promote Entrepreneurial Climate/Environment

For innovation and TOT, an entrepreneurial climate is essential. Create an environment
that encourages ridlaking, innovation, and collaboration. Educational institutions and
governments promote this climate by including entrepreneurship in coursesfargof
innovation opportunitiegRatinho and Henriques, 2010; Munari, Sobrero and Toschi, 2017,
Joshi et al., 2021; Sun, 2021; Toledano, Gessa and Sardeheza, 2022)

Availability of Formal/Informal Technology Diffusion Channel

Formal and informal technology diffusion channels greatly affect TOT. Formal channels
include structured programs and efforts; informal channels include networking, industry
collaborations, and knowledge sharing. These channels spread technical advaaermnsst
sectors and geographiédung, Lee and Lee, 2015jet, clarity and distinction must be clear
between TOT and technology diffusion to facilitate industry understanding of the (Saiter
et al., 2023)

Improve Government Aid for SMEs/Start-Ups

Small and Mediunsized Enterprises (SMES) often face significant barriers to accessing
and adopting new technologies despite the argument that the role of SMEs role in
transnational TOT is still unknow(fVeikl and Grotz, 1999Kumar etal. (2015 | i ck or t
her e t o preposedcarTOT model for SMEs with broader input factors. Government
aid in the form of grants, subsidies, and tax incentives can help mitigate these(Sainikes
and Brimble, 2009)By supporting SMEs, governments can enhance their capacity to engage
in TOT activities, thereby driving economic growth and innovafitieikl and Grotz, 1999)

A multifaceted approach is needed to transfer technology in a complicated ecosystem.
technological transfer success depends on supportive institutional frameworks,
entrepreneurship assistance programs, an entrepreneurial atmosphere, technologioal diffusi
channels, and government help for SMEs. By addressing these variables, stakeholders can
improve TOT initiatives and boost innovation and growth.
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CONCLUSION

This study concludes with an SLR on TOT CSFs. Further investigation revealed a limited
understanding of how effective TOT is regardless of the industry the technology is embedded
into, especially in the construction industry. This study sheds some lighedimitations
and adds to the existing knowledge database to adapt the determining factors to Malaysian
Digital Construction. A total of 31 article journals were carefully selected and reviewed, then
divided into two primary themes and 11 subthemess $tidy only covered CSFs from 7
themes: Politics, Economics, Social, Technology, Policies, Legal, and Environment due to its
complexity and limitations. This study helps identify knowledge gaps in the TOT body of
knowledge and guides the industry in ursti@nding effective TOT elements to maximise
advantages and profitability for all stakeholders.
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Abstract

The construction industry in Malaysia is a key driver of economic growth but faces significant
challenges in achieving sustainability, particularly in material handling processes. Inefficient
material management often results in excessive waste, increased costs, and environmental
degradation, impeding efforts toward sustainable development. Blockchain technology, with its
decentralised, transparent, and secure features, has been identified as a potential solution for
enhancing efficiency and accountability in material handling. However, its adoption in the
Malaysian construction sector remains limited. Therefore, this study aims to identify the key
factors influencing blockchain technology integration in Malaysian construction industry. Semi-
structured interviews are employed using both modes, such as face-to-face or online
interviews, with selected 21 respondents from various backgrounds in the construction
industry. Thematic analysis was applied to the collected data to uncover insights. The findings
of this research identified five critical factors influencing the adoption of blockchain technology:
1) Social, 2) Educational, 3) Technical, 4) Political, and 5) Financial. The results of the study
show that factors that need to be considered are awareness of blockchain, lack of professional
workforce, and government support in leveraging the use of blockchain. The findings offer a
solid foundation for informed decision-making among policymakers, industry practitioners, and
researchers, thereby facilitating the adoption of blockchain technology, particularly in the
context of material handling within the Malaysian construction industry.

Keywords: Blockchain Technologyractor, SustainabilityMaterial Handling Construction Industry
INTRODUCTION

Sustainable development has become a priority in an organisation by emphasising the
economy, politics, social, and environmefMinistry of Works, 2019) The rapidly
developing construction sector has led to uncontrolled use of resources, slow operations, and
unsystematic management and has created difficulties for organisations to improve
sustainable practicgBrasetyo et al., 2024The main goal of sustainable development is to
ensure prudent use of resources, increase efficiency, and reduce side effects on the
environment.

Material handling can be defined as reducing manufacturing costs and improving material
handling process efficiency by transferring the appropriate material to the appropriate location
at the appropriate time, in the appropriate quantity, in the appmpider, and in the
appropriate conditiofiTadesse et al., 2020)

Blockchain has the unique characteristics of being able to make decentralised decisions,
ensuring that each data cannot be changed, and smart contracts can automate the agreement
between two parties if the conditions of both parties arg®iegh et al., 2023Decentralised
means that all operations do not depend on a single entity, middleman, or organisation;
instead, they can operate by themse{velso | a k & K a Y.nmmutabte yheans,oncg 0 2 2 )
a new block is added, any changes and modifications cannot be made to the blockchain
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(Algarni et al., 2023)Nick Szabo says a smart contract is a computerised transaction protocol
that executes the contractual term of an agreement where traditionally the agreement is given
verbally, or words are converted to a digital form stored in the com{&zabo, 1996)

Material handling has been the biggest problem in the Malaysian construction industry
for the last several years, and its indicators are data I(Bsks et al., 2024)nonreaktime
monitoring (Wang et al., 2020)and security issug§Vu et al., 2022)Because blockchain
technology can identify these issues, it can be utilised to enhance the material flow and
organisational sustainability of companies. However, if blockchain technology is to be used
successfully in sustainable material handling, certainditions must dominate, including
technological preparedness, economics, and the availability of qualified manpower.

This study aims to address the following research questions: What are the factors that
need to be considered for the adoption of blockchain technology towards sustainable material
handling in the Malaysian construction industry? To answer this, the stellg ® identify
the key factors influencing the adoption of blockchain technology in sustainable material
handling within the Malaysian construction industry.

LITERATURE REVIEW
Blockchain Technology Integrationin ~ The Malaysian Construction Industry

The construction industry uses smart contracts to replace physical and verbal agreements
with digitisation technology. Some of the work in the construction sector requires manual
observation, such as material quality inspection, storage of hazardouslsatespection of
the total quantity of materials ordered, and situations that require person in charge (PIC)
judgment for each work done. This process requires a lot of document storage, such as
authority verification, amendment documents, and more. tStoatracts will help make it
easier for the company or organisation to conduct an audit because if there is an unwanted
incident, such as a building collapsing or cracking, then the authorities can find out who is
responsible for confirming a work situati without following the correct procedufieuo et
al., 2019)

Blockchain is a technology that is transparent, secure, and can verify transactions through
a peetto-peer network(Ariff et al., 2024) There are several studies in the construction
industry to identify the capabilities of blockchain to solve issues related to tendering,
transparency, and supply chain. Tendering is the process of awarding a contract to a contractor
who is eligible to caly out the project according to the offer that has been agreed between the
two parties(Weerawardana & Madubashini, 2020he weakness of traditional tendering
depends on the use of a lot of paper, and central authority makes it vulnerable to fraud. This
article(Ahmadisheykhsarmast et al., 2028gs blockchain in the tendering process to ensure
each transaction is safer and a smart contract that can automate the entire process without the
involvement of middlemen.

The construction supply chain is a complex sector because it involves stakeholders with
different backgrounds, work activities that are different from each other and require different
resources and machines to make a construction project a s(idegdari & Shojaei, 2025)

This makes it difficult for the construction sector to achieve harmony and effective
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communication with the stakeholders involved. This researcher discusses the impact of using
blockchain on the construction supply chain has had a positive impact; where the results of
the integration of important information and data can ensure thatrtbiwction supply chain

is organised and runs smoothly, as well as give practical guidelines to the construction sector
for the implementation of blockchain into their respective organisafiviasg et al., 2025)

The deficiencies found in conventional construction information storage, unsystematic
tendering systems, and fragmented construction supply chains are the main factors for the
integration of blockchain with existing systems. Blockchain features can laypechtions
because they are decentralised, immutable, and can operate digitally; that is, with the help of
smart contracts, they can overcome the risk of fraud, unsystematic document management,
and poor communication. However, to ensure this implementaisuccessful, several
factors need to be taken into account, namely the level of awareness of the construction sector
towards blockchain, government support in making the use of blockchain successful,
information resources, and skilled professional gymenust be sufficient to spread the
benefits and potential of blockchain in the construction industry.

METHODOLOGY

This study employs a qualitative method, allowing respondents to express their opinions
and views more openly and in greater detail compared to the limited scope typically found in
articles or journal§Azmi et al., 2022)Interviews provide a platform for respondents to share
more comprehensive insights. There are several steps that need to be followed, such as the
quantity of the number of respondents, the determination of the sample, the need to get the
consent of theaspondent, the equipment used during the interview, and how to analyse the
data obtained. Figure 1 shows the methodology flow chart in this study.

STEP 1: Develop interview protocol STEP 2: Collecting interview data STEP 3: Analysing interview data

. . — - 1A - -
pomor 1 fauum.a&ﬂ | a COrnIpileonlineir:-depth
Toinvestigate the factors that need to e R
g a. Qualitative research interview data

be considered towards the adoption of
blockehain technology for sustainable
material handling in the Malaysian
construction industry

b. Organize the data systematically
to facilitate analysis

b. Semi-structured interview due
to the balance between structure
and flexibility

T
1
1
1
]
I
I
I
I
I
I
I
I
I
I
I
I
: 2. Recognizing respondent
1
1
1
1
1
1
I
1
1
I
1
1
1
I
1
T

2. Adopting thematic analysis

analyzing the qualitative data

b.Creating a theme from the
respondent’s feedback

2.Creating interview questions
What are the factors need to
considered towards the adoption of
blockchain technology for
sustainable material handling in the
Malaysian construction industry?

a. Working with the construction
industry
b. Involved with material handling

3.Conducting an in-depth interview
a. Online interview (phone call and
Google Meet)

The factors need to be considered towards the adoption of blockchain technology for sustainable
material handling in the Malaysian construction industry

Figure 1. The Methodology Flow Chart
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Research Approach: Semi -Structured Interviews

Data collection for this study was carried out through sstmictured interviews with 21
respondents from diverse professional backgrounds, including project managers, site
engineers, site supervisors, inspectors of work, safety and health officerspancement
executives. The purpose of selecting respondents from different professions was to capture a
range of perspectives, as each profession involves different scopes of work, methods, and
levels of technology use depending on their respective corgpdrhe articl¢Bekele & Ago,
2022)suggested that 20 to 60 respondents are sufficient to explore the factors that need to be
considered for the adoption of blockchain in sustainable material handling. The interviews
were conducted via phone calls, Google Meet, and-tfat@#ce meetings, asnany
respondents faced time constraints fop@rson interviews. This online approach facilitated
greater participation and allowed respondents to fully cooperate in answering the questions
relevant to the ongoing study.

Sampling Method: Purposive Sampling

Tablel. Respondent s Demographic

No of Stakeholder Current Position Years of Industrial
Respondent Experience
R1 Main contractor Site Engineer 9
RrR2 Subcontractor Site Supervisor 6
R3 Main contractor Safety & Health Officer 7
R4 Consultant Inspector of Work 32
RS Developer Assistant Project Manager 14
R6 Subcontractor Project Manager 8
R7 Consultant Site Engineer 7
RS Consultant Inspector of Work 31
R9 Main contractor Procurement Executive 10
RI10 Main contractor Project Manager 26
R11 Subcontractor Instrumentation Engineer 12
RI12 Subcontractor Project Manager 15
RI13 Main contractor Site Safety Supervisor 5
R14 Main contractor Site Engineer 5
R15 Government Civil Engineer 9
R16 Subcontractor Site Engineer 6
R17 Developer Site Supervisor 6
RIS Main contractor Safety & Health Officer 10
R19 Main contractor Manager, Co;i:::sl“oﬁer cum Quantity 5
R20 Main contractor Procurement Executive 7
R21 Government Site Engineer 9

Respondentwere selected using purposive sampling based on specific criteria, including
individuals with more than 5 years of experience in the Malaysian construction industry and
extensive skills and expertise in-eite material handling. According to data relehby
(Kamarul & Sebri, 2023)once a developer signs the Sale and Purchase Agreement (SPA)
issued by KPKT, the developer is required to complete the project within a specified
timeframe. Landed projects must be completed within 2 years, while strata projects, such as
condominiums andpartments, must be completed within 3 years. Therefore, individuals with
more than 5 years of experience in the construction industry are likely to have been directly
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involved in developerelated projects, as such projects typically take 2 to 3 years to complete.
Thus, respondents with more than 5 years of experience are deemed sufficient to answer the
guestions related to the study. The purpose of using purposivdirggiso ensure that the
selected respondents possess specific experiencesiteanaterial handling, providing more
relevant and informed responses compared to a random selection of resp(Dadents&
Markusen, 2016)Table labovepresents the demographic of 21 respondents who were being
interviewed.

Data Analysis: Thematic Analysis

This research uses thematic analysis to identify appropriate themes related to the
information provided by the respondents. The information obtained is very extensive and
diverse; therefore, classifying and separating the data according to approprigt® grou
themes will facilitate the process of translating the data obtained. Figure 2 below demonstrates
the steps of thematic analysis in this study. Finally, the process concludes with the creation
of a comprehensive repditiowell et al., 2017)Overall, the factors to be considered for the
adoption of blockchain technology in sustainable material handling were categorised-into sub
themes and themes accordingly.

STAGE 1:
Familiarising with a. Transcribing the data, reading and rereading the data and noting down initial ideas

data
STAGE 2: a. Elements and parameters were recorded
Generating Initial b. Key and crucial concepts were identified
Codes c. Codes were classed, and labels were provided for potential and relevant answers related to the research questions
STAGE 3: a. The data was read and reviewed several times to focus on similar areas.
Searching b. Specific codes were identified, and then the data was grouped into clear themes.
themes c. The codes shared common elements, and patterns were recognized.

STAGE 4: a. The created themes were checked against the collected data to see if they matched the research goals and
Revieweing questions.
themes b. The review process was done multiple times to ensure the themes were clear and fully covered the data.

STAGE 5:
Defining themes

a. Clear and specific statements were important in defining the themes.
b. It has a clear focus, purpose, and range.

VvV ¥

g a. The final analysis focused on the chosen themes from the entire data.

STA_GE 6: b. The selected themes were linked to the research questions and existing literature.
Producing report . The themes were logically connected by showing how they relate to each other, and it’s important to present the
data as ideas and emotions to help visualize the connections between the codes.

(Created by Own Author)
Figure 2 . Steps of Thematic Analysis in This Study

RESULTS

This study presents the findings from interviews with 21 highly experienced respondents
in the Malaysian construction industry, particularly insite material handling. Figure 3
below provides a summary of the themes andtBames related to the factahsit need to be
considered for the adoption of blockchain technology in sustainable material handling within
the Malaysian construction industry. There are five main themes: technical, social,
educational, political, and financial. The details of eaclmtha@nd its subhemes will be
discussed in the following subsection.
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—i. Security concern |
Hii. User friendly design ]
-iil. Technical issues arise |

Hiv. Data storage |

Hv. Efficiency of the blockchain system |
Hvi. Operates seamlessly without needing extra hardware
Hvii. Practical trials and prototypes |

| viii. Blockchain integrates smoothly with existing work system withou
causing disruptions

Hix. Effectiveness of internet access
. Blockchain is easy to use for all ages
Lixi. Blockchain can be linked with other departments

| Ixii. Implementing blockchain stepy-step across different
departments

—ixiii. The timing and readiness for adopting blockchain technology
—-xiv. Relevance of features |

Technical

—i. Media influence ]

Hii. Digital marketing and promotion ]
Hiii. Productivity disruption ]

Hiv. Cooperation with CIDB ]

Social iv. Cooperation with NIOSH ]
-vi. Effective communications channels ]

Hvii. Stakeholder agreement ]
—viii. Using government platform to share about blockchain |

—i._Increase the awareness |
Hii. Professional training |
Hiii. Lack of expertise |
The factors need
be considered fo Hiv. Worker training |
the adoptio_n of Hv. Educational time target |
blockchain
technology towar Educational =iVl Increasing trust in blockchain through education |
sustainable mater Hvii. Availability of reference sources |
handling in
Malaysian Hviii. Reliability of the blockchain ]
C%Rgﬁg?}"o" Hix. Increasing trustin blockchain through education ]
HX. Provide clear and practical operational method |

Hx1. Establishing a timeline and deadline for learning blockchain |

i Include blockchain technology in the Syllabus at diploma and other
ics level

—i. Exchange of tax incentives with compliance with government laws
Hii. Exchange of levy incentives with compliance with government laws|
Hiii. Authorities incentives ]

Hiv. Government efforts to promote technology education |

Hv. Government support ]

Hvi. Compliance with law and regulations

—vii. Global collaboration ]
i. Initial cost |

Financial ii. Return on investment |
iT. Cost of hiring skilled foreign worker |

B Political

Figure 3. The Phases of Identifying the Themes and Sub-Themes for The Adoption of Blockchain
Technology for Sustainable Material Handling in Malaysian Construction Industry
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DISCUSSION
Technical

The use of blockchain for material handling within the context of sustainable practices
may lead to several technical challenges. These challenges arise due to the nature of
blockchain and the need to transition from traditional methods to new appro8ohes of
the key technical issues that could significantly impact the use of blockchain in sustainable
material handling include:

Operates seamlessly without needing extra hardware. Typically, the PIC is an individual
who works onrsite without a fixed location and frequently moves between sites to monitor
progress. If blockchain cannot be easily accessed via mobile phones, ieatd difficulties
for the PIC in using it efficiently. A blockchain system that can be accessed through a mobile
phone or a simple application would not only make it easier for the PIC to use but also increase
the likelihood of organisational adoption. Atidnally, it would reduce the company's costs
for providing ongoing technical support. A summary of the interview is provided as an
example below:

AiMaking blockchain technology easily acc
functionality without the need for additional hardwaréRespondent 5)

Implementing blockchain stepy-step across different departments. Awareness of
blockchain in the construction industry remains low compared to other séotorst al.,
2023) which means that organisational acceptance may take time as a deeper understanding
of blockchain is required. To facilitate smoother adoption, gradual changes should be
introduced to each department rather than implementing drastic shifts all at oixe. Th
approach provides flexibility, allowing negritical materials to continue being handled
conventionally while critical materials transition to blockchain. A summary of the interview
is as follows:

AOnly certain departments use blockchain
to invest heavily in this blockchain for departments that can still carry out manual
and uncomplicated managemeniRespondent 12)

Social

The social factor is the simplest and most effective way to ensure that the benefits and
potential of blockchain are widely communicated within the construction industry.

Cooperate with the Construction Industry Development Board (CIDB) Malaysia.
Blockchain has not yet gained significant attention in the Malaysian construction industry
compared to Building Information Modelling (BIM). The promotion of BIM in Malaysia
beganin 2007 when the Director of the Public Works Department (JKR) introduced it to the
construction industry. Additionally, the CIDB has conducted several seminars across
Malaysia aimed at fostering an understanding of BIM and promoting its benefits within
construction organisationSyed Jamaludin et al., 2022}his indicates that to facilitate the
rapid dissemination of blockchain, the involvement of platforms like CIDB, along with
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support from authorities and the government, is crucial. A summary from the interview with
the respondent is as follows:

fCollaboratewith CIDB to helpspreadblockchaintechnology into the construction
sectoro (Respondents 8 and 13)

Educational

Dissemination of information through educational channels is the most effective way and
does not require high costs but requires skilled instructors on the blockchain technology to be
delivered:

Include blockchain technology in the syllabus for diplomas and other academic levels.
By incorporating blockchain technology into the Malaysian education syllabus, students will
graduate with a foundational knowledge of blockchain. As they enter the wadisir
industry, where blockchain is practised in organisational operations, they will be better
prepared to utilise this technology in their daily work, which will be implemented indirectly.
This initiative can help the country overcome the barrier atkof experienced professionals
in the field of blockchain. The government has enhanced Technical Vocational Education and
Training (TVET) at the secondary school level to ensure that students can balance the
theoretical knowledge gained in the classrowitih practical applications. The purpose of
TVET at the secondary school level is to ensure that students engage with real projects based
on the theoretical knowledge they acquire, deepening their understanding and expertise.
Encountering challenges whilgorking on actual projects allows students to address and
overcome these issues using their skills and abilitees & Azid, 2021) Students who are
exposed to blockchain knowledge from the high school level will develop creative and critical
thinking skills, making them competitive in technological advancements alongside their
counterparts in developed countries. Furthermore, aagtcgimings of blockchain can be
identified early and addressed swiftly before implementation in the construction industry. A
summary from the interview with the respondent is as follows:
fi | n c blogkdhaintechnology in the academic curriculum to educate students from
an early stage. Adding blockchain to the diploma syllabus helps students build
essential knowledge and skills for their future car@efRespondent 20)

Political

The involvement of authorities or the government is crucial to ensure the successful
implementation of blockchain in the construction industry, particularly in material handling.
Several political factors must be considered, including:

Global collaboration. The implementation of blockchain in Malaysia remains at a low
level. To ensure its successful adoption, global cooperation is essential, particularly with
countries like China, the USA, the UK, and Australia that have effectivelyaatiblockchain
in their organisationgSun et al., 2023)This international collaboration allows for the
exchange of skills and knowledge related to blockchain, especially in the context of
sustainable material handling operations. Malaysia has extensive interactions with foreign
countries to secure essentialsite materials, such as machinery, rebar, and more. Therefore,
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it is crucial to establish strong bilateral relations with these partnering nations to ensure a
smooth and systematic supply of materials. A summary from the interview with the
respondent is as follows:

iRi ght now, many mega projects in Malays
companies. This technology should be able to be accessed not only in Malaysia but
al so by ot H{Respondent2h)t ri es. 0

Financial

In the construction industry, finance is a crucial component. Effective financial
management may guarantee that the budgetary allotment for every project is regulated and
stays within the predetermined expenses. The following are some financial cormiderati
that must be made for blockchain technology to be adopted for sustainable material handling
in the Malaysian construction industry:

Initial cost. Organisations must be fully aware of all the expenses associated with using
blockchain, including the cost of new software and hardware, as well as the necessity to buy
or rent the blockchain because there are many factors to considerjngaiedelopment,
maintenance, troubleshooting, updating, and many more. This upfront cost may help the
organisation predict how much money will be needed to implement blockchain technology.
The following is a synopsis of the respondent interview:

AfCompanies need to clearly understand t he
in their organizationd (Respondent 5)

Cost of hiring skilled foreign workers. The construction industry is becoming more
complex and complicated, so the conventional way of material handling is no longer relevant.
Companies are in dire need of skilled workers with blockchain, but the compétithave
such individuals is very high, and it is certain that the price to be offered to such skilled
individuals is too highKumar Singh et al., 2023Blockchain, which is gaining attention,
especially for material handling, causes companies to keep up with the development of this
modern technology, and to overcome the shortage of skilled workforce, blockchain causes
employers to hire skilled foreignaskers to fill the shortage. The cost of accommodating
skilled foreign workers is very high compared to local ones because they must be paid
according to the foreign currency exchange. So, the probability of companies rejecting the
use of blockchain in therganisation is very high. The summary of the interview with the
respondent is as follows:

AfForeign currency exchange involving ski
teach about this blockchain(Respondent 14)

Limitations

Among the limitations encountered during the conduct of this study is during data
collection to obtain feedback from respondents because most professionals are busy carrying
out essentidlasks anansuring that the interview schedule with essential tasks does not clash
is not an easy task due to time constraints



MCRJ Special Issy&/ol. 26 | No.3 | 205 152

Study Implications

This study has contributed to a very valuable view of the factors that need to be considered
in the adoption of blockchain technology towards sustainable material handling in Malaysian
construction. The results of this study reveal that implementing Wagkcstepby-step
across different departments, educational time targets, government support, and initial cost
are factors that need to be paid more attention to. Professional bodies in the construction
industry can use this factor as a practical prelimyigdan before it is officially introduced
into the organisation. Policymakers can use the findings of this study to formulate policies
that are in line with industry standards and regulations. The findings of this study can not only
be used by the consttion industry in Malaysia, but other countries can also use it as a guide
by adapting these findings according to the requirements of the laws and standards of their
respective countries

CONCLUSION AND RECOMMENDATIONS

This study successfully identifies the critical variables for the use of blockchain
technology for sustainable material handling in the Malaysian construction industry.
Conventional methods of material handling are disadvantaged by cost and time overruns,
inefficiency, material theft, and disorganised storage and handling practices. There are five
important factors that need to be considered in ensuring that the implementation of blockchain
is done well and planned: 1) Social, 2) Technical, 3) Educatidydkinancial, and 5)
Political.

The five elements mentioned above play a very important role, especially for
policymakers, developers, government, and researchers, in understanding the requirements
before they are implemented into the organisation. This study has also supported $eistainab
Development Goal 9 (Industry, Innovation, and Infrastructure), which is to encourage the
construction industry to apply technology in the work process to be more efficient and
effective.

Furthermore, the government of Malaysia can adopt pybl@te partnerships to
promote the implementation of blockchain by addressing issues concerning data privacy, data
storage, education timelines, and global collaboration. Apart from that, graonbsidys
financial assistance programs can be launched, particularly for SMEs that have challenges
with the costly nature of implementation.

The main goal of this study is to identify the factors that influence the use of blockchain,
so future studies need to consider obstacles and solutions for the use of blockchain in other
construction sectors apart from the handling of sustainable matsuiels as workforce
management, machinery handling, procurement, or others.
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Abstract

This study examines the integration of Advanced Construction Modelling (BIM) as a proactive
tool for enhancing adherence to safety regulations in multi-story construction projects in
Malaysia. Employing a comprehensive mixed-methods approach, the research synthesises
survey data from industry experts and practitioners with anin-dept h assessment of [
potential to address safety risks. The investigation highlights key safety deficiencies, including
insufficient fall protection measures, substandard scaffolding setups, inadequate utilisation of
personal protective equipment (PPE), and poor site maintenance practices. Additionally, the
study explores BIM-driven interventions, such as enhanced project visualisation, structured
safety planning, and real-time hazard monitoring, which collectively facilitate the early detection
of hazards and mitigation strategies. Despite its benefits, BIM adoption faces substantial
barriers, including regulatory and contractual complexities, limited industry awareness, and
resistance to technological shifts among industry participants. To bridge these gaps, the
research proposes a strategic integration framework, advocating for robust policy
reinforcement strategies, continuous professional training, cross-sector collaboration, and
targeted financial incentives to accelerate BIM implementation. Ultimately, the study
underscores the transformative impact of BIM technology in reshaping construction safety
protocols, reducing workplace hazards, and fostering a secure and well-regulated environment
for personnel in high-rise building projects.
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study seeks to overcome existing chall enge:c
Mo d e | (I B InMy) in enhancing adherence to safet
mu ksttiory buil ding projects. To achieve thi:
objectives: first, to systematical Maliagasmnti
mu ksttiory buil ding projects sector; second,
the barriers hinderiinntgo itthse ewof rekcptli avcee isnatfeegt
and third, to develop a comprehensive, strdt
seamless incorporation of BIM for improvin
constructinostns.environme

LI TERATURE REVI EW

Buil dinfi@gr mati on Model |l i ng (BI M) i s revo
enhancing efficiency, guality, and safety.

monitoring througlidudtepa|purBli2®eftldsi Il i tf @tceg < | te
of comprehensive construction documents an
and construction to operation and maintenal

Research on technology's application for
n construction has grown significantly. I
bout hazard identification; it  fraecnitl i & md e
ontributes to a safer working environmen
ocumentati on and monitoring of safety pr
ommuni cating project informati dany Adnodmadreil ie
., 2017; Ume.o kBY out ielti ailng RIOM4)st akehol
otential safety halzairndg,ardsavemal Iwog kfeet y

TH OO QD

Despite advancements in safety technol og
articul arilsye ipmr olfiegh s where risks are amp
nadequate fal/l protection, i mpropert excd a fvfe
qmpme(ﬂSeh@BE)etTdnles,e 20®»20pntions often re
azardous onditions, an d Edreuvzieat i200n2s2 )f r om

> ®d® T T

I M offers a promising solution for mitig
alisations enhances communi catAfomnaland
i g, 12n0t2elg)r at i Ag mel Nhowiittrorn emgl and safet
ws for proactive hazard identification
riority in reducing accidents, ensurin
Ci ncy compar e(dSdloz anroa dd ttTihedlrsa,lp raosidcdt)a dr
| e with BIM s capacity to i mprove coll
safety.

woowo (<
-0+ —T5 —

D O DO

Addressing the challenges of BI M i mpl emer
o safety violations, including inadequate
nsufficient ri sk assessment procedeagisng
ompl exity of construction projects necess
ddress these challenges. The adoption of

emote construction projeclysanldy emmamcicadgi

Q0O =~

(0]
C
(0]
Cc



MCRJ Special Issy&/ol. 26 | No.3 | 205

addressing
project pl
Table 1

management

c ha
anni

dent

||
ng

enges
to

fies t

such
ensur e

he

as

gaps i

158

construct

n existi

Tabl.€oMmpardfs@Gmap Anal ysis

No. Title Reference Findings Research Gap Research Focus
1 Bibliometric Survey for  (Hire et al., The research found The research gapis  BIM, Construction,
Adoption of Building 2022) that BIM adoption for the lack of adoption of India, Scaffold,
Information Modelling construction safety in BIM for safety Scaffolding

(BIM) in Construction India is still management in high-
Industry i A Safety emerging, with rise construction
Perspective limited awareness projects in India, as
and solutions for there is a lack of
identifying knowledge and
scaffolding hazards. solutions for
identifying hazards
related to
construction.

2 BIM and Modular MEP (Samarasinghe The research found Theresearchgapis MEP, High-rise,
Systems for Super- etal., 2017) that BIM enhances the lack of research Modular,

Tall and Mega i Tall safety in high-rise on the integration of  Prefabricated, BIM
Buildings construction by BIM for safety

identifying and violation analysis in

resolving MEP high-rise construction

conflicts, reducing projects that involve

hazards and prefabricated MEP

inefficiencies. systems.

3 Improving (Afzal etal., The research The research gapis  Virtual design
Construction Safety 2021) showed that BIM the lack of research  construction
with Virtual T Design enhances on the integration of  (VDC); BIM;
Construction construction safety ~ BIM with other augmented reality
Technologies i A through hazard technologies, such as (AR); virtual reality
Review identification, safety VR, AR, and GIS, for (VR); geographic

training, and safety purposes in information system
planning, reducing high-rise construction (GIS); 4-D BIM;
risks and improving  projects. construction safety;
worksite safety. digital design
technology

4 Key Factors Affecting  (Nguyen et al., The study confirmed The researchgapis  Construction
the Application of 2021) that BIM enhances  the lack of research  volume, BIM, high-
Building Information the accuracy and on the integration of  rise building,
Management (BIM) in efficiency of volume  BIM with other Vietnam
Management of High management in high- technologies for
T Rise Building rise construction by  safety purposes and
Construction Volume optimising spatial detecting safety

analysis and material violations in high-rise
estimation, leading  building construction
to better project projects.
coordination and

resource utilisation.

5 Development of (Mun etal.,, The study found that The research gapis  Safety
Construction Site 2023) BIM can be used to  the lack of research Management,
Safety Monitoring improve safety by on the integration of  Inertial
Techniques Using tracking the location  BIM with other Measurement Unit
Worker Positioning of workers and technologies for (IMU), Ultrai
and BIM equipment on safety purposes and  Wideband (UWB),

construction sites. real-time safety Kalman Filter,
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high-rise construction
projects.

ng

on

sedmigbas eexadtut i



MCRJ Special Issy&/ol. 26 | No.3 | 205

159

No. Title Reference Findings Research Gap Research Focus

6 Challenges to the (Kineber et al., The study found that The research gapis Partial least square
Implementation of 2023) there are a number  the lack of research  structural equation
Building Information of challenges to the  on the specific modelling; barriers;
Modelling (BIM) for implementation of challenges of Nigeria; BIM;
Sustainable BIM for sustainable  implementing BIM for exploratory factor
Construction Projects construction safety management in analysis; project

projects, including a  high-rise construction lifecycle
lack of awareness projects.

and training, high

cost, and lack of

government support.

7 Construction Safety (Rebelo et al., The study found that The research gapis  Construction,
on Scaffolding: 2019) BIM can be used to  the lack of research  Safety, BIM,
Building Information improve safety on on the integration of  Scaffold,
Modelling (BIM) and scaffolding by BIM with other Scaffolding.
Safety Management - identifying and technologies for
A Systematic Review preventing hazards. safety purposes and

automated hazard
identification in high-
rise construction
projects that involve
scaffolding.

8  Survey Evaluation of (Alaloul et al., The study found that The research gapis  BIM,; traditional
Building Information 2023) BIM can be used to  the lack of research  safety planning;
Modelling (BIM) for improve health and  on the integration of  health and safety;
Health and Safety in safety in building BIM with other framework;
Building Construction construction projects technologies for Malaysian
Projects in Malaysia by identifying and safety purposes and  construction

preventing hazards  real-time hazard industry
and by improving identification in high-

safety rise construction
communication. projects.

9 BIMi based fall hazard (Winther The study found that The research gapis  Construction
ontology and Johansen et al., BIM can establish an the lack of research  safety, Digital
benchmark model for 2022) ontology of fall on the integration of ~ Twins, Prevention
comparison of hazards and BIM with other through Design,
automated prevention mitigation strategies, technologies for Building
through design allowing for the safety purposes and  Information Model,
approaches in automation of hazard automated prevention Benchmark Model
construction safety identification and of safety violations in

prevention in high-rise construction
construction safety.  projects.

10 Exploring the Role of (Akram et al., The study found that The research gapis  Construction
BIM in Construction 2022) BIM can be used to  the lack of research  safety; safety
Safety in Developing develop a safety on the integration of  management; BIM;
Countries: Toward management BIM with other automation;
Automated Hazard framework that technologies for process map
Analysis covers the entire safety purposes and

lifecycle of a automated hazard
construction project identification in high-
in a developing rise construction
country. projects.

11 BIMiBased (Ismail et al., The study found that The research gapis  BIM; compliance
Automated Code 2023) BIM can be used to  the lack of useri checking;
Compliance Checking develop an friendly and semantics;
System in Malaysian automated code accessible BIM-based knowledge
Fire Safety compliance checking code compliance representation;
Regulations: A User- system that is useri  checking systems that visual
Friendly Approach friendly and can be used to programming

accessible to AEC identify and prevent  language
professionals. safety violations in

high-rise construction
projects.
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Research Gap

Research Focus

12 BIM-Based Safety
Leading Indicators
Measurement Tool for
Construction Sites

(Dadashi Haji et The study found that

al., 2023) BIM can be used to
develop a safetyi
leading indicators
measurement tool
that can help to
identify and prevent
hazards on
construction sites.

13 BIM Approach in

(Rodrigues et The study found that

Construction Safety 1 al., 2022) BIM can be used to
A Case Study on develop a safety
Preventing Falls from plan for preventing
Height falls from height on
construction sites.
14 Reducing Falls from (Tarig etal., The study found that
Heights through BIM: 2023) BIM can be used to
A Dedicated System develop a dedicated
for Visualising Safety system for
Standards visualising safety
standards, which can
help to improve
safety on
construction sites.
15 Application of BIM in (Shukri et al., The study found that
construction site 2023) BIM can be used to

safety: Systematic improve safety on

The research gap is
the lack of a
comprehensive,
proactive approach
for assessing safety
violations in high-rise
construction projects
based on active
safety-leading
indicators.

The research gap is
the lack of a practical
approach for
integrating safety
measures into
construction planning
to prevent safety
violations in high-rise
construction projects.
The research gap is
the lack of a system
that can help to
improve the
implementation of
safety standards on
construction sites,
specifically for
preventing falls from
heights in high-rise
construction projects.
The research gap is
the lack of a
systematic review of

BIM; safety leading
indicator;
knowledge base;
safety
management
system;
construction safety

BIM; construction
safety; planning;
safety elements;
construction site
management; falls
from height

Falls from height;
OSHA,; health and
safety in
construction; BIM;
application
programming
interface; safety
clause

Building
Information Model;
construction safety;

review construction sites by the literature on the co-occurrence
providing a platform  application of BIM in  analysis;
for visualising and construction site VOSviewer
analysing safety safety, specifically for
hazards. high-rise construction
projects.
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mu ksttiory buil ding projects. By incorporatin
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safety protocol s, identifying common vVvi ol e
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communi cati am)a,l fR)tbndi ie. g. , wor ker com
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comprehensi ve under standing of safety c ha
wor kpl ace safety protocols. This qualitati
idepth insights into the complex relasion:
presented by BIM integration for workplace
opemded guestions was empl oyed t o facildi
participants to share their nuaync eRdaritn sii gl
included safety officers, BI' M manager s, an
experi encrei swa thuihligihng projects in Mal aysi a
person, at t he participanseturceongprhi Bacep,
accommodating participant availability, I o
e minimising disThetcolnl & ot etdh eii mt esrcvhi ee

I

undergoing thematic a@andlhysnes treel adendt itfoy c
i mpl ementation, perceived benefits of BI M f
protocol-st arny nbuditlidi ng project s. This proc
i ntervi ews, i teefratiheemeg et hnemght di scussi o
interpretation of the identified themes ir
analytical approach will contribute to a
i nfluencing BiltMs aafofpe ¢ toinveamedss i n mitigat:.i
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Questionnaire

At obhl 35 questionnaires were distributed
in Migke projects in Malaysia, including co
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key factors essential for eff$eatyvieuwodkmpdg :
With a 100% response rate, the high I evel o
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Data Analysi s
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of safety standards, and th#Mogel(ebini)al t oo f
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Rel ative I mportance | ndex

The questionnaire data has been analysed

statistic met hods such as mean and st and:
| e

al
vari abi ty. Furthermore, the Reltatipwe olrmpg
factors affecting risk mitigation effecti\
wor kpl ace safety-sprootyo dali 4 Awilmtghaipmh aBslatnis 20

. B
Rel ative rFmportance =

Where: W represents the weighting given t
1 to 5); A is the highest weight (in this ¢

Cronbachés Al pha Using SPSS Software

Cronbach's alpha is a statistical measure
items in a guestionnaire or scal e. I't meas
with values r aln.gd.ngA fQroomm bOa.cOh 'tso aH pha val ue
degree of internal consistency, suggesting

construct
RESULT AND DI SCUSSI ON

The Reli dbéel Qugsbobifonnaire

A reliability test was <conducted to eva
measur ement i nstrument , empl oying Cronbac
reliability assessment . A Cronbachos al ph
acceetawhil e values exceeding 0.70 indicat
are deemed excellent

As presented in Table 2, al | five variabl

| evel of i ntern
results confirm
the key factors

al consistency, with reliabi
that the quiessti onmant ef ser1
i n

fluenci mg owoyr kbpuli d cdd nsga fpert

Tabl RePRi aStiadtiitsyti cs for Vari abl es

Variables Cronbach's Alpha No. of items Reliability
State of affairs in the current construction safety 0.763 10 Reliable
management processes
Safety violation incidences commonly committed in 0.975 30 Reliable
construction
Challenges in implementing BIM for construction safety 0.711 9 Reliable
Application of BIM for construction safety 0.815 12 Reliable

Strategy to profile BIM in construction safety 0.778 8 Reliable
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The Analysis of Data

This chapter provides a comprehensive ana

and interviews, structured around four key
of respondent s, of fering insightupi ntSecbhd]
evaluates the occurrence of-sbhorwchas!| dif ng ¢
detailing the types and frequency of incid
Advanced CboderuBIbM)oni ni ocho nsd fraitcyt, examini
integration into workplace safety protocol
associated with BIM implementation, identi
adoption in the construction sector.

Charact effhestRecsspoofdent s

ASRS{GliAnt STRabl e 3, the respondents were pre
common age bra@Ckeearbei 648 36%) . The majorit
(74. 3%) . Engineers comprised the |l argest
Supersvi(2d®r%) and Safety Officers (17.1%) . O
more than 10 years of working experience a
over 3 years.

Tabl.Re8pondenfsbe

Gender Age Academic Qualification
Male 91.4% 18-24 years - Bachelor's Degree 74.3%
Female 8.6% 25-30 years 28.6% Diploma 25.7%
35-40 years 48.6%
> 40 years 22.8%
Role Working Experience Engagement to Project
Engineer 37.2% 1-3 years 2.9% <6 months -
Director 14.3% 3-5 years 28.6% 6-12 months 27.1%
Project Manager 8.6% 5-10 years 17.1% 1-2 years 22.9%
Safety Officer 17.1% >10 years 51.4% 2-3 years 28.6%
Site Engineer 14.3% >3 years 21.4%
Site Supervisor 20.0%

The Exploration of ThRel IFa& tAdr si nl nAvscslevsisngn gSa f
I ncidents Commonly Committed in Constructi

This section examines the preval esntceer yof

buil ding projects based on the responses
frequency of encountering vardjpousntblekehes
ranging from ' Never' to 'Very Frequently.
observed violations include '"Lack of eye an
and ' Lack of fall protectiomuat hhéRgyht =( da
hi ghlights the <critical need for stricter
protective equipment (-PIPER actaigeitiespelcilaéd
These findings alignlwiehaobser vaatoemphas:
adequate fall -sgroatye dtuiidmdiinmg mulotiect s ( Sama
while '"Lack of proper electrical wiring' (
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also ranked high in terms of RI 1 (0.982),
suggests that while these violations are r €
be Il ess frequent compared to PPE violation:

Further analysis reveals that violations
and 'Lack of scaffold safety' (A13) also r
for i mprovement in constructe ofni rsditreg woarke |
with the critical role of safety culture a
in miglk projects, particularly in areas Wwi
and sc(aSafnokladrs et al ., 2023)

Moreover, the relatively high prewslsesnce
and accident reporting' (A6) with an RII of
incidents, which could hindethehempbementa
preventive measures. This emphasises the
reporting culture to facilitate continuous
Tabl PedcriSptaitvesti cs of Safety Violation Incidences
Code Factors RII AVI Rank
Al Lack of eye and face protection 0.9880  0.3400 1
A2  Lack of respiratory protection 0.8980  0.5600 2
A3 Lack of foot protection 0.8980  0.5600 2
A4 Lack of fall protection at height (safety harness) 0.8920 0.6600 4
A5  Lack of stairway or elevator shaft safety 0.8860  0.5600 5
A6  Lack of risky, near-miss and accident reporting 0.8800  0.6500 6
A7  Lack of crane safety 0.8800  0.6500 6
A8 Lack of trench/excavation safety 0.8060 1.0100 8
A9 Lack of elevated storage surfaces safety 0.7880  0.3400 9
A10 Lack of fire protection 0.6980  0.5600 10
A1l Lack of proper electrical wiring
A12 Lack of general machine guarding
A13 Lack of scaffold safety 0.9820  0.5070 1
Al14 Lack of health moratorium in the workspace and living space 0.9820 0.5070 1
A15 Lack of Logout/Tagout (LOTO) procedures during servicing and 0.9820  0.5070 1

maintenance activities
A16 Lack of proper electrical systems design 0.9820 0.5070 1
Al17 Lack of order and hygiene in the workspace and living space 0.9820 0.5070 1

A18 Lack of head and hearing protection 0.9820 0.5070 1
A19 Lack of torso protection 0.9820 0.5070 1
A20 Lack of hand protection 0.8920 0.5670 8
A21 Lack of wall/floor openings safety 0.8920 0.6570 8
A22 Lack of on-the-level storage surfaces safety 0.8920 0.6570 8
A23 Lack of hazard communication 0.8920 0.6510 8
A24  Lack of chemical inventory and care in handling 0.8860  0.7780 12
A25 Lack of care in performing site clearance and walkthrough 0.8800  0.6510 13
A26 Lack of care in handling high voltage overhead/ underground power lines 0.8800  0.6510 13
A27 Lack of employee health screening 0.8800  0.6510 13
A28 Lack of Powered Industrial Truck (PIT) safety (forklift) 0.8800 0.6510 13
A29 Lack of ladder safety 0.8000  1.0570 17
A30 Lack of building material inventory and care in handling 0.7880  0.3380 18
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The Exploration of ThRel IF a8 tAolr sithnd nMsospdvsistiapt g o n
Buil ding Modet(mhinNy)onf or Construction

resents the analysis of th
the twelve factors involvi
r construction, as shown in Ta
us materi al management ' (B2) e
' ighting the perceivedfimpgoongsr
sed the benefitsclodsmBIl deti enctiimp
(@Rhamydae s& gle prhgpes,e s202 2)

Y

I nterestingly, "Ergonomics and wor kforce
compliance' (B5) received relatively | owe]l
potenti al of BI'M in directly enhancing wol
underutilised. This observation resonates
the specific impact of BIM on various brea
standar doiasseedd BslaM ety protocol s.

Further mor e, the I ow ranking of ' Construc
indicates a potenti al area for i mprovemen
capabilitieme BOteremahitoring andtpregpespo
seems | imited. This aligns with the findin
of BI M's applications beyond specific hazal

standar dsst oirny nbudlitliidiev@gi @aho j&e Ktes hav, 2022)

Tabl.8t 8t iSumneaarly of Fact oArpspllincvadtlivoinn g fThBeui | di ng | nf
BIMor Construction

Code Factors RII AVI Rank
B1 Enhanced planning and design 0.9880 0.3400 1
B2 Hazardous material management 0.9880 0.3400 1
B3 Maintenance and facility management 0.8980 0.5600 3
B4 Ergonomics and workforce safety 0.8980 0.5600 3
B5 Safety documentation and compliance 0.8860 0.5600 5
B6 Site logistics and access planning 0.8060 1.0100 6
B7 Visualisations and simulations 0.7940 0.1700 7
B8 Collaboration and communication 0.7940 0.1700 7
B9 Safety training and education 0.7940 0.1700 7
B10 Clash detection and risk reduction 0.7880 0.3400 10
B11 Incident investigation and analysis 0.7020 0.5100 11
B12 Construction site monitoring 0.6000 0.0000 12

The Explorati

on of ThRFAc®&oA$s I nvaAabserngi gball
| mpl ementing BI

M for Construction

This section explores the challenges enco
particularly in relation to workplace saf e
"Legal and contractual considenatcbakl efgd
0.898), followed by "Limited awareness and
hi ghlights the need for c¢clear | egal framew
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adoption, as well as comprehensive trainin
and address misconceptions. These findings
challenges in a case study on Bt Mcompl € mem
story buil(dil g apmoj edt aal ., 2024)

I nterestingly, '"Skill and competency gap'
relatively | ower RII (0.800). This indicat
the |l ack of skilled professionawsrkppabées
protocol s. This challenge resonat eshawietdh t
safety training to improve workers' safety

Conversely, '"Cost and resource consider at
0.600), suggesting that whil e cost is a f
adoption. This contrasts with tHe cfainndibragg
This difference could be attributed to the
growing recoghrietrinbnc ocsft ibtesnelfong, particul
reducing accident s.

Tabl.8t 6t iSumnaarly of Factors I nvol vi B¢ MGh adolnesntgreusc tiino
Code Factors RII AVI Rank

C1 Legal and contractual considerations 0.8980 0.5620 1

Cc2 Limited awareness and understanding 0.8920 0.6570 2

C3 Change management and resistance 0.8800 0.6510 3

C4 Scalability and industry adoption 0.8800 0.6510 3

C5 Skill and competency gap 0.8000 1.0570 5

C6 Data management and standardisation 0.7940 0.1690 6

C7 Collaboration and coordination 0.7940 0.1690 6

c8 Integration with existing workflows 0.7880 0.3380 8

Cc9 Cost and resource considerations 0.6000 0.0000 9

Devel opment of Fr amiéhwo BkaMfetry Nlaan dysacdamey i n
Environments

Figure 1, derived from taedc &t epopibhastsl a
framework (" Needs, Vi si on, Action") for in
construction environments. This framework
establishing a BI'M dmpltéemérst aatgi dBrl Ms tf roat eegnyt
wor kpl ace safety protocol s.

Needs Phase: This initial phase focuses
safety needs and challenges within the <co
analysing existing safety practi dée, piodemtti
root causes of tbhaesseed iassssueesss. melrhti se msewerdess t h
targeted and relevant to the specific safet
frequent fal/l hazar dsl i dthte t'Ne eidmsnoaiiiaasde ef vaa
protection solutions.
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Vi si on Phase: Once the safety needs ar e
establishing a clear BIM i mplementation st
and key performance indicators (KPI st)hefor
various factors that influence BIM adopti
technol ogical, organi sational, i ndi vidual ,
ensures that the BIM i mpl ement atsi arhes tbrrata«
context in which the project operates. For
subcontractor s, the "Vision" phase woul d e
communication platforms within the BIM envi

Action Phase: The " Action" phase focuses
This includes developing Bldnabeéedt isarf eplyal
and utilising BIM for enhanced planmbhygean
continuous monitoring and evaluation of t
effectiveness and adapt t o -oervioelnvtiendg aspapfreotayc
that the BIM i mplementationpstbategyprachb:
enhancing workplace security. For exampl e,
create 3D visvualisations of construction s
i nspections and incident reports.

Thi s cyclical framewor k promotes contin
participants to adapt and addbhaseasd earmd vhal
approach ensures that BI'M i mpl ementation i
factors influencing adoption and risk miti
oriented approach emphasises translating t
potenti al in enhancing safety. rted egpal i @
effective in addressing evolving safety ¢
adaptation.

The framework's veracity is further suppoc
safety protocol principles, its comprehen
adoption, and its emphasis on contemtu ,ust he
framework provides a practical roadmap for
Bl dafety | andscape and create a safer buil

FigureAlFramewor k for -SNd witg/atlLiamgl sTctaegpeBliM Chal |l engi
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CONCLUSI ON

This research has successfully fulfilled
breaches of safasttyrygt @dnuddrddangi proyletci s, as
BI'M adoption for workplace saf ethyi ndreati cnogo |
wi der i mplementation. The proposed " Needs,
roadmap for construction industry particif
evolving safety challengesr Ther easddnagsvau
training, proactive workplace safety prot o«
benefits of BIM in creating a safer and mol

ACKNOWLEDGEMENTS

The authors gratefully acknowl edgerRGie fi
1/2022C@m®sb, .

REFERENCES
Abosag, N. H., & Batool, S. M. (2024). A Novel Bi&habled Software Based Solution for

Mitigating Construction Risk Management. Yanbu Journal of Engineering and Science.
https://doi.org/10.53370/001c.94947

Adepoj u, 0. 0. (2021) . Bud klidlilnign gl nHuomama t R eos
Construction 4.0. https:// api.semanticsch
Af zal , M. , & Shafigqg, M.l MT.an@2 OR1)f.orE vEfl fues
Communication and Training: A Cé&dd eStCudyw.
Buil di ngs, 11(8), 319. https://doi.org/ 10
Af zal , M. , Shafiq, M. T. , & Al Jassmi s H. (
Design ConstrucAi ®kReviewhndlboaginas$ of | nfo
Construction34@6(Aptrps)//84aP. org/ 10. 36680
Akr am, R. , Thaheem, M. J ., Khan, S. , Nasir
Role of BIM in Construction Safety in Dev
Anal ysis. Sustainability (Switzerland), 1
Al al oul , W. S. , Qureshi, A. H. , En, Y. P. ,
Sal aheen, M. Al . (2023) . Survey Evaluati
for Heal th and Safety in Building Const:
(Switzerl and), 15(6) . https://doi.org/ 10.
Al hazmi, A. K., & Al hassan, A. A. A. M. A.
Safety Performance. Journal of Constructi
Al i, K. N. , Al hajl ah, H. H. , & Kassem, M.
I nformation Modeling (BI M): A systematic
https://doi.org/10.3390/buildingsl12050571
Al omar i , K., Gambat es e, J . A. & Ander son,
I nformati on Model i ng t o Il mprove Wor ker
https://api.semanticscholar.org/ Corpusl D:
Al otaibi, B. S., Wagar, A., Radu, D., M. Kh:
(2024) . Buil ding I nf ormati on Model i ng (
Contractual Management in Construction P
ht tedsi: /drg/ https://doi.org/10. 1016/ ] . asej]



MCRJ Special Issy&/ol. 26 | No.3 | 205 170

Dadashi Haj i, M. , Behnam, B. , Sebt, M. H. ,
Based Safety Leading Indicators Measur eme
Journal of Civil B2i.neletrti mg:,/ /Aol 2-p,r g2 6
00549

Devaiah, K. L. S., & Keshav, V. (2022). App
Management in High Rise Buildings. | OP C
Engineering, 1255(1), 12006.

Emuze, F. A. (2022). Addressing Safety Vio
Construction. Proceedings of -Maha g elmesntti
Procurement and Law. https://doi.org/10.1

Har ahap, M. | . P. , Ot hman, ., & Dinat a, )
Safety Rul e ViRdlsaet i ©mmsstirnucHi gh Projects
Research i n Applied Sciences and
https://doi.ordd/. 20 .1FA4FBD/ ar aset

Hir e, S. , Sandbhor, S. , & Rui kar , K. (2022
I nformation Modeling (BAMyafeat YoRstspedtio
of Computational Met hods i n T69&ngin
https:// dosil lc®r3yl/91588.41 007/

|l gba, E. , Os ei Danguah, E. , Adi kwu Ukpoj u,
(2024) . Us e of Building I nf ormati on Mo ¢
Management in the USA. Worl d Journal Of
17919818t ph://doi.org/10. 30574/ wjarr. 2024.

l smai |l , A. S., Ali, K. N.-Ashwahlad, NN. TA. (20
Based Aut omat ed Code Compliance Checkin
Regul ations: -FriAendlWser Approach. Bui l
https://doi.org/ D@. 3390/ buildingsl130614

Kineber, A. F. , Ot hman, ., Famaki n, | . 0.
(2023) Challenges to the | mplementation
Sustainabl e Construction Projects. App
httpsothgdaD. 3390/ appl3063426

Mun, S., Son, S., Lee, C., Lee, S., Par k, r
Site Safety Monitoring Techniqgques Using
Korean Soci ety of Hazard T6MdI.t i ga
https://doi . mrzyx02A2d. BFOB/XkDdDsha

Nguyen, T. A. , Nguyen, P. T. , & Do, S. T.
Buil ding Il nfor mati on Model | i iRRg s & BIBM)i | din
Construction Vol ume. Jour nal of TBhysic
https://Hd088®39d2D783/ 1/ 012089

Pini ano, E. N. , & | wanami , M. (2023) . 3. C
Safety Management . Proceedings of I nt e
Construction. https://doi.or-4010. 14455/ 10

Ramy a, S. , & George, G. (2022) . Rel ati ve S
Model I'i ng. I nternational Jour nal for Re s
Technology, 10(9). https://doi.org/https:

Rebel o, M. Silveira, F., Czarnocka, E. , (
Scaffolding: Buil ding Il nf ormati oni AModel i
Systematic Revi ew. U. Porto Jouic®al (
https://doi . ®&®r4d®P/31LD.054 DR/ DDID



MCRJ Special Issyé&/ol. 26 | No.3 | 205 171

Rodrigues, F., Baptista, J. S., & PiiMto, D
Case Study on Preventing Fal |l s fro
https://doi.org/10.3390/buildingsl12010073

Sal zano, AL, Cascone, S. Zitiello, E. P. .,
Ef ficiency: Integratlng Buil ding I nf or ma
Project Execution. Sustainability. https:

Samad, N. , Hasmor i, M. F., Abas, N . H-. , Mo
Based Framewor k -FroatheiAght yRfAicegdé&at s and S
Measur es in the Construction Industry.
Sci emmesEngineering Technol ogy. https://d

Samar asi nghe, T. , Mendi s, P., Ay e, L., Gun
(2017) . BI'M and Modul-Bal IME®AId®dlMe gdami F o n &
I nternati onal Conference on Structural En

Sankar, S. ., Anandh, K. S. , Rajendr an, S. ., |
the Relative I mportance and Association |
Af fecting Organi zational Safety
https:// doii.org/hG.tPIFI90/Wwi | di ngs13082062

SehsahGi RanHy.EIl A I brahim, A. M. (2020). Per
Use and its Relation to Accidents among C
111,712985 https://api.semanticschol ar.org/

Shukri, N . S. M. , Ami nudi n, E. , Yap, L. S.
(2023) . Application of BI'M in Construct
Conference Series: Earth and E@viron
https:// d®/il-b3%3/10D14®/81/ 012014

Tari q, A. Al i, B. , Ul l ah, F. , & Al gahtani,
Bl M: A Dedicated System for Visual i zi n¢
https://doi.org/10.3390/buildingsl13030671

Umeokafor, N. , Emuze, F. , Ch | br ahi m, C.
& Teizer, J. (2024) . Handbook of Drivers
Heal t h, Safety, and Wel |l bei ng (U
https:// doi .008r2¢6/1#00.6192 01/ 9781

Wi nther Johansen, K., SciBalsted, FGl | &aTZair de «
Benchmark Model for Comparison of Automat

in Constructi onl7Safhetttyp.s :3/6/8d,0i4.@8 g/ 10. 714



MCRJ Special Issy&/ol. 26 | No.3 | 205 172

STRENGTH OF CONCRETE CONTAINING
COMBINATION OF STEEL AND POLYPROPYLENE
FIBERS

Faisal Sheikh Khalid 1", Connie Kong Hui Jun !, Chong Ming Quan !, Shahiron Shahidan !, Wahid
Ali Hamood Altowayti 2, Syafiga Ayob ! and Zahir Zaki *

1Faculty of Civil Engineering and Built Environment, Universiti Tun Hussein Onn Malaysia, Malaysia
2Johnson & Johnson Innovative Medicine Biologics, Leiden, Netherlands

Abstract

Fibres are primarily used as alternatives to conventional reinforcement in non-structural
applications to increase the tensile strength and reduce cracking. These advantages have led
to a broader application of fibres in structures, especially those with lower reliability levels, such
as slabs and walls. The integration of fibres into the overall structural design of structural
applications is steadily increasing. Thus, the performance of a steel and polypropylene (PP)
fibre combination in concrete is the main focus of this study. The design incorporated fibre
additions of 0%, 0.5%, 1.0%, and 1.5% for both types of fibres. The findings showed that adding
fibres to concrete improved its strength behaviour, especially when fibres were combined,
which showed a notable improvement in both compressive and cracking tensile strengths. This
research significantly obtained an optimum mix combination of 1.0% PP and 1.5% steel fibre
with increased compressive strength by 35.7% compared to the control specimen for
compressive strength. With an increased strength of 58.8% in comparison to the control
specimen, this trend persisted in splitting tensile strength. The results demonstrated that, in
comparison to a low fibre combination ratio, PP and SF created superior composites. According
to the study's findings, adding combination fibres to the concrete mix improved the composite's
compressive and split tensile strengths.

Keywords: PP Fibre Steel Fibre Workability, Strength
INTRODUCTION

In the third quarter of 2024, Malaysia's construction industry grew by 17.3% (Daim,
2024). In place of water, concrete is the second most widely used building material worldwide
(Ahsan et al., 2023). Concrete's strength, workability, and affordability hakeessential
building material. Cement, aggregates, water, and additives are usually its constituents.
Concrete's tensile strength and crack resistance are typically improved by adding synthetic
fibres like polyester, nylon, and others (Abubakar, Akchou & Mar ar, 2020) .
also used for similar purposes. These additions improve concrete's performance without
compromising its existing qualities. However, the use of synthetic fibres raises concerns about
waste management and environmentgbact, given their nebiodegradable nature. Long
term contamination is due to synthetic fibres because they last longer in landfill areas for
hundreds of years. Large areas of landfill are occupied with these waste synthetic fibres.
Malaysia will reach mamum capacity for solid waste disposal at landfills by 2050
(International Trade Administration, 2024). In addition, the degradation of synthetic fibres
generates microplastic particles that bring about environmental pollution. The aquatic life and
soil conditions are affected by the entrance of these particles through soil erosion and surface
runoff (Liou, 2021). Proper disposal and recycling methods are essential to mitigate these
issues. New production of synthetic fibres can be reduced, and mord! lareis can be
saved. Research indicates that optimal percentages of synthetic fibres (around 0.5%) can
significantly enhance concrete's strength without affecting its workability. Combining
synthetic fibres with steel reinforcement further enhances et@®durability and structural
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integrity. This combination reduces the need for excessive steel while improving overall
performance, costffectiveness, and sustainability in construction projects. Research by Abu
Bakar et al. (2020), Patel, Desai and Desai (2012), and Qi, Weiss ahd(ZDIg3)
significantly found a contribution to improving the toughness of concrete by fibre. Therefore,
the incorporation of steel and polypropylene (PP) fibres in concrete addresses these issues
and improves overall strength. Synthetic fibres are widglged for reinforcing concrete.

Abu Bakar et al. (2020) claimed that adding fibres to concrete offers several benefits,
including preventing sudden failure, increasing fracture energy, reducing crack width,
minimising shrinkage, and enhancing flexurahdile strength, and toughness. The inclusion

of a range of 1.0% to 1.5% of PP fibre volume improved the concrete's split tensile, flexural,
and compressive strength (Qi et al., 2003). Research by Qi et al. (2003) found that adding
steel fibres generallynbhanced the ductility and toughness of the concrete. In fact, Qi et al.
(2003) addressed that while synthetic fibres improved the behaviour of fresh concrete and
minimised plastic shrinkage cracking.

Adding steel fibre as bridging tensile matrix concrete significantly enhances the
toughness and strength properties of concrete, increasing both compression and tensile
strength by approximately 20% (Karya, Sameera & Keshav, 2022). Steel fibres distribute
loads uniformly across concrete structures, extending their lifespan. The curing period of
concrete influences its compressive strength, with longer drying periods generally resulting
in greater strength and cohesion (Irwan et al., 2013; Irwan et al.). Z0tleffectiveness of
steel fibre depends on factors such as its blended well dispersion within the concrete
(homogeneous mix) and the optimal selection of volume fibre over the volume of concrete.
Steel fibres outperform other materials like polyegielyethene, and nylon due to their high
aspect ratio, low water absorption, improved impact and abrasion resistance, and overall
durability (Zhong et al., 2021). High volumes of steel fibres (exceeding 2% of concrete
volume) can achieve robust mechanicalogerties without additional continuous
reinforcement, enhancing compressive strength and crack prevention by evenly distributing
loads and stresses through the concrete. In practical applications, the spacing between steel
fibres and their physical paratees (such as shape, thickness, and length density) are critical
for assessing concrete's features and resistance. Misri et al. (2018) claimed an increment of
79.1% in the tensile strength of concrete compared to control and concrete containing 2.0%
fibre. However, smaller volumes of steel fibre, which is less than 0.5%, may not significantly
improve tensile strength. All things considered, steel fibre reinforcing enhances the post
cracking behaviour of lightweight, higdtrength concrete, which lowers co$ty lowering
the requirement for extra crack control techniques. Steel fibres are also beneficial in other
fields of civil engineering, such as road components, instead of making concrete. Steel fibres
can be added to stone mastic asphalt and porousltaspinaprove the stability and strength
of the roads. Jasni et al. (2020) indicated the optimum percentage of 0.4% had effectively
minimised the loss of binder, thus reducing the voids of aggregate structure. Higher fibre
content resulted in greater stiffss, making the asphalt more durable to be used under high
loads for a period of time. The use of steel fibres prevented the asphalt mixture from
deforming. According to Radzi et al. (2020), the engineering qualities of porous asphalt were
improved by thaise of steel fibres. In the LA abrasion test, steel fibres with a percentage of
0.6% demonstrated the best results. For 0.5% steel fibres, the greatest resilient modulus values
were 15% at 25°C and 10% at 40°C. The density and Marshall stability werderably
improved by adding 0.2% of steel fibres.
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The objective of this study was to examine the mechanical characteristics of concrete that
contains PP and steel fibres in both fresh and hardened states. Combining synthetic fibres
with steel reinforcement further enhances concrete's durability andusiuotegrity. This
combination reduces the need for excessive steel while improving overall performance, cost
effectiveness, and sustainability in construction projects. High manufacturing of steel fibres
leads to the depletion of natural resources. tn@nand coal are the primary resources for the
production of steel fibres. Steel consumption achieved 7.9 million metric tonnes in 2023,
which developed by 4.5% for the third consecutive year (Malaysia Investment Development
Authority, 2024). Reduction of new production of steel fibres can conserve natural
resources. Other than that, minimising the fabrication of steel fibres also reduced landfill
operation and waste management costs. Mal a
USD annually in soli waste management (Pentas Flora, 2022). Reusing steel fibres in the
construction industry reduces the financial burden on the government.

In conclusion, integrating PP and steel fibres in concrete produces advantages in terms of
long-lifetime structure, durability, and economy. This study is concerned with environmental
friendly, economic, and social benefits. The utilisation of steel andv&$®e fibres as
additional materials in concrete is considered sustainable construction since the waste fibres
are resourcefficient. At the same time, a healthy environment protects the human and all
other organisms in the world. Various costs can bedsasuch as construction costs and waste
management costs. This approach represents a promising direction for constructing resilient
and longlasting infrastructure.

EXPERIMENTAL SET UP
Materials

The Ordinary Portland Cement (OPC), a maximum of 20mm coarse aggregate and a
maximum of 5mm fine aggregate, were used. The steel and PP fibres, as shown in Figure 1
and Figure 2, were added to the concrete mixture as supplementary fibre materials. The
chamlcteristics of both fibres utilised for this research are shown in Table 1.

Table 1. Specification of Fibres

Specification
Fibres . Tensile strength Youngods mc
Type Diameter (m) Length (m) (N /mmz)g (N/n?m 2
Steel Hooked-end 0.00075 0.06 1100 205000
PP - 0.001 0.05 =

Figure 1. Hooked-end Steel Fibres Figure 2. PP Fibres
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Methods

In this research, the volume of fibre used was 0%, 0.5%, 1.0%, and 1.5% for both PP and
steel fibres. Research made by Khalid et al. (2018) has been used as a reference for the mixture
design of concrete. Other than that, the watment ratio in this resrch was 0.5. Table 2
shows the percentage of fibre design in total mixed concrete by volume. A total of 90
specimens were produced, including 60 cubes with dimensions 100 mm x 100 mm x 100 mm
and 30 cylindrical moulds with dimensions 100 mm x 200 mmeéd lests were conducted,
namely a slump test following ASTM C143, a compressive strength test following BS EN
123903:2019, and a splitting tensile strength test according to ASTM C496.

Table 2. Mixture Proportion for 1& of Concrete

Mix PP Fibre Steel Fibre Cement , CO2rse Al Water PP Fibre Steel Fibre

Designation (%) %)  (kg/o ) Adgregate  Adgregate .oty uom ) (kgD )

(kg/C ) (kg/C )
Control 0 0 0 0
P05-S05 (5 0.5 10.93 39.8
P05-S1.0 05 1.0 10.93 79.6
P05-s15 05 1.5 10.93 119.4
P10-S05 49 0.5 21.86 39.8
390 975 800 195

P10-S1.0 1.0 1.0 21.86 79.6
pP10-s15 L0 1.5 21.86 119.4
P15-S05 15 0.5 32.79 39.8
P15-S1.0 15 1.0 32.79 79.6
P15-s15 15 15 32.79 119.4

Slump Test

The slump test was conducted in accordance with ASTM C143 to evaluate the workability
of fresh concrete, and it must be done immediately after mixing concrete. First, the concrete
was placed in the cone and made sure the cone was placed on the flé&dtmrd, the
concrete sample was then divided into three layers before being placed into the cone. Each
layer was blown with a steel rod 25 times. Third, the slump cone was taken out upwardly and
then the mixture of concrete moved by itself without anyatibn. Finally, the reading of the
slump was taken. The slump test control sample is depicted in Figure 3.

Figure 3. Slump Test for Fresh Concrete with PP and Steel Fibres
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Compressive Strength Test

The compressive strength of the concrete was assessed based on BS EBt22BR0
A compression machine was used to provide static compression loadifg tam x 100
mm x 100 mncubes at 7 and 28 days of age for each mix. First, the concrete cube samples
were taken out from the curing tanks, and the excess moisture was wiped off. Second, the
concrete cube sample was placed onto the Automatic Compression Machine (ATM) and c
with respect to the lower platen. The constant loading rate of 0.6+0.2MPa/s wlad lisd,
the concrete cube sample was subjected to a load perpendicular to the casting direction until
it failed. Lastly, the maximum load was noted, and the compressive strength for each mix
design was calculated

Splitting Tensile Strength Test

The purpose of this test was to ascertain the concrete's tensile strength. The process used
cylindrical moulds of 100 mm in diameter and 200 mm in length, which were evaluated after
28 days in accordance with ASTM C496. The cylindrical samples of coneeste first
removed from the curing process, and the surplus moisture was cleaned off. Second, a jig was
used to position the cylindrical concrete sample in the centre of the Automatic Tension
Testing Machine. The loading pieces and packaging strips wsitioped along the top and
bottom of the samples' loading plane. During loading, the top and lower platens were parallel.
They set the stress rate at 0.05+0.01 MPal/s. Third, the load continued until the sample failed.
Ultimately, the highest load was noteohd the tensile splitting strength was evaluated

RESULTS AND DISCUSSION
Slump Test

The selected slump value was ranged in between 60 and 180 mm. The slump values
dropped from 70mm to 60.1mm in this research. Among-fibirforced concrete, the 0.5%
PP and 0.5% steel fibres had the best workability, with a slump value of 64.1mm. It
demorstrated that the workability of the concrete decreased with the addition of fibres to the
slurry. This is due to the fibresé ability
value for the control specimen was 70 mm, showing great workafiligy.slump value of
concrete with steel and PP fibres was lower than that of control concrete. Nevertheless, the
slump value of the concrete with extra fibres was still within the range allowed for a true
slump. This implies that the slump value somewhappled as the concrete's fibre volume
rose.

It demonstrates how adding fibres reduces the fluidity of the material and, consequently,
the concrete's workability. Concrete's rheological properties were improved, which reduced
the structure's segregation (Patel & Kulkarni, 20T8g results demonstrated that with 1.0%

PP fibre and 1.5% steel fibre, the slump reading remained above 60 mm. However, when a
higher combination of these fibres was used, particularly with a 1.5% mix of both fibres, the
lowest recorded slump value was Béam. The workabilityof the concrete decreased much
more as the proportion of steel and PP fibres increased. This reduction in workability,
especially with higher PP fibre content, is due to more air being trapped in the voids, making
it harder to compact the mix (Patel & kub r ni 2013; Zaki et al
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also interrupted the viscosity of concrete mixtures (Yaqgin et al., 2024). Additionally, steel
fibres tend to clump for various reasons, such asyisting clumps before mixing and the
use of highvolume fibres (Patel & Kulkarni, 2013).
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Figure 4. Slump Test Results
Compressive Strength

After 28 days, the average compressive strength of regular concrete was 31.1 MPa, which
was the desired compressive strength. After 28 days, the best mix was determined to be
concrete with 1.0% PP fibres and 1.5% steel fibres, which increased strengtii%ya®ove
the control, as seen in Figure 5. At 28 days, this sample's compressive strength of 42.2 MPa
was the greatest. Its compressive strength of 31.1 MPa was marginally greater than that of the
control specimen at 28 days. After 28 days, the conamateontaining 0.5% PP fibres and
0.5% steel fibres had the lowest compressive strength, 33.5 MPa. The 1.0% PP fibre sample
had the highest compressisength among the top three. The compressive strength of each
sample at day 28 was higher than at day 7.

Beyond the optimal mix classification, the strength trend did, however, indicate a modest
decline. It is clear that the strength of filmentaining concrete rose somewhat from the fibre
free mix (PP 0% to S0%) to the PP1.0% to S1.5% mix. Previous studies have demonstrated
that PP fibres delay the onset of initial cracking and help resist crack development (Sun &
Xu, 2009). The bonding of concrete was boosted with the addition of fibres (&hséhn
2023). However, a higher volume of PP fibres reducestherete's strength, as they interfere
with its cohesiveness (Ahmed et al., 2022). Inadequate PP fibre dispersion and hydrophobic
characteristics prevented the PP fibres from adhering to the cement and aggregates in the
concrete, which resulted in low oe¢iveness (Ahmad et al., 2022; Popa et al., 2023). The
occurrence of a weakened strength enhancement effect if there is an excessive volume of
fibres leads to low compact concrete (Li et al., 2024). Additionally, the results show that steel
fibres add mordoughness than polypropylene fibres. More specifically, hoeket steel
fibres improve concrete's hardness more than other fibre kinds (Blazy & Blazy, 2021).
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Figure 5. Compressive Strength Results

Splitting Tensile Strength

Figure6 displays the findings of the splitting tensile strength test for the control and steel
and PP fibrecontaining concrete. The control concrete's average strength after 28 days was
2.11 MPa. Since all of the fibmeinforced concrete's tensile strengtheravhigher than 2.11
MPa, the material's tensile strength significantly improved. Concrete with 1.0% steel fibres
and 1.0% PP fibres was the best combination filggign. This mix design produced an
average strength of 3.35 MPa, a considerableaseref almost 58.8% above the control. The
findings unequivocally demonstrate that the split tensile strength was increased by adding
steel and PP fibres to the concrete mixture. As demonstrated by the mixes PP 1.5% and steel
fibres 0.5%, PP1.5% and stdiddres 1.0%, and PP1.5% and steel fibres 1.5%, which had
tensile strengths of 3.01 MPa, 3.09 MPa, and 3.00 MPa, respectively, the tensile strength
somewhat declined in comparison to an ideal mix design when the PP fibres content surpassed
1.0%. The fibrereinforced concrete containing 0.5% PP and 0.5% steel fibres had the lowest
tensile strength, measuring 2.89 MPa.
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Figure 6. Splitting Tensile Strength Test Results
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The problem of low tensile strength was successfully resolved by adding steel and PP
fibres to the concret mixture. It was observed that PP fibres contribute to bridging the
fractures, absorbing internal tensile stresses, and slowing down the propagation of cracks once
microcracking has started (Blazy & Blazy, 2021). A comprehensive network was formed by
the uniformly distributed fibres within concrete (Li et al., 2024). When there was only little
fibre content, the strengthening effect was hard to rddeh &l., 2024). However, the results
indicate that increasing the PP fibre content above 1.0%, especially at 1.5%, resulted in a drop
in strength, proving that the idea that tensile strength always rises with increased fibre
volumes is not totally accue The strength decreased as a result of theffilateix adhesion
being weakened by an excessive amount of fibre (Gigante et al., 2024). Poor stress is
dispersed throughout the matrix and into individual fibres (Ismail & Ishak, 2018). The variety
of fibre bundles also resulted in the formation of ifilerillar spaces.

However, by interfering with the cohesiveness of the concrete, a larger amount of PP
fibores weakens the material (Mazenan et al., 2018). The results suggest that steel fibres
enhance toughness more effectively than PP fibres, with hamiedsteel fibres ding
particularly effective at improving concrete toughness compared to other fibre types (Blazy
& Blazy, 2021). According to Fathilah and Tan (2016), the addition of steel fibres to normal
concrete matrices improves their mechanical qualities by brigdgauks and residual tensile
strengths.

CONCLUSION

The purpose of this study was to evaluate the workability, compressive strength, and
splitting tensile strength of concrete that contains steel and PP fibres in a concrete matrix.

1 Although the higher fibre percentage has an impact on fresh concrete's workability,
it is still within an acceptable range for a real slump. The slump for the fibre
containing concrete and the control concrete, which had a value of 70 mm, varied
between 6 and 64.1 mm, indicating a medium degree of workability.

The concrete's compressive strength was raised by the addition of steel and PP fibres.

The problem of low tensile strength was successfully resolved by adding steel fibres

and PP to the concrete in increasing volumes. By acting as fibre bridging, the addition

of steel and PP fibres enhanced its performance and tensile load resistance.

T 1.0% PP and 1.5% steel fibres are the most appropriate and ideal ratio of combined
fibres in concrete since they demonstrated the highest compressive and tensile
strength while maintaining workability within the chosen slump value.

1 While adding additional steel and PP fibres can increase the strength of the concrete,
adding more than 1.0% PP may result in a minor decrease in strength, even though it
is still higher than that of regular concrete.

=a =
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Abstract

The Malaysian construction industry continues to struggle with high injury and fatality rates,
largely due to the late integration of safety measures in project lifecycles. Prevention through
Design (PtD) addresses this issue by embedding safety considerations from the design phase.
In response, the Department of Occupational Safety and Health (DOSH) introduced the
Occupational Safety and Health (Construction Work) (Design and Management) Regulations
2024 to promote PtD adoption. However, compliance remains low, primarily due to insufficient
client involvement in safety management. This study develops a conceptual framework
emphasising the critical role of clients in implementing PtD under the new regulations. Through
an extensive review of key legislation, including the Occupational Safety and Health
(Amendment) Act 2022, the framework was validated by expert panels. The findings highlight
that clients play a central role in ensuring regulatory compliance and fostering a proactive
safety culture among project stakeholders. The framework underscores the importance of
client leadership in early-stage risk management and interdisciplinary collaboration, offering
significant implications for improving safety performance, project sustainability, and operational
efficiency. By providing structured guidance, this framework supports clients in aligning their
responsibilities with safety regulations, ultimately enhancing project safety and overall success.

Keywords: Client, Duties; Compliance
INTRODUCTION

From 2017 to October 2023, statistical data indicates that the Malaysian construction
industry recorded the highest fatality rate among all sectors, with 548 fatal incidents,
surpassing the 427 in manufacturii@©OSH, 2024) The peak of these fatalities occurred in
2018, with 118 cases, up from 111 in 2017. Although the fatality rate has been declining in
recent years, it remains far from the zaazident target set by the AEC indudirgbadan et
al., 2022) In this case, researchers have increasingly highlighted the potential for significantly
reducing constructionelated injuries by incorporating safety measures during the design
phase rather than limiting safety efforts to the construction gfemgse et al., 2016)This
emphasis stems from evidence that a considerable number of construction accidents and
fatalities result from design deficiencies that overlook safety considerations for construction,
maintenance, and demolitigbriscoll et al., 2008; Haslam et al., 2005; Hossain et al., 2023,
Xiahou et al., 2018)Consequently, proactive risk management at the design stage is essential
to eliminating hazards before they emergesb@(Tuan Hai & Ngoc Tu, 2024 pligning with
the approach of PtD.
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In general, PtD is a comprehensive approach focused on reducing or eliminating the risk
of accidents, injuries, and health hazards by proactively identifying and addressing potential
dangers during the initial design stages of a prdj€tie Ibrahim & Belayutham, 2020;
Gambatese, 2019; Goh & Chua, 2016; Guo et al., 2021; Samsudin et al. |2&2&)urages
designers, such as architects, as well as civil and structural engineers, to proactively address
risks from the outset by considering the safety of site workers and the full lifecycle of the
building, including construction, operation, mi@nance, and demolition, in their
architectural and structural desigi@he Ibrahim & Belayutham, 2020; Toole et al., 2016)

Accordingly, a prime example of PtD principles in action is the success of the London
Stadium project. By integrating safety considerations from the earliest stages of design, the
project achieved zero fatalities, even on a project of its immense scaleollaborative
approach facilitated by the New Engineering Contract (NEC), which emphasised early
engagement and communication among project partners, allowed potential risks to be
addressed during the design phase rather than during constructionj tjusaal ng wi t h |
goal of minimising hazards through proactive planriBlgmire-Brown, 2010) However, the
conventional divide between design and site safety, where architects and engineers remain
detached from safety responsibilities, which are predominantly assigned to contractors,
continues to hinder the effective implementation of PKarakhan & Gambatese, 2017;
Mohd et al., 2020)Therefore, clients, who are the building owners or developers, play a
crucial role in promoting PtD implementation in construction projects.

To strengthen the role of clients in ensuring safety and health in the construction industry,
Malaysia has integrated client responsibilities into the Occupational Safety and Health
(Construction Work) (Design and Management) Regulations 2024, enforced thed
Occupational Safety and Health (Amendment) Act 2022. In this context, a client refers to any
entity or individual commissioning a project. These regulations mark a significant shift by
prioritising safety and health considerations across the gnject lifecycle, particularly
during the crucial design phase. This approach aligns Malaysia with international best
practices, such as the United Kingdombs Cor
and Singaporeb6s Desi gmoféwhich ha&abéeea instrumentadime wo r
reducing workplace hazards and fatalities. However, the successful implementation of the
regulations hinges on a comprehensive understanding of stakeholder duties, particularly those
of clients, who now hold a legal aethical mandate to advocate for safety from the outset of
a project. Therefore, consideringthe high sk nat ur e of Mal aysi aods
its troubling history of workplace fatalities, there is an urgent need to bridge the knowledge
gap ancequip clients with the tools and guidance to fulfil their roles effectively.

Nevertheless, despite the introduction of the regulations, research on PtD in Malaysia
remains limited due to the regulations being in their early stages of enforcement. Existing
studies primarily focus on barriers to PtD implementaffzmi & Misnan, 2013)awareness
among stakeholdef#\bas et al., 2020; Che Ibrahim & Belayutham, 2020; Christermaller et
al., 2022; Samsudin et al., 2022, 2028¢ duties of designe(Samsudin et al., 20214and
designer competencftbrahim et al., 2022)However, there is a notable gap in research
addressing the critical role of clients in PtD implementation.
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To address this gap, this study aims to develop a comprehensive conceptual framework
that underscores the critical role of clients in facilitating the implementation of PtD in
construction projects. Specifically, the objectives are twofold: first, toifgiehe duties of
clients as defined by the Occupational Safety and Health (Amendment) Act 2022 and the
Occupational Safety and Health (Construction Work) (Design and Management) Regulations
2024, and second, to develop a structured framework to guidesclie integrating PtD
principles into their projects. This framework not only ensures compliance with the new
legislation but also contributes to fostering a safer, more sustainable construction
environment.

LITERATURE REVIEW

The literature review explores the PtD implementation in the Malaysian construction
industry, focusing on its integration through the Occupational Safety and Health
(Amendment) Act 2022 and the Occupational Safety and Health (Construction Work) (Design
and Management) Regulations 2024. A key emphasis is placed on the roles and
responsibilities of clients in effectively adopting and embedding PtD within their construction
projects. This analysis is guided by the identification of critical clauses withiAdhand
Regul ations, which specifically outline cl
Ultimately, these critical clauses serve as the foundation for developing a conceptual
framework that underscores the pivotal role of clients in ensutDgniplementation.

Application of Prevention = Through Design (PtD) in  The Malaysian Construction
Industry

In response to the pressing need to improve Occupational Safety and Health (OSH) in the
local construction industry, DOSH has adopted the PtD concept into industry practices. This
initiative is inspired by successful frameworks from countries such as ritedUStates,

United Kingdom, Singapore, Australia, and South Korea, where legislation clearly defines
the roles and responsibilities of construction stakeholders, such as designers, contractors, and
clients, to prioritise safety from the pcenstructionstage by mitigating risks during the
design phasdlsmail et al., 2022) Accordingly, the updated PtD legislation includes
regulations, such as the Construction (Design and Management) Regulations 2015 in the
United Kingdom(Ndekugri et al., 2023nd Workplace Safety and Health (Design for Safety)
Regulations 2015 in Singapof€oh et al., 2016)Other legislation includes PtD guidelines,

such as ANSI/ASSP 7596221 in the United States (Popov, 2016) and the Design Safety
and Health Ledger System in South Ko(&&in et al., 2023)Furthermore, there is also a
code of practice for PtD in Australia, w h
St r uc(Tanhetals 2016)Therefore, DOSH has also strengthened the legislation for PtD

in the Malaysian construction industry with the enforcement of the Occupational Safety and
Health (Construction Work) (Design and Management) Regulations 2024 on 1st June 2024,
including amentdhents to the Occupational Safety and Health Act 1994, which is known as
the Occupational Safety and Health (Amendment) Act 2022. These initiatives aim to elevate
OSH standards in the Malaysian construction industry by encouraging a proactive approach
to risk management, with a strong emphasis on the design phase. Consequently, under the
newly implemented legislation, clients now assume a key responsibility in ensuring that safety
and health regulations are upheld and sustained throughout the entire Igemgcdie. By

actively promoting a culture of safety and regulatory compliance, clients facilitate the early
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integration of risk mitigation strategies, ensuring that all stakeholders prioritise OSH
requirements from the initial design stage through to project completion.

Occupational Safety and Health (Amendment) Act 2022 (Act A1648)

The Occupational Safety and Health (Amendment) Act 2022 (OSHA (A) 2022) serves as
an important update to the original Occupational Safety and Health Act 1994 (OSHA), which
has been a cornerstone of workplace safety legislation in Malaysia. Enforced by, D@SH
original OSHA 1994 consists of 15 parts, 67 sections, and three schedules, clearly outlining
the responsibilities of employers, employees, and the government in maintaining high
workplace safety standard8bdullah, 2013) As the expectations surrounding workplace
safety evolve, effective management of OSH has become increasingly critical, including the
integration of PtD principles. Hence, OSHA (A) 2022 introduces significant updates and
modifications to strengthen worlgade safety provisions, including the removal of two
sections, amendments to 35 sections, and the addition of 27 new sections and two schedules,
resulting in a comprehensive framework of 92 sections and five schedules. Ultimately, while
OSHA 1994 laid thegundwork for OSH in Malaysia, OSHA (A) 2022 enhances the law to
address contemporary workplace challenges, broaden its scope, and implement stricter
enforcement measures to better protect wor |

Accordingly, OSHA (A) 2022 underscores the principle that those who create the risks
are responsible for managing them. In this context, Section 18 of the amended act highlights
the critical roles of clients, designers, and contractors in assessing aagimgasafety and
health risks associated with construction hazards. In this case, clients are primarily responsible
for ensuring compliance with OSHA provisions across all stakeholders, including contractors
and designers, while also creating a safe workrenment from the initial design stage to
the project's final completion. Furthermore, clients must appoint qualified personnel to
oversee safety practices, facilitate clear communication and coordination among project
teams, and allocate adequate resesifor implementing safety measures. Ultimately, clients
are now expected to actively implement preventive strategies in their construction projects
while continuously monitoring and reviewing safety procedures. This proactive approach is
essential for mataining compliance among project stakeholders and fostering a robust
culture of safety throughout the entire project lifecycle. Therefore, key provisions of the
OSHA (A) 2022 include six critical clauses: Section 15, Section 18A, Section 18B, Section
20, Section 29A, and Section 31, each of which the client plays a vital role in ensuring that
all project stakeholders adhere to.

Table 1 summarises the six clauses of OSH
For instance, Section 15 establishes a general duty of care, obligating the client to ensure all
necessary safety measures are in place. Sections 18A and 18Bisengifesnportance of
involving qualified personnel, such as the principal designer and contractor, to conduct and
implement thorough risk assessments. Furthermore, Section 20 requires collaborative efforts
among stakeholders to ensure the design andreguiplanned for use in the project are safe
for the workers ossite. Moreover, Section 29A outlines the role of an OSH coordinator, who
supports the client in ensuring a safe and healthy work environment. Meanwhile, Section 31
requires that all workers ceive sufficient safety and health training before startingitmn
activities. Together, these cl auses reinf ol
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a culture of safety at every level of project execution. Below is Table 1, which presents an
overview of clientspecific clauses within OSHA (A) 2022.

Table 1. Critical Clauses in Occupational Safety and Health (Amendment) Act 2022

OSHA (A) 2022
Clauses

Context Description

Section 15 General duties of Employer refers to any individual or entity that has entered into a
employers service contract to hire another person as an employee. The duties
include:

1 Ensure a safe working environment for all employees.

1 Ensure safe plant and systems of work.

1 Ensure employees receive sufficient information, guidance, training,
and supervision on safety and health practices.

1 Provide welfare facilities.

1 Establish and enforce protocols to manage emergencies that may
occur during employeesd working

Section 18A Duties of principal Principal refers to an individual or entity, such as a developer or project
owner, who engages a contractor or subcontractors to carry out all or
part of the construction work. The duties include:

1 Ensure a safe working environment for the contractor, sub-
contractor or indirect sub-contractor, and employee employed by
such contractor or sub-contractor at work.

Ensure safe plant and systems of work.

Allocate sufficient time, budget, and resources.

Ensure employees receive sufficient information, guidance, training,
and supervision on safety and health practices.

Ensure safe maintenance of the place of work.

Establish and enforce protocols to manage emergencies that may
occur during employees' working hours.

== = == =a =

Section 18B Duty to conduct and ~ Mandates that employers, self-employed individuals, or principals
implement risk conduct risk assessments and implement risk control measures in the
assessment workplace. The duties include:

1 Conduct hazard identification.
1 Conduct risk analysis or risk evaluation.
1 Implement risk control.

Section 20 General duties of Assign responsibility to designers, manufacturers, importers, or
manufacturers, etc., suppliers of workplace equipment. The duties include:
as regards plant for
use at work 1 Ensure the plant is designed and constructed to be safe.
1 Carry out testing and examination necessary for the performance of
the plant.
1 Ensure sufficient information is provided regarding the intended use
of the plant and the testing it has undergone.
9 Provide sufficient revisions of information provided for any new
risks.
1 Eliminate and minimise risks to safety and health in accordance with
the design or plant.
9 Ensure a safe working environment.

Section 29A Occupational safety Impose the need to appoint an employee to act as an Occupational
and health coordinator Safety and Health Coordinator (OSH-C) to assist employers in
coordinating OSH legislation and OSH programs in the workplace.

Section 31 Occupational safety |l mpose the need for a certain fc
and health training prescribed OSH training to ensure those prescribed employees gain
course enough exposure and knowledge before performing work activities.
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Occupational Safety and Health (Construction Work) (Design and Management)
Regulations 2024

Following the adaptation of OSHA (A) 2022, the Occupational Safety and Health
(Construction Work) (Design and Management) Regulations 2024 (CDM Regulations, 2024)
were enacted by DOSH on the 1st of June 2024. This regulation is part of a comprehensive
upddae to OSHA aimed at improving safety and health standards in the local construction
industry by integrating risk management from the design phase onward. Its primary goal is to
prevent accidents, minimise risks, and encourage early hazard identificatioghthhe PtD
approach. The regulation clearly outlines the specific responsibilities of all stakeholders on
OSH, including clients, designers, and contractors, ensuring their collaboration in identifying,
assessing, and mitigating risks throughout thestantion lifecycle. Additionally, it
promotes enhanced communication and coordination among stakeholders, holding them
legally accountable for maintaining a safe working environniitao, 2024) However,
since the regulation is newly enforced, compliance remains low due to insufficient client
support. In Singapore, client involvement is pivotal in driving PtD practices among designers.
Clients are expected to play an active role by encouragisigmers to consider OSH during
the design phase, ensuring that tenders include provisions for safety and health costs, and
withholding construction work until a comprehensive safety and health plan is in place
(Samsudin et al., 2023V herefore, Malaysia has adopted this approach as a best practice by
emphasising the crucial role that clients play in ensuring that all project stakeholders comply
with safety and health regulations.

Table 2. Client Duties in CDM Regulations 2024

Regulations Client Duties Description
Reg.4 Client duties in relation to A client is any principal or any person for whom a project is carried
project management out. The duties include:

1 Provision of adequate time, funding, and resources.
1 Ensure that construction work can be carried out without any risks

to OSH.
1 Ensure welfare facilities are provided.
Reg.5 Pre-construction The client must provide pre-construction information (PCI) before the
information and conceptual design stage and ensure that the principal contractor or
construction phase plan contractor prepares the construction phase plan (CPP) before the

construction phase commences.

1 PCI plays a key role in the planning and risk management of a
project by providing relevant information about potential hazards,
site conditions, design considerations, and any existing Safety and
Health files before construction begins.

1 CPP is the safety and health plan that is crucial for ensuring
safety, efficient coordination, and effective risk management
throughout the construction phase.

Reg.6 Compliance with safety The client has the responsibility to ensure that the principal designer
and health and principal contractor comply with safety and health regulations.

Reg.7 Appointment of principal The client must appoint a competent principal designer to control the
construction work designer pre-construction phase and also appoint a principal contractor. This
and principal construction  appointment is to ensure safety coordination from the design phase

work contractor through to the construction phase.
Reg.8 Notification The client must notify the Director-General of DOSH before the
construction phase begins.
Reg.9 Application to domestic A domestic client is someone who has a project built or carried out for
client personal reasons not related to any business activity. For this reason,

all duties of the client under regulations 4, 5, 6, and 8 will be carried
out by the contractor, principal contractor, or principal designer.
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Table 2 highlights the duties of the client based on the CDM Regulations 2024 in
Malaysia, including effective project management, preparation of PCI, ensuring stakeholder
safety compliance, appointing qualified principal designers and contractors, anittisgb
required project notifications. These duties position the client as a central figure in promoting
structured safety and regulatory compliance throughout the project lifecycle. The following
presents Table 2 for cliespecific clauses within CDM Relations 2024.

FRAMEWORK DEVELOPMENT

The development of the conceptual framework builds on an extensive review of relevant
literature, particularly the OSHA (A) 2022, read together with the OSHA 1994, as well as the
CDM Regulations 2024. The framework is constructed by identifying and sigitigekey
clauses pertaining to client duties from these regulatory documents. Based on the literature

review, the clientbés responsibilities in O
empl oyerdéds duties, while cl auvsgedrfwomfrtbe
Client Duties. 0 Further mor e, aligned wi t h

framework places the client at the core, emphasising their role in ensuring all project
stakeholders adhere to safety and health obligations asastiggudy the latest regulatory
standards, including OSHA (A) 2022 and OSHA 1994. This central positioning of the client
underscores their influence in fostering a proactive culture of safety across the project
lifecycle.

OSHA 1994
&

OSHA (4) 2022

Figure1.Cl i ent 6s Rol e to Ensure Compliance with

Figure 1 presents the conceptual framework, metaphorically represented as a tree. The
roots symbolise the foundational commitment to safety principles and compliance, anchoring
the project in the robust regulatory groundwork depicted as the soil. The¢pnelkents the
clientds pivotal role in driving the imple
a culture where safety and health considerations are integral to the project from its inception.
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Extending from the trunk, the branches signify the collaborative efforts of principal
stakeholders, such as the principal designer, principal contractor, consultants, and other team
members, who work collectively to identify and mitigate risks while engucbmpliance

with the Regulations and Acts. The framew
representing the tangible benefits of compliance. These include enhanced safety,
sustainability, productivity, constructability, profitability, businessitinuity, and improved
well-being for workers, the community, and the public.

In conclusion, this metaphorical representation effectively conveys the critical role of
clients and highlights how a deeply rooted commitment to regulatory compliance and
stakeholder collaboration fosters a safer, more sustainable, and successful tcamstruc
environment. Figure 1 illustrates the framework for the role of client to ensure compliance
with safety and health.

FRAMEWORK VALIDATION

The conceptual framework was validated through a panel of four sulgter experts.
This number of experts was deemed sufficient for fundamental content validation in-smaller
scale studiegYusoff, 2019) These experts were carefully selected based on their credentials
as certified trainers under DOSH and their extensive knowledge and practical experience with
the CDM Regulations 2024. Their active involvement in CDM training programs further
ensured theifamiliarity with the duties of stakeholders under the regulations, especially the
client.

The primary objective of the validation p
relevance, and accuracy in addressing the critical duties of the client under the CDM
Regulations 2024. The validation was conducted through a structured focusligougsion,
where all four experts convened to collaboratively evaluate the framework. Each expert
conducted an hdepth review of the framework, offering detailed feedback on its
comprehensiveness, clarity, and practical applicability inweald constuction scenarios.

During the discussion, the experts provided critical insights, highlighting areas that required
refinement to better align the framewaork with the practical challenges and expectations of the
construction industry. Suggestions includedaniadjustments to improve clarity, emphasise

the metaphor, and enhance the frameworkos
safety and health standards. Therefore, i
framework was revised to adshs the identified gaps and improve its applicability. The
revised version, presented in Figure 1, underscores the pivotal role of the client in ensuring

compliance with safety and health requireme
in driving the effective implementation of the CDM Regulations 2024 among project
stakehol der s. These revisions enhanced t he

protocol for achieving regulatory compliance and fostering safer construction practices.
DISCUSSION

Table 3 provides an overview of the five key layers of responsibility within the conceptual
framework il lustrated in Figure 1, highlig
project stakeholders comply with safety and health regulationsjfisply the CDM
Regulations 2024, OSHA 1994, and OSHA (A) 2022.
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Table 3. Description of Five Layers of Framework

Framework
Layers

Roots OSHA 1994 OSHA 1994 and the OSHA (A) 2022 serve as the foundation for compliance with the
and OSHA CDM Regulations 2024, reinforcing employee rights and expanding employer
(A) 2022 responsibilities for better risk management and clearer communication of workplace
hazards. Together, these laws are the cornerstone of a safe working environment,
with strict penalties for non-compliance, ensuring that all parties prioritise safety and
health in the workplace.

Items Description

Ground CDM The CDM Regulations 2024, part of OSHA 1994 and OSHA (A) 2022, aim to enhance
Regulations safety and health in construction projects by embedding risk management from
2024 project planning onward. The regulation outlines the duties of the project team,

particularly the client, designers, and contractors. It emphasises the need for
collaboration among all stakeholders to identify, assess, and mitigate risks across
the entire construction lifecycle and imposes penalties for non-compliance to
enhance enforcement and encourage better adherence to safety regulations.

Trunk Client Client, as the pillar of the framework, will support the adoption of CDM Regulations
2024 in their construction projects. In accordance with the adoption, the client has
obligations to ensure that the entire project team complies with safety and health
regulations. All in all, the client plays a pivotal role in allocating sufficient funds, time,
and resources to enable the project team to execute the construction projects without
any risks to safety and health.

Brunches  Projectteam The project team working for the clier
full compliance with OSHA and the CDM Regulations 2024. This involves close
collaboration across the entire project lifecycle, particularly during the design phase,
to mitigate construction risks and hazards jointly. Effective collaboration is essential
to ensure clear communication of all instructions and project details, enabling the
team to address safety and health concerns comprehensively and efficiently.

Fruits Outcome The project's success |lies in the clie
entire project team complies with CDM Regulations 2024, alongside OSHA 1994 and
OSHA (A) 2022. Adhering to these legal frameworks not only enhances
constructability, sustainability, productivity, and profitability but also positively
impacts public safety, community well-being, and worker protection, thus ultimately
contributing to long-term business continuity.

Each | ayer in the framework represents a
regulatory standards and encourage a collaborative, dafetged approach among project
stakeholders. These layers collectively emphasise the importance of th slient e ad er s hi
fostering an environment where PtD is integrated from the earliest project phases. Through
active support and motivation, the client encourages project stakeholders to align with safety
provisions, creating a ripple effect that extendsobelycompliance. This leads to better
project outcomes, including improved safety, efficiency, and sustainability, while also
positively influencing the welbeing of the broader community. Table 3 provides a detailed
breakdown of these aspects, illustrgtimow each element contributes to a comprehensive
approach to safety and health in construction projects.

Accordingly, in a construction project, the commitment to safety begins with the roots,
where the project team ensures compliance with the CDM Regulations 2024 through CDM
workshops and necessary CDM professional certifications. Next, the soil représents t
regulatory environment, where the project manager and legal team align safety protocols with
the regulations and update risk management plans. Furthermore, the trunk symbolises the
clientds role in driving s af aldcating resqupestont i n
ensure compliance. Moreover, the branches illustrate the collaborative efforts of stakeholders
like the principal designer and contractor, working together to identify and mitigate risks.
Finally, the fruits represent the benefitscompliance, including fewer accidents, increased
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productivity, sustainability, profitability, and lorigrm business continuity, all contributing
to a safer, more efficient project with positive impacts on the community and the public.

Despite the introduction of the CDM Regulations 2024 and amendments to OSHA,
stakeholders may face challenges in navigating the complexity of these regulations, especially
during the early stages of implementation. Clients may struggle to understamxpiagided
responsibilities, and other stakeholders might lack clarity on aligning their practices with
regulatory requirements. The absence of standardised guidelines for PtD could lead to
inconsistent implementation, while traditional divisions betweerigdeand construction
phases hinder the integration of safety considerations early on. To address these barriers,
industry associations and regulatory bodies should collaborate to provide clear guidelines and
standardised templates. Additionally, eastgge collaboration through Integrated Project
Delivery (IPD) models can foster better stakeholder cooperation, while leveraging
technologies like Building Informatiolodelling (BIM) can streamline communication and
ensure safety is incorporated throughoetplanning and building process.

CONCLUSIONS

The conceptual framework proposed in this study emphasises the essential role of clients
in implementing PtD under the CDM Regulations 2024. Although experts have validated the
framework, its practical application has yet to be tested. A notable limitttidws study is
the absence of statistical data or survey findings to assess its effectivenesswiorlceal
scenarios. Future research should focus on conducting case studies or field testing to evaluate
the framewor kds ap p lian prejdets, providigg einpiricahdata anaghe ¢ o |
i mpact of regul atory compliance and the ¢
Furthermore, while this study primarily centres on the client, expanding research to explore
the roles of other stakeholdessich as designers and contractors, would offer a more holistic
understanding of PtD implementation. Investigating the collaboration and interactions among
these stakeholders will further strengthen the framework. Additionally, integrating emerging
technolaies like Building InformationModelling (BIM) and Artificial Intelligence (Al)
could modernise PtD practices and align the framework with advancements in the
construction industry. All in all, given the higlsk nature of the Malaysian construction
industry and the need for regulatory comptianthis framework presents an important step
towards improving safety standards and fostering a culture of risk mitigation. Industry
stakeholders, including construction firms, regulatory bodies, and project msnager
strongly encouraged to implement this framework in-veadld projects. By embracing a
clientfocused approach to PtD, they can ensure that safety remains a priority from the initial
design stage to project completion, fostering a safer, more rstsi@ai and regulation
compliant construction environment. Addressing these research gaps and taking action to
implement the framework will drive meaningful improvements in construction safety across
Malaysia.
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Abstract

The Internet of Things (loT) has become prevalent for safety in smart campuses, enabling
interdisciplinary security collaboration throughout its lifecycle. loT enhancing safety in smart
campuses could improve the efficiency of smart campus planning and administration through
a high-quality design and project safety. However, obstacles to adopting IoT technologies in
the decision-making process hinder the implementation of the technologies on smart
campuses. Thus, this requires an investigation into the factors influencing, the risk involved,
and the challenges that play a role in decision-making in determining loT technologies to
improve smart campus safety. Therefore, this study aims to identify the factors, risks, and
challenges in selecting 10T technologies to improve smart campus safety. The study
interviewed 20 safety personnel who have experience in occupational health and safety
management or are responsible for coordinating Occupational Safety and Health
Administration (OSHA) or safety-related regulations from private and government universities.
The data collected through the semi-structured interview was analysed using thematic
analysis. The results of the study revealed five themes for the factor to improve safety in smart
campuses, which are competency, financial, technology, infrastructure, and management; five
themes of the risks, which are management, technology, safety competency, financial and
infrastructure; and five themes for challenges, which are management, competency, system,
human and financial. This study contributes to decision-making and strategic planning for
implementing 10T technologies to enhance safety. They provide a practical foundation for
policymakers and university administrators to prioritise resources and effectively address
critical risks and when integrating loT solutions into campus safety frameworks.

Keywords : Internet of Things (IoT); Smart Campus; Safety; Decision Criteria; OSHA
INTRODUCTION

The Internet of Things (I0T) has been rated as a critical technologicdhbgagiands out
as a notable advancement in IT, promising improved efficiency that has the potential to merge
various technologies, ultimately improving the overall quality of masnlife (Nord et al.,
2019; Hsu & Lin, 2018: Anuar et al., 2024). Although 10T services have seen considerable
growth, the factors driving sustained usage still need to be explored (Riggins & Wamba, 2015;
Min-Allah & Alrashed, 2020). Nevertheless, the llods an impact spanning from individual
users to large corporations, with implications across various sectors and different
environmental levels, including educational institutions of all sizes-@lah & Alrashed,
2020; Pandey et al., 2020; Rao & Prgsadl8). Thus, integrating loT solutions within
universities promises multiple benefits forcampus and of€ampus stakeholders.

IoT is transforming education by enhancing learning and digitising traditional methods.
However, selecting an optimal, smart and safe school system remains challenging. Khan et
al. (2024) propose a hybrid mutiriteria decisioamaking (MCDM) approach, cobining
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Entropy and Technique for order of preference by similarity to ideal solution (TOPSIS)
methods. Entropy evaluates the importance of ten educational systems based on twelve
criteria, while TOPSIS ranks alternatives, identifying the most efficientbldedschool

system. The complexities of smart cities include political, technical, and socioeconomic
challenges. As security, privacy, and data management concerns grow, their study synthesises
key literature and develops a smatrt city interaction frameworleroay themes like mobile
security, infrastructure, healthcare, and citizen adoption of smart services (Ismagilova et al.,
2022). Moghayedi et al. (2024) investigate safety and security challenges at the University of
Cape Town, a campus in a higime ar@, highlighting the role of facilities management

(FM). Their study reveals that past community participation efforts were ineffective and
suggests that communibased FM (CbFM) and technological innovations could improve
safety and security. Polin et §2024) explore the smart campus concept and identify a gap

in evaluating campus smartness. Their narrative literature review proposes an evaluation
framework to assess and improve smart campus initiatives, offering a comprehensive tool for
researchers ardecisionma k e r s . Despite the growing reco
campus development, limited research has focused on analysing the risks, challenges, and
factors influencing the successful implementation of 10T.

Furthermore, the loT improves campus interactions and management through various
procedures, creating a safer environment and proactively preventing accidents, near misses,
and fatalities. However, a knowledge gap in the existing body of research onclgiyse
solutions within smart campuses requires a comprehensive revaluation of criteria selection.
Ahmed et al . (2022) have explored stakeho
campuses. MiAllah and Alrashed (2020) have introduced a novel agpreantred around
loT, explaining the concept of smart campuses within an IoT framework. This gap in the
literature underscores the need for further research to address the practical obstacles and
conditions necessary for the effective deployment of Ichnelogies in smart campus
initiatives. Thus, this study aims to identify the factors, risks, and challenges involved in
selecting loT technologies to improve safety on smart campuses, which will serve as a
platform for the decisiommaking process.

METHODOLOGY

The studyods met hodol ogy i nbegint with diteratures y st e
review to establish foundatiorof knowledge and identify research gaps. This is followed by
a definition of the study objectives to develop the interview questionsllyfitizematic
analysis was conducted to identify common themes for factors, risks, and challenges in
selecting 10T technologies for improving safety in smart campuses. Figure 1 shows the
methodology flowchart for this study.

Interview Questions

As shown in Figure 1, the study's methodology involves a systematic approach that begins
with a literature review to establish a foundation of knowledge and identify research gaps. A
definition of the study objective follows this to develop the intervieesgons. The primary
interview questions revolved around three key areas:
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1. Participants were asked to identify criteria when selecting 10T technology that would
have safety implications for establishing smart campuses.

2. Participants were asked to identify the challenges to integrating $afetsed loT
technologies to pursue smart campus objectives.

3. Participants were asked to identify the risks associated with gefated loT
technologies in the context of smart campuses.

These three questions were thoughtfully designed to extract information on various
aspects of loT adoption on smart campuses, encompassing factors, risks, and challenges.

7 N\
Literature Review
\ ¢ 7
Develop Interview
Questions
\.

A ! ;
Purposive Sampling:
OSH Officer
L J

v

[ Recommendation ] Network

Interview via
Google Meet

(Source: Author, 2024)
Figure 1 . Methodology Flowchart

Data Collection

Interviews were conducted with 20 construction safety professionals to gather insights on
the factors, risks, and challenges involved in selecting IoT technologies for enhancing safety
in smart campuses. The respondents were occupational safety and@8ahhofficers or
individuals responsible for campus safety across 20 universities in both the public and private
sectors in Malaysia. Participants included safety officers, OSH directors, assistant directors
loT managers, and engineers with varying Iswa expertise in OSH managemeelkated
operations. Purposive sampling was employed to select interviewees with at least five years
of working experience. This sample size was considered sufficient, as similar sample sizes
have been used in several otherlitative studies related to the construction industry that
employ semistructured interviews. Examples include studies with eight interviewees
(Munawar et al., 2021), 16 interviewees (Loosemore et al., 2021), and 18 interviewees
(Shuhaimi et al., 2024Y.able 1 shows the respondent profile.
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Table 3. Respondent Profile
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Respondent State Working Experience Designation Type of University
REO1 Pahang 14 ASS|stantHDe|;eltcr:o,\;| :r?:;té/n(])ecniupatlonal Government
RE02 Kuala Lumpur 16 Director OSHA Government
REO3 Johor 15 OSH Officer Government
RE04 Johor 5 Engineer OSH Government
REO05 Melaka 5 Assistant Engineer OSH Government
RE06 Johor 8 Engineer Government
REOQ7 Pahang 5 OSH Officer Private
REO08 Selangor 7 Competent Osh Officer Private
RE09 Kuala Lumpur 7 PIC OSH Private
RE10 Kedah 8 PIC OSH Private
RE11 Selangor 9 Safety Engineer Private
RE12 Kuala Lumpur 10 Technical safety Private
RE13 Sarawak 8 PIC OSH Private
RE14 Kelantan 6 OSH Facilities Private
RE15 Selangor 7 OSHA Officer Private
RE16 Negeri Sembilan 5 Safety Engineer Private
RE17 Selangor 6 Technical safety Private
RE18 Selangor 8 PIC OSH Private
RE19 Kuala Lumpur 14 OSH Facilities Private
RE20 Sarawak 16 OSHA Officer Private

(Source: Author, 2024)
Data Analysis

The study employed thematic analysis to extract key insights and summarise the findings
in determining the criteria, challenges, and risks from the perspectives of OSH on campuses.
As shown in Figure 2, the steps taken during the analysis process aierisingl with the
interview data, generating initial codes from the data, generating themes, reviewing the
themes, and defining and naming the themes.

s N e N / N
Thematic Analysis:

1. Familiarizing Subthemes and

2. Generating Initial Themes for Factors,

i Codes. Risks and

Data from Semi ) )
Structured Interview 3.Generating Challenges in
themes. Selecting loT

with 20 Universities Technologies to

Improve Safety in
Smart Campuses

4. Reviewing
themes.

5. Defining and
naming themes.

\
(Source: Author, 2024)

Figure 2. Thematic Analysis Procedure

—

Thematic analysis is a research tool used to recognise and understand patterns or themes
within data sets, often leading to new insights and knowledge. It involves a systematic and
iterative coding process, reducing bias by maintaining transparency ie tentification.
Additionally, the iterative nature of thematic analysis allows for continuous refinement, which
enhances the reliability and validity of the results (Zamani et al., 2023; Saufi et al., 2023).
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The thematic analysis follows a series of procedures, including keyword and quotation
selection, coding, theming, interpretation, and modelling (Bunjaridh et al., 2023; Anathan et
al., 2023).

RESULTS AND DISCUSSION

The integration of 0T technologies to enhance safety in smart campuses involves various
influencing factors, potential risks, and implementation challenges. Key factors include
competency, financial considerations, technological aspects, infrastrucadgdieess, and
management support, all of which influence the effectiveness and sustainability of IoT
adoption. However, several risks, such as security vulnerabilities, financial uncertainties,
infrastructure limitations, and governance issues, must bdulbarenitigated to ensure
successful deployment. Additionally, institutions face multiple challenges, including
technical and humarelated barriers, financial constraints, and the need for strategic
management. Addressing these interconnected aspectgial ¢0 maximising the benefits
of 10T in creating a safer and more secure campus environment.

1

Key performance indicator of [oT expert

—| Competency |—

Management and regulation of IoT system

Knowledge and awareness of [oT system

Budget of [oT safety system

Financial

Maintenance cost of [oT safety system

Clash in IoT system operation

Clash in IoT safety system

~| Technology l—

Factor

Infrustrructure of IoT technology

Decision implementation reliability

Area hazard of ToT safety

Infrastructure,

Infrastructure IoT technology

Redundant system existing ‘
Reliability and consistency ‘

— 1 T "-T*T-""T1T "1 ~"1 [T

Management and regulation of IoT system

Management—{ | Human cultural safety behavior

H Corporate Social Responsibility management

H Management of legal compliance

(Source: Author, 2024)

Figure 3. Subthemes and Themes of Factors in Selecting IoT Technologies
to Improve Safety in Smart Campuses
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Factors

The results show that factors in selecting loT technologies to improve safety in smart
campuses can be categorised into five main themes: competency, financial, technology,
infrastructure, and management, as shown in Figure 3.

Competency

Competency plays a crucial role in the successful adoption of loT technologies for
campus safety. This includes the expertise of IT staff, training programs for faculty and
students, and the ability to manage cybersecurity threats (Nord et al., 2018yl gkifonnel
ensure that 10T devices are properly configured, maintained, and protected against potential
cyber risks. Awareness programs and continuous learning initiatives enhance the competency
of campus stakeholders, ensuring the smooth integratidnoparation of 10T solutions
(Pandey et al., 2020).

Financial

Economic considerations are pivotal in selecting 10T technologies. The initial investment
costs, operational expenses, and H@rgn sustainability must be carefully analysed (Ullah et
al., 2021; Mora et al., 2023). A cdsenefit analysis helps determitiee feasibility of
deployment, while financial support from government grants or private partnerships can
alleviate budget constraints (Rao & Prasad, 2018). Additionally, institutions must consider
the return on investment (ROI) by evaluating how IoT soh# enhance campus safety and
efficiency over time (Hsu & Lin, 2018).

Technology

Technological factors encompass interoperability, scalability, reliability, and security.
Interoperability ensures seamless communication between various loT devices, while
scalability allows for future expansion without major overhauls (Riggins & Wantli&)2
Reliability is essential for the accurate and consistent functioning of safety systems, and
robust security measures are critical for preventing cyber threats, data breaches, and
unauthorised access. Institutions must prioritise selecting secueffeneht 0T solutions
that align with their specific safety needs (Pandey et al., 2020).

Infrastructure

The existing physical and digital infrastructure plays a key role in 10T implementation.
Factors such as network connectivity, cloud storage capabilities, and -efiicgnt 10T
devices impact the overall effectiveness of safety solutions (Kummitha &edru2019).
Campuses with weltstablished digital infrastructures can more easily integrate advanced
IoT applications, while those with limited infrastructure may need to invest in foundational
upgrades. Additionally, environmental conditions, such msaté and campus layout, can
influence the selection of I0T technologies.
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Strong management support is essential for the successful adoption of 10T technologies.
Institutional policies, leadership commitment, and compliance with legal regulations ensure
smooth implementation (MiAllah & Alrashed, 2020). A weltlefined governarmstructure
helps monitor and maintain lefased safety solutions, ensuring they remain effective and
up-to-date (Lee et al., 2014; Nilssen, 2019). Management must also focus on privacy
concerns, balancing the need for security with respect for individirs (Moghayedi et al.,

Risk

Human

Support

—I Management }—

Communication

Standard of Procedure

Skill and IoT expertise

[oT system

Communication

System down

Technology

Cyber security

System data maintenance

System protection

Knowledge of IoT |
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I
1 - r———+r 71 1 -+ -’+-1+-"-1+ "1 -1 1 [ [ "~"1T ""T "1
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(Source: Author, 2024)

Figure 4. Subthemes and Themes on Risks in Selecting IoT Technologies
to Improve Safety in Smart Campuses
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Risks

The results show that risks in selecting 10T technologies to improve safety in smart
campuses can be categorised into five main themes: management, human, competency,
technology, and financial, as shown in Figure 4.

Management

Ineffective leadership, the absence of a policy framework, and poor governance can
hinder the successful deployment of 10T technologies (Palis et al., 2024; Kummitha &
Crutzen, 2019). Without strong managerial oversight, l0T initiatives may become nedalign
with institutional goals, leading to inefficient resource allocation and compliance issues (Polin
et al., 2024). Moreover, privacy concerns and ethical considerations, such as surveillance
overreach, must be carefully managed to prevent institutiorsédusi (Ahmed et al., 2022).

Technology

Cybersecurity threats, system vulnerabilities, and data breaches are among the most
significant risks associated with IoT adoption (Ullah et al., 2021; Mora et al., 2023).
Unsecured devices can serve as entry points for hackers, compromising sensitiedzatmp
Additionally, interoperability issues may arise when integrating multiple loT systems, leading
to communication failures and operational inefficiencies (Munawar et al., 2021). To mitigate
these risks, institutions must ensure regular softwaretepdianplement robust encryption
mechanisms, and adopt standardised protocols (Loosemore et al., 2021).

Competency

A lack of technical expertise among staff and students can lead to improper handling and
misuse of loT systems. Insufficient training may result in device misconfigurations, rendering
safety applications ineffective or prone to failure (Harikrishnan eR@R1). Additionally,
resistance to change among campus stakeholders may slow adoption rates and diminish the
overall impact of 0T safety initiatives (Nord et al., 2019).

Financial

The high costs of initial implementation, ongoing maintenance, and software upgrades
can strain institutional budgets. Unexpected expenses, such as repairs due to cyberattacks or
hardware malfunctions, further increase financial burdens (Hsu & Lin, 28d8jtionally,
without a clear ROI analysis, institutions may struggle to justify -k@mg expenditures,
potentially leading to project abandonment or underfunding (Riggins & Wamba, 2015; Ullah
et al., 2021; Mora et al., 2023).

Infrastructure

Limited network coverage, poor connectivity, and inadequate power supply can hinder
the effectiveness of lobased safety solutions (Kummitha & Crutzen, 2019;-Milah &
Alrashed, 2020). Smart campuses require robust digital infrastructure to support loT
communication and data processing. Without sufficient bandwidth and cloud storage, real
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time monitoring and alert systems may fail, compromising campus security. Institutions must
evaluate existing infrastructure and plan necessary upgrades before implementing loT
solutions (Pandey et al., 2020).

Challenges
The results show that challenges in selecting IoT technologies to improve safety in smart

campuses can be categorised into five main themes: management, competency, system,
human, and financial, as shown in Figure 5.

Operation management
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(Source: Author, 2024)

Figure 5. Subthemes and Themes on Challenges in Selecting loT Technologies
to Improve Safety in Smart Campuses

Management

IoT technologies are implemented to ensure campus sustainability. However, 10T systems
introduce several challenges, including data management, stakeholder competencies, sensor
related issues, cloud network reliability, and storage limitations (Rao & d?r2€4.8).
Additional challenges arise from human factors and financial constraints. Each of these
categories encompasses specific obstacles that organisations must overcome to effectively
utilise 10T technologies for campus security (Ismagilova et al2202
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Competency

Gaining management support and ensuring effective degisaiing are two major
obstacles to 10T implementation. Securing funding, establishing policies, and overseeing
project execution all depend on leadership commitment (Moghayedi et al., 2024).rResista
to change among academics and administrators can also hinder the adoption of new safety
technologies. These challenges can be addressed by implementing clear policies and fostering
a culture of innovation (Polin et al., 2024).

System

Technological factors encompass interoperability, scalability, reliability, and security.
Interoperability ensures seamless communication between various loT devices, while
scalability allows for future expansion without major overhauls. Reliability en¢iss for the
accurate and consistent functioning of safety systems, and robust security measures are
critical to preventing cyber threats, data breaches, and unauthorised access (Riggins &
Wamba, 2015; MirAllah & Alrashed, 2020). Institutions must pritise selecting secure and
efficient 10T solutions that align with their specific safety needs.

Human

Human factors, such as reluctance to adopt new technologies and concerns over privacy,
present significant challenges. Some users may be sceptical about the effectiveness of loT
safety solutions or feel uncomfortable with surveillance technologies (Hsin&20D18;
Kummitha & Crutzen, 2019; Ahmed et al., 2022). Addressing these concerns through
awareness campaigns and transparent communication can enhance acceptance and
engagement.

Financial

Advanced loT solutions are expensive, and financial constraints often limit institutions'
ability to invest in them. Maintenance, cybersecurity, and other operational costs further add
to the financial burden (Hsu & Lin, 2018; Kummitha & Crutzen, 2019;skowore et al.,
2021). Exploring research grants, commercial funding, or prototype grants can help mitigate
financial challenges and support sustainable 10T implementation (Harikrishnan et al., 2021;
Zainordin et al., 2024).

CONCLUSION

Although 10T technologies have the potential to improve campus management and safety
by proactively preventing accidents, near misses, and fatalities, the criteria for selecting
appropriate 10T solutions remain inadequately explored. This study aimedmniifidthe
factors, risks, and challenges involved in selecting 10T technologies to enhance safety in smart
campuses. To achieve this, the study utilised interviews with 20 safety professionals, which
provided critical insights into the factors that infhee I0oT technology selection in smart
campus environments. Thematic analysis was then employed to categorise the factors, risks,
and challenges into themes and subthemes.
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The findings revealed that the factors can be categorised into five main themes:
competency, financial, technology, infrastructure, and management. In addition, the risks can
be categorised into five main themes: management, human, competency, techaadogy,
financial. Finally, the challenges can be categorised into five main themes: management,
competency, system, human, and financial. These factors are vital in ensuring the successful
adoption and effective utilisation of 10T solutions. Additionally, 8tedy identified five
primary risk categories, highlighting the complexity of deploying IoT technologies and the
need for careful planning to mitigate these risks. Moreover, addressing these challenges is
essential for ensuring that 10T technologies amglémented effectively and sustainably. This
study provides valuable insights into the decisimaking process for selecting loT
technologies to improve campus safety. By categorising the factors, risks, and challenges, the
study highlights the critical aas that must be carefully considered to ensure the successful
implementation of 10T solutions in smart campuses.

Recommendations

To enhance loT adoption for campus safety, universities should focus on improving
competency by providing targeted training programs for staff, faculty, and students. Financial
planning is critical, so institutions should develop strategies to managmtialihcosts and
long-term maintenance, exploring funding from grants or partnerships. The selection of IoT
technologies should prioritise interoperability, scalability, and robust security features to
mitigate integration challenges. Management supmoressential, and strong leadership
should ensure clear policies and effective governance structures. Finally, universities must
prioritise cybersecurity by implementing regular updates, encryption measures, gidegeal
monitoring to safeguard user datadgrivacy.

Future Research Directions

Future research should explore crowsitutional comparisons to understand how
different types of universities approach IoT adoption. Longitudinal studies could identify
trends in the longerm impact of lIoT on campus safety. Research on human factors,
particularly resistance to change and privacy concerns, could help improve stakeholder
engagement. Additionally, exploring innovative security frameworks tailored for 10T on
campuses could address cybersecurity challenges. Finally, investigating emerging
technologies, such as Artificial intelligence, could reveal new ways to improve campus safety
and operational efficiency.
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Abstract

Previous studies have proven the existence of attributes, sub-attributes, and indicators of a
data-driven culture within a construction organisation, and there are also more in-depth studies
to assess the perspectives of construction industry personnel towards the indicators of a data-
driven culture. However, the perspectives of construction industry practitioners are inadequate
for identifying the actual practices of a data-driven culture within the organisation for the
construction sector. Therefore, this study is conducted to fill the gap in the study associating
the "practices" of construction industry personnel in construction organisations. The study was
started by identifying indicators of data-driven culture from past researchers, then forming
questionnaires, and obtaining validation from 18 expert panellists, which are clients,
consultants, and contractors from construction industry stakeholders, by using Relative
Importance Index (RIl) analysis. The top RIl values based on each sub-attribute analysed are:
D4 i progress monitoring, ID3 i availability of funds, C2 i willingness to adapt to new
technology, U4 i internal support, P6 1 prevention, and P7 i mitigation action. The study has
a significant impact towards construction industry personnel to become more competitive and
relevant through documented admission of their practices as practitioners, which is in line with
the upcoming Malaysian Digital Construction and Industry 4.0 Roadmap 2020-2025 and the
upcoming Malaysian National Construction Plan (NCP) 2030 t hr oiuTgchnoldgf hr ust 1
as Game Changer 0.

Keywords:Constructiondrpvaat icuéedureat ael ative i mport al
INTRODUCTION

The rapid advancement of information and communication technologies (ICTs) and
digital technologieshave expedited the process of digitisation, compelling enterprises to
embrace a datdriven culture that improves the digitalisation process across diverse sectors.
(Chaudhuri, 2023). From a financial perspective, a-ddteen culture relates to Big Data
Analytic Capability (BDAC), which substantially influences the integration of internal Supply
Chain Finance (SCF), particularly concerning managers' atolinddress unforeseen risks
and challenges (Yu, 2021). Tamagusko and Ferreira (2024) assert thativiziecultures
impact the healthcare industry via knowledge management systems, inforstetiong
methods, and improved patient care quality. In étailrsector, a datdriven culture signifies
the implementation of supply chain technologies, including blockchain, artificial intelligence
(Al), analytics, robotic process automation, and data centres, necessitating business owners
to adapt their supplghain strategies for improved resilience, sustainability, and cooperation
among suppliers, customers, and other stakeholders (Gong, 2023). Ghafoori (2024) concurred
that datadriven cultures substantially influence organisational cultures via digital
trangormation, including digitalisation and improved operational performance in the
industrial sector. The use of digital technology and data culture in academic endeavours has
been shown to improve information and knowledge management (Eshbayev, 2023).



MCRJ Special Issy&/ol. 26 | No.3 | 205 210

Embracing a datdriven culture within an organisation catalyses significant business
change, facilitating more precise decisibaking, improving performance, and promoting
innovation, therefore transforming the cultural environment (Chatterjee, 2021énhenting
big data actually assists construction businesses in management, project surveillance, and
procurement (Atuahene et al., 2020).

A datadriven culture defines an organisational strategy for recognising key attributes and
decisionmaking processes and integrating data into strategies grounded on an integrative
framework (Anton, 2023). The construction industry has shown a growiegegttin
technologies such as cloud computing, augmented reality, Building Information Modelling
(BIM), the Internet of Things (IoT), and smart buildings (Bilal et al. 2016). The integration
of big data enhances construction organisations in managemeiggctpsupervision,
monitoring, and procurement (Atuahene et al., 2020).

Arbury et al. (2017) classify datdriven culture into four categories, which are: data
leadership (datafication), data literacy (data cultivation), data democratisation (cultures of
use), and data analytics (production of data), which Hashim et al. (28&8)ories these
categories as main attributes of ddtaven culture. Acker and Clement (2019) proposed a
standpoint for the main attribute of data leadership into tweasinibutes, which not only
discussed datafication but also the infrastructureats,chs shown in Figure 1.

Key drivers of data

. Main attribute

driven culture for Cultivation
C'::;R X of digital of data
iction i .
i compethiveness m . Sub-attribute
construction industry
(Sourkrebury et al. (2017) and Acker et al. (2019)

Fi gurTehElr.amewor k-Doif vdmat@ul ture I nnovation

Hashim et al. (2023) suggested four main attributes of adiatan culture in digital
construction: data leadership, data literacy, data democratisation, and data analytics, with five
critical areas of concern as highlighted in-sitributes which aressential for a company's
competitive capacity in the digital construction spectrum: datafication, the infrastructure of
data, data cultivation, the culture of use, and culture of production, foddatam culture
process, which encompasses throughoptitifdata cultivation), process (utilisation culture),
and output (production culture), and governed by datafication and the data infrastructure as
entities of datalriven culture management as shown in Figure 2. Acker et al. (2019) endorse
their view of dta culture, which encompasses data literacy (cultivate), data democratisation
(use), and data analytics (production), hence being pivotal to comprehending the management
of datafication and infrastructure of data.
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(SouHeashim et)al. (2023)

FigurTehe3 . Framewobki wén D@t lat ofr e/ QMan i Atts ri but es,
Five-A3Sulb iabdt 88 I ndicators

Based on Systematic Literature Review (SLR) for dmi@en culture conducted by
Hashim et al. (2023), the swatbtribute of datafication comprises seven indicators which are:
(i) D1 - knowledge and expertise; (i) D2professionalism; (iii) D3 code of onduct; (iv)
D4 - progress monitoring; (v) D5risk; (vi) D6- quality; and (vii) D7- legal. Next, the second
subattribute of a datariven culture in the construction digital industry referred to as
infrastructure of data, consists of three indicatar$ollows: (i) ID1- data security; (ii) ID2
availability of infrastructure; and (iii) ID3 availability of fund. The third suhttribute,
cultivation of data, has seven indicators, which are: (i} @chnical knowledge; (ii) C2
willingness to adapto new technology; (iii) C3 ease of learning experience; (iv) €4
competency; (v) Csexperience; (vi) Cétraining; and (vii) C% coordination. Another sub
attribute of a datariven culture in the construction industry is termed the culture &f us
which comprises eight specified indicators: (i) Uldata interoperability; (i) U2-
compatibility with other organisations; and (iii) U3collaborative work processes and
modelling standards; (iv) U4 internal support; (v) U5 external support; (yiU6 - data
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standardisation; (vii) U7 building model reading and exploration; and (viii) {Usvailability

of time to use. The last st#itribute, referred to as the culture of production, has eight
indications. These indications are identified as the specifiedtevhich are: (i) Piregister
based statistic; (ii) P2 detail data collection; (iii) P3 information extraction; (iv) P4
outcome expectations; (v) R5ata estimating; (vi) P6 prevention; (vii) P7- mitigation
action; and (viii) P8 control stréegy. Figure 3 shows the main attributes,-attbibutes and
indicators of datalriven culture in the construction industry.

Even though 33 indicators of dedaven culture have been identified, negligence of these
indicators, such as nepractices of datdriven culture, cause inadequate planning,
ineffective communication, and insufficient teamwork, which limit productivitgt project
performance. (Lu et al., 2021). Berndtsson et al. (2018) claimed that organisational data
driven culture in construction must be developed and practised to effectively employ
advanced analysis in construction activities. Thus, the objectivésadtudy is to fill the gap
in the study by associating the "practices" of construction industry personnel in construction
organisations. To achieve the purpose of this study, thaepsetethodology of this research
started with the identification of atbutes of datalriven culture in the construction industry,
the development of questionnaires, and the selection strategy of expert panellists who
gualified to share their experience in the construction industry.

EXPERIMENTAL SET UP
Identification of DDC Attributes

In order to fill the gap of research related to the practices by professionals in the
construction industry, the sap of this research utilises a Systematic Literature Review
(SLR) and Focus Group Discussion (FGD) to indicate-ddteen culture attribwgs for the
construction sector. Moher et al. (2014) stated that there are four primary steps in systematic
literature reviews according to the Preferred Reporting Items for Systematic Reviews and
MetaAnalyses (PRISMA) methodology: identification, selegtieligibility, and inclusion.

The intent of the systematic literature review is to offer solutions to identify the relevant
attributes of DDC in the construction industry. The procedures for the systematic literature
review inquiry approaches are showrable 1.

Tabl PrdcefssSystematic Literature Review
Phase Database Scopus
1st phase Identification ~ Search String: 730
TITLE-ABS-KEY ((fidata drivend) OR (fAdat
OR (Abig datao) OR (fidata analytic
industryo))

2nd phase Screening Exclude books, incomplete articles, book series, other languages, not 535
related 5 years

3rd phase Eligibility Relevant titles, keywords, and abstracts using criteria 272

4th phase Included Full paper analysis and synthesis (articles directly related to issues of 111

social in a construction project only)

1st Phase: Identification

The research used a procedure known as identification to discover related terms, variants,
and synonyms of major keywords associated with-deten culture. To start this procedure,
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a literature search using the leading online database Scopus has been performed to integrate
existing terms into a comprehensive search string. The decision to utilise Scopus databases as
a search tool stems from the outstanding integration of studiektenature topics within

Scopus compared to alternative search engines such as Web of Science (WoS), Google
Scholar, and PubMed. Scopus offers a greater diversity of retrieved document types and
exhibits a notable degree of overlap in indicators or keysv@@diarez, 2022). The phrases
"data," "driven," "culture," "construction," and other terms included in Table 1 were used to
identify the aspects present in the abstracts, titles, or keywords. The search words were
concluded with an asterisk ("~") to incli@ broad range of results. A web search approach
was used to identify the phrase "ddtaven culture” from previous academic research by
Hashim et al. (2023). The literature search was refined to 730 relevant articles from the Scopus
database by using egific terminology for this research. The first phase of the systematic
literature review was finished, whereby the primary source material consisted of various
media, including research papers, books, trade magazines, and conference proceedings.

2nd Phase: Screening

The second phase of the Systematic Literature Review referred to as screening, is
performed using the capabilities of the Scopus database to refine the search activities. The
screening method includes the selection of logical constraints, language es;lusid
article types (David, 2023). A fivgear period from the publication date was designated to
maintain the relevance of research contributions about the study topic (Poojary et al. 2014).
The screening procedure included selecting research papersfromt journals and
conference proceedings, with English as the language of publication. Saggese et al. (2015)
said that concentrating on a single language in research may reduce the issue of terminological
misunderstandings in the quality of researchaesgi During the screening phase, 80 papers
were rejected from Scopus, resulting in 535 articles from journals and conference proceedings
advancing to the subsequent eligibility step.

3rd Phase: Eligibility

Eligibility is the third phase in the systematic literature review (SLR), ensuring that the
author attentively examines the articles to confirm that, after the screening process, each
article fulfils the established criteria. Krippendorff (2013) emphasikedsignificance of
examining information to identify components and study their trends and patterns within a
certain context. This method includes an extensive review of the title and abstract to ascertain
the relevance of any publications to the selbctatadriven culture. The eligibility criteria
removed 263 articles from the Scopus database that did not explicitly apply -dridata
culture in construction. A total of 272 articleasmet the eligibility criteria and are eligible
to proceed to the final phase, which is referred to as the included stage.

4th Phase: Included

The fourth step, inclusion, involves the writers precisely analysing the text and abstracts
of each article to assess the relevant research. To narrow down and reduce the overall quantity
of selected literature, a series of inclusion and exclusion critsiautlined in Table 2, are
implemented in accordance with the inclusion and exclusion methodology outlined by Beske
Janssen et al. (2015). Consequently, the researcher meticulously examined the titles, abstracts,
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keywords, and general content, applying inclusion and exclusion criteria to the 111
publications. Table 2 delineates the criteria used to ascertain the inclusion or exclusion of
publications in the systematic literature analysis undertaken in the stueyautihor will
exclude articles that are not relevant to the definitional scope of construction projects since
this study is confined only to digital construction. The last stage indicated that 111 research
publications, including journals and conferencecgedings, remain suitable for addressing
the aims and research topics pertaining to-ddteen culture in construction projects.

Tabl en2l wsd olBxcl usion Criteria for Systematic

Inclusion Exclusion

9 Scholarly publications and conferences that 1 Insufficient emphasis on data-driven cultural content
have been rigorously evaluated by domain within the construction sector, with more emphasis
experts and are composed in English. on the digital economy or financial considerations

instead.

1 Articles that focus on the establishment of a 1 Articles only dedicated to conventional construction
data-driven culture in digital building techniques.
projects.

1 The article must concentrate only on the use 1 Articles that use the term “construction” in general,
of data-driven technology within the regardless in a context not pertaining to the civil
construction industry. engineering domain.

1 Books, citations, handbooks, working papers,
reports, and calls for papers related only to
construction projects.

(Soumaxd:ualmhdnExcl usi on Me tbhyo dBoelsakgey s ©nt €j nad. , 2015

From SLR, this research identified 41 indicators related to DDC. With these indicators,
the researcher conducted a Focus Group Discussion (FGD) to further identify the relevance
of the DDC indicators in construction projects in Malaysia. The FGD coopendtied 8
expert panellists involved in construction across projects in Malaysia, utilising Building
Information Modelling (BIM), which comprises relevant stakeholders such as clients,
consultants, and contractors. Based on the FGD conducted, eight irdicaticated in
earlier SLR were eliminated due to several factors, such as (1) the impracticality of indicators
in Malaysia's construction industry and (2) indicators sharing the same definitions in the
application of BIM in Malaysia. Thus, from 41 indioss identified based on SLR, 18 expert
panellists involved in this research validate 33 indicators to be further investigated for data
driven culture in the construction industry in Malaysia.

Development of Questionnaire

A pilot study was conducted whereby the researcher developed a questionnaire in
response to the attributes listed on the latest DDC (n=33) through a series of literature reviews
and FGD. The description of each attribute considered the detailed explanfagach
indicator in SLR and related Building Information Modelling (BIM) guidelines (e.g., BIM
JKR Standard and Guidelines), laws, or specifications (e.g., BIM JKR Parameter
Specification) applicable in the construction industry. There are two partsheof t
guestionnaire, which are (1) demographic information and (2) an evaluation of the "practices"
of participants in the construction industry regarding the importance of the DDC attributes.
In the second part, each participant is required to evaluateoétioh DDC indicators using
a Likert scale to determine priority, which consists ofvery low; 2i low; 371 intermediate;

47 high; and 5 very high. Data analysis was performed to evaluate the information obtained
from the questionnaire survey. To ildate contributions from construction industry
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participants about existing qualities, enhancements to present attributes, and a "remark”
section, an additional field has been included in the second section of the questionnaire, as
shown in Table 3.

Tabl Br @poTsasxdonomy and ®calve noffCudkbnioevl edge Application and
Fundamental

Description of Awareness Learner Moderate Advanced Expert
Indicator
1 2 3 4 5

The ability to 1. Ability to fully 1. Ability to fully 1. Ability to 1. Ability to have 1. Ability to fully
demonstrate his/her understand understand, differentiate mastery over understand
understanding of the common discuss and and fully advanced and comply
the broad range of standard partially comply with knowledge with the
knowledge and requirements comply with the standard standard common
expertise among related to the common requirements requirements standard
construction digitalisation standard related to related to requirements
stakeholders on practices in requirements digitalisation digitalisation related to
related industry the design related to practices in practices in digitalisation
codes of practices phase (with digitalisation the design the design practices in
such as; supervision). practices inthe  phase (with phase the design
1. BIM ISO 19650 design phase supervision). (without phase (with
2. BIM JKR (with supervision). supervision).
Guideline supervision).

Expert Panel Selection

For this research, the expert panels in the industry were chosen from various stakeholders
in construction projects, such as contractors (n=5), consultants (n=11), and clients (n=2). The
expert panellist shall have an-@b position in a construction comapy registered with the
Construction Industry Development Board (CIDB) Malaysia 2024 with G6 and G7 grades to
ensure the scale of the project is relevant to the implementation act of Building Information
Modelling (BIM). The selection of expert panellistas made based on the Point System for
Qualification of Expert Panellists, as shown in Table 4. Each participant must attain a
minimum of 11 points according to the point system established by Hallowell and Gambatese
(2010) to ensure the competency leval$ndustrial practitioners. There are 18 participants
who have been selected and are eligible to
DDC in the construction industry.

Tabl PoAnt System for Qualification of Ex

ID Achievement of Experience Point
A Years of professional experience in the construction industry 1 point for every year
B  Advanced degree in the field of civil engineering or other Bachel ords degree: 1
related areas Master: 2 points
PhD: 4 points
C Involved in any related digital data project construction 2 points for each related software used for
project construction
D Member (or chair) of professional committee(s) Member: 1 point for each membership
Chair: 3 points for each membership
E Leading position(s) held in current/previous organisation 3 points for each leading position
related to digital data
F  Publication on the topic of digital data in construction Journal article: 4 points

Book: 2 points
Conference paper: 1 point

G Attended any related digital data training in construction 1 point for each training
(SouAdtepted from Hall owel | and Gambatese, 2010)
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MATHEMATICAL MODELLING

To provide assurance that tlfipractice® concerning the indicators are quantifiably
measurable, the research employs Relative Importance Index (RII) analysis, which is
preferable since it provides a more significant and nuanced interpretation of subjective survey
data, particularly when priorling or comparing several criteria. It surpasses the basic
average (mean) by including the relative significance or weight of each answer, rendering it
especially advantageous for decisioaking in contexts where the intensity of preferences is
critical, as articulated by Tholibon et al. (2021). RIl is a thorough analytical method capable
of ranking each indicator based on its relevance, with the highest index value of 1.0 indicating
the most significant indicator. The detailed calculation of RIlI analgssiown in Formula
Equation 1.

. B0 ULUE T&E Of £ 13
YO & ol D o(&zsmm}U - e P

Formul a EQRedtaitoarvel:l mportant I ndex (RI 1)
Note: w =EaMar IBcfaMuenbenRe®pondesiver eedc Bicyal e; A = Maxi mum Scze
N = Tot al Number of Respondent

Indicators with high values will be recognised as important indicators for promoting a
datadriven culture in digital construction, whilst indicators with low values will be
categorised as loyriority indicators. An example of RII calculation is showTable 5.

Tabl €abcul ati on Example for RII for D1

Dat a

Total Surveyed, N

Total Likert Scal

St epCall:cul ati on N Scal e

Respondent Agreed Code 1 2 3 2 5 Tot al
n D1 2 4 10 1 1 18
StepC&l:cul ati on M Scal e Tot al

Scal e, w Code 1 2 3 4 5 Scal e,
D1 2 8 30 4 5 49
St epCa&l:cul ati on o Maxi mum Scal e A 5
Scale, A x Number Number of Respondent N 18
N Maxi mum Scale, A x Num AN 90
StepCadl:cul ation o' Tot al Mar k Scal e X W 49
xw [ AN Maxi mum Scale, A x Num AN 90

RI1 1 xw [/ 0.544

RESULTS AND DISCUSSION
Demographic Information

Eighteen experts from the construction industry were qualified to assess DDC indicators
by exchanging their exp e-drivea outtueesAll expertdnieet A pr
the criteria of the point system for expert panellists, as adopted froowigdland Gambatese
(2010), as shown in Table 6.
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Tabl i &t Qual i fied oEfkhpeerRosi nBtasSydst em fAdmpExperf r okane
Hal |l owell and Gambatese (2010)
Particiyy Discipl Position A B C D EF G Tot al
A-l ContraProjeatt Project Enginee 6 1 2 3 12
A2 ContracCiuvil Site Engineer 3 1 4 3 11
A3 ContraStructurBl M Model l er 3 1 4 4 12
A-4 ContraEng SerBI' M Model |l er 3 1 2 B 11
A5 ContracCivil BI' M Model l er 3 1 2 6 12
B-1 Consul El ectricBI M Modell er 5 1 2 3 11
B-2 Consul Civil BI' M Model l er 5 1 2 4 12
B-3 Consul Ci vil Lead Model er 6 1 4 3 4 18
B-4 Consul Civil BI'M Trainer at 281 4 7 40
B-5 Consul Ci vil BI'M Model er and 9 1 4 3 17
B6 Consul ArchitecModel er 6 1 2 3 12
B-7 Consul Ci vil BI' M Model l er 3 1 4 3 11
B-8 Consul Civil BI' M Model l er 3 1 4 3 11
B-9 Consul Civil BI' M Model l er 5 2 6 1 14
B-10Consul Asst ArcBI M Modell er 4 2 4 1 11
B-11 Consul Civil BI' M Coordinator 12 4 16
C-l1 ClientCivil BI'M Coordinator 10 2 14
C2 ClientProject Project Enginee 4 2 2 5 1 14

The participants were classified into three main demographic groups: CoAtractor;
2) Bi Consultant; 3) @ Client. There are five contractors from diverse disciplines: project
management (n=2), civil (n=2), and structural (n=1). They hold diffeeemployment
positions, including modeller (n=3), site engineer (n=1), and project engineer (n=1). In
addition to contractors, there exists a wider group of participants, including industry
stakeholders known as consultants. There are a total of eleveindiyluals from this
group, representing several disciplines: civil (n=8), architecture (n=2), and electrical (n=1).
The recognised employment roles include BIM modeller (n=8), BIM coordinator (n=2), and
BIM trainer (n=1). The third group of participarfts the datadriven culture study consists
of clients involved in construction projects. Researchers identified two individuals suitable to
provide their perspectives, one from project management (n=1) and the other from civil
engineering (n=1), both nowrmloyed as a BIM modeller (n=1) and a project engineer (n=1)
in the construction industry.

RIl Analysis T Datafication

Measuring the practices of construction industry professionals in relation to the indicators
associated with the swditribute of datafication is essential for managing a-deten
culture. Figure 4 presents the findings derived from RII analysis fosubattributes of
datafication.

Figure 4 shows the highest RIl value, which indicates the top priority of indicator in
datafication, which is D4 progress monitoring with 0.900. Experts point out that project
progress monitoring within the datiiven culture of the construction orgaati®n or projects
is crucial for ensuring optimal work advancement, including the utilisation of BIM software
to anticipate potential delays, maintain timely scheduling, and achieve early project
completion as stated in BIM JKR Guideline (3.1.%cheduleand Quantities) With the
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utilisation of BIM technology into construction project, the progress monitoring can be
enhance through-B function where the time estimation takes place which able project
stakeholders to predict time of completion of construction project deliveratilessetond
highest RII value in datafication is D&isk (0.567), where the researcher acknowledges the
importance of implementing data culture in construction with the guidance of BIM JKR
Standard and Guideline to minimise risk through activities sugh3@%, 60% and 90%
model review; (2) clash analysis. The third highest RII value for datafication was nominated
for D1-knowledge application and expertise. Experts emphasise the importance of having
knowledge, application and expertise in BIM ISO 19650/ BKR Standard and Guidelines,

BIM Specification Parameter, BIM: JKR Work Process Manual, BIM: JKR Data
Management Manual, JKR: JKR Template User Manual, and BIM: JKR Green Rating
Application Manual in order to fully utilise the potential of executionatidiriven culture.

The lowest RIl value recorded from participants on theattribute of datafication is 0.322,

D717 legal.

Datafication

1.000
0.900
0.900
0.800
0.700

0.600 3 0.544 0.567
0.500 0.411 0.422

0.400 0.333 0.322
0.300
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0.200
0.100

0.000
D1 D2 D3 D4 D5 D6 D7

Indicator

Fi gurGbtda.iReesdil t SRINBahygsi sAtftorri bSwtbhes of Datafi cat
RII Analysis 1 Infrastructure of Data

The research proceeds by assessing the practices of industry practitioners regarding the
subattribute referred to as data infrastructure, as shown in Figure 5.

| rfrigure5 , i ndiicavairl abb3l ity of funds achi eve
0.667. Professionals in the consdrmriucdn omu lbtl
inside a company requires suffi midanturfei mdnd
infrastructure in construction projects is
Cost X as stated in Bl M: JKR Standardi The
infrastructure availabidnrngtyruatti 0e6 lp.i nExp
infrastructure in construction, including f
for modelling, 4D for scheduling, 5D for ¢
facility managemenhtygeacobsdbuvaddiog project
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Abstract

China's construction industry has experienced rapid growth, particularly in high-rise building
development. However, material handling (MH) inefficiencies remain a major challenge,
causing cost overruns, delays, and environmental impacts. Poor logistics planning, limited
technology use, and weak stakeholder collaboration further hinder construction efficiency.
Despite MH® s si gni fimecefficieney, cosneffectivierseessr safety, and
sustainability, research on MH optimisation in China's High-Rise Buildings (CHRB) remains
limited. This study identifies key success factors (SFs) for MH optimisation in
CHRB through semi-structured interviews with 30 industry professionals and thematic
analysis. The findings categorise SFs into four key themes: education, awareness and
research, utilisation of advanced technology, and market drivers. Enhanced training programs,
sustainable MH awareness, and digital automation technologies are essential for improving
efficiency. Additionally, stakeholder collaboration and government policies play a crucial role
in fostering an environment conducive to MH optimisation. The study aligns with
China's Construction Industry Modernization Guidelines (20207 2035) and provides a
framework for local governments, policymakers, and industry professionals to optimise MH
practices in CHRB. By implementing these success factors, construction projects can improve
cost efficiency, reduce environmental impact, and enhance sustainability. These findings
contribute valuable insights for advancing efficient MH practices, ensuring the long-term
resilience of China's construction industry.

Keywords: High-Rise BuildingsMaterial Handling Success Factor©Optimisation China
INTRODUCTION

Rapid urbanisation and economic expansion have resulted in the rapid growth-of high
rise buildings in China (Cui et al., 2021). However, there are significant difficulties in
constructing these large buildings, especially in the case of material haritfiegtive
material handling can facilitate interaction between operations, reduce costs, avoid delays,
and improve construction site safety (Yazdani et al., 2021). Logistics and its complexities,
such as incorrect materials assigned to a particular flercammunication gaps between
different processes, pose serious challenges forrigghmaterial handling (MH) (Tataria et
al., 2021). The vertical construction of buildings and the hazards associated with such
construction have led to an increase intyatencerns in the industry, with workplace injuries
due to inadequate handling and fastening procedures resulting in employee hazards and
potentially prolonged construction durations (Martines et al., 2020). Optimising the MH
process is a key factor to bensidered in highise buildings under the current competitive
conditions, which require a focus on project efficiency, risk mitigation, and cost savings. The
improvement of MH needs to focus on several aspects, including optimising cost, efficiency,
sakty, and sustainability, as well as providing practical recommendations for future projects
in high-rise buildings. Therefore, it provides a proper investigation of the factors contributing
to the successful optimisation of MH in the CHRB industry.
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Existing studies in the literature cover the complex nature of the moving parts of
construction materials (Sepasgozor et2823;Yi, 2020), referring to vertical transportation
(Liu et al., 2022), storage, and coordination between different industries discussing the
problem of material wastage and emphasising the natural and economic impacts of
inefficiencies in MH (Sun et al., 2@2Umar et al., 2022; Rajeshkumar et al., 2021).

To further research the literature review, it examines concepts and theories in construction
management, logistics, and safety that can assist any interested party who wants to understand
material handling practices. It reviews models and methods that lhese used in
construction projects to optimise material flow, remove waste, and improve safety (Xu et al.,
2022; Patil et al., 2022; Teng et al., 2020; Xu et al., 2020; Wu et al.).2019

Navaratnam (2022) studied the most suitable sustainable construction methods-for high
rise structures and evaluated the effectiveness of different construction methods, namely,
building automation construction, aluminium stencil constructionsitéf consruction, and
robotic construction techniques, to advocate efficiency in construction. Utilising modern
technologies such as Building Information Modelling (BIM), robotic applications, and
automation, efficient project implementation was facilitated byréxisg the intricate details
of the construction process, helping to reduce material handling steps and environmentally
avoid landfills (Sepasgozar et al., 2023; Shi & Wang, 2022; Xie et al., 20@8gian et al.,

2021; Egbu, 2006

A revised compilation of research findings from academic institutions, industry reports,
and case studies provides a global view of the current state of materials handlingrisehigh
office buildings and the interior of Chongging (Mirrahimi, 2016).

Zhang et al. (2023) and Wang et al. (2020) conducted an extensive investigation on the
specific carbon emissions of residential buildings in China, emphasising their significant
impact on the environmental building sector, while a study orclarlvon builéhgs in China
showed that buildings need to use green anetianlson materials to reduce carbon emissions.
Javanroodi et al. (2019) presented a rrlifiective optimisation framework based on genetic
algorithmsEnergy Efficient Form Finder (EEF), which eries five reference structures in
five different urban environments, using a new methodology called Building Modular Units
(BMUSs). The study examined the structural composition of five reference structures in five
different urban environments using a newethodology called 'modular building units',
leading to 25 different design issues. Different strategies adopted to address barriers and
promote sustainable approaches, the key role of government regulations in facilitating the
expansion of the Green anmthbvative Building Materials (GIBMs) sector, the importance of
integrated materials' management models in enhancing the procurement process, and the
complexity of carbon emissions are presented as ways to reduce and mitigate carbon
emissions. The transfoative power of automation and robotics is also examined (Ali et al.,
2022; Mohammadi et al., 2022; Rajeshkumar et al., 2021).

Ma et al. (2020), among others, examined waste management and waste utilisation
practices, providing insights into sustainable public building design. The popular theories and
models related to MH include lean construction theory, supply chain manageawany, (
technology acceptance model (TAM) and triple bottom line (TBL) framework (Huang et al.,
2018). Lean construction theory emphasises waste reduction, workflow efficiency, and value
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maximisation, which directly relates to MH optimisation. Applyiegn principlesan
enhancdogistics coordinatiomnd reduce delays in higise projects. SCM in construction
highlightsmaterial flow efficiency, supplier coordination, and reale logistics tracking.
Implementingdigital supply chain strategiesan improvematerial availability and reduce
inefficienciesin MH processes. Given the emphasis on advanced technology in MH, TAM
provides a useful framework for understanditakeholder adoptioof digital tools such as
BIM, 10T, and automationlhe study could explorearriers to technology adoption and how
to improve its implementation. The TBL framework should be applied to show how MH
optimisation affecteconomic (cost savings), environmar(tarbon footprint reduction), and
social (worker safety) factors.

Currently, the national policies, i ncl udi
202)andA Chi nads Construction | ndusitd35),wMander ni
mandateadigitalisation, prefabrication, and sustainable logistics, have great isnpadViH
regulations (Sepasgozar et al., 2023). As suggested by Xu et al. (2022), Government agencies
should developnandatory digital tracking systerfi@ MH compliance usingrRFID and
blockchainbased material passports. Construction firms shouldindemivisedto
adoptefficient and ecdriendly MH solutions.

Previous scholars have mostly stayed in the theoretical study of green building materials,
sustainable buildings, carbon emissions and other hot issues of worldwide concern, followed
by the impact of MH on schedule, cost and safety, and then buildinghdesigstruction
material handling and selection, cultural factors and other aspects. However, few empirical
studies were conducted on specific higge buildings in China as the object of study,
especially on the unique problems that are different fronsethof conventional vertical
buildings. To address these research gaps, the research question of this study is: what are the
success factors (SF) for effective optimisation of MH in CHRB? To answer the research
guestion, the research objective of this gtisdo identify the SF for effective optimisation of
MH in CHRB.

METHODOLOGY

This study uses serstructured interviews and thematic analysis to determine the success
factors that influence the optimisation of MH in CHRB. The subject of this choice of
gualitative research is to embrace data collection, analysis, and interpretetiiat it avails
checks and balances that enhance the reliability of researchsteatured interviews were
chosen as the primary data collection method for the following reasons. MH in CHRB is a
complex issue influenced by multiple factors, includogjstics, technology, regulations, and
stakeholder collaboration. Interviews allow #etailed insightérom industry experts,
helping to uncover nuanced challenges and success factors (SFs) that may not be captured
through quantitative surveys. Seastiuctured interviews provide the flexibility to explore
unexpected insights that may arise during discussions. This approach enables researchers
to ask followup questions, clarify responses, and gather richer data on best practices, barriers,
and stakeholdeperspectives regarding MH optimisation.



MCRJ Special Issy&/ol. 26 | No.3 | 205 228

Data Collection

A standardised interview protocol was first developed to conduct the interviews. This was
sent to potential interviewees via different online mediums such as Microsoft Team, Voov
and Zoom, along with formal interview invitations. The medium and schedulbeof
interviews were further coordinated through mutual discussion among the industry
stakeholders who agreed to participate.

The interviewee population was all rel ate
Emphasis was given to ensure that the selection of participants was diverse, including
developers, suppliers, contractors, consultants, architects, engineerspsitéssus, and
relevant researchers, to encompass as many of the different participant's perspectives and
experiences as possible. To better understand the context and to optimise the interview
questions, the first six interviews were conducted-fagace with interviewees of varying
experience. After optimising the questions, the rest of the interview sessions were conducted
and recorded online, partly via audio or video conferencing. Consent was first sought from
the interviewees to record the interviewwith particular emphasis on transcribing the
interview content into written form with a high degree of standardisation to prevent any
misrepresentation of the answers provided by participants. Interviews were conducted until
data saturation was reachead gradually realised after 30 interviews had been completed.

The interviews used opaanded questions. Questions were structured to provide a clear
and logical flow, ensuring participants could easily comprehend and respond to each item. To
minimise the effects of bi as andlts, semeraht ai n
precautions were taken throughout the study. A purposive sampling approach was used to
recruit participants, extensive records of the interview sessions were kept, coding was done
in conformity with protocol, and the results were checkedatfidmed by the participants
and peer auditors.

Respondent sé Demographics

At the beginning of each interview, several demographic information was coll&bd.
descriptive statistics, shown in Table 1 and Figurésdrovide an overview of the participant
demographics, including their age, gender, level of education, position in a construction
project, and years of experience, laying the groundwork for aimélvaluation and
interpretation of information.

Table 1. Demographic Characteristics of The Participants

Information N Minimum Maximum Average Std. Deviation
Age (Years) 30 24 48 34.5 8.23
Gender

(1: Male, 2: Female) =Y . z 2 LAl
Academic Degree

(1: Bachelor, 2: Mast er 6 s, ®thersp 30 1 4 16 1
Work Experience (Years) 30 2 25 11.6 7.55

According to Table 1 below, the mean age average is 34.5 years. This is in line with the
hypothesis that mature professionals who are mostly in a stable career are more inclined to
participate in this type of research. In contrast, the standard devi&iBoR3oindicates that
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there is some variation in age, as the participants' ages ranged Hary2ars, as shown in
Figure 1, thus covering a wide range of ages.

In terms of education level, the average score of 1.6 indicates that the majority of
participants have a bachelevel degree. A significant proportion, ottérd, of the
respondent s, however, has a Masterb6s degr e

On average, the participants had 11.6 years of work experience, with a significant
standard deviation of 7.65, which indicated a wide variation in experience. Most of the
participants were engineers working in China's construction industry, as can befsgeare
3. There were a significant number of architects, researchers, and project leaders, as well as
some site supervisors, consultants, and supervisors, who had a wide variety of career roles to
facilitate a holistic comprehension of the MH perspecitivCHRB.

Figure 17 4. Descriptive Statistics of Demographic Characteristics

Data Analysis

Thematic analysis was the primary approach used for the analysis of the collected
interview data. This is a systematic approach, adapted from Braun and Clarke (2006), to
determine patterns, themes as well as categories in the collated interview trariBoeps
were several steps involved in this process, as shown in Figure 5: initial exposure to the data,
code generation, theme search, theme reviewing, naming of the themes, and the final step of
writing the report.





























































































