- SPECIALISSUE Volume?2| No.1| 2026 eISSN 2590 - 4140

g CREAN CIDB(Z)

CONSTRUCTICN RESEARCH
INSTITUTE OF MALAYSIA MALAYSIA







MALAYSIAN CONSTRUCTION RESEARCH
JOURNAL (MCRJ)

SPECIAL ISSUE Vol ume 27 | No. 1| 2026

2" INTERNATIONAL E -CONFERENCE ON
GREEN & SAFE CITIES (leGRESAFE) 2024

The Malaysian Construction Research Journal is indexed in

Scopus Elsevier , ASEAN Citation Index (ACI)
and MyJurnal

elSSN No.: 2590 7 4140

Construction Research Institute of Malaysia (CREAM)
Level 14, CIDB 520, The MET Corporate Towers,
No. 20, Jalan Dutamas 2,

50480 Wilayah Persekutuan,

Kuala Lumpur, MALAYSIA.



Contents
Introduction

Editorial Advisory Board
Editorial

ENHANCING FLEXURAL PERFORMANCE OF REINFORCED
CONCRETE SLABS CONSTRUCTION THROUGH BAMBOO FIBER
TEXTILE-REINFORCED MORTAR (BTRM) STRENGTHENING: A
MESH SIZE INVESTIGATION

Muhammad Suhail Azmin Tuah and Sallehan Ismail

BUI LDI NG | NFORMATI ON MODELLI NG (
HINDERING SMEs FROM ADOPTING BIM?

Elma Dewiyana Ismail, Noor Akmal Adillalsmail and Mohd Shahir Mohamad
Yusof

CONSTRUCTION QUANTIFICATION PROBLEMSOLVING SKILLS
ENHANCEMENT: STUDENTS6 PERSPECTI
COMPETENCY-BASED EDUCATION (CBE)

Norhafizah Yusop, Wan Norizan Wan Ismail, Siti Sarah Mat Isa, Norsyazwana
Jenuwaand Nur O6Ain | smail

EVALUATING RECYCLING PRACTICES IN CONSTRUCTION
PROJECTS USING AN ANALYTICAL HIERARCHY PROCESS (AHP)
Kageishieny Nadarason, Sasitharan Nagapan and Kanesh Kumar Kasvar

COMPARATIVE ANALYSIS OF FACILITIES MANAGEMENT
MAINTENANCE CONTRACT DOCUMENT AND PROCUREMENT
ACROSS THE GLOBE

Syarifah Nur Shagina Syed Shabahar, Haryati Mohd Isa and Nor Suzila Lop

STRUCTURAL PERFORMANCE OF RC BEAMS WITH MICPOFA ANL
NAPOFA AS CEMENT REPLACEMENTS IN SELLEONSOLIDATING
HIGH-PERFORMANCE CONCRETE: AN IRWIN'S MODIFICATION
METHOD ANALYSIS

Nuradila Izzaty Halim, Nor Hafida Hashim, Muhd Norhasri Muhd Sidek, Aidan
Newman, Nurul Huda Suliman and Mohd Afig Mohd Fauzi

EXPLORING BAMBOO FIBER TEXTILEREINFORCED MORTAR
(BTRM) FOR SUSTAINABLE STRUCTURAL STRENGTHENING:
PULLTI OUT AND FLEXURAL STRENGTH INVESTIGATION
Muhammad Suhail Azmin Tuah, Sallehan Ismail, Nor Nazida Awang, Azamudc
Husin and Kwan Wai Hoe

Vi

viii

16

25

42

56

70

85



OPTIMIZING CONSTRUCTION COST MANAGEMENT IN
MALAYSIAN RAIL DEVELOPMENTS: REVIEW OF MULTIPLE
ROLES WITHIN A PROJECT TEAM

Nurhidayah Md Isa, Mohamad Zahierruden Ismail and Zuhaili Mohamad Ramly

IDENTIFICATION OF SIGNIFICANT BARRIERS TO A SUSTAINABLE
LEAN CONSTRUCTION IMPLEMENTATION IN CONSTRUCTION
PROJECT

Nadira Ahzahar, Siti Zubaidah Hashim, Intan Bayani Zakaria, Nazhatulzalkis
Jamaludin and Norazura Mizal Azzmi

BUILDING INNOVATION: LEVERAGING ORGANIZATIONAL
DEVELOPMENT FOR BIM ADOPTION IN CONSTRUCTION
Sheikh Ali Azzran Sh Said and Nur Liyana Amer Hamzah

ASSESSMENT OF TEMPORARY HOUSING FOR CONSTRUCTION
WORKERS IN MALAYSIA: ENHANCING SAFETY AND WELFARE
Adeeb Zulkifli, Farah Hanna Ahmad Afuad and Mohamad Shahin Shahdan

DETERMINATION OF COMPRESSION BEHAVIOUR ON BUILTUP
COLD-FORMED STEEL WITH SIX LIPPED CHANNEL SECTIONS
FILLED WITH WASHED BOTTOM ASH CONCRETE

Mohd Syahrul Hisyam Mohd Sani, Fadhluhartini Muftah and Zulkifle Muda

DELPHI-BASED ASSESSMENT OF ECONOMIC INDICATORS FOR
TRANSIT-ORIENTED DEVELOPMENT (TOD) IN MALAYSIA
Nurulhuda Ali, Anuar Alias, Hasniyati Hamzah, Ismail Muhammad and Khairul
Nizam Othman

DESIGN PERFORMANCE CRITERIA IN GREEN BUILDINGS AS
PIVOTAL STRATEGIES FOR SUSTAINABLE CONSTRUCTION
Siti Nurul Ainun Mohd Mustafa, Natasha Khalil and Asmah Alia Mohamad Boh:s

PERCEIVED RISKBASED MAINTENANCE MANAGEMENT
(PRBMM) MODEL FOR PUBLIC SCHOOLS BUILDING
PERFORMANCE

Nurul Diyana Mohd Dahari, Irwvan Mohammad Ali, Natasha Khalil and Suriani
Ngah Abdul Wahab

ARCHITECTURAL RESILIENCE IN URBAN UNESCO WORLD
HERITAGE SITES: A COMPARATIVE ANALYSIS OF PHYSICAL AND
NON-PHYSICAL BUILDING FEATURES

Alivia Rosy Walidonna, Bambang Soemardiono and | Gusti Ngurah Antaryama

100

116

131

146

155

169

183

201

218



SATISFACTION ON SUSTAINABLE FACILITIES MANAGEMENT
CONCEPT OF ELDERLY PONDOK VILLAGE (EPV) BUILDINGS
Yuhainis Abdul Talib, Kartina Alauddin, Kharizam Ismail and Nor Aini Salleh

SUSTAINABLE CONCEPT FOR LOWNCOME HOUSING OF GRIYA
MAHONI ALPEN HOUSING ESTATE IN WEST ACEH
Annisa Qadrunnada, Dyah Erti Idawati and Sylvia Agustina

BUILDING THE FUTURE: THE IMPACTS OF MIBPROJECT DESIGN
CHANGES IN KLANG VALLEY

Noor Ainsyah Zulkifli, Nur Anis Agilah, Sulaiman Hashim, Mazlina Zaira
Mohammadand Nor Syamimi Samsudin

UNVEILING THE HUMAN-COMPUTER INTERACTION (HCI)
ELEMENTS IN DESIGN PRINCIPLES AND CONSTRUCTION OF
SMART HOME

Yan Yan, Natasha Khalil, Irwvan Muhammad Ali and Siti Noorfairus Che Abdulle

236

249

262

277



MCRJ Special Issu&/ol. 27 | No.1| 205 %

Introduction

Welcome to this special issue in Malaysian Construction Research Journal (MCRJ) for
the 29 International eConference on Green and Safe Cities (IeGRESAFE) 2024. This
conference was organised by the Green Safe Cities Research Group (GreSafe), UiTM Perak
Branch in collaboration with Universitas Syiah Kuala Banda Aceh, Indqikgsito Institute
of Technology Matsugasaki, Sakia, Kyoto, JapariJniversiti Teknologi Malaysia (UTM)
and Universiti Tun Hussein Onn Malaysia (UTHM). It has been an @ade pl#orm
successfully hosted wunder the theme O6Resil
Tomorr owd.

This seminar, which is held virtually on 19 and 20 September 2024, seeks to provide a
dynamic forum for academics, researchers, industry practitioners, and policymakers to
deliberate on the challenges and opportunities of shaping sustainable constngitisive,
and resilient cities. The discussions are intended to highlight innovative approaches and cross
disciplinary solutions that address pressing built environment sustainability issues such as
climate adaptation, disaster risk reduction, smart sirfugture, green procurement, energy
efficiency, and sustainable construction practices.

The theme underscores the urgent need to rethink urban development strategies that not
only safeguard communities but also enhance quality of life and environmental stewardship.
leGRESAFE 2024 aims to foster collaboration, knowledge exchange, and aetimsaifits
that will guide the transformation of cities towards a safer and greener future by bringing
together global perspectives and local experiences.
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Editorial

Welcome from the Editors

Welcome to this special issue in Malaysian Construction Research Journal (MCRJ) for
the 29 International eConference on Green and Safe Cities (IeGRESAFE) 2024. We would
like to express our sincere gratitude to our contributing authors, reviewgasiisersand
readers.

This special issue in MCRJ fof%Anternational eConference on Green and Safe Cities
(leGRESAFE) 2024 contains twenty (20) interesting papers covering the théResdfent
Urban Futures: Sustainable Solutions for T
issue will serve as a valuable resource for readers, whether they are scholars, practitioners,
policymakers, or students, in expanding their understgnofithe multifaceted dimensions
of sustainable and safe urban development. The artidewiled here reflect diverse
perspectives and innovative research outcomes presented during leGRESAFE 2024, and
together they highlight the collective commitment towards building greener, safer, and more
resilient cities.

We aspire that the insights shared within these pages will inspire further research, spark
new collaborations, and encourage practical applications in the real world of construction,
planning, and policymaking. Ultimately, it is our expectation that thézial issue will not
only contribute to academic discourse but also empower readers to play an active role in
shaping sustainable urban futures for generations to come.

Brief introduction of each article is given as hereunder:

Muhammad Suhail Azmin Tuah and Sallehan Ismailhave explored the potential of
bamboofibre textile-reinforced mortar (BTRM) as a sustainable strengthening method for
reinforced concrete slabs. The finding focuses on mesh size variations and their effects on
flexural behaviouy which confirmed the suitability and effectiveness of BTRM for structural
strengthening.

Elma Dewiyana Ismail et al.have identified the barriedsorganizational, technical, and
financia that prevent small and mediusized enterprises (SMEs) from fully adopting BIM,
while suggesting strategies to accelerate its implementation. This review emphasises the
importance of geernment interventions and initiatives as part of a strategy to overcome the
barriers SMEs face

Norhafizah Yusop et al.have investigated how Competer8gsed Education (CBE)
can improve problermsolving skills in quantity surveying students, highlighting both
challenges and effective teaching approaches. The results underscore the importance of
under st andi nnihg exgenedcesntd aldress cenapetency gaps and support the
advancement of QS CBE programmes.
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Kageishieny Nadarason et al.have assessedecycling initiatives in construction
projects, ranking key practices using Analytical Hierarchy Process (AHP) and Relative
Importance Index (RIl) methods to promote better waste management and sustainability in
the industry. This study exclusively examihon four categories of C&D waste: timber,
metal, concrete, and packaging material

Syarifah Nur Shagina Syed Shabahar et alhave execute@ comparative study of
facilities management and maintenance contracts across five countries; the United States, the
United Kingdom, Australia, Hong Kong, and Malaysia. This paper uncovers diverse
procurement approaches and highlights global best pradtiodsding tendering methods,
contract types, durations, payment methodologies, and its evaluation criteria.

Nuradila Izzaty Halim et al. have examined the use of POFA (MicPOFA) and nano
sized POFA (NaPOFA) as cement substitutes in SCHPC, demonstrating their potential to
enhance flexural strength and sustainability. The findings suggest that MicPOFA and
NaPOFA enhance concrete's mecharnicaperties, facilitating environmentally responsible
solutions for the structural demands of modern igh buildings, bridges, and infrastructure
projects

Muhammad Suhail Azmin Tuah et al.have investigated the impact of bamboo textile
mesh sizes (MIM5) on bond characteristics and flexuta¢haviouras an ecdriendly
alternative for structural reinforcement. The study delves into failure modes, showcasing a
shift from brittle to ductilebehaviourin BTRM, with bamboo textiles controlling crack
widths, enhancing postrackbehaviouy and improving structural safety

Nurhidayah Md Isa et al. have reviewed cost management challenges in Malaysian ralil
projects usin@ systematic literature review (SLR). The study t@stifiedgaps in planning
and budgeting practices and proposing improvements to minimise overruns.

Nadira Ahzahar et al. have identified management and financial barriers that hinder the
adoption of lean construction practices in Malaysia. Through surveys and literature review,
the studyhassuggested ways to increase the implementation of sustainable lean practices in
improving project efficiency, reducing costs, and enhancing project outcomes.

Sheikh Ali Azzran Sh Said and Nur Liyana Amer Hamzahhave discussed how
organgational development strategies can enhance the effective implementation of BIM in
construction firms, particularly culture and human capital management. The findings reveal
three organisationadevelopment approaches conducive to BIM implementation: aligning
organgational culture and values with individuals; developing orgmitnal strategies to
enhance BIM utikation; and fostering organisational innovation.

Adeeb Zulkifli et al. have evaluated worker accommodations against national standards,
revealing compliance gaps and calling for improved design, safety, and welfare measures.
The findings highlighted recurring deficiencies that pose health and safety risks, including
overcrowding, poor ventilation, inadequate sanitation, and weak fire prevention measures.
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Mohd Syahrul Hisyam Mohd Sani et al.have analysed experimental results which are
presented on the use of washed bottom ash concrete Hocoamidd steel sections, showing
its potential to improve structural performance. The compression behaviour of all specimens
is documented, and the famode of each specimen is examined in this study.

Nurulhuda Ali et al. have identified 31 economic indicators for assessing TOD
performance in the Malaysian context aratidatedthem using expert consensus. This study
hasaddressed a critical gap by providing evaluated economic indicators tailored to assess
TOD6s role in sustainable urban devel opmenit

Siti Nurul Ainun Mohd Mustafa et al. have evaluated critical design performance
criteria for green office buildings, refining sustainability benchmarks for pratiroeigh
expert interviews. The findingsummarisedwenty-eight (28) criteria that were considered
relevant, and eight (8) were excluded as the criteria were reviewed as irrelevant to design
performance criteria in green buildings.

Nurul Diyana Mohd Dahari et al. have introduced a riskased maintenance
management model to improve decisioaking and resource allocation in public school
facilities. The results were validated through SBMS approach. Results demonstrate that
all four perceived risk factors sigrefaintly influence maintenance management performance,
supporting the model 6s theoretical framewol

Alivia Rosy Walidonna et al. have carried oua comparative analysis of physical and
non-physical building features of UNESCO World Heritage Sites of Melaka and George
Town: Historic City of the Straits of Malacca in Malaysia and the Historic City of Vigan in
the Philippines. This paper highlights how both physical and cultural features contribute to
heritage conservation and urban resilience.

Yuhainis Abdul Talib et al. have assessed facility satisfaction in two (2) case studies of
elderly housing institutions (Pondok Villages). The sthdgproposed strategies to align
them with sustainable management practices, that foster cultural sustainability.

Annisa Qadrunnada et al.have evaluated the sustainability of a im@ome housing
estate in West Aceh, Indonesigsing the GreenshiNeighbourhoodating system by the
Green Building Council Indonesia (GBCI). The study offered interventions on design
improvements for better environmental performance.

Noor Ainsyah Zulkifli et al. have investigated the causes and effects ofprogect
design changes. This paper highlights their impact on costs and schedules and recommends
best management practices. The results underscore the importance of adopting proactive and
strategic managemeapproaches to reduce npdoject design disruptions

Yan Yan et al have identified key design principles in smart home design construction
with human computer integration elements in Hefei, China. Usingsteattured interview,
the study revealed usability, security, and fault tolerance are atheisgteria needed for
improving user experience in smart home systems.
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ENHANCI NG FLEXURAL PERFORMANC|
REI NFORCED CONCRETE SLABS CON:
THROUGH BAMBOO FI BER NEXRGCHRIE
MORTAR (BTRM) STRENGTHENI NG: /
| NVESTI GATI ON

Muhammad Suhail Azmin Tuah and Sallehan Ismail
Faculty of Built Environment, Universiti Teknologi MARA, Perak Branch, Seri Iskandar, Perak,
Malaysia

*Corresponding Email: salle865@uitm.edu.my

Abstract

This study investigates the flexural behaviour of reinforced concrete (RC) slabs strengthened
using bamboo fibre textile-reinforced mortar (BTRM), focusing on the effect of varying bamboo
textile mesh sizes. Bamboo, a renewable and widely available material, is explored as a
sustainable alternative for enhancing cementitious composites. The study addresses a
research gap in the use of bamboo textiles in textile-reinforced mortar (TRM), particularly for
RC slab applications. The experimental setup involves four-point bending tests with
instrumentation including load cells, displacement transducers, and strain gauges.
Performance indicators such as load capacity, deflection, ductility, and crack propagation
under static loading are evaluated. Results demonstrate that BTRM enhances load-deflection
characteristics, improves crack resistance, and contributes to greater ductility through gradual
deformation and energy absorption. Stressi strain responses confirm improved tensile
behaviour and delayed crack formation. Overall, the findings confirm the suitability and
effectiveness of BTRM for structural strengthening, offering guidance for sustainable retrofitting
practices.

Keywords: Bamboo Fiber TextikReinforced Mortar (BTRM)bond characteristics;mesh size
optimization; Textile Reinforced Mortar (TRM)

INTRODUCTION

Cememtbased materials, particularly mortar and concrete, are the most widely used
construction materials globally. Despite their advantages, their low tensile strength and brittle
nature limit structural performance under dynamic loading such as impaesstioquakes.

Fiber reinforcement is commonly employed to enhance strength and dudiétent
advancements have led to the development of tenditdorced mortar (TRM) composites,
where norcorrosive textiles are embedded in a fine cementitious matrix (De Munck et al.,
2018). TRM offers advantages such as lightweight and corrosgistah systems, ease of
handling, and a high strengtb-weight ratio. Compared fibre-reinforced polymers (FRPS),
TRMs avoid issues like high costs and poor fire resistance associated with epoxy resins
(Goldfeld, 2020).

TRM has shown promise in improving tensile strength, ductility, and energy absérption
crucial for structures subjected to dynamic loads (Goldfeld, 2020; Irshidat8hahnaq,
2018; Wastiels, Van Ackeren, Tysmans & Van Paepegem, 2018). Strategicallgrpogiti
technical textiles along the primary stress directions of the composite demonstrates greater
efficacy compared to randomly dispersing sliitntes within the concrete mix (Zhu, Peled,
& Mobasher, 2011). Moreover, the use of textiles as reinforcement allows for the precise
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arrangement ofibres according to specifications, unlike the constraints imposed by short
fibres

Several studies have explored the application of TRM in retrofitting RC and masonry
structures, encompassing flexural (Scheerer et al., 2019) and shear strengthening (Bielak,
Adam, Hegger, & Classen, 2019), confinement of RC column&gkheel & Zhuge, 2@®),
and seismic retrofitting (Bournas, 2018). TRM has also been successfully used for retrofitting
masonry structures (e,@ut-of plane strengthening (Bournas, 2018) and shear strengthening
of masonry walls (Shabdin, Zargaran & Attari, 2018&Yyaditionally, TRM has incorporated
syntheticfibres but concerns regarding the high embodied energy of steel and synthetic
fibres as well as recycling challenges, present obstacles to global sustainability goals. In
response, there is a growing interest in composites reinforced with nfitweal often
referred to as green, biodegradable, ordiimposites. While extensive research has explored
the potential of short naturéibresin reinforced cementitious composites, limited attention
has been dedicated to natural TRM, particularly regarding its tensile or fleetaliournin
strengthening RC structures. In current TRM development, only a few studies have
investigated the performance of natural TRM (Ferrara, Pepe, Martinelli & Tolédo Filho, 2021;
Fidelis et al., 2016; Sadrolodabaee, Claramunt, Ardanuy & de la Fuente , T20&igutsou,

Di Benedetti, Pilakoutas & Guadagnini, 2021). Notably, these studies have revealed highly
ductile tensildbehavioumwith distinctive characteristics.

Maria Ernestina Alves Fidelis et al. (2016) conducted an extensive study to understand
the degradation mechanisms of concrete reinforced with natural jute textiles. The research
emphasized the impact of polymesated versus uncoated jute fabrics, dematisg that
coated fabrics exhibited a stronger bond. The study found that polymer coatings significantly
enhance the bond between fibee and matrix, thereby reduciffigpre degradationin another
study, Giuseppe Ferrara et al. (2021) conducted experimental research on TRMs
incorporating flax textiles within a limbased matrix. The study revealed significant insights,
with impregnation treatment of dry textiles emerging as a key fabespite a marginal
reduction in tensile strength, impregnated textiles enhanced the mechanical response under
tensile loads, leading to improved performance.

Payam Sadrolodabaee et al. (2021) evaluated the mechanical and durability
characteristics of short randomly oriented textile waSbres (TWF) as potential
reinforcements for cement composites. Concentrating osstnoatural building components
such as aesthetic facade panels and cladding, the research highlighted that TWF composites
displayed postrackingbehaviouand enhanced energy absorption, making them suitable for
these applications. On average, the compressive strength and flexural stiffness of TWF
composites surpassed those of reference samples by 12%.

Niki Trochoutsowet al. (2021) conducted a study investigating the tensile performance of
flax- and juteTRM in strengthening masonry structures. Their findings indicated that both
flax and jutefibreswere viable for structural applications, with flax demonstrating superior
strength and elongation capacity. FIBRM exhibited enhanced strength and ductility
attributed to the effective interaction between the dense flax textile and lime mortar, enabling
multiple cracks and uniform stress distribution. In contrast- TR displayed suboptimal
fibre-matrix interaction, resulting in unsatisfactory compo&thaviour even at higher
reinforcement ratios. Notably, the research also highlighted that thicker mortar overlays did
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not consistently improve mechanical performance and could prove detrimental, particularly
with low mechanical reinforcement ratios.

Nevertheless, it's crucial to recognize that natiilbeds such as flax and hemp, may not
consistently deliver the same high tensile strength as syrfibegislike glass or carbon. This
discrepancy could potentially impact the overall performance of TRaticularly in
applications demanding exceptionally high strength. When it comes to strengthening
structures with TRM, various types of textile materials are commonly utilized, including steel
and synthetidibres such as glass and carbon (Raji, Mostofinejad & Eftekhar, 2022). The
tensile and flexuralbehaviourof TRM, including aspects such as multiple cracking,
toughness, and strength, depends on several factors. These factors include the properties of
the reinforcing textiles, the characteristics of the cement matrix, the interface bond, and the
anchorage ofhe textiles used in TRNGopinath, Prakash, & Ahmed, 2020).

While numerous studies have investigated syntHiite TRMs (e.g., glass, carbon),
naturalfibre-based TRMs remain underexplored for structural elements like RC slabs. Prior
research has primarily focused on flax (Ferrara et al., 2021), jute (Fidelis et al., 2016) and
textile waste Gadrolodabaee et al., 2021), often at small scale or instnoctural
components. Foundational works (Papanicolaou, Triantafillou, Karlos & Papathanasiou,
2007; Triantafillou, 2001) established TRM principles, yet few studies have applied these to
bamboo textiles in fullscale flexural retrofitting. This study extends the scope by
incorporating bambdb a locally abundant, loweost fibred into a structural retrofitting
system, with a focus on textile mesh geometry and its role in ductility, crack control, and
flexural strength. The mesh size of TRM plays a pivotal role in influencing its flexural
behavior. This term refers to the spacimg arrangement of the textile reinforcement within
the mortar matrix. The presence of perforations betweerfilihe rovings allows for a
mechanical interlock between the reinforcement and the matrix (Koutas Lampros, Tetta,
Bournas Dionysios & Triantafillou Thanasis, 2019). Research suggests thaestablished
interlocking combination between mortar and reinforceimgelds significant benefits in
retrofitting applications, enhancing energy absorption, displacement, and load capacity by
more than 100% (Coelho & Silva, 2023). Maintaining a uniform mesh size in reinforcement
textiles is crucial for achieving mecharli¢aterlock and ensuring even stress distribution
throughout the TRM. It's worth emphasizing that the optimal mesh size can vary based on
factors such as the specific application, the properties dftires utilized, and the desired
performance criteria. Therefore, careful consideration of these factors is paramount in
achieving the desired outcomes in TRM applications.

Thus, this study aims to investigate the flexdrahavioursof an RC slab strengthened
with BTRM. Bamboo, as a plafased naturdibre, presents itself as a leeost renewable
material abundant in many countries, including Malaysia. Despite previous research
demonstrating the suitability of short bambflbres as reinforcement in strengthening
cementitious composites, studies on bambboe/yarn for TRM composites, especially
focusing on the characteristics and flexurahaviourof concrete slabs in strengthened RC
structures, are still scarce. This research seeks to fill this gap by studying the suitability and
effectiveness of BTRM in flexural strengthening of RC slabs, with a specific focus on the
geometrical mesh size of baottextile. The study aims to evaluate the impact of different
mesh sizes of bamboo textile on the strength of RC slabs concernincplogithg capacity,
deflection characteristics, ductility, and cracking patterns under static loads. The findings of
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this study are essential for knowledge development, assessing feasibility, and providing
guidance for future researchers in this field.

EXPERIMENTAL PROGRAM
Test Specimens and Material Properties

A total of three RC ongvay slabs were prepared for testing purposes. All specimens had
a length of 1000mm, with a rectangular cresstion measuring 400mm x 60mm. The
concrete mixtures for the slabs were designed according to the Department of Environmen
method, with a constant wat-cement ratio of 0.47 to achieve a target strength of 30 MPa
at 28 days. The composition of the concrete mixture consisted of commercial Portland cement
(ASTM C150 Type 1) with a specific gravity of 3.15 (see Table 1xled granite as coarse
aggregate with a maximum particle size of 20 mm, and river sand as fine aggregate. Table 2
shows the grading size of aggregates used for this study. To ensure correct workability, a
polycarboxylic ethebased superplasticizer (SP) svadded during composite fabrication.
The mix proportions for the RC slab materials are detailed in Table 3, along with the
experimentally obtained strength properties of the concrete at 28 days. These results were
derived from three cubes, each measufig x 100 x 100 mm, in accordance with the BS
EN 123903 standard.

In order to enhance tensile strength within each RC slab sample, BRC DA8 wire mesh
reinforcement complying with BS4483 was employed. The general technical specifications
of the reinforcement used are shown in Table 4. Notably, the surface of the BRGg®sses
smooth contour to address potential bond slip issues between the BRC and the concrete
matrix. Figure 1 shows the details of RC slab designs. Among the three slabs, two were
strengthened, and one was leftsirengthened as the control specimen. Egeparameters
for this study aimed to investigate the effect of spacing mesh size of lateral bamboo textile
for strengthening the slab. In this study, two types of bamboo textile, with the same properties
but different weaving in mesh sizes for textilggr(10 x 10mm and 20 x 20mm), were used
as the strengthening material, as shown in Figure 2. The properties of the bambdmre/arn
used for textiles are listed in Table 5. A description of all slab specimens prepared for this
study is as follows:

1) MOT RC slab tested as built, without any strengthening layers.
2) M1071 RC slab strengthened with BTRM (mesh size 10x10mm).
3) M207i RC slab strengthened with BTRM (mesh size 20x20mm).

Table 1. Typical Chemical Compositions of OPC and Silica Fume
Composition (%)

Material - -
SiO, Al,O, Fe,O, CaO MgO K,0 SO, P,0O, TiO, Others
OPC 16.00 3.60 2.90 72.00 1.50 0.34 3.10 0.06 0.17 0.34
Silica Fume 90.00 1.20 2.00 1.00 0.60 0.80 0.50 0.05 0.09 4.80
Table 2. Sieve Analysis of Aggregates
Aggregate Passing (%) According to Sieve Size (mm)
Aggregate
0.15 0.3 0.6 1.18 2.36 5 10 14 20
Sand 5 17 44 63 91 100 100 100 100

Coarse aggregate 0 0 0 0 0 5 25 56 88
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Table 3. Mix Designs of RC Slab and Mortar
Types of Cement  Water Sand  Aggregate Silica Fume SP (1% from Mass f'c Std Dev

Mixture (kg/m3)  (kg/m3) (kg/m?) (kg/m3) (kg/m3) of Cement) (MPa)
RC Slab 340 160 515 1385 - 0.34¢g 32.4 1
BTRM 470 168 1380 - 47 0.47¢g 40.0 1.52

Table 4. Specifications of BRC Reinforcement

Main Wire Cross Wire Steel Area .
- - - - - Mass Per Unit
Diameter Pitch Diameter Pitch Main Cross Area (kg/m 2)
(mm) (mm) (mm) (mm) (mm?2/m) (mm?/m)
8 100 8 100 503 503 7.90

Table 5. The Properties of Bamboo Yarn Fiber

Properties Average Maximum  Average Tensile  Average Tensile  Average Tensile Eloﬁ\(‘l:;ear;ogr?at
Load (N) Strength (MPa) Modulus (MPa) Modulus (GPa) Break (%)
Bamboo Fibre 37.089 47.22 49862.51 49.86 33.76
b 1000mm y
3\
£
=
o
g

R
L BRC

(@

’— Concrete

“A—15mm

#— 50mm

BTRM

50mm —*—
i:
15mm —4~

@©
Figure 1. The Details of Slab Designs, Including: (a) The Plan View of The Slab,
(b) The Front View of The Slab, and (c) The Side View of The Slab

In the productionof BTRM for the strengthened slab, the texfilres were embedded
within a 15 mm thick mortar layer applied to the tensile face located below the concrete slab
surface. In this study, the mortar mixture used for BTRM consists of ordinary Portland
cement, fine river sand, and superplasticizer, with siratlmdard specifications as materials
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used for concrete. However, in this mortar mix, silica fume (10% by weight of cement) was
added as an additional mineral admixture to replace cement content and enhance the strength
of the mortar binder. Table 1 shows the typical chemical compositiolicaf fsime used for

this experiment. Meanwhile, Table 3 shows the mix composition of materials for the mortar
mixture. The average compressive strength of the mortar mix was 40 MPa, taken from three
mortar cubes tested at 28 days according to the BS EN0A238andard for use in this
experiment.

Saam

@)
Figure 2. Bamboo Textile Used in Strengthening of RC Slabs (a) 10 x 10mm (b) 20 x 20mm

Grooved Line

Concrete

Figure 3. Creation of A Grid of Small Grooves on Slab Surface

In preparing the tested specimens, the RC slabs were first prepared and cast using timber
formwork. Fresh concrete was then poured into the formwork and vibrated using a poker
vibrator to ensure proper compaction of the mix. Subsequently, the cast celaisteere
covered with a plastic sheetemouldedafter 7 days from casting, and then underwent the
strengthening layer process. The procedure for applying the strengthening layer to the slab
involved the following steps: (1) creating a grid of grooves on the bottom surface of the slab,
as illustrated irFigure 3, with grooves ranging froni 2 mm in width and depth. (2) For the
BTRM application, the concrete surface was dampened with water to ensure good bonding
conditions. (3) A 87 mmthick layer of mortar was then applied to all BTR#tengthened
slabsusing a smooth metal trowel. (4) After the first layer of mortar was applied to the
dampened surface, the textile was embedded into the mortar by hand pressure. (5) Another
layer of mortar was subsequently applied to completely cover the textile. At sheps,
the specimens were stored under laboratory conditions until the testing phase.

Test Setup and Instrumentation
The RC slabs were subjected to fquwint loading conditions to examine their flexural

behaviour as depicted in Figure 4. The test specimens were simply supported around their
perimeter on a rigid frame consisting of four holleection steel beams. A serligdraulic
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actuator mounted on a steel reaction frame applied the load monotonically, with vertical
displacements controlled at a rate of 1 mm/min. The applied load's magnitude was monitored
using a 300 kN capacity load cell and increased in 2 kN intervals. Contyrtha vertical
deflections of the slabs were recorded using a linear variable displacement transducer
(LVDT). Electrical strain gauges, with a gauge length of 60 mm, a gauge resistance of
112N0.3 VY, and a gauge f act sunfacemffthe 8lab4d & the w e
pure bending region (near mgpan) to measure compressive strain. All deflection and strain
data during loading were monitored via a data logger and an automatic data acquisition
system. Crack widths and patterns were obseaneldocumented at each load stage until
failure occurred.

Loading system |

Concrete slab

| mark Cloxgo)

% |

y : —
Strain y

=2 .

| gauge wire [

s s 2 ..i\.. 4 - . -

Figure 4. Test Setup of Th Flexural Test in Laboratory
Limitations

It is importantto note that only one specimen was prepared and tested for each slab
configuration (MO, M10, and M20). This decision was made due to constraints in cost, time,
and testing logistics, especially considering the lsgme nature of the slab specimens and
the complexity of instrumentation (e.g., strain gauges, data loggers). While this approach
allowed for a comprehensive investigation of ladlection characteristics, strestsain
behaviour, ductility, and crack patterns, the findings should be intedoas exploratory in
nature. Future studies should incorporate multiple replicates per configuration to enable
statistical averaging and improve the reliability and generalisability of the conclusions.
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RESULTS AND DISCUSSION
Load -Deflection Characteristics

The loaddeflectionbehaviourof the RC slab specimens is depicted in Figure 5, which
can be classified into three primary phases: In the initial phase, as illustrated in Figure 5, the
slabs exhibit an elastic response, where the relationship between load and deflection follows
a linear pattern until the point of cracking. This phase is primarily influenced by the concrete
matrix's stiffness. Notably, Slab MO displayed its first crack at a load of 1.0 kN, resulting in
a deflection of 0.13 mm. For Slab M10, a similar crack was obsatdd? kN with a
deflection of 0.04 mm. Meanwhile, Slab M20 experienced its initial crack at 1.4 kN, resulting
in a deflection of 0.1 mm. Consequently, the first crack load in Slabs M10 and M20 increased
by approximately 20% and 40% respectively, comptoesiab MO.

Transitioning to the second phase, there's a noticeable surge in load, accompanied by the
formation of additional cracks. During this phase, both the steel and textile reinforcement bear
the tensile load, eventually leading to the steel reinforcementingaith yield point. The
yield loads at this stage for Slabs M0, M10, and M20 were documented as 2.8 kN, 4.9 kN,
and 6.6 kN, respectively. Notably, the yield load of steel reinforcement in M10 and M20
increased by approximately 75% and 136%, respectiveimpared to MO, owing to the
contribution of textile reinforcement in lodmkaring. Moreover, corresponding yield
deflections of 0.45 mm, 0.33 mm, and 0.51 mm were observed for MO, M10, and M20,
respectively.

In the third phase, the textile reinforcement contributes additionaicaagling capacity
during the posyield stage. Cracks tend stabilisein this phase, possibly due to the textile
reinforcement's ability to bridge microcracks. Subsequently, there's a rapid drop in load,
indicating the failure of the textile reinforcement layer. Here, the stiffness of the textile
reinforcement increasesphenomenon known as deformation hardening in flexure. Ultimate
capacities for Slabs M0, M10, and M20 were observed as 4.1 kN, 5.8 kN, and 7.5 kN,
respectively, contributing to ultimate deflections of 0.72 mm, 0.58 mm, and 0.66 mm,
respectively. It's imposant to note that in the case of Slab MO, the third phase was not
observed due to the absence of a textile reinforcement layer, leading to the failure of the steel
reinforcement after initial cracking.

8 -
7 4
6 -
251
<
= 4 A —tr— N0
S 34 M10
2 1 M20
1
0 & T T T T )
0.2 0.4 0.6 0.8 1
Deflection (mm)

Figure 5. Load Deflection Curves of All Slabs



MCRJ Special Issu&/ol. 27 | No.1| 205 9

Stress -Strain Behaviour

The stresstrain behaviourof the concrete slab specimens, illustrated through stress
strain curves (refer to Figure 6), offers valuable insights into the mechanical response of the
material under various loading conditions. In the initial elastic phase, the&haascurves
for both the BTRMstrengthened slabs (M10 and M20) and the-stoengthened slab (MO)
display linear patterns up to the point of cracking. This lilbedaviouris supported by the
finding that the strain changes relative to the gauge position remained linear during the elastic
state. After cracking, the tension in the textile layer increases rapidly, contributing to the
observed changes in the strsi®in cures.

ek MO
= M10

—o— M20

Flexural Stress (MPa)
o [l N w » (6] (o))

0 100 200 300
microstrain ( O )
Figure 6. Stress Versus Strain Curves of All Slabs

The observation that slab M20 exhibits lower concrete strain compared to M10 at each
corresponding load underscores an intriguing aspect of the-stragsbehaviour This
difference in concrete strain between M20 and M10 can be attributed to the more effective
bridging mechanism provided by the textile layer in M20. In M10, stresses were transferred
directly from the steel reinforcement to the concrete, leadinggteehincrements in concrete
strain. The M10 curve concludes with a sharp increase in concrete strain, as shown in Figure
6, indicating the rupture of the steel reinforcement upon reaching its critical strain.

Furthermore, the stres$rain curves for both M20 and M10 exhibit a slower decrease
than the MO curve, emphasizing the sustained contribution of the textile reinforcement in the
postyield stage. This observation aligns with the idea that the textiledaygas a bridge for
microcracks, leading tstabilisedcracks and a gradual drop in load. The stedssEn curves,
thus, visually represent the intricate interplay between steel and textile reinforcement in the
BTRM-strengthened slabs, offering a comprehensive understanding of the material's response
to loadng conditions and highlighting the positive influence of textile reinforcement on the
structural performance of the concrete slab.

Ductility

Ductility, a pivotal attribute in structural engineering, denotes a material's inherent ability
to deform and elongate prior to reaching the point of failure. This characteristic assumes
paramount importance as it empowers structures to absorb energgfand dradually,
consequently mitigating the risk of sudden and brittle failure. In this investigation, the
determination of slab ductility was guided by the model established by Naaman and Jeong
(1995).
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To quantify the ductility index of structural slabs, Naaman and Jeong (1995) introduced
the following formula. This equation takes into consideration the correlation between inelastic

absorbed energy and elastic stored energy, providing a comprehengiiefoneductility
within the context of structural analysis.

Ductility Index, p=- 0%"; °p (1)
|

where @is the ductility index, &:is the total energy calculated as the area under the load
deflection curve up to the defined failure load andstthe elastic stored energy which is a
portion of the total energy. The elastic stored energy is computed as the area under the slope

of the elastidbehaviour(area beneath line S, up to the point of intersection with-Psee
Figure 7).

| L.

Load

/7] Elastic Energy (Ec)

7
51 %//

Deflection
Figure 7. Ductility Index According to Naaman and Jeong (1995)

- S= [P1S1+(P2-P1)S2) /P2

In the conducted investigation, the ductility of various slabs was evaluated, with the
ductility index computed based on the assumption that the failure load was 80% of the
ultimate attained load value, as presented in Table 6.

Table 6. Ductility Index of All Slabs

Slab Specimens S1 S2 S Etot Eel Ductility index
MO 7.7 4.3 5.4 3.18 1 2.10
M10 30 12 16.41 3.1 0.65 2.89
M20 14 8.57 9.6 5.83 0.93 3.65

The results indicate that the M20 slab, reinforced with bamboo textile, exhibited a notably
ductilebehavioumwhen compared to the other slabs. In contrast, the MO slab, lacking bamboo
textile reinforcement, displayed the lowest stiffness and toughness, resulting in reduced
energy absorption and a ductility index lower than that of the BTRM slabs. Specifically, t
MO slab achieved the lowest ductility index value of 2.10, representing a 38% and 74%
reduction compared to the M10 and M20 slabs, respectively. These findings underscore the
significant enhancement in ductility brought about by the inclusion of BTRMdéhofit
reinforcement. This reinforcement aids in distributing bending stresses and facilitating
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material deformation without abrupt and catastrophic failure, thereby enhancing the ductility
of the concrete structural slab.

Furthermore, within the context of BTRM, the study highlights the influential role of
geometrical mesh size in determining ductility. Specifically, it was observed that a high level
of ductility can be attained when incorporating BTRM with M20, as oppts&iL0. This
phenomenon may be attributed to the finer mesh size or highedensity of the textile,
which restricts cement paste penetration. Smaller mesh sizes create narrower spaces between
fibres making it more challenging for the cement paste to infiltrate. This penetration and
interlocking mechanism between the cementitious matrix and textile reinforcement are
essential for establishing a robust bond and enhancing the overall mechanicalgzrapert
BTRM, contributing to improved ductility when used for reinforced structural slabs.

Mode of Failure and Crack Pattern

(b)

v
()
Figure 9. Failure Modes of Slab (a) M0 (b) M10 (c) M20
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The initiation of tensile cracking on the soffit of the slab was determined through visual
inspection, while the yielding point of the longitudinal reinforcement was identified using
tensile strain readings from strain gauges attached to thepaid reinbrcement during
testing. All cracks were carefully examined and marked, and Figure 8 illustrates the typical
crack patterns observed in the specimens at the point of failure. A comparison between a
concrete slab reinforced with BTRM and a fgirengthenear control sample anticipates
distinct differences in crack patterns. In the 1stnrengthened slab, cracks are expected to be
more extensive, wider, and less controlled, especially in areas subjected to bending stresses.

Conversely, the BTRMtrengthened slab is expected to exhibit a more controlled and
confined crack pattern, particularly in the pure bending segment, where the reinforcement's
properties act as effective crack arrestors (Giese, Giese, Dutra & Da SilvaZbifl). This
expectation is supported by Figure 9, which visually confirms that failure mode and crack
patterns in the BTRMtrengthened slab are less extensive, more confined, and follow a more
predictable pattern. When subjected to loading condititves,BTRM-strengthened slab
undergoes a failure mode that is notably controlled and localized, in contrast to the potential
sudden and catastrophic failure observed instoengthened slabs. The crack patterns in the
BTRM-strengthened slab exhibit a coorgied response to applied loads, with initial cracks
manifesting within the pure bending segment and propagating bilaterally. This controlled
response is attributed to the concentration of flexural stress at the BTRM cracks, promoting
the development of tesile strength in the concrete slab. A crucial observation is the reduction
in the number and severity of cracks, particularly within the critical pure bending region, in
comparison to nostrengthened slabs. The textile bamboo fibres in BTRM act asiedfect
crack arrestors, limiting the extent and width of cracks and preventing their uncontrolled
propagation. This underscores the effectiveness of BTRM reinforcement in enhancing crack
resistance and structural performance, as evidenced by the reduced anchbeverity of
cracks in the critical pure bending region. Additionally, Table 7 provides details on crack
characteristics, revealing distinctive responses in crack spacing for the MO slab compared to
others and significantly smaller crack widths inbslaeinforced with BTRM. The study
concludes that textile fibres, particularly in M10 and M20 slabs, exert control over crack
widths, acting as effective crack arrestors and enhancing thenacktbehaviour of the slab.

This reinforcement contributes tmaintaining loaetarrying capacity and reducing the
likelihood of spalling and fragmentation during failure events, ultimately improving the safety
of the structure.

Table 7. Number of Cracks and Spacing Results
Spacing Between Cracks (mm)

Slab Specimens No of Cracks =
Min Max
MO 16 30 60
M10 31 10 20
M20 23 12 26
CONCLUSION

This study examined the flexural performance of reinforced concrete slabs retrofitted with
bamboo textilereinforced mortar (BTRM), focusing on the influence of different mesh sizes.
Key conclusions are as follows:
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I. Loaddeflection analysis revealed three behavioural phases. Slabs M10 and M20
showed enhanced first crack and yield loads compared to the control slab (M0), with
M20 achieving the highest ultimate load and deflection due to the contribution of
textile reirforcement.

il. Stressstrain behaviour demonstrated improved crack control and lower strain in
BTRM slabs, particularly M20, which displayed better crack bridging and sustained
postyield strength.

iii. Ductility increased significantly in slabs strengthened with BTRM. The M20 slab
exhibited a ductility index of 3.65, outperforming M10 (2.89) and MO (2.10). The
finer textile mesh in M20 improved bonding and deformation capacity.

iv. Crack pattern and failure mode observations confirmed that BTRM reinforcement
reduced crack width and spacing, resulting in more predictable and less brittle failure.
Textile fibres in M10 and M20 acted as crack arrestors, enhancingnag&ing
behaviourand structural safety.

In summary, the use of BTRMespecially with optimised mesh siaignificantly
improved the loadbearing capacity, ductility, and crack resistance of RC slabs. The findings
support the viability of BTRM as a sustainable, esfétctive retrofitting solutionfor
enhanced structural performance in flexural elements. This study offers important insights
into the flexural performance of RC slabs retrofitted with BTRM using bamboo textile, but
its exploratory nature is limited by the use of a single test speqi@enonfiguration. To
strengthen the validity and statistical significance of the results, future research should include
multiple specimens for each variable configuration and perform statistical analysis of the
outcomes. This would provide more robustparisons, reduce variability, and confirm the
trends observed in this preliminary investigation.
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Abstract

Building Information Modelling (BIM) has emerged as an advanced technology in the
construction sector, indicating to improve efficiency, cut expenses, and enhance project
outcomes. Many benefits could be gained by implementing BIM in construction projects, for
instance, visualisation of 3D models, enhancement in collaboration and communication, and
systematic and live updated information data, to name a few. Despite its ability and
advantages, the adoption of BIM within Small and Medium-sized Enterprises (SMEs) has been
rather slow. This review paper explores the barriers that hinder SMEs from adopting BIM in
their construction projects. Through an extensive literature review, the barriers could be
identified and categorised into organizational, technical, financial, and other related challenges.
Every category is analysed in order to understand its impact on BIM adoption. Based on the
results, several factors hinder the adoption of BIM in SMEs. This review emphasises the
importance of government interventions and initiatives as part of a strategy to overcome the
barriers SMEs face. This article seeks to aid academics and industry leaders in crafting a
constructive climate for BIM adoption in SMEs by providing a thorough analysis of the barriers
and obstacles to BIM adoption in SMEs.

Keywords: Building Information Modelling (BIM)barriers; BIM adoption challenges Small and
Mediumsized Enterprises (SME).

INTRODUCTION

Building Information Modelling (BIM) has been widely known in the architecture,
engineering and construction (AEC) sector as a transformative technology with the potential
to reduce costs, enhance collaboration, increase efficiency, and optimise deeciking
among construction players (Eastman et al., 2008; Abanda et al., 2017). Despite these
advantages, the adoption of BIM among Small and Mediined Enterprises (SMES)
remains limited (Saka & Chan, 2021). Globally, several countries have introduced BIM
mandates to standardise its use across the construction industry. In line with these global
initiatives, Malaysia has launched the Public Works Department (JKR) Strategic Plan 2021
2025, targeting 80% BIM implementation by 2025. However, the pace of &ldption,
particularly among SMEs in Malaysia, has not aligned with this national ambition. This
disconnect underscores the importance of identifying the unique challenges faced by SMEs
in embracing BIM.

This paper explores the possible factors that hinder SMEs from adopting BIM. By
examining past studies and recognising the barriers faced by SMEs, this review paper aims to
deliver insights that could help other researchers in formulating effective stsategrder
to encourage wider BIM adoption among SMEs, and this is due to the fact that most large
organizations are the ones implementing BIM which creates a digital divide. The term digital
divide has emerged within the construction industry seveeabkyago. The digital divide is
the meaning of separation between large firms and small firms even from the same industry,
in this case, the construction industry (Ayinla & Adamu, 2018; van Dijk, 2006).
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The significance of this research is centred on the difficulties that are faced by SMEs in
the construction industry, mainly in BIM adoption. It is known that SMEs play a huge role in
the economy, specifically in the construction sector, where SMEs adtetiti» innovation,
employability and social development (Ismail et al., 2021). However, SMEs face limited
resources, in terms of technical and financial. These often hinder their ability to try and adopt
new advanced technologies such as BIM. Therefoieciucial to understand the challenges
that prevent SMEs from adopting BIM so that SMESs too, could leverage the benefits of BIM.

This study has twofold: first, it reviews the current state of BIM adoption among SMEs
by looking at previously done research; second, it highlights specific barriers that hinder
SMEs from adopting BIM. By synthesising the findings from prior studiessaudses the
reasons why SMEs are not adopting BIM in their projects yet. Ultimately, this research aims
to shed light on what could be done in the future to help SMEs adopt BIM.

Overview of Building Information Modelling (BIM)

Building Information Modelling (BIM) is a digital presentation method and platform for
information integration and collaboration used widely in the architecture, engineering, and
construction (AEC) sector worldwide. BIM is considered a cutidge approdt to
conventional and traditional Comput&ided Design (CAD), whereas most 2D drawings use
CAD for technical drawings and representations (Biswas et al., 2023)

BIM allows stakeholders to share and access centralised data throughout the building life
cycle (Shilking 2023). Some of the benefits of BIM are that it aids in optimising project
management strategies, energy efficiency enhancement, and offers comprehensive design and
construction processes within the systems and structures of the buildings. In additlon, BI
plays a vital role in improving the efficiency of construction projects. By leveraging the usage
of BIM, operational expenses could be minimised, and it also facilitates degiaking
based on current data from digitalised models (Liu & Zhang, 2028)sifnificance of BIM
lies in its capability to assist cooperation among various professionals, improve
communication, and enhance the overall integration of building designs by merging
knowledge and technical processes (Mahran et al., 2022). Succay i{fioates BIM as a
group of processes, technologies and policies which allows multiple stakeholders to
collaborate in designing, constructing and operating. The BIM technology was first
introduced in Malaysia in the year 2007 (Enegbuma et al., 2014fi Lettial., 2013;
Mohammad et al., 2019).

Small Medium -Sized Enterprises

Small and mediursized enterprises (SMESs) play a crucial role in the worldwide
economy and contribute to employment, economic growth, and innovation (Gherghina et al.,
2020). Until this moment, there is no fixed definition of SMEs (Omar et al., 2009).\d¢owe
even though there is no specific definition, most SMEs have similar characteristics. In
construction, SMEs range from small family businesses to mesized businesses
responsible for projects such as commercial, residential and infrastructure preseis
(Anzagira et al., 2021). Besides that, SMEs could be defined by the size of their employees
and the amount of annual revenues (Sidek et al., 2020). Table 1 shows the definition of SMEs
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from different countries. The definition of SMEs in Malaysia is based on the total number of
full-time employees and annual sales turnover (Hashim & Abdullah, 2000).

Table 1. Definitions of SMEs

Country SMEs Size of Employees Annual Turnover
Australia 98% <200 -
Canada 98% <499 <5 million
France 98% <250 <50 million
Indonesia 98% <100

Italy 98% <250 -
Malaysia 98.5% <200 <50 million
The Netherlands 99% <250 <40 million
Nigeria 96% <200 <499 million
United Kingdom 98% <250

USA 98% <500

(Source: Saka & Chan, 2020)

Due to the smaller scale of SMEs, there are advantages and disadvantages. Positively,
SMEs are more flexible and agile, which allows them to adapt quickly to market changes or
project requirements (Giudice et al., 2021). While their small size obviouskg\vocertain
situations, there are also difficulties, particularly when it relates to resource acquisition.
Financial drawbacks are major challenges for SMEs due to the limitation of resources and
funding (Ullah, 2020). In contrast to larger organizagidhat have the privilege of solid
capital and credit, SMEs frequently face constraints which hinder their success and growth
(Liu et al., 2022). This financial shortcoming impacts the SMEs' ability to make investments
toward new technology advancementslagge their operations or commit to big projects
(Indrawati, 2020)

BIM Adoption Among SMEs

It is fair enough to say that SMEs are mostly involved in every part of the AEC industry,
including procurement, design,-gite production, offsite manufacturing and support services
(Rezgui & Zarli, 2006; Zou et al., 2022). However, there are severbi¢npes that SMEs
face when it relates to the adoption of technology, as they always lack financial stability and
resources compared to larger firms (Abanda et al., 2014; Gamage et al., 2020). This makes it
difficult for SMESs to be exposed to new technglagich as BIM. Due to these circumstances,
most SMEs may have a hard time coping with recent technological advancements. Apart from
that, they also may tend to lose opportunities to be more competitive and improve their
operations Before implementing BINMMES may be involved in a few gradual innovations
in order to improve their BIM capabilities (Poirier et al., 2015a). Moreover, significant
training and effectively cost investment is needed for the implementation and adoption of
BIM (Eadie et al., 2013d8Babatunde et al., 2021). Additionally, the application and adoption
of BIM are influenced by uncertainties and risks which relate to unclear roles, legal issues,
resistance to change and absence of awareness and personnel training (Sun et al., 2017;
Khoshektrat et al., 2022). For these reasons, it is apparent that SMEs must contemplate
important decisions before intending to adopt BIM.
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Recognising the reasons for the low adoption of BIM within SMEs in the AEC sector
needs a comprehensive understanding of the factors that are affecting the decisions towards
BIM adoption in AEC organizations (Hong et al., 2016; Abbasnejad et al., 202LimAer
of studies have investigated BIM adoption within large organizations ((Davies & Harty, 2013;
Nguyen et al., 2004)). However, only a few studies were found to investigate BIM adoption
among small firms (Makabate et al., 2022; Saka & Chan, 2021)siZbé@f an organization
affects its organizational structure (Parida et al., 2010), leading to significant variations in the
challenges of BIM implementation, the perceived benefits of BIM, and the level of motivation
related to the anaking s a eesult, dittebattentidneis paisl toothe
implementation and adoption of BIM in SMEs despite evidence that SMEs contribute the
most to economic growth (Surya et al., 2021; Gherghina et al., 2020). By adopting BIM in
projects, several advantagesuld be gained for SMEs. Based on their role as one of the
significant in market share, they could gain potential productivity and this could boost the
productivity as a whole (Succar & Kassem, 2015; Vidalakis et al., 2020).

METHODOLOGY

The data and sources were obtained from Scopus, WoS and Google Scholar databases,
including journal articles and established conference papers related to BIM adoption and
SMEs in the construction sector. The selection of sources was based on the relétamcy
research objective. The sources were assessed carefully, and the main focus is on: Identifying
the barriers hindering BIM adoption among SMESs in the construction industry. To maximize
the scope of the selection, a systematic approach to keywordsilisesl. Keywords such as
ABIM adoption, 0O ABI'M adoption and SMEs, 0
combinations of keywords were employed in the informasiearch process. This strategy
allows us to focus on the identification of literature dealingpwhie barriers to BIM adoption
in SMEs. The review followed a systematic screening process, where titles and abstracts were
first assessed for relevance. Selected articles were then reviewed in full. Data from the studies
were coded thematically based deitified barriers. These barriers were categorised under
financial, organizational, technical, legal, and environmental themes to facilitate synthesis.
Additionally, the scope of the chosen review papers is withify@ab time frame to ensure
that the information and presented data are relevant and current. By reviewing recent
literature, this study aims to shed light on the obstacles faced by SMEspimadBIM.

Technological Barriers

High Cost of Investment

Organizational Challenges

f . “L_.-""‘-
[ Barriersto |

| BIM Adoption |
\ I~

i

i Management Hesitance

/ A\ \\\'\_

¥

Lack of Expertise

Financial Constraints

Figure 1. Factors Hindering SMEs from BIM Adoption
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Table 2. Inclusion and Exclusion Criteria for Literature Selection

Criteria Type Inclusion Criteria Exclusion Criteria

Publication Type Peer-reviewed journal articles and Books, theses, editorials, news articles,
conference papers blog posts

Database Source Scopus, Web of Science (WoS), Google Non-academic databases, unpublished
Scholar sources

Relevance Studies focusing on BIM adoption among Studies not related to SMEs or BIM, or not
SMEs in the construction industry focused on the construction sector

Language English-language publications Non-English publications

Time Frame Published within the last 5 years (e.g., Studies published before 2019
20191 2024)

Focus Studies that identify barriers or challenges  Studies focused purely on BIM benefits,
to BIM adoption technology types, or unrelated frameworks

Access Full-text available Abstract-only papers or paywalled

inaccessible documents

DISCUSSION

BIM adoption among SMEs presents interrelated challenges. Based on seven main
articles that have been reviewed, each study unveils different aspects of difficulties that SMEs
face. Makabate et al. (2022) emphasised several main obstacles towards Blbhadbiese
comprise high investment costs, limited resources, reluctance to change within companies,
lack of expertise, cultural resistance and a shortage e¢autipactors with BIM experience.

The financial barriers are particularly acute due to thedighidgets of SMEs, and this may

be the reason why SMEs are hesitant to invest in new technologies without a clear strategy
for return on investment (Saah et al., 2023). Furthermore, the internal reluctance to change
within the company suggests that thare organizational challenges that need to be addressed
(Kindstrom et al., 2024). The financial constraints faced by SMEs are supported by Ismail et
al. (2019), who in their study, have confirmed that the cost of investments for technology
hardware, BIM sfiware, certifications, and licensing is a burden to SMEs. Besides that,
financial investments are necessary for training and employing new staff who have
technology experience. The emphasis on concerns related to cost indicates that there is a need
for government bodies to offer support in financial and incentives in order to overcome these
challenges.

Furthermore, Saka and Chan (2020) expanded the discussion by distinguishing process
and peopleelated barriers; for instance, lack of guidance and implementation strategies,
insufficient client demand towards BIM, shortage of experts, lack of awarenassyam
stakeholders and resistance to change are the main reasons for the hindrance of BIM adoption.
Their study emphasises the significance of strategic planning and the need for frameworks
and comprehensive guidelines for SMEs to ease the BIM adoptiorspréoeaddition, the
lack of client demand towards BIM also gives a clear vision that some market forces are not
really supportive of BIM adoption, and this may discourage SMEs from adopting new
technology.

A recent study by Sarvari et al. (2024) classifies four main areas of barriers for SMEs to
adopt BIM; namely technology, legal, management and financial. Technological barriers,
such as the complexity of BIM tools and software integration issues, arath@bstacles.

Legal barriers, such as regulatory compliance and contractual issues, may require clear
guidelines. On the other hand, the management and financial barriers show that strategic
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financial support from the government is required. A study by Hall et al. (2023) identifies
evidence of challenges by highlighting technological, resource and cultlatdd barriers

and governmental issues. Some of the main factors for reluctance kektbf compatibility

of the software used, the high initial cost of hardware due to the need fagrfdgbchnology
devices, the licensing process and the lack of client demand for BIM projects. The findings
suggest that the government should interwersupport and encourage the adoption of BIM

by SMEs. In addition, the implementation of policies and mandates on BIM usage could
encourage SMEs to adopt BIM.

Table 3. Key Findings of SMEs Barrier in BIM Adoption

Source Key Findings
Li et al. (2019) Critical barriers include a lack of legal environment, BIM perception and software
standards.
Ismail et al. (2019) The main challenge is related to cost issues, which include the cost of investment in

technology hardware and software, certification, and licencing requirements. In addition,
training and employing new staff with technology experience also requires high
investments.

Saka & Chan (2020) The most severe challenges are process/people-related barriers, a lack of
implementation strategies and guides, a lack of BIM demands from clients, a shortage
of experts, a lack of awareness of stakeholders, and resistance to change.

Murphy et al (2022) Company buy-in, lack of education and resources are reasons why SMEs resist BIM

Makabate et al. (2022) The primary challenge for SMEs in adopting BIM is the high cost of investment, as they
doubt, they will gain their return on investment (ROI). Other challenges include limited
resources, change reluctance in the company, lack of expertise, cultural resistance, and
a lack of subcontractors with BIM experience.

Hall et al. (2023) This paper reveals 4 main obstacles: technological, governmental, resource and
cultural.

Reveals that the barriers holding back BIM adoption are management's hesitance to

Sarvari et al. (2024) adopt BIM, reluctance to change by stakeholders and lack of technicality understanding
towards BIM. Identified four categories of barriers: technology, legal, management, and
financial.

Due to the identified barriers, a practical roadmap is suggested for SMEs as a guide to
adopt BIM. This roadmap consists of three stages; short term action that focuses on
awareness, BIM training from technology vendors and financial subsidies and iaesentiv
Mid-termstage could include having partnership with organizations that has opted BIM and
for long term action, it should aim at integrating BIM technology into SMEs projects and
aligning them with the national BIM standard. By following these stages, SMEs could m
forward and support the national goals for digital transformation in the construction industry.

LIMITATION

This study is based entirely on secondary data collected from existing literature, without
the inclusion of primary data such as interviews or surveys. As a result, the findings rely on
the interpretations and scope of previous studies, which may varyritext and
methodology.

CONCLUSION
This review focuses on identifying barriers that hinder SMEs from adopting BIM by

reviewing previous studies. An extensive review of selected papers indicates that several
multifaceted challenges restrict SMEs from engaging BIM in their organization. fQhe o
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most frequent barriers is financiadlated factors, such as high implementation and upfront
cost, which indicate new hardware and software installation, licensing, and certification. In
addition to costelated hurdles, organizational challenges suclmglslied personnel, change
resistance, and limited management commitment also affect the integration of BIM in SME
workflows. Low awareness of BIM benefits also contributes to the slow pace of adoption.
Technological issues like software compatibility aimel perceived complexity of BIM add to

the reluctance, especially among firms that lack technical support. The lack of support by the
government is one reason for the slow adoption of BIM among SMEs. To conclude,
overcoming these challenges requires amagw and a comprehensive strategic approach.
Support towards financial investments, strategic planning, extensive training and programmes
are essential. By addressing these issues and challenges holistically, SMEs may have the
opportunity to leverage the aahtages of BIM usage and, at the same time, enhance their
efficiency, productivity and competitiveness in the construction industry.
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Abstract

Problem-solving skills are crucial for the professional development of individuals, particularly

within Competency-Based Education (CBE) for construction professionals. The application of

CBE in construction quantification has emerged as an effective instructional approach to

improve learning outcomes. In Quantity Surveying (QS) CBE training, it is essential to identify

effective methods that enhance students' problem-solving abilities in construction

quantification to meet industry expectations. This study adopts a qualitative methodology to

explore studentsd perspectives on the issues, c h.
implementing CBE in construction quantification. A total of 83 participants were selected from

accredited QS diploma programmes at Malaysian public higher education institutions, as listed

by the Board of Quantity Surveyors Malaysia (BQSM). The findings reveal key challenges such

as difficulties in interpreting drawings, limited understanding of construction elements, weak

visualisation skills, and the underutilisation of construction technology knowledge. Additionally,

students emphasised the importance of practical and interactive teaching methods. These

insights are vital for improving the implementation of CBE in QS education within Malaysian

higher |l earning institutions. The results undersco
learning experiences to address competency gaps and support the advancement of QS CBE

programmes. The outcomes offer valuable guidance for educators, policymakers, and

stakeholders in shaping the future of CBE in construction quantification.

Keywords: CompetencyBased Education (CBELonstruction QuantificationCognitive Challenges
Instructional ChallengesAdaptive Instructional Methods

INTRODUCTION

Quantity Surveying (QS) is a professional discipline that demands precision and
accuracy, particularly in cost estimation (Ali, Mustaffa, Keat & Enegbuma, 2016; Fortune &
Skitmore, 1994). Malaysian public higher education institutions offer diploma amdedeg
programmes in QS, producing both suiofessional and professional graduates who are
expected to manage and control the financial aspects of construction projects (Perera,
Babatunde, Pearson & Ekundayo, 2017; Yogeshwaran, Perera & Ariyachandra, 2018).
Although a significant number of students graduate from QS programmes each year, concerns
remain about their competency and readiness to meet industry expectations (Ainsworth, 2006;
Chong, Lee & Lim, 2012; Malik & Venkatraman, 20Pg&rera et al., 201 Zakaria, Munaaim
& Khan, 2006). The Construction 4.0 Strategic Plan 22025 identifies that the Malaysian
construction workforce continues to be dominated byd&illed occupations and stresses the
importance of developing technically capable graduatdo are wellprepared for
professional roles (Construction Industry Development Board Malaysia, 2020). While
practical skills can be gradually developed through industrial training asdebexperience
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(Mu, 2010), employers increasingly seek graduates who areneady and able to perform
competently upon entering employment (Perera, Pearson & Dodds, 2010; Zoysa, Nadeetharu
& Kulatunga, 2024). Consequently, Malaysian public higher education institutlagsa

critical role in producing graduates who are competent, adaptable, and prepared to address
the multifaceted challenges of the construction sector. Efforts to improve student outcomes
and align academic training with professional demands haveiiigdrn&conomic Planning

Unit, 2021; Ministry of Education Malaysia, 2024).

The development of CompetenBased Education (CBE) framework and instructional
benchmarking tools, designed collaboratively with industry stakeholders, offers a strategic
means of addressing these gaps in graduate preparedness (Liu, Chen & Zhangt2025). A
same ti me, it i s essenti al t o consi der st
particularly in courses that demand advanced technical and cognitive skills such as
construction quantification. Instructional design models highlight the impoetof aligning
teaching strategies with studentsd abilit.i
(Baturay, 2008; Hamzah, Abdullah & Ma, 2024). This highlights the need to evaluate whether
traditional methods are adequate for fostering the probtdwing competencies required in
technical disciplines.

I n response to these concerns, this stud
implementation of CBE in the construction quantification course. Specifically, it investigates
the challenges students encounter in acquiring quantification skillstifide effective
instructional strategies that support probigofving, and examines the extent to which their
learning experiences align with industigfined competency standards.

LITERATURE REVIEW

The risk of academic underperformance and limited technical proficiency remains a
significant concern in technical education. Practical instructional support is essential to foster
academic success, particularly in skillensive environments like consttion education
(Gao & Mohamad, 2024; Liu et al., 2025). However, diverse learning styles often conflict
with traditional, onesizefits-all pedagogies, making it difficult to ensure effective knowledge
transfer (Chasokela, 2025; Hamzah et al., 2024)héncbntext of ongoing skills gaps and
workforce shortages (Construction Industry Development Board Malaysia, 2020), there is a
clear need for instructional reforms that align academic outcomes with industry standards.
This study responds to these challengeby i nvestigating QS stu
problemsolving in construction quantification within a CBE framework.

Challenges in Developing Construction Quantification Competencies

Construction quantification remains a cornerstone of QS education and practice (Abdul
Aziz, 2003; Rashid, 2002). Achieving proficiency in this area is essential for ensuring that
graduates possess the technical and managerial competencies required Hojedstop
(Nkado, 2000a; Nkado, 2000b; Noor, Tobi & Salim, 2020). Despite the established
recognition of its importance, a substantial number of graduates continue to fall short of the
skill levels demanded by employers (Chong et al., 2012). A major lootdrito the skills gap
in construction quantification is students
visualising construction elements. Studies highlight -tivoensional (2D) and three
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dimensional (3D) visualisation as persistent challenges in this area (Hodgson, Sher & Mak,
2008; Osman, Mazlina, Khuzzan & Razaksapian, 2015). These skills are essential for
understanding complex drawings and the interaction of building components. Aligthed
these challenges, a strong foundation in construction technology further supports visualisation
and quantification accuracy (Yogeshwaran et al., 2018; Perera et al., 2010; Royal Institution
of Chartered Surveyors, 2022). Despite its recognised atistnal value, the integration of
construction technology into quantification courses remains inconsistent and insufficiently
developed. The lack of instructional coherence makes it difficult for students to connect
theoretical knowledge with practical digation, leading to persistent cognitive challenges in
solving quantification tasks. More importantly, construction technology and quantification
are often taught as separate subjects, which limits opportunities for integrated and context
based learninglhis fragmented approach creates a significant barrier to preparing students
for the demands of modern professional practice. Studies have shown that incorporating
construction technology into quantification instruction, especially through interactive tool
and digital simul ati ons, c ansolginghlilites(Aliet al | y
al., 2016; Chasokela, 2025). This study therefore investigates how such integration can
improve competency development and better align learning outcomespneigssional
standards.

Aligning CBE with Technical Demands in QS

Unlike traditional knowledgéased training, QS programmes are structured within a
technical CBE framework that prioritises measurable learning outcomes and skill mastery
(Ekundayo, 2020; Foster & Jones, 2020). This approach aims to produce graduafesdequip
with the technical skills and problesolving abilities required by the construction industry
(Chandramohan, Perera & Dewagoda, 2020). However, despite this intended emphasis on
practical competency, recent research indicates persistent implemeiniatioristencies.

These shortcomings have contributed to a disconnect between students' academic
achievements and their readiness for industry demands (Liu et al., 2025; Victar, Perera,
Palihakkara & Dewagoda, 2024). Employers continue to express conagasiing
graduatesd technical estimation capabiliti
project development. Several studies have highlighted industry dissatisfaction, particularly
with the proficiency of some CBE graduates in core areasasuctnstruction quantification

(Guo, Gonzalez, Puolitaival, Enegbuma & Zou, 2023; Oladotun & Edosa, 2016; Perera et al.,
2017). These ongoing misalignments between educational outcomes and professional
expectations indicate the need for more responsivegrated, and adaptive competency
based learning models. Although recent advancements in competency assessment and digital
learning technologies offer potential solutions to these challenges (Hamzah et al., 2024; Jamil,
Idris, Zalli, Rakami & Putra, 2024.iu et al., 2025), their adoption within QS education
remains limited.

Adaptive Instructional Strategies within The CBE Framework

Learning theories and instructional models significantly influence knowledge acquisition,
processing, and retention, yet their practical application in technical education remains
inconsistent (Simandan, 2013; Wasserman, Wasserman, Wasserman & Wassgt@lan, 2
Teaching theory provides an important framework to support the relationship between
instructional practices and learning outcomes (Chaudhary, 2013). However, the increasing
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diversity of student characteristics and learning abilities presents substantial challenges for
traditional teaching methods (Hamzah et al., 2024). The failure to accommodate varied
learning styles often leads to educational experiences that do notteamslandustryready
competencies (Ainsworth, 2006; Malik & Venkatraman, 2017; Zakaria et al., 2006;
Ziemkiewicz et al., 2012). Misalignments between academic training and industry
expectations suggest the need for an instructional shift towards metataddand interactive
learning environments (Liu et al., 2025). Digital platforms, interactive simulations, and
adaptive learning technologies have been shown to significantly enhance student engagement
and conceptual understanding in technical educatittings (Chasokela, 2025; Hamzah et

al., 2024; Naji, Gunduz, Alhenzab, -Mababi & AlQahtani, 2024). Yet, their integration
within construction quantification education remains limited. By prioritising adaptive
learning systems, educators could moreatiffely accommodate diverse learning needs and
promote deeper technical skill acquisition (Jamil et al., 2024).

This paper aims to investigate how adaptive instructional strategies, when aligned with
CBE framework, can better prepare students for industry expectations, thereby addressing
existing shortcomings in QS education.

Instructional Strategies for Spatial Visualisation in QS Education

Considering the cognitive difficulties students encounter in interpreting technical
drawings and visualising construction elements, spatial visualisation is consistently regarded
as a fundamental competency in construction quantification education. \Effectiblern
solving in this area requires students to mentally manipulate spatial relationships and extract
meaningful information from technical drawings (Fortune & Skitmore, 1994; Fung, 2015;
Kymmel, 2008). However, the development of spatial visualisas&ills is often
underemphasised in traditional instruction. Olkun (2003) argues that targeted instructional
strategies are essential for fostering 3D thinking. Emerging evidence suggests that the use of
virtual reality, interactive visualisation and silation tools can significantly enhance
students' spatial reasoning and technical comprehension (Chasokela, 2025). Therefore,
investigates how spatial visualisation competencies impact students' learning experiences and
performance in construction quantdi@n. Insights from QS diploma students provide a
deeper understanding of the challenges they encounter and highlight the potential of adaptive
instructional strategies to foster their professional development.

METHODOLOGY

This study employed a qualitative approach using stractured interviews to explore
the challenges faced by students in developing construction quantification psaiileng
skills and to identify instructional strategies aligned with the principl€Bd&. A total of 83
diploma students enrolled in sypbofessional QS programmes at public higher education
institutions in Malaysia were selected through purposive sampling. All participants met the
minimum academic entry requirements established by thsi#@itions, ensuring a consistent
academic background. Selection was-tdfaceed ot
interviews, where responses were captured both verbally and in writing, with guided support
when necessary (Taylor & Bogdan, #98The purposive inclusion criteria ensured the
selection of participants who were most r e
Although the sample size was limited, the purposeful selection enhanced the relevance of the
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data, and the qualitative approach enabled the collection-dégth insights into the
instructional and professional challenges faced by students (Creswell, 2014).

To ensure alignment with the studyods ai m:
comprehensive review of literature concerning construction quantification competencies,
challenges in technical education and instructional approaches within completsady
frameworks. The questions aimed to capture
drawings, performing quantification tasks, and identifying instructional needs. Participants
were also encouraged to propose teaching strategies and refledmpetencies they
considered essential for their professional development. The interview protocol was reviewed
by a panel of academic experts to ensure clarity and relevance. Interviews were conducted in
either Malay or English, depending on the participatit pr ef er enc e, to en
accurate expression of their views. Allowing the use of the preferred language enhanced the
depth and authenticity of the responses, facilitating a more comprehensive understanding of
the student sé (Sikwaman, ROO7g SceerspleSchensul & LeGompte, 1999).

Data were analysed using inductive content analysis to uncover meaningful insights
aligned with the studyds objectives. I nt er
familiarity with the data, from which codes were developed based on recurringpafieese
codes were then organised into categories and refined into core themes-tasireeg(Mohd
Tobi, 2017). For instance, difficulties in interpreting drawings and the lack of visual support
were categorised under spatial visualisation challengas. analysis formed the basis for
identifying instructional gaps and strategies to enhance technical competency in construction
quantification. Credibility was strengthened through the development of a litebaised
interview protocol, purposeful partpant selection, and rigorous data analysis. While the
focus on Malaysian public higher education institutions may limit the transferability of the
findings, the study offers valuable insights into the instructional and cognitive challenges in
technical eucation. The methodological approach was guided by established qualitative
research principles outlined by Creswell (2014) and Patton (2015)

RESULTS AND DISCUSSION

The analysis identified three core themes that are significant to enhancing construction
education within a CBE framework. Table 1 presents a summary of these themes, which form
the foundation for the subsequent discussion.

Table 1. Summary of Core Themes and Sub-Themes from Thematic Analysis
Core Theme Sub-Theme Sample Code / Interpretation

Learning Difficulties Cognitive Challenges Internal learning difficulties such as poor spatial visualisation,
difficulty in interpreting technical drawings, and limited
mental translation from 2D to 3D.

Learning Process  Instructional Challenges: Teaching-related problems like limited visual support, weak
Shortcomings integration of content into the instruction, and the continued
use of outdated or non-contextual materials.
Learning Strategies Instructional Methods: Adaptive approaches (solutions) including 3D visual tools,
Intervention, Integration & simulation-based learning, real-life project, technology-
Innovation enhance instruction and student-centred approaches.

(Source: Developed for this study)
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As outlined in Table 1, the themes of learning difficulties, learning process, and learning
strategies offer a structured basis for [
themes are further detailed through shémes that capture cognitive Hbages,
instructional shortcomings, and instructional methods. The findings underscore the
i mportance of spatial visualisation and tec
with construction quantification

Learning Difficulties in Construction Quantification: Cognitive Challenges

The findings reveal that many students experience difficufty construction
guantification due to poor visuapatial ability and limited capacity to interpret 2D technical
drawings. These cognitive challenges hinder their understanding of construction components
and compromise their accuracy in quantifying eletsetlespite familiarity with procedures
or formulas. The qualitative data consistently highlighted these concerns, indicating strong
thematic saturation and reinforcing the credibility and relevance of cognitive challenges as a
dominant internal learnings$ue.

Students frequently reported difficulty forming mental images from drawings, which
affected their confidence and performance. For instance, R5 found it difficult to visualise side
and ground beams, while R12 mentioned challenges interpreting drawingsldwespatial
ability. R3 noted that complex roof elements were hard to measure, and R14 struggled with
quantifying reinforcement for staircases and WBLFF frames. R1 stressed that construction
quantification demands high levels of imagination, posingqaati difficulty for those with
limited visual reasoning abilities. These experiences align with established literature, which
recognises spatial visualisation as essential in technical disciplines (Elliot & Smith, 1983; Hsi,
Linn & Bell, 1997; Miller & Bertoline, 1991; Sorby & Baartmans, 2000). Furthermore, R10
reported confusion when visualising be&mrcolumn connections, while R26 had difficulty
distinguishing between beams and lintels in 2D views. R45 noted that interpreting roof truss
structures waseaarly impossible without visual aids. These findings correspond with previous
research identifying visual reasoning as key to understanding spatial relationships (Hodgson
et al., 2008 andlinking visualisation to improved accuracy in problsoiving (McDonnell,

2010). These concerns further emphasise the importance of structured interventions aimed at
developing spatial skills in technical education (Sorby & Baartmans, 2000).

Students also expressed challenges navigating complex technical drawings. R9 found it
difficult to visualise different sides of a structure, and R21 explained that interpreting
sectional views was timeonsuming due to limited prior experience. R68 stredghith
understandinginlabelledpartitions, while R30 had difficulty imagining curved components.
R24 and R38 highlighted how low confidence in interpreting drawings led to frequent errors
and missed elements. R53 added that limited imagination impeaistanding of how
structural components fit together. These difficulties reflect not only individual limitations
but also instructional weaknesses in teaching design, where traditional approaches often
emphasise procedural knowledge over visual reasohimg.was confirmed by R6 and R34,
who struggled to mentally reconstruct reairld structures from flat drawings, and by R15,
who encountered difficulty quantifying muldirectional staircases.
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These findings highlight the need for instructional reform and policy enhancement to
address visuadpatial challenges. Visual reasoning should be systematically integrated into
instructional design, with adaptive strategies such as dravasgd tasks, gital modelling,
and progressive visualisation proven to improve spatial abilities (Chasokela, 2025; Guo et al.,
2023; Hamzah et al., 2028&orby (2009) emphasis#étk value of incremental visual training,
while recent studies support the use of compegtdased assessments and adaptive digital
tools in technical education (Jamil et al., 2024, Liu et al., 2025). Policy frameworks should
prioritise visual learning outcomes and performabased assessments to better align
education with industry needs. Irstment in digital tools and collaboration with industry
stakeholders can help ensure graduates arepnegdared for realvorld quantification tasks.

In summary, enhancing visualisation training through structured, responsive instructional
practices is ctical for improving student performance and professional competency in QS.

Learning Processes within CBE Framework: Instructional Shortcomings

Within the CBE framework, structured instructional practices are designed to promote
performancebased learning through contextual, active, and stuckmited approaches.
However, the findings reveal that lectdyased delivery remains dominant in constian
quantification education. Students commonly described the learning environment as passive
and overly theoretical, with limited emphasis on haodsengagement or rewalorld
application. This contradicts the core aims of CBE, which emphasise skdlopgevent
through experiential learning and measurable outcomes (Guo et al.,, 2023). A recurring
concern among students was the lack of instructional clarity and support in developing
drawing comprehension and spatial visualisation.

R58 noted that lectures often failed to clearly explain structural elements, while R19
reported difficulty visualising construction details despite attending construction technology
classes. R23 and R28 further emphasised the limited focus on spatiéis&izrg which
affected their accuracy in quantity ta&f tasks. These challenges reflect the cognitive
demands involved in quantification and support earlier findings (Sorby & Baartmans, 2000;
Hsi et al.,, 1997), who highlighted the importance of spatisualisation for mentally
transforming 2D drawings into accurate 3D understanding. Although construction technology
is included in the syllabus, its integration with construction quantification instruction appears
insufficient. R43 and R50 stated thaetsubject offered minimal support in developing
guantification skills. R61 noted that certain lecturers presumed students possessed prior
knowledge of technical drawings, which placed those without such background at a
disadvantage. R13 and R62 criticitbd rapid speed of lessons and the reliance on formulas
without adequate visual explanation. R49 and R51 added that instructional materials lacked
clarity, making it difficult to interpret construction details. These findings are consistent with
previousresearch that emphasises the need for scaffolded visual reasoning to develop spatial
and conceptual understanding (Hamzah et al., 2024; Chasokela, 2025). Students also
expressed concerns over the lack of contextualised practice exercises aligned witnldeal
quantification tasks. R46 and R66 highlighted inconsistencies in drawing types and the
absence of industrselevant practice. R41 and R66 noted that the continued reliance on
textbookbased 2D drawings, rather than actual project documentation, ecbdihe
instructional value of lessons. R27 further observed that limited exposure to applied learning
activities reduced engagement and hindered skill development.
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These views are supported by studies that advocate embedding imdlestant
resources and visual reasoning into instructional design (Hamzah et al., 2024; Jamil et al.,
2024; Liu et al., 2025). To address these instructional shortcomings, educatdisasiog
competencybased methods that incorporate digital visual tools andwesddl project
documentation. Continuous professional development is also necessary to enhance
instructorsodé ability to implementmaeffortsh t oc¢
should prioritise performandeased assessments, digital readiness, and alignment with
industry standards to ensure students acquire the technical competencies required for
professional practice.

In summary, the findings highlight persistent instructional weaknesses in construction
quantification education under the CBE framework. These include insufficient visual support,
weak integration of construction technology, and reliance on outdated -@ont@xtualised
materials. Incorporating visual reasoning and contextual learning into instructional strategies,
along with structured spatial training and conceptual development, is essential to strengthen
technical competence and better prepare studentsrofessional application (Chasokela,
2025; Guo et al., 2023).

Adaptive Instructional Methods for Construction Quantification Challenges

Traditional teaching and training methods often fail to bridge the gap between academic
instruction and industry practice, resulting in graduates who are theoretically proficient but
underprepared for reatorld application. As previously discussed, studeeported a lack
of clarity, limited visual support, and minimal practical engagement in their learning process,
particularly in understanding construction drawings and applying quantification techniques.
Whil e cognitive c¢hal blamdgsanding, thentedcldind strategiesl e n t
explored under the learning process theme revealed that these difficulties were further
deepened by shortcomings in instructional delivery. This highlights the need for targeted
strategies that not only addressgguoitive limitations but also foster the development of
practical skills aligned with realorld demands. In response to these limitations, students
shared insights into instructional practices that could support predmérimg development
in constructionquantification. The key theme that emerged is the importance of purposeful
instructional design that addresses both cognitive and practical learning needs. This theme is
examined through three interconnected-thémes, namely instructional interventions f
digital and active learning, integration of digital and traditional learning methods, and
innovation in instructional approaches. Together, thesettmrbhes reflect a progressive
instructional cycle that begins with structured support, moves towagtateel learning, and
evolves into innovative teaching practices

Digital and Active Learning Methods: Instructional Interventions

One of the key instructional interventions identified by students was targeted support from
educators, which addressed persistent learning challenges and enhanced engagement through
the use of visual tools. Students articulated clear expectations regartirgy educat or o
emphasising the importance of facilitating comprehension rather than delivering content
passively. They expected lecturers to incorporate digital technologies such as 3D visualisation
tools into the teaching process and to demonstingie relevance to both academic content
and professional practice. This emphasis reflects a broader instructional shift toward student
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centred learning, where educators guide and adapt instruction based on individual learner
needs (Zheng, Leow, Veerappan, & Koh, 2020)

Students consistently called for structured guidance using annotated drawings and
simplified visual sequences. For example, R35 highlighted the value of-barndstruction
with digital drawings, while R55 and R57 emphasised the need for clear anncdatidogef
quizzes to support drawing interpretation. These responses suggest that digital visualisation
is viewed as an essential instructional tool, particularly for cognitively demanding tasks such
as interpreting drawings and performing quantity tafeR50 noted that digital applications
could enhance understanding of construction forms, while R3 stated that early exposure to 3D
tools would improve technical accuracy. Similarly, R53 recommended introducing 3D
content early in the course structureemforce conceptual foundations. Many students also
stressed the importance of a structured instructional sequence that begins with 2D drawings
and progresses to 3D tasks. R12 explained that moving from sketches to 3D renderings
improved spatial awarenesnd R20 supported sequencing drawing exercises according to
studentsd cognitive devel opment . These ins
particularly when students actively apply theoretical knowledge to practical tasks. R43
expressed th@eed for clearer demonstrations and digistep explanations in drawing
interpretation. Similarly, R6, R8, and R17 reported that digital sketches significantly
enhanced their understanding and ability to apply design concepts in quantification tasks.
These practices reinforce the value of guided visual instruction in developing cognitive
engagement and problesolving skills. This aligns with Sorby and Baartmans (2000), who
emphasised structured spatial training as essential in visually intensive tepfodcammes.
In this regard, remedial sessions that include progressive visual explanations, as suggested by
R12, can be particularly effective for students with weaker spatial or technical backgrounds.
By incorporating responsive visual and digital instion, educators can address fundamental
gaps that often hinder learning in construction quantification.

Experiential learning further emerged as a critical instructional intervention, particularly
through exposure to realorld environments. Students described site visits and project case
studies as instrumental in linking classroom learning with indusagtipe. R6 and R34 cited
the role of site visits in providing context, while R76 observed thafifegdroject examples
improved the relevance of theoretical content. These activities fostered greater engagement
and supported the development of critittahking, practical problersolving, and industry
readiness. Such findings align with earlier research that supports integratirvgorieial
learning contexts and digital competencies to meet professional expectations in the built
environment sector (Nkad@000a; Nkado, 2000b; Perera et al., 2010). This approach is
consi stent wi t h Kol bds Experiential Lear
experimentation, where students apply theoretical concepts in real contexts and reflect on the
outcomes (Kolb, 1984 When combined with structured digital instruction and guided
facilitation, experiential learning plays a vital role in addressing both instructional and
cognitive challenges in technical education.

These findings emphasise the need for educators to adopt responsive anetstutdeht
approaches that prioritise clear guidance, timely feedback, and adaptive support mechanisms.
Incorporating experiential and active learning practices, such as-bimeal remediation and
sitebased applications, can significantly enhance student competencies in construction
quantification. For policymakers, the study highlights the importance of institutional
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strategies that support instructional training, encourage blended learning environments, and
promote continuous improvement of teaching methods aligned with technical competency
development. These measures are essential for ensuring that educationahtiotesvare

both effective and sustainable in addressing persistent learning challenges in QS and other
technical disciplines

Digital and Traditional Learning Methods: Instructional Integration

The integration of digital and traditional learning methods enhances instructional
practices in construction quantification. This blended approach, which combines manual
drawing exercises with digital tools such as AutoCAD, SketchUp, and Revit, provides
students with a cohesive and supportive learning environment. Through this integration,
students are better able to translate theoretical knowledge into practical application and
develop essential technical competencies.

Student responses further highlighted the instructional value of combining traditional and
digital methods to improve comprehension, particularly in technically demanding content. R9
and R18 noted that construction elements became more understandable3When
representations were used alongside manual drawings, aiding their ability to interpret complex
structures. Rather than viewing digital tools as replacements for manual techniques, students
saw them as complementary aids that enhanced the learningspiiduegpreference for dual
modality instruction aligns with the perspectives of Slavin (2003) and Parsons et al. (2001),
who emphasised the benefits of aligning i
preferences to improve academic achievement.

In addition to the combination of digital and traditional tools, students also highlighted
the significant role of subject integration, particularly between construction technology and
construction quantification. R25 found construction technology vepfuieivhile R42 and
R57 noted its support in understanding technical drawings and construction quantification
tasks. R47 explained that construction technology deepened their grasp of construction
elements by clarifying both their functions and classiitces. R83 and R78 recognised the
subject's relevance, with R78 emphasising its connection to painting work within construction
quantification tasks. Similarly, R37 and R20 acknowledged that construction technology
enhanced their understanding of componeat&l elements relevant to construction
quantification. While R72 found the subject only somewhat helpful, the overall consensus
affirms that construction technology plays a crucial role in providing foundational knowledge
necessary for accurate quantifioat These insights reinforce the importance of construction
technology as a complementary subject in developing technical competence. However, the
findings also reveal instructional shortcomings in the delivery of construction technology and
quantification content, which appear to limit student performance and hinder the development
of technical fluency. The absence of synergistic integration between these cobej ect 6 s
points to a structural weakness i rwyindicatst r uc:t
the need for a more coherent and aligned instructional framework that ensures consistent
reinforcement of key concepts across related modules. The integration of construction
technology with construction quantification is essential to improvdogh conceptual
understanding and the application of technical knowledge in QS education.
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Instructional integration and technical reinforcement are necessary to strengthen learning
outcomes (Ogunkola & Knight, 2018). Emphasising a unified instructional approach that
connects construction quantification with related technical modules supptbrisonceptual
clarity and practical application. These findings align with the observations of previous
studies, which highlighted the need for a CBE framework that embeds relevant learning
resources, visual reasoning strategies, and conceptual develofmmemnbance teaching
effectiveness (Hamzah et al., 2024; Jamil et al., 2024; Liu et al., 2025). Similarly, Chasokela
(2025) emphasised the importance of embedding spatial and conceptual skills through
structured instructional strategies. Professional coempy standards further reinforce this
need. In the context of QS, most professional bodies categorise required competencies into
three main areas mandatory, core, and optional. These categories are structured to ensure that
graduates are adequately preghto practise as competent professionals while maintaining
high standards of practice. These competencies also serve as benchmarks for the technical
and managerial capabilities expected within the construction industry and provide a basis for
developing o bu st competency model s (Noor et al
perspectives on these educational and professional issues, this study establishes a clear
framework for professional development to address the disconnect between theoretical
competency fimeworks and the practical skills necessary for effective performance in the
field. In particular, the Royal Institution of Chartered Surveyors (2022) underlined the
importance of technical proficiency in areas such as construction technology and
quantification as essential for global employability and accreditation, reflecting the growing
need for these skills to be strongly embedded in curriculum design.

These findings present valuable insights for both educators and policymakers in
advancing instructional practices. For educators, integrating digital visualisation tools with
traditional methods enhances student understanding, particularly in complesueakkas
construction quantification and drawing interpretation. Aligning content between
construction technology and construction quantification strengthens conceptual clarity and
supports applied learning. These elements should be viewed as integnatrtmtional
practices rather than as supplementary features. Continuous professional development is
essential to ensure educators are equipped to implement these strategies effectively. For
policymakers, the findings emphasise the need for instructiefalm that promotes digital
readiness and the effective adoption of the CBE framework. Technical education in the built
environment should be guided by systematic instructional design and learning strategies that
reflect current industry needs. As noted Parera et al. (2010) and Zakaria et al. (2006),
targeted investment in educational technology, instructional alignment, and faculty
development is critical to ensuring learning outcomes meet professional standards

Innovations in Instructional Approaches

While integration focuses on combining traditional and digital learning methods to create
a consistent learning environment, innovation enhances instructional effectiveness by
adopting emerging technologies and updated teaching approaches. Innovati@sesddre
persistent cognitive and visualisation challenges by reforming how technical content is
delivered and understood. Adaptive instructional strategies involve the use of virtual reality
simulations to explore building components, the incorporation omantged reality to
visualise construction details in context, and the development of 3D applibased
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modules to strengthen spatial reasoning and construction quantification accuracy.
Technological advancement is recognised as a crucial element in this innovation.

Students in this study consistently highlighted the value of visual and interactive tools,
not only as supplementary aids but as essential components of a more effective instructional
framework. Virtual reality, for example, was frequently mentioned by lstidents and
scholars as a powerful tool in construction quantification. R19 proposed using physical
models to make abstract concepts more visible, while R80 suggested using a 3D animation
system as an effective training tool, especially beneficialhmse involved in constructien
related applications. R83 emphasised the importance ofimigéct instructional tools such
as construction simulation software, which can offer immediate, animated visual experiences
to support deeper learning. AdditionallR50 recommended augmented reality tools to
simplify the understanding of complex construction elements, while R34 recognised the
usefulness of 3D animation in demonstrating the construction process.

Positive student feedback on adaptive instructional strategies in construction
quantification supports the idea that these tools help bridge theoretical learning with practical
understanding. Consistent with these findings, prior research highlightsltieeofaligital
innovation in addressing cognitive and visualisation challenges within technical education
(Ali et al., 2016; Hamzah et al., 2024). Korkut and Surer (2023) demonstrated that virtual
reality allows students to visualise and manipulate engimgdesigns in ways that traditional
2D representations cannot. Chasokela (2025) found that this immersive approach strengthens
spatial awareness and problswiving skills by simulating reakorld conditions. Similarly,

Jamil et al. (2024) and Liu et §R025) supported the concept that innovative instructional
methods contribute to higherder learning, engagement, and knowledge retention. Overall,

the findings indicate that the application of digital innovation tools, particularly virtual reality,
represents a significant advancement in instructional practices within the CBE framework.
These tools enhance studentsd visualisatior
learning environments, better preparing graduates to meet the evolvimandke of the
construction industry

CONCLUSION

This study explored QS studentsod6 experier
skills within a CBE framework, focusing on learning difficulties, learning processes, and
instructional strategies. The findings reveal that many students strugglerpmentechnical
drawings and mentally convert 2D representations into 3D forms. These difficulties highlight
not only individual cognitive challenges but also broader limitations in instructional design
and delivery. As such, there is a critical needtéaiching approaches that actively develop
visual reasoning and spatial awareness, extending beyond the passive transmission of
technical content. The analysis also indicates that students benefit most from structured
learning environments that incorporabeperiential activities, problefmased learning, and
progressively supported instruction. Students exposed to such strategies reported increased
confidence and improved accuracy in handling complex quantification tasks.

The results affirm that successful implementation of CBE in QS depends on teaching
practices that simultaneously deliver technical content and build the cognitive capacities
required for realvorld problemsolving. These insights reinforce calls for instronal
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reform that embraces visual learning tools, digital technologies, and contemporary
instructional strategies aligned with industry standards. Additionally, the findings
demonstrate strong student agreement with the identifiethsues on learning diffictiés,

learning processes, and adaptive instructional strategies. The theme of learning strategies
emphasises how intervention, integration, and innovation collectively enhance construction
quantification learning. This consistency across responses irglechtgh degree of thematic
saturation and strengthens the credibility of the data, suggesting that the challenges and
proposed solutions are broadly experienced by the student cohort.

By providing qualitative evidence on the intersection of cognitive development,
instructional practice, and technical skill acquisition, this study contributes to ongoing efforts
to improve the effectiveness of QS education. Advancing construction geceidifi learning
requires deliberate alignment between instructional strategies, cognitive development, and
professional standards. Through such alignment, QS programmes can better prepare graduates
to meet the complex and evolving demands of the construatidustry in Malaysia and
beyond.
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Abstract

The rapid expansion of the construction industry in developing countries has resulted in an
increase in the proliferation of construction and demolition (C&D) waste. A small number of
negligent contractors unlawfully disposed of an excessive amount of C&D waste in the forest,
mangrove swamps, oil palm plantations, roadside, and sea or lake. Nevertheless, a few diligent
contractors implemented recycling initiatives at construction sites to decrease the amount of
waste that was sent to gazette landfills designated by local authorities or government agencies.
Therefore, this study aims to outline a complete assessment of recycling practices. This study
exclusively examined on four categories of C&D waste: timber, metal, concrete, and packaging
material. A pilot survey with industry professionals was used to finalise 24 recycling practices
practiced at construction sites. Subsequently, a questionnaire was disseminated among
construction practitioners, yielding complete responses from 125 surveys. Analytic Hierarchy
Process (AHP) and Relative Importance Index (RII) were employed to evaluate the responses.
Key findings that highlight the prominence of recycling practices at construction sites are
O6metals sold to recycling centreempbradgxceder aecrerse
and oO0concrete us éasesaThe dutcomésiofrihgs refearch not only dontribute
valuable insights to industry professionals but also aim to raise awareness regarding the critical
importance of recycling practices in curbing the proliferation of C&D waste sent to landfills.
Overall, this paper seeks to foster a sense of responsibility among construction practitioners
and promote sustainable waste management practices within the industry.

Keywords: Environment Recycling Construction and DemolitignAnalytical Hierarchy Process
Relative Importance Index

INTRODUCTION

The construction industry i s -ecooamggramhr ed a
The worldwide construction industgxperiencesan average growth rate of 2.8% (Yuan,
2023). The construction industry is currently experiencing significant expansion, yet it is
widely recognized for having detrimental effects on the environment (&ngh 2020).

This industry considerably enhances environmental problems such as the exploration of
natural resources, irretrievable environmental conversion, andgszte€ontaminants in the
atmosphere. Construction waste is produced through site clearance, inefficient material usage,
excessive material acquisition, and human errors occurring on construction sites. Between
10% and 30% of the waste originates from cartsion works (Vilventharet al, 2019). The

global production of C&D waste is estimated to exceed 10 billion tonnes, with nearly 9.5
million tonnes generated in Malaysia alone (Ghafougtual, 2021). Consequently, it is
essential to establish the standirecycling practices applied at the construction site to reduce
the material waste generation rate



MCRJ Special Issu&/ol. 27 | No.1| 205

43

Table 1. Recycling Practices with References

Group Recycling Practices References
Timber Recycled in next projects (Nadarason, 2019), (Kofoworola & Gheewala, 2009)
Timber Used as a bulking medium (Nadarason, 2019), (Kofoworola & Gheewala, 2009)
Timber Used as hoardings (Nadarason, 2019), (Ponnada et al., 2015)
Timber Used as energy for power (Lin et al., 2021); (Cramer & Ridley, 2020); (Nadarason,
generation 2019); (Lai et al., 2016); (Aiyewalwhinmi et al., 2016); (Zhao
et al., 2010); (Kofoworola & Gheewala, 2009); (Tam et al.,
2006a); (Peng et al., 1997)
Timber Used as decorative products (Nadarason, 2019); (Tam et al., 2011); (Tam et al., 2006b)
Timber Used as piles (Nadarason, 2019); (Tam et al., 2006b)
Timber Used for furniture (Nadarason, 2019); (Tam et al., 2011); (Kofoworola &
Gheewala, 2009); (Tam et al., 2006b)
Timber Used to improve soil texture (Nadarason, 2019); (Kofoworola & Gheewala, 2009); (Tam
et al., 2006b)
Timber Used as temporary works (Nadarason, 2019); (Tam et al., 2011)
Timber Used as landscaping mulch (Nadarason, 2019); (Tam et al., 2011)
Timber Used for erosion control and (Nadarason, 2019); (Zhao et al., 2010)
groundcover
Timber Chipboard production (Cramer & Ridley, 2020); (Nadarason, 2019); (Zhao et al.,
2010); (Tam et al., 2006a)
Timber Used as fertilizer in composting (Nadarason, 2019)
Timber Ground timber used as sewage (Nadarason, 2019); (Kofoworola & Gheewala, 2009)
sludge bulking medium
Metal Sold to recycling centres (Hoang et al., 2020); (Nadarason, 2019); (Malik et al.,
2017); (Lockerey et al., 2016); (Lai et al., 2016); (Tam et al.,
2011); (Zhao et al., 2010); (Kofoworola & Gheewala, 2009);
(Huang et al., 2002); (Tam et al., 2006a)
Metal Sent to other construction sites (Nadarason, 2019); (Lai et al., 2016); (Okeyinka et al.,
2015); (Tam et al., 2006b)
Metal Cut steel corners for shelves (Yuan et al., 2011a)
Metal Used for roof cladding (Nadarason, 2019); (Tam et al., 2006b)
Concrete Used as filling for road base (Hoang et al., 2020); (Nadarason, 2019); (Lockerey et al.,
2016); (Aiyewalwhinmi et al., 2016); (Tam et al., 2011);
(Kofoworola & Gheewala, 2009); (Tam et al., 2006a)
Concrete Used to build kicker blocks (Nadarason, 2019); (Zhao et al., 2010); (Kofoworola &
Gheewala, 2009)
Concrete Used for paving temporary site (Nadarason, 2019); (Lockerey et al., 2016); (Aiyewalwhinmi
access et al., 2016); (Tam et al., 2011); (Zhao et al., 2010)
Concrete Replaced as aggregates (Hoang et al., 2020); (Nadarason, 2019); (Lockerey et al.,
2016); (Aiyewalwhinmi et al., 2016); (Akinkurole et al.,
2013); (Tam et al., 2011); (Kofoworola & Gheewala, 2009);
(Tam et al., 2006b); (Peng et al., 1997)
Packaging Excess packaging materials are (Hoang et al., 2020); (Nadarason, 2019); (Lockerey et al.,
Material sold to recycling centers 2016); (Tam et al., 2011); (Tam et al., 2006b)
Packaging Sack bags are used as pots to (Nadarason, 2019); (Tam et al., 2006b)
Material grow small plants

The AHP is a highly adaptable method that can be used for denisiking, ranking,
prioritisation, and allocating resources (Szadoczki & Duleba, 2022). The researchers widely
utilized AHP to organise and assess complex decisions (Torre & Saloman, 2022).is
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lack of prior research work on the recycling strategies using AHP in Malaysian construction
industry (Ghafouriaet al, 2021). This study is essential to strengthen recycling practices for
construction and demolition waste. Only four types of C&D waste were focused upon, i.e.
metal waste, concrete waste, packaging material and timber as they were highly generated in
the construction industry. The aim of this study is to provide a comprehensive overview of
the recycling practices implemented for C&D wastecanstruction sites. The literature
review was used to ascertain and validate 24 recycling practices. A questionnaire was
disseminated to industry specialists to collect their perspectives on recycling practices. 125
surveys were fully completed. Relativeportant Index (RII) and Analytic Hierarchy Process
(AHP) wereemployed to analyse the responses. In this study, an interactive tool developed
in Python language that enabled the resolution of deé&isiaking problems using the AHP
method, from an onlinenvironment of free access

LITERATURE REVIEW

This study compiled the recycling practices in the Malaysian construction industry after
an extensive literature review. Note that by using the mean analysis approach there are 24
recyclingtechniques in the Malaysia construction industry, there are@4lingtechniques
in the Malaysian construction industry that have achieved a score of higher than 3.00 mean
scores, indicating their position in term of effectiveness. Table 1 shows the recycling practices
and their corresponding references. The subsecaetions of this paper will analyse and
evaluate these 24 recycling practices to determine their level of priority using the AHP.

A questionnaire was distributed to construction industry personnel based on the collected
recycling strategies. The questionnaire facilitated the identification of the most notable
recycling practices in construction sites.

METHODOLOGY

A survey was devised and disseminated to construction industry professionals to assess
the implementation of recycling strategies at construction sites. The first part of the
questionnaire covers the respondenhwoikag i nf o
experience, contract amount of project, and highest academic qualification. The second part
includes the recycling practices carried out in construction sites and the rank of impact factors.

A likert-scale of five was employed-{&ry high impat, 3medium impact, and-tery low

i mpact). A total of 125 responses were obt
Correlation Test and RIlI were utilized. Thus, the ranking of all recycling techniques was
determined utilising the AHP method. $hstudy is notable for employing the AHP to
evaluate recycling methods at construction sites.

DATA CHARACTERISTICS

A Googleform was distributed to construction professionals to collect demographic
information from the respondents. The data was gathered during the period Jadulyry
2023. 125 answers were collected. The online questionnaire did not permit incomplete
submisons. Respondents were categorised into six groups based on their total years of
experience. The distribution is illustrated in Figure 1. The majority, or 35.2% of the
respondents have experience betweeh 2@ years in the construction industry.
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Number of Respondents Based on Experience
44 =6 - 10 years

11 - 15 years
16 -20 years

28 20
\ 21 -25 years
= >26 years

Figure 1. Number of Respondents Based on Total Years of Construction Experience

The percentage of respondents withi 23 years of experience is 12%, while
approximately 22.4% have experience between 11 and 15 years. 20% had more than 26 years
of working experience. The smallest working experience group WH3 Years, which is
10.4%. Hence, approximately 89.6% of the respondents have over 10 years of experience.
This indicates thamost of the respondents possess significant expertise and extensive
knowledge in the area of the construction industry in Malaysia

Figure 2 exhibits the e s p o nypes of br@arisations. Most of the respondents, 70.4%,
are from the contractorsd organisation. N e
agencies whereas 8% are clients.

Types of Organisations

10

= Contractors
27
Consultants

Clients

Figure 2. Types of Organisations

The contractordéds responses were more sighn
recycling practices and C&D waste generation rate. Besides, contractors will serve as a
valuable source of input due to their extendedite presence (Ahn et al., Z)2 Therefore,
the input for this survey is beneficial for this study.

RESULTS

The participants were required to evaluate the frequency of recycling practices at
construction sites. This questionnaire implemented apoiat Likert scale (5very high
impact, 3 medium impact, and-1lvery low impact). The Likert scale scores hasnbee
converted for use in AHP analysis by convel
comparison scale. The data was analysed uc
index, as will be discussed in the next sections
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Relative Importance Index (RII)

The RII method evaluates the response data and provides an initial ranking.

Where RII = relative importance inded, = weight given to each attribute (1 to 5);
& =number of respondents chose the same weigit = the highest scale weight (5 in this
case); N = total number of participants (125).

RII results for the recycling strategies at construction sites are listed in Table 2 below.

Table 2. Results and Ranking of RIl Values for Recycling Strategies

. Packaging
Code Recycling Practices Timber Metal Concrete Materials
RII Rank RII' Rank RII Rank RII Rank
T1  Recycled in next projects 0.91 2
T2 Used as a bulking medium 0.58 13
T3 Used as hoardings 0.89 3
T4 Used as energy for power generation 0.88 4
T5 Used as decorative products 0.86 5
T6 Used as piles 0.68 10
T7 Used for furniture 0.80 9
T8 Used to improve soil texture 0.64 11
T9 Used as temporary works 0.96 1
T10 Used as landscaping mulch 0.81 6
T11 ;Jrsoeuorlufjcéro?/reor&on control and 0.81 7
T12  Chipboard production 0.81 8
T13 gg;c:)gssﬂfneétlllzer amendment for 0.23 14
T14 Grot_md timb_er used as sewage sludge 0.63 12
bulking medium
M15 Sold to recycling centres 0.98 1
M16 Sent to other projects 0.95 2
M17  Cut steel corners for shelves 0.67 4
M18  Used for roof cladding 0.79 8
C19 Used as filling for road base 0.98 2
C20 Used to build kicker blocks 0.84 4
C21 Used for paving temporary site access 0.98 1
C22 Replaced as aggregates 0.93 3
P23 Exces; packaging materials are sold to 0.93 1
recycling centres
P24  Sack bags as small pots to grow small 0.84 2

plants

Moreover, the participants were requested to rank the occurrence of recycling practices
at construction sites. The finding shown in Table 2. Table 3 shows the findings of RII
values,and the prevalence of recycling techniques based on the ranking of C&D waste
produced. The generation of concrete C&D waste was high, and contractors practiced



MCRJ Special Issu&/ol. 27 | No.1| 205

a7

recycling technique to reduce the waste generation. For instance, the contractors layed excess
concrete as temporary site access to ensure the workers safety. The relative weights of AHP
analysis are determined by these values

Table 3. RIl Results and Ranking for Recycling Practices Based on The Waste Generation

ID Type of C&D Waste RII Rank
w01 Timber 0.75 4
W02 Metal 0.85 3
W03 Concrete 0.93 1
W04 Packaging Material 0.89 2
These RIIl values are utilised for Spear ma

weights in AHP analysis.

Spearmanés Rank Correlation Test

The Spearman Test was employed to compare different recycling practices using a
specific formula in order to assess the accuracy and precision of the data.

Q
EE p

Where " = Spearman correlation coefficied® = difference betweem a r trank s 6
assigned to each factor; n = the impact factor total number (24 in this study).

The

wa s

cor

Spearmanés test was utild]

obtained using the relatiyv
+1. A positive sign indicates a positigerrelation,and a negative sign indicates a negative

r el

ation. Table 4 presents

comparison cases

Table 4. S p e a r nRank&srrelation Values

zed to eval i
e i mpdtot ance

an overview

Comparison Criteria Timber Metal Concrete Packaging Material
Contractor vs others 0.89 0.85 0.87 0.88
Less vs more than 15 ye 0.75 0.78 0.79 0.73
Less vs more than 50% of C&D waste generation 0.95 0.99 0.98 1.00
A brief calculation of fiLess vs more than

a value of 0.95 in Table 4 is shown in Table 5 as a reference.

Table 5. RIl Value Results and Ranking for Recycling Practices

Code Recycling Practices Less than 50% More than 50% (Difference) 2
Tl Recycled in next projects 6 1 25
T2 Used as a bulking medium 11 12 1
T3 Used as hoardings 2 8 1
T4  Used as energy for power generation 10 7 9
T5 Used as decorative products 3 9 36
T6  Used as piles 13 11 4
T7  Used for furniture 9 10 1
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Code Recycling Practices Less than 50% More than 50% (Difference) 2
T8 Used to improve soil texture 7 6 1
T9 Used as temporary works 1 2 1
T10 Used as landscaping mulch 8 4 16
T11 Used for erosion control and groundcover 4 8 16
T12 Chipboard production 14 14 0
T13 Used as fertilizer amendment for composting 5 5 0
T14 Ground timber used as sewage sludge bulking 12 13 1

medium
Spearman 0.95
value

Analytical Hierarchy Process (AHP)

O:\rest\pythonProjecth.venv\Scriptsi\python.exe D:\rest)

pythoenProjectitest?. py

Enter the Method (Range from 1 to 18)1: 3

Enter the Method name for AAZ =

AA

Emter the Method name for BE3

EE

Enter the Method name for CC3

oo

Choose your Item:

1) AR

2) BB

3) DD

Enter the chosen item Mo:2

¥ou have Choosen : BB

Enter the percentage of materials need: [format: Sugar
20% ]

Enter the Method name for AA3

Enter the Compound Name:aa

Enter the Compound Percentage [Format: 10%, 20%]15%

Enter the Method name for BE3

Enter the Compound Name:bh

Enter the Compound Percentage [Format: 10%, 20%]135%

Enter the Method name for CC3

Ermter the Compound Name:cc

Enter the Compound Percentage [Format: 10%, 20%]25%

Emter the Method name for DD3

Enter the Compound Name:dd

Enter the Compound Percentage [Format: 10%, 20%]11%
—————— We have Suggestion about your method------

Our Suggestion about your materials and it's proportion
is: GOOD_COMEINATION

¥Your product differs 15 % from our threshold value

Flease make sure you need to have to choose the Method

as AA, BB, CC, DD and the incredients name should be aa

,bb,cc, dd

Figure 3. Python Software Screenshot
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The analytic hierarchy process (AHP) is a commonly employed and proven method in
Multi-Criteria Decision Making (MCDM) applicable across various sectors. AHP offers a
practical method for analysing decision problems. It is a technique used to assess both
subjective and objective functions in the process of making decisions involving several
criteria. Its purpose is to assist users in reaching a mutually acceptable answer. A vital feature
of the AHP is its capacity to foster consensus among participantdléttive decision
making. AHP empowers decisignakers to attain the advantageous and optimal judgement
for their probl em, rat her than smakepsicagn obt e
utilise the AHP to evaluate and rank criteria by assigningenigad values to determine their
relative relevance within a hierarchical framework. This allows for efficient identification and
prioritisation of key aspects (Torre & Saloman, 2022; Baric & Zeljko, 2021; Huang, 2021).

An inconsistency index with a value greater than 0.10 is considered inappropriate,
requiring a reassessment of the calculations (Escobar et al., 2022). This index is an essential
measure for decisiemakers to evaluate the reliability of their judgmeritshé consistency
index exceeds the threshold of 0.10, it indicates the necessity of a reassessment to guarantee
the dependability and precision of the decisioaking process. The criteria were four types
of C&D waste,and the alternatives are recyclingagtices. Python software was used to
determine the consistency ratio (CR) and to prioritise each element. Figure 3 displays a
screenshot from the software.

Figure 4 illustrates the AHP hierarchical structure, which consists of three layers. The
initial level denotes the alternatives, which are the recycling strategies. The second level
denotes the selection criteria, namely, the categories of C&D waste tivbilinal level
signifies the analysis goal, which is the final ranking.

The AHP method is delineated in the following steps:

Identify the problem objective.

Identify the problem criteria.

Assign relative weights for each criterion.

Develop the AHP multipldevel hierarchical structure.

Develop pairwise matrices for comparisons. The formula for developing a pairwise
matrix is as follows:

arwdE

dgqwherel, | = 1, 2, &, 1)

where A = pairwise comparison values impact factors (+ 24); j = types of C&D
waste (j = 4).

6. Check the consistencwgtio andrevise the pairwise comparison matrix if the ratio is
below 0.1. This step was carried out using Python software.

7. Calculate priority values to establish the overall ranking of the alternatiiegotal
of each column for every pairwise comparison matrix was computed and normalised
with the sum of each column
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— Recycled in next projects

— Used as bulking medium

— Used as hoardings

- Used as energy for power generation

- Used as decorative products

- Used as piles

- Used for furniture

— TIMBER

H Used to improve soil texture

— Used as temporary works

— Used as landscaping mulch

— Used for erosion control and groundeover

— Chipboard production

— Used as fertilizer amendment for composting

Cround timber used as sewage sludge bulking medium

— Sold to recycling centres

— Sent to other projects

— METAL

- Cut steel corners for shelves

— Used for roof cladding

— Used as filling for road base

— Used to build kicker blocks

—— CONCRETE

AHP OVERALL RANKING OF THE RECY CLING PRACTICES

— Used for paving temporary site access

— Replaced as aggregates

packacive 1T Excess packaging materials are sold to recycling centres

METERIALS

— Sack bags are used as pots to grow small plants

Figure 4. Model for AHP Overall Ranking

This section includes the aforementioned stepsl their corresponding sample
calculations. A size of 14*14 matrices was developed. As a sample, Table 6 shows recycling
practices for timber and consistency ratio normalised pairwise comparisons.
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Table 6. Recycling Practices for Timber i AHP Normalized Pairwise Comparisons
ID TL T2 T3 T4 T5 T6 T7 T8 T9 Ti0 Til Ti2 Ti3 Ti4 P\;';’Iﬂg

T1 0.09 0.08 0.10 0.09 0.09 0.08 0.10 0.07 0.06 0.08 0.05 0.08 0.09 0.08 0.081
T2 0.03 0.03 0.05 0.02 0.02 0.03 0.04 0.02 0.02 0.03 0.04 0.02 0.03 0.02 0.029

T3 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.014
T4 0.11 0.11 0.12 0.10 0.08 0.10 0.08 0.08 0.09 0.09 0.10 0.10 0.09 0.09 0.096
T5 0.06 0.07 0.08 0.06 0.06 0.07 0.08 0.05 0.05 0.06 0.06 0.07 0.05 0.06 0.063

T6 0.17 0.20 0.23 0.20 0.25 0.24 0.18 0.21 0.21 0.16 0.14 0.16 0.21 0.22 0.199
T7 0.11 0.10 0.12 0.08 0.08 0.12 0.11 0.08 0.12 0.11 0.11 0.11 0.12 0.10 0.105
T8 0.03 0.02 0.02 0.01 0.03 0.03 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.023
T9 0.10 0.09 0.08 0.08 0.07 0.07 0.08 0.08 0.09 0.08 0.08 0.09 0.09 0.07 0.082
T10 0.07 0.07 0.07v 0.08 0.08 0.06 0.06 0.08 0.0 0.09 0.08 0.08 0.07 0.08 0.074
T11 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.02 0.01 o0.015
T12 0.03 0.03 0.04 0.02 0.02 0.03 0.04 0.03 0.02 0.04 0.03 0.02 0.03 0.04 0.030
T13 0.07 0.08 0.09 0.09 0.07 0.08 0.09 0.07 0.07 0.08 0.08 0.09 0.10 0.06 0.080
T14 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.022
Summation 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Consistency Ratio = 0.00923 < 0.1

Additionally, a 4x4 matrix for recycling processes was constructed for the AHP analysis
presented in Table 7. The matrices were normalized by dividing the values of each column
by the column total, and the priority values (the average of each row) wepeiteaim

Table 7. C&D Waste Generation i AHP Normalized Pairwise Comparisons

ID wo1 W02 W03 W04 Priority value
WO1 Timber 0.32 0.33 0.32 0.34 0.328
W02 Metal 0.35 0.35 0.36 0.33 0.348
WO03 Concrete 0.32 0.33 0.33 0.34 0.330
W04 Packaging Material 0.06 0.06 0.07 0.08 0.068
Summation = 1.00 1.00 1.00 1.00 1.00

Consistency Ratio = 0.0258 < 0.1

At the end, the final ranking of factors was determined by multiplying the priority matrix
by the recycling practices, as illustraiad-igure 5.

WOl W2 W03 Wid Overall  Rank
T1 0081 0 0 0 Tl 0.035 14
T2 0029 0 O o T2 0.011 24
T3 0014 0 0 0 T3 0.048 9
T4 0096 0 1] 0 T4 0.028 17
TS5 0083 0 O O TS 0.029 16
Té 0199 0 O 0 T6 0.012 23
T7 0105 0 0 0 T7 0.057 7
T8 0023 0 0 0 T8 0.053 8
T 0082 0 O O T2 0.122 2
TIO 0074 0 O 0 TI0 0.037 13
TIl 0015 0 0 0 Wol 0.328 TI1 0.041 12
Ti2 0030 0 0 0 X wo2 0,348 = T2 0.013 22
TI13 0080 0 1] 0 Wo3 0.330 TI13 0.026 18
Ti4 0022 0 0 0 Wo4 0.068 T4 0.015 20
M1s 0 0.198 0 0 M15 0.181 1
M6 0 0.106 0 0 MI16 0.074 4
MI17 0 0.056 4] 0 M17 0.014 21
MI8 0 0.734 1] 0 MIS 0.021 19
C19 0 0 0082 0 C19 0.059 6
20 0 0 0.075 o 20 0.033 15

Figure 5. Model for AHP Overall Ranking
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DISCUSSION

Table 8 discusses the ranking for each recycling practice practiced at the construction
sites based on Figure 5.

Table 8. Ranking of Each Recycling Practice

ID Recycling Practices Priority Rank
M15 Sold to recycling centres 0.181 1
T9 Used as temporary works 0.122 2
c21 Used for paving temporary site access 0.088 3
M16 Sent to other projects 0.074 4
P23 Excess packaging materials are sold to recycling centres 0.063 5
C19 Used as filling for road base 0.059 6
T7 Used for furniture 0.057 7
T8 Used to improve soil texture 0.053 8
T3 Used as hoardings 0.048 9
P24 Sack bags as small pots to grow small plants 0.048 10
Cc22 Replaced as aggregates 0.047 11
T11 Used for erosion control and groundcover 0.041 12
T10 Used as landscaping mulch 0.037 13
T1 Recycled in next projects 0.035 14
C20 Used to build kicker blocks 0.033 15
T5 Used as decorative products 0.029 16
T4 Used as energy for power generation 0.028 17
T13 Used as fertilizer amendment for composting 0.026 18
M18 Used for roof cladding 0.021 19
T14 Ground timber used as sewage sludge bulking medium 0.015 20
M17 Cut steel corners for shelves 0.014 21
T12 Chipboard production 0.013 22
T6 Used as piles 0.012 23
T2 Used as a bulking medium 0.011 24

The most common recycling practice at construction sites involves selling excess metals
to recycling centres. The priority value of this recycling practice is 0.181, positioning it as the
highestranked method. This not only reduces the C&D waste butgaserates additional
revenue. The recycling practice ranked second, with a priority value of 0.122, involves using
timber for temporary works, such as timber steps. These temporary solutions are implemented
during construction to mitigate slips, trips, dads.

The next highestanked recycling practice, with a priority value of 0.088, involves using
excess concrete to pave temporary site access. This practice involves pouring surplus concrete
at the construction site to create pavements for workers, therebyngntheir safety and
reducing the risk of injuries. The recycling practice of sending metals to other projects is
ranked fourth highest, with a priority value of 0.074. Metals such as scaffolding are transferred
to subsequent or differeptojects. Thdifth-ranked, with a priority value of 0.063, involves
selling excess packaging materials to recycling centres. These materials, including cardboard,
are directed to recycling centres instead of being indiscriminately disposed of or consigned to
landfils. Thi s approach also offers the potenti al
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CONCLUSION

This paper studied the types of recycling practices applied at construction sites based on
the 4 types of C&D waste: timber, metal, concrete, and packaging material waste. The
construction industry professionals would use the rankings to manage the ctmrssites.

The recycling practices were quantified through a questionnaire. The recycling techniques of
C&D waste were evaluated both individually and in conjunction with AH#@. most highly

ranked recycling practices are metal recycling to recyclingres, timber used for temporary
works, concrete used for paving temporary access, metal sent to other projects, and packaging
material waste sold to recycling centres. This study differs from other past researchers by
analysing the recycling practicesabgh AHP.

This article suggested a general ranking that could help the experts comprehend the
various recycling practices. The construction practitioners need to comprehend and mitigate
the recycling practices based on the generation of C&D waste. Communicatiog amon
construction professionals could reduce the amount of C&D waste generated at construction
sites. The contractors should implement recycling strategies at their construction sites to
reduce C&D waste and ensure environmental safety. Finally, the recyelihgiques
outlined in this paper could be examined as a case study in a construction project for future
research by comparing contractorsé, consulf
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Abstract

Understanding procurement and contract practices in different countries is essential for
organisations and professionals involved in Facilities Management Maintenance (FMM) on a
global scale. This comparative analysis explores key elements of contract documents and
procurement practices for FMM in five distinct countries: the United States, the United
Kingdom, Australia, Hong Kong, and Malaysia. The research focuses specifically on contract
documents and procurement processes, aiming to better understand the various strategies
implemented by each country to optimise FMM operations and improve organisational
efficiencies. This analysis compares FMM contract documents and procurement globally,
drawing insights from an extensive review of relevant literature. The data gathered from the
literature review were then analysed by using thematic analysis. It emphasises the growing
need to understand global differences in facility management and maintenance. The research
reveals significant factors in how each region approaches tendering methods, contract types,
durations, payment methodologies, and its evaluation criteria. Through this comprehensive
review, stakeholders gain a deeper understanding of the dynamic landscape of FMM practices,
enabling them to make informed decisions and strategically navigate the complexities of global
FMM contract documents and procurement.

Keywords : Contract Document; Facilities Management and Maintenance; Global Perspective;
Outsourcing; Procurement

INTRODUCTION

To maintain its value, appeal to users, and function as intended, a project must undergo
proper operation and maintenance (O&M). Facility Management Maintenance (FMM) is an
interdisciplinary domain focused on the administration of facilities, servicegpeasdnnel
to optimise the operational efficiency of an organisation's workplace. In the early 20th
century, Wiggins (2021)laimed that the growth of FMM could be attributed to the expansion
of office management. With the increasing adoption of profeabioifice administration
practices by various organisations, including clerical tasks, ré@mping, and supervision,
the need to effectively manage the workspace emerged. Therefore, implementing FMM
practices became essential for ensuring proper oper&MM involves the coordination and
supervision of various activities related to the O&M of facilities. This is supportethay
et al. (2023) where the O&M phase accounts for the largest proportion of the overall life
cycle cost, with FMM contributing5% 85% of the total expenditure. FMM plays a crucial
role in optimising the efficiency and effectiveness of a facility, influencing both the
productivity and satisfaction of its occupants. This aligns with the International Facility
Management QARMVARG2R)definitianwhish describes FMM as the integration
of people, location, and process to enhance business productivity and quality of life.
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Atkin and Brooks (2015jurther defined FMM as comprising an extensive array of
services, including utility provision and real estate administration. In the realm of FMM,
organisations have two main options between providing servielsuise or outsourcing
them. FMM outsourcingefers to the practice of involving the expertise of a tpady
organisation to assume the obligations associated with FMM, whileuige FMM entails
the organisation itself taking on the responsibility of maintaining and apgitd facilities
using its internal personnéZalejskaJonsson, 2020)The decision to choose between- in
house or outsourced services is a pivotal strategic choice, influenced by factors hke cost
effectiveness, required expertise, and al i
ZalejskaJonsson (2020). Whildediora et al. (2021pbserved that most organizations tend
to favour in-house services, the choice depends on the organization's specific needs and
priorities.

FMM is a dynamic, multifaceted domain, orchestrating a symphony of activities that
maintaining the functionality and longevity of facilitiédilala et al., 2022)Kureshi (2020)
highlighted that the procurement process is central to these activities, the gateway through
which organisations acquire the services and expertise necessary to ensure the seamless
operation of their built environments. The procurement process involvgglestages, from
competitive tendering to the selection of contractorsaesiple for delivering thaervices
(Saikat & de Almeida, 2023While procurement process establishes the foundation, contract
documents form the framework that defines the relationships, terms, and expectations that
bind stakeholders togeth@kimarri, 2020) These documents can range from serdvel
agreements to comprehensive contracts and cover procurement practices, such as the details
of tendering methods, contractor selection processes, a variety of contract types, contract
durations, and paymentethods.

However, while many studies have examined procurement process and contract types in
separation or within national context, there remains a lack of comprehensive comparative
research that critically analyse how FMM contracts and procurement practicesobatyg
Comparative procurement research suchlamelazm et al. (2025) legal comparison of Egypt,
UAE, India, Kenya and other countries illustrates both the usefulness and infrequency of
crosscountry analysis. This research aims to address the gaffding a crossountry
comparison of FMM contract documentation and procurement strategies

LITERATURE REVIEW
FMM Contract Documents

A contract document is a legally binding agreement between two or more parties.
According to Almarri (2020), a contract document usually contains definitions, terms and
conditions, and specific offers made by one party to anoBreenberg et al. (2023}ated
that contracts serve as the foundation for business and interpersonal connections within the
developed worldHasan and Salwa (202&mphasize that contracts as an essential part of
safeguarding the financial interests of the involved parties, @gstitat no party suffers
losses, as long all the obligations and rights have been established and documented. These
documents, ranging from comprehensive sergeel agreements (SLAs) to maintenance
contracts and complex outsourcing arrangements, protfidelegal, operational, and
procedural framework within which FMM services operate. One of the distinctive features of
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FMM contracts is their adaptability to diverse global contexts. Greenberg et al. (2023)
emphasise that contracts are not uniform but adapt to regional influences, regulatory
frameworks, and cultural factors. This adaptability is essential in addressingjqbie needs

of different regions and industries. For instance, in regions with stringent environmental
regulations, FMM contracts often include sustainability clauses that promofe ey
practiceqUysal, 2024)

Elements of FMM Contract Documents

FMM contract documents are comprehensive roadmaps that outline the full scope of
FMM activities. The documents contain a watlordinated set of elements designed to ensure
the agreement is reliable, precise, and legally enforceable for all parties thvolve
Bartholomew (2022highlights that a comprehensive contract typically comprises several key
documents, each playing a distinct role in shaping the agreement. These documents are
meticulously crafted to address various facets of the FMM process. Amengothble
documents within a FMM contract, as highlighted by Bartholomew (2022), are:

1. Bidding Documents
Bidding documents represent the main point of every contract. It is the document that
invites prospective service providers to submit their proposals, outlining their
capabilities, pricing, and approach to fulfilling the contract requirem@kgsgn
Development Bank, 2022Bidding documents typically include an advertisement,
invitation to bid, instruction to bidders, and bid form.

2. General Conditions of Contract
The General Conditions of Contract (CoC) section provides the overarching
framework within which the FMM agreement operates. It lays the fundamental rules,
rights, and obligations of the contracting parties (Bartholomew, 2022). This section
typically coves broad principles, such as dispute resolution mechanisms, contract
termination, and legal jurisdiction. It ensures that the contract operates within a
defined and equitable legal framework.

3. Supplementary Conditions of Contract
El-Hoteiby et al. (2017)lefine Supplementary Conditions of Contract as a document
that tailor the general framework to the specific needs of the facility and the
agreement. These conditions provide flexibility, allowing the contract to adapt unique
circumstances and requiremernBpplementary conditions may include additional
clauses, specifications, or amendments that cater to the distinct characteristics of the
facility and the services to be delivered. This section ensures that the contract is
customigd to meet the facility's specific needs.

4. Specification
The specification component offers a detailed breakdown of the technical
requirements and performance standards for FMM services. It outlines expectations
for equipment maintenance, cleanliness standards, energy efficiency, and other
technical aspects. Spécations are highly detailed and serve as a reference point for
quality assurance, ensuring that the contracted services meet the facility's exacting
technical and performance requiremej@saics et al., 2021)
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5. Drawings
Drawings provide visual documentation of the facility, depicting the layout,
equipment, systems, and other key elements that are part of the FMM services. These
visual aids are critical for ensuring that service providers have a clear understanding
of the facility's physical layout, the specific areas, and assets that require
maintenance. Drawings enhance precision in service delivery, support better
planning, and resource allocatiPhbtoush et al., 2022)

6. Report of Investigation of Physical Condition

The Report of Investigation of Physical Condition is an essential component,
especially for existing facilities or those with complex systems. It provides a detailed
assessment of the remaining useful life and functionality of its assets, as well as any
maintenance needs and potential riRe Cecconi et al., 2019 his report provides
insights into the current condition of the facility. It includes details about the physical
state of the building, equipment, and systems, including any defects, damage, or
issues that require attention. This component helps service providers understand the
challenges they may face and informs their maintenance and repair strategies.

Collectively, these components ensure that FMM contracts are robust, detailed, and
customised to the unigue requirements of the facility in question. They provide a
comprehensive and reliable framework that guides the operation of FMM services.

FMM Procurement

Procuring FMM services is critical to ensuring the efficient and smooth operation of
buildings and facilities worldwidéRICS, 2020) Nevertheless, the procurement procedures
of FMM vary significantly in worldwide, depending on various aspects, including the size,
complexity of the facility, and the degree of services outsour@ngarani and Capaldo
(2005)pointed out that, while FMM processes and principles are generally similar worldwide,
regional differences still exisMoktar and Myeda (2023mphasized that procuring FMM
services is a multifaceted and intricate procedure, encompassing several stages and
considerations. To achiewa successful and efficient procurement process, it is essential to
aligning with best practices and recommendations from experts and authoritative
organizations. The guidelines for FMM procurement have been developed by various
reputable organisations,aeh emphasising key principles and essential aspects of the
procurement process (Mokhtar & Myeda, 2022). Notably, the Royal Institution of Chartered
Surveyors(RICS, 2020)structured its guidelines around four main components, which are
key principles, planing, procurement, and pgstocurement phases. Similarly, the Chartered
Institute of Procurement and Supp{ZIPS, 2021) in its framework, has outlined a
comprehensive set of knowledge, skills, and competencies necessary for effective
procurement and supply management. This framework is focusing on four pillars critical to
efficient procurement and supply, including infrasture, process, performance, and people
development. Furthermore, the International Organisation for Standardisation (ISO) has
introduced 1SO 41001:2018, which provides a detailed explanation of the key steps in
ensuring effective FM sourcing and procurement. These steps encompass a range of critical
considerations, from cover sourcing strategies, aligning with business contexti$yirdgen
current and future needs, defining service levels, exploring service delivery options,
developing a business case, selecting a preferred delivery method, and managing facilities
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services (ISO, 2018). Additionally, it covers aspects of FMM agreements and procurement
practices, concluding with performance measurement in service delivery. Accordigigi®

et al. (2022)these comprehensive guidelines and frameworks collectively provide a roadmap
for organisations engaged in FMM procurement, enabling them to adhere best practices,
streamline processes, and enhance the efficiency and effectiveness of their procurement and
supply management operations.

METHODOLOGY

The methodology for this research is primarily based on an extensive literature review
focusing on FMM contract documents and procurement practices across countries. According
to Snyder (2019), literature review is useful to conceptualising fragmented fields, clarifying
the key themes and identify gaps in the existing knowledpe. research began with a
detailed exploration of existing academic articles, industry reports, government publications,
and global expert opinions. The objectives were to buildnapcehensive knowledgeased
that incorporates the latest developments, best practices, and critical insights in FMM
procurement and contract documentation. Following the literature review, the information
was synthesised to develop a structured undeiisigoflglobal and reginal FMM practices.

A thematic analysis approach was applied to identify patterns across the literature and
documents. Themes were developed inductively by manually coding the recurring topics and
keywords related to contract types, procurement procedures, payment mechamisms
evaluation methods. The selected countries, the United States (US), the United Kingdom
(UK), Singapore, Australia, and Malaysia, were strategically selected to provide a
comprehensive view of global FMM practices. The US, UK, Singapore, and Austeska w
selected due to their significant advancement in the FMM sector, while Malaysia was selected
to observe the growth of FMM in a developing market.

In addition to the literature review, the research involved a focused analysis of actual
FMM contract documents from each selected country. Document analysis was employed to
interpret the structure and content of these documenBowesn (2009highlights, document
analysis is an effective qualitative method for systematically reviewing and interpreting
textual data, particularly when examining organisational policies, procedures and legal
records. This method provides deeper understanding wrFMiM contiacts are structured
and applied in practice. Throughout the research process, various data sources were being
reviewed, including government publications, official procurement guidelines, academic
databases, industry reports, publications from industryocégfons, and additional
authoritative sources.

FINDINGS
FMM Contract Documents and Procurement Across the Globe

The procurement process and the contract documentation for FMM services are important
steps in establishing effective and efficient partnerships between contractors and clients,
improving service delivery outcomé@ett & Achuora, 2021)Both the procurement process
and contract documentation should be carefully designed and implemented, reflecting
qualities such as transparency, adaptability, and clarity. These are critical in ensuring that the
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responsibilities and requirements of the project are fulfilled. Table 1 below summarizes the
findings of FMM contract documents and procurement practices globally, illustrating diverse
methods and technigues used to optimise FMM services.

FMM Contract Documents
Type of Contract

Contract type selection reflects a balance between predictability and adaptability. While
all five countries use fixed price contracts as a key mechanism to ensure cost transparency
and administrative simplicity. Developed countries such as the Unitesstd6) and the
United Kingdom (UK) go beyond this by having job order contract (JOC), target plus, cost
plus and performaneeased models. These options offer a level of flexibility for evolving
service requirements and are particularly effective in @adng longterm facilities with
diverse maintenance nee@mwar et al., 2016; Gunnoe et al., 2016). In contrast, Malaysia
and Singapore despite being operationally efficient, adhere more closely tepfized
methods. This inflexibility may suppress the needs for changes in the contract scope and at
the same the reduce the possibility of cost growth where fixed price contract can motivate
the contractor to control the costs and avoid behaviours that will lead to increase in cost
(Callaway et al., 2018).

Contract Period

Contract durations in developed nations are often structured withirbwhtension
mechanism, allowing for adjustments based on contractor performance or shifting needs. The

UK6s 2+2 or 5+2 model , and Singaporcmrés 3+ 3
designed for both administrative control and service continuity. This flexibility reflects a more
mature contract governance practices, whict

terms.Heiland et al. (2024) support this approach wHexeible contract terms that have
performance review enable a better risk management and lifecycle alignment in the FMM
contract.

Payment Method

Across various countries in the field of FMM, the Key Performance Indicators (KPIs)
payment method is a widely adopted and used as a core payment mechanism, reflecting the
globalshift toward performanebased procuremen(Bakhrom, 2024) KPIs play an
important role in assessing and evaluating the performance of service praviddtscan
encompass factors such as service efficiency, customer satisfaction levels, adherence to safety
and standards, and other relevant metrics that measure overall peri@ridanever, their
effectiveness is contingent upon organisational capacity to define, measure and enforce such
indicators. For instance, Australia and Singapore implement a robust performance monitoring
system that link KPIs with payment deductions or intises, enabling a clearer accountability
(Jamaluddin et al., 2019). In contrast, in countries like Malaysia, where KPI implementation
have risk becoming symbolic rather than impactful (Abdullah et al., 2022).
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FMM Procurement
Tendering Method

Selectingthe appropriate tendering method is essential to ensure that service providers
are chosen in a way that suits the specific needs and dynamics of different countries. In the
United States, there are two primary approaches to procurement, which are Negottht
Competitive Open Tendering (National Academies of Sciences Engineering and Medicine,
2020). Negotiated approaches facilitate comprehensive negotiations with prospective
providers, enabling a deeper exploration of various aspects, while Competjiere O
Tendering ensures fair competition by allowing providers to submit bids for contracts.
According to Walllis (2020), negotiated approaches can result in a cost saviAt3%frore
effective than competitive tendering with the right negotiation strededihe UK employs a
dual approach (RICS, 2020), utilising both Open Tendering for broad participation, and
Selective Tender for situations that require specific-quaified providers. Singapore
follows similar practices, emphasizing both inclusivitydaailored selection through Open
and Selective Tender method (Building and Construction Authority, 2021).

In a guideline by the Department of Finance (2022), Australia employs various methods
for tendering, including Open, Limited, Prequalified, and ¥stage Tenders. Open tenders
are designed to promote widespread involvement from potential bidders. whiteed.im
Tenders are suited for specific situations. Prequalified tenders are tailored to providers who
possess established qualifications, and lastly,-bteme Tenders offer a structured approach
to complex projects. Similar to the UK, Isa et al. (20Eg)ated that Malaysia employs the
practice of Open Tenders to encourage broad participation, whereas Selective Tenders are
utilised in circumstances necessitating-qualified vendors. These tendering methods reflect
each country's commitment to adaptabibityd inclusivity in FMM practices. By aligning
with its unique requirements, these methods ensure fair competition and the selection of high
quality service providers.

Procurement Document

The process of procurement in FMM involves a range of documents to solicit and evaluate
proposals from service providgfBalamo & Atta, 2019)Although there may be differences
in terminology and processes employed, the purpose remains the same across different
countries. The US, UK and Australia deploy a diverse set of instruments such as RFPs, RFQs,
EOIs and IDIQs where it allows for a stepwifiltering and deeper vetting of service
providers. These procedural layers ensure a high degree of alignntesemeservice
specifications and provider competencies. On the other hands, Malaysia uses a standard tender
document, although it is administratively efficient, it may restrict the procurement teams from
conducting a more detailed comparative evaluatianggesative clarifications during the
tendering phase.

Contractor Evaluation
In developectountries like the US, UK, Singapore and Australia, contractor evaluation

generally employs a composite methodology, where it integrates technical, financial,
managerial and in some cases, qualitative aspects. The US for instance, assesses proposal
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based on a wide range of criteria including price, qualifications, experience references and
management plar®ational Academies of Sciences Engineering and Medicine, 2020). The
UK uses a similar method of evaluation, where a group consider the benefits and drawbacks
of proposals before coming to an agreement based on legal, technical and economic factors
(RICS, 2020). Fawzy et al. (2024) supported this, stating that multidimensional evaluation
models make it easier to choose the right contractor insfedmwosing contractor that offer

the lowest price. Singapore on the other hands, improves this method by focussing on both
price and quality at the same time with a total scoring system. The Abnormally Low Bid
Curbing Mechanism (ACM) is an important paftibsince it prevents undericing that

might negatively impact service quality. This system works best in contracts that are based
on performance, where the quality of the wo
(Building and Construatin Authority, 2021).

Australia has similar complete models that consider things like task appreciation, post
performance, management system and techniques. This creates a strong framework goes
beyond only pricing (Department of Finance, 2022). This illustrates a transition fro
conventional cost centric selection to vahased procurement, which considers long term
asset performance and service delivery risk. On the other hand, Malaysia still mainly uses
technical skill, financial stability, personnel qualifications and poifered as main factors
for evaluating (Mohd Isa et al., 2016). These factors are important, but they tend to favour
contractors who already have good financial and technical profiles. This could lead to missing
out on new ideas, initiatives or flexibility be offered in the FMM projects. Jasim (2021)

states that contractorés evalwuation is oft
to do their works, but it depends on how w¢
Synthesis of FMM Contract Document and Procurement Across The Globe

The comparative findings across five countries show that the maturity of procurement
process and contract documentation influences the achievement of FMM implementation.
Based on the findings, flexible contract structures and evaluation based on performance
metrics have become a trend among developed countries. These practices reflect the global
FMM standards that show the importance of aligning a strategic procurement witedong
asset goalgPaul et al., 2024). For example, developed countries like USU&hthave
embraced job order and performat@sed contract types where these types of contracts are
designed to accommodate a more complex nature of FMM services. Findings from (Zou et
al., 2019) shows that flexible contracts have a direct contributidhetwvalue creation of
FMM services, where it enables iterative performance adjustment. In contrast, countries that
rely on fixed pricing and rigid contract may find it hard to deal with any changes in the
operational needs, especially when there is addpkrformance feedback mechanism. When
looking at the payment mechanism, it highlights the widespread use dfasBd payment.
According to Su et al. (2023), the success of these payment mechanisms depends on the
supervision resources and the consistete¢rpretation of KPI standards. If these are
insufficient, it may lead to unreasonable payment.

Additionally, findings also shows that the choices of document tendering play a
significantly impact on the outcomes of FMM services. Msilige tendering or negotiated
tendering are important and crucial to be used based on the complexity of the prdjects
more complex the project, the more detailed and secured the procurement process will be
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(Mohammad Idris, personal communication, 2023). This is due to the methods allow for a
deeper evaluation of the service providers, not based on the cost alone but also alignment with
the technical demands (Cheaitou et al., 2019). Equally important isetend choices of the
procurement documents where the absence of a consistent and details templates can result in
varying interpretations of quality and service expectations. These documents form the basis
for evaluating the contractor proposals where elity of the document directly influences

how criteria such as pricing, technical requirements and the service standards are understood
and assessed (Talamo & Atta, 2019). Consequently, the selection of the contractor depends
on the evaluation processesh at consi der not only the pric
technical capability and overall competence. Shukery et al. (2018) highlighted that the use of
experience during evaluating that contractor enhance the denisiking process, where it
reduces the subjectivity in contractor selection

RECOMMENDATIONS
Evolving Trends in FMM Contract Documents

The considerationof emerging trends and innovative approaches within the FMM
contract documents is crucial as the field continues to evolve. These trends are shaping the
future of FMM, emphasising efficiency, sustainability, and adaptability to changing global
dynamics. Tirough the integration of technology and the utilisation of-dataen solutions,
professionals in facility management can optimise operational processes and improve the
effectiveness of preventative and predictive maintenance programmes for facilitees. T
integration of intelligent building systems not only enhances energy efficiency but also remote
monitoring and predictive maintenance (Nota et al., 2021). Other than that, in recent years,
the digitalization of FMM contract documents has gained promméiffin et al. (2023)
and Nojedehi et al. (2022}ated that the integration of digital tools, such as Computerised
Maintenance Management Systems (CMMS) and Building Information Modelling (BIM),
can result in FMM contracts being more dynamic and diavan.

Furthermore, a shift towards green practices and the use of renewable energy sources,
ensuring the longerm sustainability of facilities and reducing their environmental impact
(lvanova & Datta, 2023)Although global efforts to reduce the carbon footprint and promote
environmental responsibility have encouraged the incorporation dfiendly practices and
energyefficient solutions into contracts, progress in integrating sustainable concepts into
construction contracts and contract administration leas lslow(Hasan & Salwa, 2021J.0
stay competitive, it is important for FMM contract documents to effectively address current
trends and actively promote the adoption of innovative practices within the field.

CONCLUSION

FMM plays a crucial role in ensuring the smooth operation of buildings and facilities
worldwide. This article has explored the complex landscape of FMM contract documents and
procurement practices across various countries, providing key findings thasaordethe
diversity in this field. FMM contract documents serve as a rulebook for facility maintenance,
tailored to local laws and regulations. Procurement processes, however, vary from country to
country. Despite these differences, the core objectivédvidl contracts and procurement
remain consistent across nations, which is to provide inclusivity, transparency, and high
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quality services. Looking ahead, FMM is evolving with technology,-dateen solutions,

and sustainability. These trends are focused on enhancing efficiency within the field. As the
world emphasises environmental responsibility and energy efficiency, Ebtittacts are
expected to play a central role in promoting these positive changes. In summary, FMM is a
dynamic and critical field that ensures the functionality of the buildings and facilities, while
continuously adapting to mechallenges and opporturas.
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Abstract

The use of waste materials in concrete production has gained significant attention in the
construction sector, promoting sustainability and reducing environmental impact. As the
construction of high-rise buildings increases, there is a growing demand for specialized
concrete incorporating sustainable materials to address this concern effectively. This research
investigates the performance of micro-sized POFA (MicPOFA) and nano-sized POFA
(NaPOFA) as cement substitutes in SCHPC, contributing to the development of
environmentally friendly SCHPC. The research methodology includes a comprehensive
experimental investigation, focusing on the mechanical properties of SCHPC through flexural
testing. The study uses 100 mm x 100 mm x 500 mm concrete beams as specimens,
representing various formulations, including plain SCHPC and SCHPC incorporating MicPOFA
(SCHPCMP1) and NaPOFA (SCHPCNP1). Flexural strength was evaluated at 28 and 365
days. Furthermore, the results from the flexural test were used to analyse fracture energy using
Il rwinds modification method, providing a deeper U
behaviour and strength characteristics. The findings showed that SCHPCMP1l and
SCHPCNP1 demonstrated high load-carrying capacities compared to control SCHPC, with
SCHPCNP1 exhibiting the highest ultimate load and significant ductility, especially at 365 days.
The inclusion of MicPOFA and NaPOFA i mproved SCHPC
showing the greatest improvement over time. These findings suggest that MicPOFA and
NaPOFA enhance concrete's mechanical properties, facilitating environmentally responsible
solutions for the structural demands of modern high-rise buildings, bridges, and infrastructure
projects.

Keywords: Mi cr o POFA,; Nano POFA; SCHPC; Il rwinos; Fl exur
INTRODUCTION

The construction sector in Malaysia is increasingly prioritizing environmentally friendly
projects by embracing sustainable development concepts. This shift highlights the use of high
performance concrete that incorporates-emmdly cementitious materials produced at a
reasonable cost. Concrete remains a crucial engineering material trucoms, with the
rapid pace of urbanization and industrialization amplifying its importance. The rising demand
for concrete has, in turn, increased cement production, as cement is essential for concrete
formulation. However, this growing demand raisesasyns about depleting raw materials
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for cement and increasing carbon dioxide emissions, which pose significant environmental
and human health risks. Consequently, there is a strong need for alternative materials that can
effectively replace cemertffer similar properties whilenakeconcrete more co#ffective.

The palm oil industry is vital to Malaysia's economy, making the country the strgedt

global producer after Indonesia, contributing approximately 19.96 million tonnes of palm oil
annually (Zamri et al., 2019). Palm oilltivation in Malaysia began in 1960, covering around
54,000 hectares. By 1980, this had expanded to 1.02 million hectares, and by 1990, to 2.03
million hectares. The area under cultivation continued to grow, reaching 3.37 million hectares
in 2000, 4.85 million hctares in 2010, and 5.64 million hectares in 2015. The Malaysian Palm
Oil Board reported that the plantation area further increased to 5.74 million hectares in 2016,
5.81 million hectares in 2017, 5.849 million hectares in 2018, and 5.90 million heictares
2019. Along with this expansion, palm oil production has increased significantly, leading to
substantial palm oil waste.

Felda Holdings Bhda major plantation company, has implemented Clean Development
Mechanism (CDM) initiatives nationwide, including biogas, compost, and power plants using
biomass waste from palm oil mills. These efforts aim to convert waste into renewable energy,
reflecting Felda's commitment to environmental sustainability (Adnan, 2019). In 2019, Felda
Palm Industries SdBhd. reported significant waste generation from their mills, underscoring
the potential for ecdriendly practices. This initiative could contributettee production of
green concrete by replacing waste in cement manufacturing, aligning with Felda's
environmental responsibility goals. Despite challenges such as decreased crude palm oil
(CPO) production due tdabour shortages and limited supply during the COMID
pandemic, the palm oil sector performed better in 2021 than in the previous year. As the
industry recovers, research and development efforts continue to focus on sustainability and
competitiveness (Malaysia Pal m Oi | Boar d, stracioh dlustry islal ay
moving towards green construction to achieve sustainability, particularly in buildings
requiring high durability. This goal can be achieved by enhancing normal concrete into high
performance concrete (HPC) using ddendly supplemetary cementitious materials
(SCM). Various studies have demonstrated that SCMs, such as rice husk ash (Ambedkar et
al., 2017; Sandhu & Siddique, 2017), fly ash (Hefni et al., 2018; Wang & Park, 2015), and
POFA (Ahamed & Siddiraju, 2016; Safiuddin et abD,12) significantly improve both fresh
and hardened concrete properties, such as increased compressive strength and reduced
permeability.

However, research specifically on the effects of MicPOFA and NaPOFA is still limited
and needs further investigation. In the early 1980s, Japan focused on improving concrete
durability due to a lack of skilled workers, which compromised construction yualit
(Okamura & Ouchi, 2003). Okamura & Ouchi (2003) also noted that usingaalfacting
concrete (SCC) could achieve durable structures regardless of construction qualty. Self
consolidating higkperformance concrete (SCHPC) is a type of concrete thas #awsily into
formwork without the need for vibration or compaction (Safiuddin et al., 2005). Xie et al.
(2002) found that SCC with cementitious materials offers good workability, high mechanical
properties, and increased durability. However, more resemrcheeded on SCHPC
incorporating POFA.

Thus, this study explores the potential of MicPOFA and NaPOFA as partial replacements
for cement in SelfCompacting HighPerformance Concrete (SCHPC). This initiative aligns
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with Malaysia's commitment to Sustainable Development Goals 9 (Industry, Innovation, and
Infrastructure) and 11 (Sustainable Cities and Communities) by promoting environmentally
friendly construction materials, reducing the carbon footprint, and facititathe
development of more durable and sustainable concrete

LITERATURE REVIEW

Theindustrialand agricultural sectors generate significant amounts of waste, including
Palm Oil Fuel Ash (POFA), which can be environmentally hazardous if not properly
managed. POFA is often disposed of indiscriminately outside factories, leading to pollution
and pogig health risks to nearby communities. Therefore, managing and disposing of POFA
safely is crucial to prevent environmental degradation and protect public health. Sustainable
waste management practices, which focus on maximizing recycling and reuseseatales
to address improper disposal and its associated issues. Using POFA as a cement replacement
solves the problem of landfills. This practice lowers the cost of building materials, addresses
environmental concerns, and improves waste management.chddlifi it conserves energy
and prevents pollution, making it a cosftfective and environmentally beneficial alternative
(Evi, 2017). Utilizing waste in place of cement can also be more economical, reducing cement
content while enhancing concrete projgtsuch as strength and permeability. Incorporating
POFA into concrete promotes eft@ndly practices and innovation in the construction
industry. By partially replacing cement in S€lbnsolidating HighPerformance Concrete
(SCHPC), POFA can improvedhmechanical properties of concrete, making it suitable for
high-rise buildings, tunnels, and lofsgpan bridges.

The fracture energy of concrete is crucial for its resistance to crack formation and
propagation. POFA, a byproduct of the palm oil industry, has pozzolanic properties, making
it a promising partial replacement for cement. Understanding POFA's impacaciardr
energy is key to optimizing concrete mix designs and enhancing the performance and
sustainability of concrete structures. This study investigates the application of fracture
mechanics tanalysecrack behaviour in concrete, focusing on the role ©FR in Self
Consolidating HigkPerformance Concrete (SCHPC). It evaluates the performance of
concrete by replacing part of the cement with MicPOFA and NaPOFA. Using the modified
Griffith-Irwin theory, the study examines fracture energy in SCHPC, provalipigactical
calculation method. The research aims to elucidate the fracture behaviour of SCHPC with
MicPOFA and NaPOFA, enhancing predictability through mathematical optimization using
Design Experts on reinforced concrete beams.

This study explores repurposing palm oil industry waste as a sustainable cement
replacement to mitigate environmental impact. Using POFA in concrete suppefterdly
practices and stimulates construction industry innovation. Additionally, POFA caocered
cement costs and optimize concrete production. MicPOFA and NaPOFA, as partial
replacements in SCHPC, can enhance the properties of SCHPC to meet the demands of
complex highrise structures. This research aligns with Sustainable Development Goal (SDG)
9, which focuses on resilient infrastructure, sustainable industrialization, and innovation. By
investigating alternative cementitious materials like MicPOFA and NaPOFA, the study aims
to promote environmentally friendly construction practices and addB¥Ssl$ (Sustainable
Cities and Communities) by developing durable and sustainable concrete solutions for urban
environments in Malaysia.
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METHODOLOGY
Materials Preparation

The specimens used in this research were 100 mm x 100 mm x 500 mm prisms. The
materials included Ordinary Portland Cement (OPC), coarse aggregates, fine aggregates,
Glenium, and Palm Oil Fuel Ash (POFA). POFA, serving as a cement replacement, was
sourced fom the United Palm Oil SDNBHD. factory in Sungai Kecil, Nibong Tebal, Pulau
Pinang, Malaysia. The OPC was procured from Tasek Sdn. Bhd. Coarse aggregates were
selected to pass through a 10 mm sieve, while river sand passing through a 4 mm sieve was
usedas the fine aggregate. The concrete mixing process adhered to BS EN 1008:2002
standards, utilizing potable tap water. To produce MicPOFA, raw POFA wasiaeenfor
24 hours and then sieved through a 212 &tm
grinding the MicPOFA using a higenergy ball milling machine with 10 mm zirconium balls.
MasterGlenium ACE 8538, obtained from BASF (Malaysia) &hud. was incorporated as
a partial admixture. The addition of Glenium aimed to enhance the mechanical peopgrti
the SelfCompacting HigkPerformance Concrete (SCHPC), working synergistically with
NaPOFA within the concrete mix. This combination of higlality materials and advanced
processing techniques was designed to optimize the performance charactéridGesC,
ensuring its suitability for demanding structural applications.

Samples Preparation

This research focused on using MicPOFA and NaP&s-& cement substitute in SCHPC.
Three different concrete mixes were formulated: one without POFA (Control) (SCHPC),
SCHPC with 1% NaPOFA cement replacement (SCHPCNP1l) and SCHPC with 1%
MicPOFA cement replacement (SCHPCMP1). The concrete mixing procgss Hxy
blending cement and POFA in the mixing apparatus. Potable tap water and the specified
admixture were added, and the mixture was blended until a uniform cement paste was formed.
The fine aggregate was gradually incorporated, followed by the addifighe coarse
aggregate. The mixture was allowed to blend thoroughly before being poured into moulds.
The concrete cubes were then cured for 28 days and 365 curing days.

Table 1. Concrete Mix Design

Mixes Cement POFA Water Coarse Aggregate Fine Aggregate Superplasticizer
(kg/m®  (kg/m®  (kg/m?) (kg/m?) (kg/m?) (kg/m )
SCHPC 1000 0 200 800 433 16
SCHPCMP1 990 10 200 800 433 16
SCHPCNP1 990 10 200 800 433 16

The mix proportions used in this study were based on a slightly modified version of the
concrete design mix study by (Norhasri et al., 2017), as there was no direct or conventional
design for the SCHPC mix. This design mix was chosen for comparison béqauaskices
high-strength concrete using regular coarse and fine aggregates, which are more affordable
and readily available materials in Malaysia. The specific design mix utilized in the study is
detailed in Table 1 for reference. The selection of 1%aoenent was guided by preliminary
strength optimisation trials and informed by previous findings from Norhasri et al. (2017),
who reported that lodevel nane and micreadditives (<2%) maximise pozzolanic activity
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while avoiding adverse effects on workability and eady strength. Additionally, the aim
was to study the particle size effect, holding the dosage constant for comparative analysis.

Test Method and Procedure
Flexural Test

Nine (9) reinforced concrete beam specimens were prepared and tested, comprising three
beams for each concrete mix: SCHPC (control), SCHPCMPL1 (containing 1% MicPOFA), and
SCHPCNPL1 (containing 1% NaPOFA). Each beam measured 100 mm x 100 mm x 500 mm
and wadested in flexure following BS EN 123902019. Flexural tests were conducted at
two curing intervals, 28 and 365 days, to evaluate both-agdyand longerm structural
performance. Each mix type was tested with three replicate beam specimens peupge gr
mixes (n = 3). The collected loatkflection data were further utilised to compute fracture
energy parameters and support structural modelling analyses, including crack propagation
behaviour and ductility asses §igueritshowsuhei ng
reinforcement bar layout used in all the flexural beams. For detailed information, Zlable
references the work by (Rao et al., 2017), providing specifics on the section properties and
reinforcement of each beam mix. The flexural testsewsmnducted according to BS EN
123905:2019 standards. The data obtained from these tests were then used to determine the
fracture energy using the Irwin modification method.

Table 2. Specimen Description

Dimensions of The Beam Reinforced Concrete Beam
Steel area 100 mm x 100 mm x 500 mm
Cover 10MM @ (4 bars)
Stirrup size 25 mm
Stirrup spacing 50 mm x 50 mm
Specifications 150 mm

0N GHNRHREE A PR ESAE Y )
REAla 56 L o e St oat oy SR
= N Akl RIS REAE AN, 1d

Figure 1. Setup for Reinforcement Beam
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Figure 2. Flexural Beam Test Setup

Fracture Energy Analyses of MicPOFA and NaPOFA Structural Beams Using Irwin's
Modification Method

In the concluding phase of the experimental procedure, fracture energy analyses were
performed on MicPOFA and NaPOFA structural beams using Irwin's modification method.
The fracture energy, G, quantifies the energy the beam specimen releases underAoading.
load versus displacement curve was employed to determine the compliance, C, of the
specimens at varying crack lengths. A graphical analysis was then conducted to plot C against
the crack length, a. This plot was differentiated using an appropriatefitingemethod to
obtain the derivative, dC/da, with respect to crack length, a. Using this derivative data, the
fracture energy values, G, were calculated as a function of crack length, a. Subsequently, a
linear mathematical model was developed usingddeBxpert software, which utilized the
collected data to predict fracture analysis outcomes for SCHPC mixes. This involved a
comprehensive modelling analysis of the beam structures, leveraging the advanced
capabilities of Design Expert software in conjtioe with Response Surface Methodology
(RSM).

The results of this modelling analysis extended beyond mere data interpretation,
establishing precise mathematical equations that serve as practical guidelines for predicting
the performance of largeccale beam structures. These equations integrate tmsighn the
experimental data and computational simulations to optimize the design and construction of
reinforced concrete beams in re@brld applications. By combining empirical data with
advanced computational modelling techniques, this approach estaircgnderstanding of
the principles governing beam behaviour, enabling practitioners to make informed decisions
when designing and implementing structural systems. The resulting mathematical equations
provide a systematic framework for predicting androjzing the performance of largscale
beam structures in diverse engineering contexts, thereby driving innovation and efficiency in
civil engineering practices.
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Design Expert Analysis of Self-Consolidating High-Performance Concrete (SCHPC)

Self-consolidating higkperformance concrete (SCHPC) is an advanced material known
for its exceptional flowability and consolidation properties. Designing SCHPC mixes requires
careful optimization to meet specific project needs, and researchers havdy rasent
advanced statistical techniques like Design of Experiments (DOE) and response surface
methodology (RSM) for thorough analyses of SCHPC formulations. The Design Expert
software plays a crucial role in predicting models and quantifying the cortnbaftpalm oil
fuel ash (POFA) in concrete, allowing for predictive models. This enables engineers to
optimize mix designs and achieve desired properties such as workability, strength, and
durability. By systematically assessing the impact of differeesz POFA, researchers can
maximize POFA utilization, reduce material usage, and lower construction costs, leading to
sustainable and higherformance concrete solutions.

RESULTS AND ANALYSIS
Flexural Strength

The flexural test evaluated a 100mm x 100mm x 500mm reinforced concrete beam,
incorporating 1% MicPOFA and NaPOFA as cement replacement, in comparison to the
control SCHPC beam. Figur8sand4 demonstrate the Loadeflection curves derived from
three sets of concrete mixes, SCHPC, SCHPCMP1 and SCHPCNPL1, at 28 and 365 days.

Figures 3 and 4 depict the |loddflection characteristics of various concrete mixtures
both with and without optimal proportions of MicPOFA and NaPOFA replacing cement,
examined at day 28 and day 365 through a tpatet bending test. At day 28, the uitite
load (Fmax) of SCHPC mixes with optimal MicPOFA (SCHPCMP1) showed a decrease
compared to the control SCHPC, recording 48.65 kN. Conversely, SCHPC mixes with
optimal NaPOFA (SCHPCNP1) exhibited higher results than the control SCHPC, marked by
a 1.8% ircrease, reaching 51.87 kN. However, by day 365, both SCHPCMP1 and SCHPCNP1
displayed notable improvements in Fmax, recording 82.31 kN and 82.80 kN, respectively,
with increments of 31.17% and 31.96% compared to the control SCHPC. On day 28, the
control SCHPC showed a rapid increase in load with minimal midspan deflection growth.
Figure 2 illustrates that the control SCHPC reached a maximurspaid deflection of 1.43
mm at Fmax of 50.47 kN, indicating brittle behaviour. In contrast, SCHPCMP1 and
SCHPCNPL1 ekibited a more gradual increase in load accompanied by midspan deflection.
Their maximum miespan deflections were 1.9 mm and 2.57 mm at Fmax of 48.65 kN and
51.38 kN, respectively, suggesting enhanced ductility compared to the control.

The data suggests that SCHPC incorporating POFA exhibits less brittleness and greater
ductility than conventional SCHPC. Nano POFA, in particular, exhibited enhanceéhgarly
performance, attributed to its ulfime particle size distribution and elevat@ozzolanic
reactivity, which contributed to accelerated secondary hydration and matrix densification. By
day 365, the SCHPCNP1 mix achieved the highest recorded ultimate flexural load and
exhibited marked ductile behaviour under bending stress. Thesamsg signify a marked
improvement in structural integrity, fracture resistance, and-temg serviceability when
compared to the control and SCHPCMP1. The enhancedclraging capacities of
SCHPCMP1 and SCHPCNP1 can be attributed to improvements griahgiroperties,
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resulting in more durable concrete. Additionally, named POFA reacts with cement
hydration products over time, producing secondai$+i& gels that enhance microstructure
and bonding strength, resulting in stronger and more durable concrete.

60 SCHPCNP1(Fmax)
SCHPC (Fmax) SCHPCMP1(Fmax) 2.56562. 51.3755
1.43274. 50.4698 1.9006. 48.645

Load, F (kN)

[

0 0.5 1 1.5 2 25

Midspan displacement (mm)

Figure 3. Load-Deflection Curve of Three (3) Series of SCHPC Mixes Without and With Optimum
Percentages of MicPOFA and NaPOFA as Partial Replacement to Cement at Day 28

90
SCHPCMP1 (Fmax)

S0 4.91461, 82.3105

SCHPC (Fmax)
20 1.51147, 62.749
SCHPCNPI1 (Fmax)

60 \ 2.31235, 82.8007
50

40

Load, F (kN)

30
20
10

2 2.5 3 3.5 4 4.5
Midspan displacement (mm)

o
e
in
—
—

Figure 4. Load-Deflection Curve of Three (3) Series of SCHPC Mixes Without and With Optimum
Percentages of MicPOFA and NaPOFA as Partial Replacement to Cement at Day 365

According to Karim et al. (2014) palm oil fuel ash (POFA) shows significant potential as
a partial cement substitute in concrete due to its pozzolanic properties, attributed to its
substantial silicon dioxide content. This silicon dioxide reacts with waldhydroxide
(Ca(OH)2) generated during the hydration process, resulting in the formation of calcium
silicate hydrate (CSiH) gel. This reaction reduces the amount of Ca(OH)2, thereby
enhancing the durability and strength of the concrete. Additionallyfinbaess of POFA
improves the mechanical properties of concrete through the reaction of SiO2 with Ca(OH)2,
leading to the formation of additional & H. Hamada et al. (2018) corroborate this, noting
that the pozzolanic behaviour of nano POFA particlesiymwes secondaryiGiH gels
through reactions with free lime, further supporting the enhancement of concrete properties.
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Fracture Energy

78

The Fracture Energy, denoted as G, is a crucial factor in comprehending the response of
beam specimens to loading conditions, quantifying the energy released during fracture or
failure. This study aimed to characterize the fracture energy of beam specimsftrsicted

from various formulations of SCHPC, including SCHPCMP1 and SCHPCNP1. Table 3

displays the fracture energy values obtained at the ultimate load of SCHPC, SCHPCMP1, and

SCHPCNP1 speci mens,

det er mi

ned
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comparison of these values offers valuable insights into the fracture behaviour and mechanical
performance of SCHPC, SCHPCMP1, and SCHPCNP1.

Table 3. Fracture Energy at Ultimate Load of SCHPC, SCHPMP1, and SCHPCNP1 at Day 28

Ultimate

Midspan

Crack

Fracture

o
[
w0

Concrete Mixes  Load, (Fmax) Displacement, Length, (a) d /I(::rnzax dC/da Energy, V':\’/I;gtf(l: r;(;L(
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SCHPC 50.470 1.43274 82.588 0.028 132.09 1067 0.389
SCHPCMP1 48.645 1.9006 77.878 0.039 154.34 1277 0.290
SCHPCNP1 51.376 2.56562 61.136 0.050 269.90 2909 0.140
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Figure 5. Relationship Between Pre-Crack Width and Fracture Energy of SCHPC, SCHPCMP1,
and SCHPCNP1 at Day 28

The analysis of fracture energy trends provides significant insights into the mechanical
properties of the concrete samples. Fracture energy, a key indicator of a material's toughness
and resistance to crack propagation, measures a material's abilityotb @nergy before
failure. Figure 5 illustrates the relationship betweengoaek width and fracture energy for
SCHPC, SCHPCMP1, and SCHPCNP1. Among the tested samples, SCHPC showed the
lowest fracture energy at 1067 kN/mm?2, indicating its brittleness lamited energy
absorption capacity, resulting in lower crack propagation resistance. This is evident from the
larger crack width of 0.389 mm observed in SCHPC. In contrast, SCHPCNP1 exhibited the
highest fracture energy of 2909 kN/mm?2, correlating wisigaificantly smaller crack width
of 0.140 mm. SCHPCMP1 had an intermediate fracture energy value of 1277 kN/mm2,
resulting in a smaller crack width of 0.290 mm compared to SCHPC.
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In conclusion, at 365 days, the SCHPCNP1 mix demonstrated the highest fracture
toughness and resistance to crack propagation, as evidenced by its peak fracture energy
capacity and reduced crack width, indicating improved energy absorption araitgubshg
performance. The inverse relationship between fracture energy and crack width highlights the
importance of fracture energy in determining concrete performance. Higher fracture energy,
as seen in SCHPCNPL1, leads to better crack resistance and increabdityjunaking such
mixes ideal for applications requiring enhanced structural integrity anetdomydurability.

Table 4. Fracture Energy at Ultimate Load of SCHPC, SCHPMP1, and SCHPCNP1 at Day 365

Ultimate Midspan Crack c= Fracture Pre-Crack
Concrete Mixes  Load, (Fmax) Displacement, Length, d/Fmax dC/da Energy, Width. mm
kN (d) mm (&) mm kN/mm ’
SCHPC 50.470 1.43274 82.588 0.028 132.09 1067 0.389
SCHPCMP1 48.645 1.9006 77.878 0.039 154.34 1277 0.290
SCHPCNP1 51.376 2.56562 61.136 0.050 269.90 2909 0.140
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Figure 6 . Relationship Between Pre-Crack Width and Fracture Energy of SCHPC,
SCHPCMP1, and SCHPCNP1 at Day 365

Figure 6 illustrates the relationship between-gnack width and fracture energy for
SCHPC, SCHPCMP1, and SCHPCNP1 at day 365. SCHPC has the lowest fracture energy
value of 1149 kN/mm?, indicating a relatively low ability to absorb energy before fahure,
making it less tough compared to the other mixes. The observed crack width for SCHPC is
0.319 mm, which, despite being higher than the other two mixes, is still relatively small.
SCHPCMPL1 significantly improves fracture energy compared to SCHPC awitiiue of
1831 kN/mm?2. This higher fracture energy suggests that SCHPCMP1 has greater toughness
and can absorb more energy before failure, enhancing its resistance to crack propagation. The
crack width for SCHPCMP1 is 0.222 mm, smaller than that of SCldB&ributing to its
better crack resistance.

SCHPCNPL1 validates the highest fracture energy value of 3131 kN/mm?2, indicating it is
the toughest among the three mixes with the highest energy absorption before failure. The
SCHPCNP1 mix recorded the smallest crack width at 0.191 mm, indicating enhanced
microcrack control and effective resistance to crack propagation under flexural loading. The
observed trend from day 28 to day 365, as SCHPC, SCHPCMP1 and SCHPCNPL1 exhibited
increased fracture energy and reduced crack widths, suggests progressive impraveme
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fracture toughness and pastacking behaviour due to continued hydration and matrix
refinement over time. This trend highlights optimising the concrete's internal structure as it
cures, leading to enhanced mechanical performance anddonglurability.

Model Adequacy Verification and Interaction Verification Between Factors

The relationship between compressive strength, ultimate load, and fracture energy was
analysed using Design Expert 11.0.5. The 3D response surface Figure 7 facilitated the
evaluation of these parameters under different mix compositions and curing agesngro
insights into the mechanical behaviour and structural performance of the concrete specimens.

Fracture Energy (kN/mm)

Figure 7. 3D Representation of The Response Surface of The Flexural Strength of
SCHPC, SCHPCMP1, and SCHPCNP1
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Figure 8. Predicted vs. Actual Value of SCHPC, SCHPCMP1,
and SCHPCNP1 Fracture Energy
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Figure 8 illustrates the distribution of fracture energy values across various mix
compositions, revealing the inherent variability of this parameter. Despite the apparent
dispersion, a clear linear correlation between the actual and predicted valudsserasad,
highlighting the reliability of the predictive model. The alignment of data points along the

trend | ine affirms

t he model

0s

accuracy i

use of Design Expert 11.0.5 enabled a comprehensive ewealuadtithe interrelationship

between compressive strength,

ultimate load, and fracture energy,

enhancing the

understanding of performance characteristics and predictive behaviour for SCHPC,

SCHPCMP1, and SCHPCNP1 mixes.

Numerical Optimization of

The Best SCHPC Mix

28 365
ADay = 28.0001
.

0

C:Pre-Crack width = 1.24581E-07
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B:Ultimate Load (Fmax) = 66.772
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e
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Fracture Energy = 3584.24

Desirability = 1.000
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Figure 9. Best Mix Comparison Between Control and Optimum POFA Replacement
on Maximum Strength at 28 Days
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Figure 10. Best Mix Comparison Between Control and Optimum POFA Replacement
on Maximum Strength at 365 Days

Numerical optimization was conducted on SCHPC, SCHPCMP1, and SCHPCNP1 mixes
to identify optimal parameters influencing their fracture energy. Key factors considered were
the day of the flexural test, Ultimate Load, and-Brack Width. The study aimed to
determine the best mix among the control SCHPC, Miased SCHPC, and Nabased
SCHPC by minimizing prerack width and maximizing fracture energy. Results presented in

Figures 9 and 10 for testing ages 28 and 365 days aimed to enhance SCHPC perfgrmance b

carefully controlling input parameters. This provided insights for selecting suitable mix
compositions for specific engineering applications, considering both-tehrtand long

n
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term performance. Using Response Surface Methodology (RSM), the study highlighted
SCHPCNPL1 exhibited outstanding performance in both flexural capacity and fracture energy,
achieving peak load values of 66.77 kN at 28 days and 75.68 kN at 365 days, dlong wi
corresponding fracture energy values of 3584.24 kN/mm and 3425.06 kN/mm, respectively.
These results highlight the structural efficiency of n@@FA incorporation, providing
experimental validation for mix design optimisation and contributing to adwagats in
high-performance concrete technology and modern structural engineering applications.

Discussion of Limitations

While the findings offer valuable insights into the mechanical performance and fracture
behaviour of SCHPC incorporating MicPOFA and NaPQBAveral limitations must be
acknowledged. Firstly, the experimental scope was confined to-soaddl laboratory
specimens, and extrapolation to fatlale structural elements warrants further validation.
Besides, the lontgerm durability performance, gacularly under aggressive environmental
exposures such as carbonation, chloride ingress, or ftkeazecycles, remains unaddressed
beyond the 36%lay curing period. Future investigations should incorporate extended
durability assessments under serdige conditions to support practical implementation.

CONCLUSION

Over the past five years, there has been substantial growth in research on palm oil fuel
ash (POFA), particularly regarding its utilization in specific concrete types likestiighgth
concrete (HSC). A recent study by Hamada et al. (2023), titled "lrop&etim Oil Fuel Ash
on High Strength and UltrAigh-Performance Concrete: An-titepth Review," examined the
effects of POFA on HSC and ultragh-performance concrete (UHPC) in both fresh and
hardened states. Despite the considerable research in traggddmare is a noticeable gap in
comprehensive investigations concerning the incorporation of various particle sizes of POFA
in specialized concrete mixes. This study aimed to fill these gaps by focusing on the flexural
test outcomes utilized tanalysefracture energy using Irwin's modification method. This
approach provided a thorough understanding of the behaviour and strength characteristics of
concrete structures. Subsequently, a Design Expert was employed to examine the beam
structures anderve as a reliable guideline for predicting their practical application. This
extensive analysis offered valuable insights into the behaviour and performance of the
concrete beams. In conclusion, SCHPCNP1 emerges as a standout performer, demonstrating
its effectiveness in improving concrete performance, particularly in terms of exceptional flow
and mechanical properties. Nevertheless, SCHPCMP1 also shows significant improvement
compared to the control SCHPC. The utilization of POFA has proven to entarwete
properties, driving innovation in green concrete technology and holding immense promise for
the construction industry by offering sustainable solutions for-hgghbuildings, bridges,
and infrastructure projects. Furthermore, these innovativeretn mixes have broader
applications beyond new construction projects and can effectively contribute to the repair of
deteriorated concrete structures, providing fagiength structural repairs and prolonging the
service life of existing infrastructurén summary, the findings of this study underscore the
significant potential of SCHPCNP1 and SCHPCMP1 in revolutionizing concrete technology
and advancing sustainability in the construction sector through the utilization of POFA,
paving the way for environemtally friendly construction practices and sustainable
infrastructure development.
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Abstract

Textile Reinforced Mortar (TRM) represents a cutting-edge advancement in cementitious
composites, offering versatility in civil infrastructure enhancement and structural rehabilitation.
Comprising high-performance textile reinforcement and a cement-aggregate matrix, TRM
provides lightweight construction, durability, and design flexibility. This study investigates the
pull-out and flexural strength of Bamboo Fiber Textile-Reinforced Mortar (BTRM) as a
sustainable alternative. The research explores the impact of bamboo textile mesh sizes (M1-
M5) on bond characteristics and flexural behaviour. Pull-out tests reveal superior performance
for smaller mesh sizes, emphasizing the interplay between mesh characteristics and material
performance. Flexural tests demonstrate enhanced strength in BTRM, attributing it to the
tensile strength of bamboo fibres, textile structure benefits, and optimized mesh sizes. The
study delves into failure modes, showcasing a shift from brittle to ductile behaviour in BTRM,
with bamboo textiles controlling crack widths, enhancing post-crack behaviour, and improving
structural safety. This research contributes valuable insights for designing bamboo textile-
reinforced structures, emphasizing sustainability and performance optimization.

Keywords: Textile reinforced mortar (TRM); Bambofibre textilereinforced mortar (BTRM);
Sustainable construction; Mesh size optimization; Bond characteristics.

INTRODUCTION

Textile Reinforced Mortar (TRM) stands as a cuttétlpje advancement in the domain of
cementitious composites, serving as a versatile solution to enhance civil infrastructure and
reinforce deteriorated structures. With a myriad of advantageous propéfiks offers
lightweight construction, durability, design flexibility, and ease of installation, establishing
itself as a compelling choice in the innovative applications of civil engineering, particularly
in the realms of precast elements and structuraliétation. The fundamental composition
of TRM involves the integration of higherformance textile reinforcement, composed of
continuous multfilament yarns such as polypropylene, glass, basalt or polyamides, into a
matrix comprising cement as a bindengent and weltlistributed, smalkize aggregates. This
combination not only results in a robust material but also enables adaptability to diverse
structural requirements. The choice between planar (2D) or spatial (3D) textile reinforcement
depends on thepecific load application (Murcia, Comak, Soliman & Reda Taha, 2022; Wu,
Pan & Yan, 2023), underscoring the flexibility and customization potential of TRM.
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The spectrum of potential applications for TRM is vast, encompassing architectural
facades, sandwich wall panels, ldaehring shell structures, and storage units such as tanks
and silos (Murcia et al., 2022). Furthermore, TRC has demonstrated its effitacy
strengthening existing reinforced concrete structures, showcasing its versatility in retrofitting
applications. Studies indicate that TRM could serve as a viable alternative to traditional Fiber
Reinforced Polymer (FRP) composites for flexural and rshetaofitting, offering similar
capacity enhancements while surpassing in durability (Kong, Mesticou, Michel, Si Larbi &
Junes, 2017; Murcia et al., 2022). Presently, a substantial body of research has delved into
examining the effectiveness of TRM in btaring structural strength. Investigations focused
on flexural strengthening of reinforced concrete (RC) elements, such as beams (Du, Shao,
Chu, Zhou & Su, 2021; Giese, Giese, Dutra & Da Silva Filho, 2021; Guo et al., 2022; Koutas
& Papakonstantinou, 2025o0ng et al., 2023) and slabs (Dong, Deng, Dai & Song, 2021;
Zhang, Wang, Lu & Guo, 2022), consistently reveal that when TRM is employed as a
strengthening material, it significantly enhances flexural capacity while concurrently reducing
deflection and @ack widths in the structure. Widely acknowledged is the fact that
incorporating additional layers of TRM in the strengthening of beams or slabs results in a
notable increase in ductility and bearing capacity (Zhang et al., 2022).

TRM has also been successfully utilized in retrofitting masonry structures, proving
effective in enhancing the planebehaviourof masonry walls (Furtado, Rodrigues, Aréde,
Melo & Varum, 2021; Meriggi, Caggegi, Gabor & de Felice, 2022). This application results
in increased strength and displacement capacity, accompanied by a certain level of ductility
before failure. Notably, TRMaddresses the common occurrence of wide cracks in
unreinforced walls, ensuring more uniformly distributed shear stressetersonatks, and a
spread over the surface of the wall (Del Zoppo, Di Ludovico & Prota, 2019). Consequently,
innovative TRM composites stand out as one of the most effective techniques for preventing
failure and ensuring seismic protection in earthqyaioee areas, applicable to both
structural and nostructural construction elementdhe effectiveness of TRM in
strengthening RC structures or enhancing tiane capacity of masonry depends on several
factors, encompassing the geometrical and mechamiopérties of the textile, the strength
and stiffness of the matrix, and the retrofitting layout. Despite its unique structural
performance, recent research has identified challenges related to theébthlaveourof TRM
structural elements, specifically concerning the properties and geometrical structure of the
yarns constituting the textile and the mesh size of the textile itself.

The geometrical characteristics of textiles, including yarn nature and arrangement, play a
crucial role in predicting the performance of reinforced cement composites (Peled & Bentur,
2000). The study underscores that textile geometry can positively iofusonding and
enable strain hardening in low modulus yarn textiles (Bel3ling, Manko & Orlowsky, 2022).
However, variations in textile geometry may reduce efficiency, diminishing the strengthening
effect of the yarns (Peled & Bentur, 2000). Murcia et @02@) reported the potential for
premature debonding between textile yarns and the cement matrix at low strains. To address
this, previous studies (Donnini, Corinaldesi & Nanni, 204i6ggestsing organic coats to
enhance the bond betwefiores and mortar. Issues of early debonding are associated with
improper impregnation dibre textiles by the cementitious matrix, as microscopic images
reveal varying degrees of impregnation witfibre filaments (Murcia et al., 2022). The high
viscosity of cement sluy limits penetration into narrow spaces in textile yarn, leading to
potential debonding under high loading rates (Hau@tanbe & Hartig, 2007; Murcia et al.,
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2022). This can impact loazhrrying capacity, ductility, and potentially alter the failure mode
of the TRM structure.

In traditional TRM applications, textiles typically consist of warp and fii® bundles.
The failure of TRM composites often results from debonding failures in the stressed warp
fibre bundles, exacerbated by slippage between the weft andfiwegbundles during the
cracking process (Zhang et al., 2022). This limits the reinforcing effect of the textile on
concrete materials to a certain extent. When it comes to strengthening strwdiureE_RM,
various type®f textile materials are commonly utilizadgluding steel (Raji, Mostofinejad,
& Eftekhar, 2022) and synthetiibres such aglass Furtado et al., 2021) and carbon (Li et
al., 2024). However, the high embodied energy of steel and syntieés along with
recycling challenges, presents obstacles to achieving global sustainability goals. In response,
there is a growing interest in composites reinforced with nafibveds (green or bio-
composites), which have recently captured the attention of researchers as potential candidates
for strengthening applications. Natufikesoffer excellent environmental credentials, being
renewable biodegradable, and recyclable. Nonetheless, concerns about the environmental
durability of naturafibresunder prolonged exposure to moisture, temperature variations, and
UV radiation remain largely unaddressed. Future work should includetéomgdurability
studies of natural textile composites in various environmental conditldaspite the
recognized potential of naturdibres as valid reinforcement materials for TRM, their
reliability for strengthening structural concrete or masonry remains tindise to a lack of
dedicated attention to experimental lab studies on natural TRM. Particularly, research on the
tensile or flexurabehaviourf natural TRM in enhancing RC structures has been lacking. In
the current development of TRM, only a festudies Ferrara, Pepe, Martinelli & Tolédo
Filho, 2021; Fidelis et al., 2016; Sadrolodabaee, Claramunt, Ardanuy & de la Fuente, 2021;
Trochoutsou, Di Benedetti, Pilakoutas & Guadagnini, 2021) have investigated the
performance of natural TRM.

This study aims to investigate the palit and flexural strength of Bamboo Fiber Textile
Reinforced Mortar (BTRM). Bamboo, being a pkatsed naturdlbre, stands out as a low
cost renewable material abundant in many countries, including Malaysia. Despite previous
research (Althoey et al., 2022; Kumarasamy, Shyamala, Gebreyowhanse & Kumarasamy,
2020) demonstrating the suitability of short bamlibmesas reinforcement in strengthening
cementitious composites, studies onlibéaviourof BTRM compositesre still limited. To
address this gap, the following research questions are podddwldoes the mesh size of
bamboo textile affect the bond performance between the textile and mortar matrixaatpull
tests?2. What is the influence of bamboo textile mesh size on the flexural performance of
reinforced concretslabs?This research endeavours to assess the effectiveness and efficiency
of bamboo textile by evaluating its performance in the mortar composite through a
comprehensive study of bond behaviogoull-out test) and overall flexural strength
properties. The primary focus for the palit and flexural tests is placed on the geometrical
mesh size of the bamboo textile to comprehend the intricate interaction between the matrix
and reinforcement in BTIR.
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EXPERIMENTAL PROGRAM
Material Description
Mortar

The mortar matrices utilized in this study were specifically designed to produce
specimens for both putiut and flexural strength tests. The constituents of the mortar mixture
included binders (Ordinary Portland Cement and silica fume), fine river sand, amdea
superplasticizer. The chemical composition of the commercial Portland cement and silica
fume can be found in Table 1, while Table 2 displays the grading of the fine aggregate used
in this study. The mortar mix design for this investigation adheredratio of 1:2.67:0.32
(binder: sand: wateto-binder ratio). In this mix, silica fume (10% by weight of cement) was
incorporated as an additional mineral admixture to replace cement content and enhance the
strength of the mortar binder. To ensure progorkability, a polycarboxylic ethdrased
superplasticizer (SP) was introduced during composite fabrication. The flow of mortar mixes
was maintained within the range of 27%, ensuring adequate workability for proper
compaction during thenoulding of specimens. Table 3 illustrates the composition of
materials for the mortar mixture.

The experimental study revealed that the average compressive strength of the mortar mix
design was approximately 40 MPa. This value was obtained from three mortar cubes tested
at 28 days in accordance with the BS EN 123%andard, specifically chosenr fthis
experiment.

Table 1. Typical Chemical Compositions of OPC and Silica Fume
Composition (%)
SiO, Al,O, Fe,0, CaO MgO K,O SO, P,O, TiO, Others
OPC 16.00 3.60 2.90 72.00 1.50 0.34 3.10 0.06 0.17 0.34
Silica Fume 90.00 1.20 2.00 1.00 0.60 0.80 0.50 0.05 0.09 4.80

Material

Table 2. Sieve Analysis of Aggregates
Aggregate Passing (%) According to Sieve Size (mm)

Aggregate

0.15 0.3 0.6 1.18 2.36 5 10 14 20
Sand 5 17 44 63 91 100 100 100 100
Table 3. Mix Designs of Mortar
Cement Water Sand Silica Fume SP (1% from mass Average Compressive
(kg/m?3) (kg/m?3) (kg/m?3) (kg/m 3) of cement) strength (MPa)
470 168 1380 47 0.479 40.0

Table 4. The Properties of Bamboo Yarn Fiber

Average
Elongation at
Break (%)

Bamboo Fibre 37.089 47.22 49862.51 49.86 33.76

Average Maximum  Average Tensile Average Tensile  Average Tensile

HIELIE Load (N) Strength (MPa)  Modulus (MPa)  Modulus (GPa)
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Textile Reinforcement

The test parameters of this study were designed to explore the influence of geometric
mesh size in lateral bamboo textile on bond and flexglahviouwhen applied to strengthen
mortar. In this investigation, the bamboo textile prototype was meticulously crafted through
manual knitting using bamboo yarn derived from bamboo plant pulp. The properties of the
bamboo yarriibres utilized in the textiles are outlined in Table 4. The study employed five
variations of bamboo textiles, each featuring distinct knitting patterns and mesh sizes in both
warp and weft directions (10 x 20mm (M1), 10 x 20mm (M2), 10 x 40mm (M3), 20 x 20mm

(M4), and 20 x 40mm (M5)), aextile reinforcement for enhancing mortar specimens, as
depicted in Figure .1

Warp direction (0V)
Warp direction (0V)

| L

‘Weft and tested direction (90°)

‘Warp direction (0V)
Warp direction (0Y)

Weft and tested direction (90°)

© - ©

Warp direction (1)

Weft and tested direction (90°)

(e)
Figure 1. Bamboo Textile Mesh (a) 10x10 mm (b) 10x20 mm (c) 10x40 mm
(d) 20x20 mm (e) 20x40 mm

Therationalefor selecting these five specific mesh sizes lies in the need to systematically
evaluate the effect of both small and large openings, and the influence of mesh aspect ratios
(square vs rectangular) on composite performance. Smaller meshes (e.g., M1) are
hypothesised to provide greater interfacial bonding due to a higher surface area of contact
between textile and mortar. Meanwhile, larger meshes (e.g., M3 and M5) are expected to
exhibit reduced mechanical interlock but offer better mortar penetration essdfibre
crowding. Additionally, by comparing square meshes (M1 and M4) to rectangular meshes
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(M2, M3, M5), the study investigates how directional stiffness and anchorage differ with
mesh anisotropy. This mesh range was also constrained by thavbawithg capabilities of
the bamboo yarn and the need to maintain textile consistency across specimens

Specimen Preparation

In thisinvestigationthe pultout test setup and specimen configuration were meticulously
crafted, drawing inspiration from the doulsieled doubly symmetrical test conducted by
Butler et al. (2010). The presented experimental work utilized pullout specimens, each
fortified with a single layer of bamboo mesh featuring distinct geometrical patterns fashioned
in the shape of a bone prism. The specimens exhibited variable thicknesses, with a consistent
10 mm thickness at the ends and a reduced thicknessof i the proximity of the notch.
Furthermore, the samples maintained a uniform width of 50 mm. Five distinct types of
specimens were created, with each one reinforced by a single layer of bamboo textile featuring
a specific geometric mesh size. Beforaiag the mortar matrix, meticulous care was taken
to position the textile reinforcement over the mould, ensuring optimal impregnation of the
matrix. Following a day of fabrication, the specimens were demoulded and immersed in water
at 20°C for a curing pad of 28 days. Subsequently, they were removed from water curing
and transferred to a controlled laboratory environment with conditions set at 20°C and 65%
relative humidity, one day prior to testing. To enhance stability during testing, steel plates
were securely affixed to the ends of the specimens and positioned between the clamping jaws
of the testing machine.

Meanwhile, specimens for the flexural strength test were crafted using mortar plates with
dimensions of 500 mm x 100 mm x 40 mm, with three specimens produced for each sample.
A total of 6 series of mortar specimens were meticulously prepared. Withirstirégss five
specimens were embedded with varying mesh sizes of bamboo textHe$Mb reinforce
the mortar plate, while one served as a-aotbedded control sample (MQ). These plate
specimens were meticulously prepared and cast in special steel niowldier to create the
specimens, mortar was applied if¥ Gnmthick layers using a smooth metal trowel on a
dampened concrete surface. The textile was then embedded into the mortar through hand
pressure after the first mortar layer was applied. A lafaextile, kept from all four sides,
was laid on the fresh concrete and rolled to ensure proper wetting. During casting, the fabric
edges were secured by the mould, creating a slightly taut yet netressed fabric,
potentially reducing the initial wavess, increasing peak load, and minimizing slip.

The subsequent mortar layer was applied to completely cover the textile, and a brief
vibration (approximately 10s) was applied to the composite during specimen preparation to
enhance compaction and penetration of the cement matrix between the textitg®p€ne
specimens were left in the moulds for 24 hours, after which they were removed and cured in
a water bath at 20 + 2 °C for a duration of 28 days.

Experimental Setup and Instrumentation

The specimens for both the pullout and flexural strength tests were prepared and tested
after a curing period of 28 days. The diagram of the specimen and the setup for the pullout
tests are depicted in Figures 2 and 3, respectively. A universal-lsgivailic machine
operated under a deformation control regime was employed for this test. The strain rate was
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consistently maintained at 0.05 mm/min for the textimforced concrete (TRC) specimens
throughout the entire test, encompassing bothcpeking and postracking states until
specimen failure occurred. Strain measurements were carried out usirgaraviimiable
displacement transducer (LVDT) securely fixed to the specimen and oriented in the loading
direction. Additionally, the applied load and displacement of the crosshead of the testing
machine were recorded to facilitate comprehensive data amalysi
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Figure 2. A Schematic Diagram for The Pull-Out Test Setup

Figure 3. Set-Up for The Pull-Out Test
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Figure 4. A Schematic Diagram for The Flexural Testing Setup

For investigating the flexurddehaviourof the specimens, a foyoint bending test was
conducted using the TORSEE Universal Testing Machine at a crosshead rate of 1 mm/min.
As illustrated in Figure 4, the support span was set at 300 mm, and the arrangement for the
beams is presented in FigureDuring the flexural test, the maximum stress was expected to
occur below the point of loading on the beam specimen where the bending is most significant.
Gradual and uniform loading was applied to the beam spacimi failure occurred at its
ultimate strength. The flexural strength of concrete can be calculated using the following
standard equation:

0 (1)
where,

fet is the flexural strength (MPa)

F is the maximum load (N)

di, d> are the lateral dimensions of the specimen, in mm
I is the distance between the supporting rollers (mm)

= Bl =

g

e -
Figure 5. Set-Up for The Flexural Strength Test
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EXPERIMENTAL RESULTS AND ANALYSIS
Pull -Out Test

The average pulbut force versus crack opening curves for all specimens are presented
in Figure 6. The findings from the ptdut tests conducted on BTRM offer crucial insights
into the bond characteristics between the developed matrix and the bambepftextsing
specifically on five different geometrical mesh sizes of bamboo textile. Notably, the results
reveal that the knitting size has a substantial impact on th@wugerformance of BTRM.
The weaving size M4 (20x20mm) demonstrated the highestimum force (62.5),
suggesting superior bond strength between the bamboo textile and mortar. This result implies
that a smaller and more closely spaced mesh may contribute to a stronger bond. Similarly,
M5 (20x40mm) exhibited a high maximum force (51.6)dadisplacement (5.92mm),
indicating robust bond performance. Conversely, M3 (10x40mm) displayed the lowest
maximum force (20.3), suggesting a weaker bond. The findings underline the importance of
selecting an appropriate weaving size to optimize bondgitrén BTRM.

70 -

60 -

—o— M1 (10x10mm)

z M2 (10x20mm)
8 —i— M3 (10x40mm)
o

= M4 (20x20mm)

—@— M5 (20x40mm)

10

4 6
Deformation/Crack Opening (mm)
Figure 6. Force Versus Crack Opening Curves

Furthermore, M2 (10x20mm) showed a relatively lower maximum force (26.6) and
displacement (1.2mm), suggesting that this weaving size may not provide as strong a bond as
others. Overall, the results provide valuable information for engineers and researtiikns
the design of bamboo textiteinforced mortar structures based on specific application
requirements, with mesh sizes such as M4 and M5 proving favourable for applications where
high bond strength is crucial. However, considerations for-wedt conditions,
environmental factors, and lostgrm durability remain essential, indicating potential avenues
for further research to explore additional influencing parameters on bond characteristics. The
findings from the pulout tests on BTRM highlighthe significance of mesh size in
influencing bond characteristics between the developed matrix and bamboo textile. The
superior performance of M4 (20x20mm) can be attributed to its smaller mesh size, suggesting
that a more closely spaced mesh enhancestirocking and engagement between bamboo
fibresand the mortar matrix. This proximity likely results in a more efficient load transfer
mechanism, contributing to the higher maximum force observed. The positive outcomes of
M5 (20x40mm) may be attributed to a balance between mesh size and spacitegjrigcin
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effective distribution of forces and allowing for a robust bond. Conversely, the lower
performance of M3 (10x40mm) could be attributed to a combination of larger mesh size and
possibly wider spacing, leading to reduced interlocking and load transfeewrdficiThe
suboptimal performance of M2 (10x20mm) may be associated with a compromise between
mesh size and spacing that did not promote an ideal bond strength. Overall, these findings
underscore the importance of carefully selecting mesh sizes in BTRihieva optimal
bonding, emphasizing the intricate interplay between mesh characteristics and resulting
material performance.

Flexural Strength Test

The flexural strength results depicted in Figure 7 showcase the performance of various
specimens, shedding light on the influence of different bamboo textile mesh sizes on flexural
behaviour The study scrutinized five distinct geometrical mesh sizes (M1 to M5: 10x10mm,
10x20mm, 10x40mm, 20x20mm, and 20x40mm, respectively) alongside an unreinforced
control sample (MO0). The flexural stress loads were recorded for each specimen, with the
contrd sample (MO) exhibiting a stress load of 6.6 MPa. Notably, aifoeced specimens
(M1 to M5) displayed higher flexural stress loads than the control, signifying the positive
impact of bamboo textile reinforcement on mortar flexural performance. Specifically, M4
(20x20mm) demonstrated the highest flexural stress lbadla MPa, closely trailed by M5
(20x40mm) at 7.43 MPa. These findings suggest that smaller mesh sizes (as seen in M4) or a
balanced combination of size and spacing (as observed in M5) contribute to flexural strength.

7.60 -

7.40 A
7.20 A
7.00 A
6.80 A
6.60
6.40 A
6.20
6.00
MO M1 M2 M3 M4 M5

Type of Specimens

Flexural strength (MPa)

Figure 7. Flexural Strength of All Specimens

The enhanced flexural strength observed in BTRM specimens compared to the control
(MO0) can be attributed to multiple interconnected factors. Firstly, the inherent tensile strength
and flexibility of bamboo textiles act as robust reinforcement, counteeingiig forces and
bolstering the composite's ability to withstand flexural loads. The woven structure of the
bamboo textile facilitates a more uniform distribution of stresses within the mortar matrix
during flexural loading, preventing localized crackargl promoting consistent lodxaring
capacity.
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Mechanical interlock, achieved through the knitting of bamboo textile, enhances bonding
between yarns and mortar, facilitating an efficient transfer of stresses. The choice of bamboo
textile mesh sizes (M1 to M5) allows controlled variation, with spesifies (e.g., M4 and
M5) contributing optimally to overall flexural strength. The synergy between bamibob r e s 0
tensile strength and the mortar matrix's compressive strength results in a composite material
with superior mechanical properties, particulaniflexural loading conditions.

The increased ductility provided by bamboo textiles allows the BTRM composite to
deform more before failure, contributing to the observed higher flexural strength. In summary,
the improved flexural strength in bamboo textiégenforced mortar signifies theuccessful
integration of bamboo reinforcement, underscoring the importance of considering weaving
characteristics for optimal performance in structural applications.

Analysis of Failure Modes

The surface crack patterns and failure modes of mortar plates subjected to flexural loads
are illustrated in Figure 8. Overall, all specimens display similar crack patterns, characterized
by the initiation of a single crack during the application of bepdwad. This crack
progressively extends towards the upper portion of the specimen as the load intensifies,
ultimately culminating in failure. Noteworthy is the observation that in plain mortar plates
(M0), ultimate failure coincides with the formation difie first visible crack during
experimentation, indicating a sudden, brittle failure without any discernible warning. The
sudden brittle failure and significant drop in flexural strength within the pure flexural zone of
the MO specimen, devoid of textileinforcement, exemplify a clasdiehaviourtypical of
unreinforced mortar or concrete. Thighaviouris commonly associated with the inherent
brittleness of cementitious materials, which tend to exhibit limited flexural strength. In the
absence of reinfeement, the material becomes susceptible to abrupt and catastrophic failure,
often marked by the rapid propagation of cracks throughout the specimen.

A distinctive behaviour emerges in BTRM specimens, revealing a remarkable
transformation in bending load capacity following the onset of initial cracks, attributed to the
presence of the textile reinforcement. In these instances, mortar specimens infused with
bamboo textile exhit a notable stradmardening response, shifting the failure mode from
brittle to ductile. The primary crack initiates at the bottom and ascends. Upon reaching the
textile layer, its progression halts, extending upwards while gemgriine microcracks
around the main fracture. As the intermediate textile adjusts within the mortar matrix, the
crack swiftly extends from the middle layer until ultimate failure. The observed enhancement
in flexural strength in bamboo textiteinforcedmortar specimens, as previously elucidated,
implies that the textile reinforcement effectively mitigates the biitleaviourwitnessed in
unreinforced specimens. This reinforcement likely contributes to a more controlled and
ductile failure mode, enalbly the material to deform and absorb energy before reaching its
ultimate limit. The absence of sudden and catastrophic failure in reinforced specimens,
evidenced by the necessity to cut the specimen into pieces, underscores the positive impact of
textile reinforcement on the overall structural performance of the material. An intriguing
insight from this study is that the uncut textile continues to effectively restrain the crack,
preventing specimens from undergoing complete breakdown.
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®
Figure 8. Flexural Failure of Mortar Plates (a) MO (b) M1 (c) M2 (d) M3 (e) M4 (f) M5

Meanwhile, findings from this research also demonstrate distinctive responses in crack
spacing for the MO specimen compared to others, where MO exhibits significantly wider crack
widths than mortar specimens reinforced with bamboo textile. This suggestshéh
embedded bamboo textile exerts control over crack widths, acting as effective crack arrestors
and enhancing the pestack behaviourof the slab. This reinforcement contributes to
maintaining loaetarrying capacity and reducing the likelihood oflépg and fragmentation
during failure events, ultimately improving the safety of the structure.

CONCLUSION

In summary the pultout test results on BTRM reveal that mesh size plays a pivotal role
in influencing bond characteristics between the mortar matrix and the bamboo textile. Mesh
types M4 (20x20 mm) and M5 (20x40 mm) demonstrated superior bond strength, whereas
corfigurations such as M2 (10x20 mm) and M3 (10x40 mm) exhibited weaker performance.
These findings highlight the importance of selecting optimal mesh geometries to enhance
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interfacial behaviour and stress transfer within BTRM systems. Nonetheless, there are trade
offs to consider. While tighter and more closely spaced meshes improve bonding, they may
adversely affect mortar workability, complicate textile impregnation, mcre@ase material or
production costs. These practical limitations must be weighed when adapting BTRM for
largescale or field applications.

Flexural tests further underscore the effectiveness of bamboo textiles in enhancing the
ductility, crack control, and loakdearing capacity of mortar. Reinforced specimens exhibited
strainhardening behaviour and delayed failure, in contrast to the réteire observed in
plain mortar (MO). The integration of bamboo textiles resulted in narrower cracks and
improved postrack performance, pointing to their potential in strengthening-stogtural
elements.

Despite these positive outcomes, it is important to acknowledge that the study was
conducted under controlled laboratory conditions. Variables such as environmental exposure,
moisture ingress, biological degradation, and frebagv cycles were not address As such,
future research should investigate the loeign durability and field performance of BTRM
under diverse environmental conditions to support its broader adoption. In conclusion, BTRM
demonstrates significant promise as a sustainable and meadhaeifficient alternative to
conventional textileeinforced mortars. With further validation in reebrld scenarios and
appropriate optimisation, BTRM has the potential to replace traditional TRMs Hadsty
eccfriendly reinforcement applicatiofsparticularly in regions prioritising renewable
materials and sustainable construction solutions.
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Abstract

Rail projects in Malaysia, spanning from 1956 to 2025, have been a focal point of national goals
and strategies outlined by the government. However, numerous challenges have emerged,
notably concerning escalating costs, misalignment within project teams, and a persistent
pattern of project delays. It has become increasingly apparent that the rail industry lacks
academic research addressing critical issues in cost management that have led to cost
overrun. This paper aims to address this gap by examining the current data available from
research publications related to construction cost management in Malaysian rail developments.
A systematic review of 23 journal publications spanning from 2018 to 2023 has been
conducted, focusing specifically on research pertaining to rail cost management. The review
analysis revealed the inadequate implementation of project cost management practices within
the rail construction industry, along with unclear involvement of project team throughout the
pre-construction and construction phases. The review also identified several key areas for
future research and highlights four critical components of cost management (planning,
estimating, cost budgeting, cost control) that have been consistently underutilized in rail
projects, serving as key indicators of cost overruns. The research outcome can provide
valuable insights for project managers and quantity surveyors, equipping them with the
formulation of effective strategic plans and mitigating the risk of cost overrun in Malaysian rail
projects.

Keywords : Construction Cost Managemen€Construction Project ManagemenRail Projects
Quantity SurveyqrProject Team

INTRODUCTION

The growth of the rail industry has had a positive impact on the country's economy,
primarily because people heavily rely on road transportation. Malaysia continuously pursued
initiatives that encouraged the development of its rail industry, startingheithirst Malaya
Plan (19561960) in 1956 and continuing with the Malaysia National Land Public Transport
Master Plan (NLPTMP) in 2014 (Chen et al., 2018) the National Transport Policy2ZIR()
the Malaysian Rail Supporting Industry Roadmap 2030, the-Tdith Review of the
Eleventh Malaysia Plan for 2018020, and the ¥OMalaysia Plan (10MP) for 2012015.

In light of Malaysia's considerable efforts to develop its rail network, it is imperative for
ensuring productive rail investment, in contrast to projects globally that experience massive
cost overruns (Ismail et al.021). Moreover, Malaysia has experienced a persistent problem
with cost overruns for the previous thirty years.

A number of studies with an emphasis on the cost control of rail projects have also been
carried out (Hemanta Doloi, 2012). According to previous research, errors in thre® areas
cost, time, and qualiéy are the main causes of financial loss and projecydgjbally. Rail
construction projects are typically expensive, lasgale, and have a dismal track record of

being completed on schedule (Andril et al .,
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cost estimates and projections have exposed the contractor&sstiositing methodology.
Therefore, it is recommended that the entire project cost management process should
be carefully examined (Idan & Dheyab, 2019).

The specific stakeholder and project team role in rail project development has not
received sufficient discussion in the large body of research on rail project cost management.
Considering the employment of a quantity surveyor and cost manager for jadt prost
management, there is a dearth of information in the literature (Omotayo et al., 2022).
Concerninghis research, the project team plays a variety of responsibilities in the cost
management procedures of rail projects, and their participatiowégalcfor both efficient
cost management and ensuring that all parties comply. Based on the reviewed literature, the
research discusses the following aspects:

I. The primary challenges influencing how well railway cost management practice in
rail industry

ii. The current practices in Asia and Malaysia in ensuring effective participation of
project team role in rail project.

iii. The noticeable gaps in research

The goal of this study is to conduct a Systematic Literature Review (SLR) of publications
over the previous ten years that discuss the significant contributions made by different
academicians and project team to the Malaysia rail project's cost management.

LITERATURE REVIEW
Distribution of Article

With reference to Figure 1, the distribution of article records shows that studies of how
poorly cost management was implemented resulted in cost overruns in urban rail projects that
started in 2003 and have been continuously occurring since 2004 filtebent, 2023. It is
noteworthy, nevertheless, that prior to 2011, there was little research conducted on this
subject; in 2012, only five studies were published. However, research on it remained
continuous and significant. It's interesting to see thatticdes were published in 2005, 2009,
2010, 2014, or 2015. However, after 2016, there was a sharp rise in publications.

Furthermore, it's worth highlighting that the 23 publications in the second period (2016
2023) were roughly on par with the 12 articles published in the first periodi(2003). This
implies that this rise in research activities could be attributed to thes pect i ve <c o U
desire to expand its rail system. The sudden rise in publication starting from 2016 reveals an
upward trend of research in the field of cost overruns in urban rail projects. In contemporary
project management, advancement is antiegb&o yield knowledgéased economic growth
(Matahir et al., 2022). Additionally, technical risks associated with railway construction
projects should be thoroughly understood to be managed effectively, particularly those
involving cost impact (Hutchinso® Zhang, 2020).
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Figure 1. Articles Related to Rail Cost Overrun (2016 to 2023)
Top Journals in Discussing Cost Management in Rail Project

A total of twentythree journal®aspublished articles related to the research tdgiornal
of Transport Reviewsvere the most active, with publications results Quartile Q1 and the
highest impact factor record with 11.3. The majority of articles published today appear in the
first and second quatrtiles (Q1 and Q2), where the number of publications has substantially
grown (Fire & Guestrin, 2019). Followingpurnal of Transportation Research Part A: Policy
and PracticandJournal of Construction Engineering and Managerm&&CEwith 6.4 and
5.213 impacts factor. WhilResearch in Transportation Economiesults in Qlwith 3.8
impact factor. Continuously, the following journalgurnal of Infrastructure Systemacords
Quartile 2 with 3.462 impact factor. The journal's impact factor (IF) is the most prominent
index that the WOS and Scopus databases rely on to rank journals (Aghaei Chadegani et al.,
2013).

Table 1. Top Journals That Published Relevant Articles

Source TP TC Impact Factor Cite Source

Journal of Transport Reviews 143 92 11.3 20.5 Q1
Journal of Transportation Research Part A: 1119 13861 6.4 12.4 Q1
Policy and Practice

Journal of Construction Engineering and 793 6353 5.213 8.0 Q1
Management i ASCE

Research in Transportation Economics 340 2235 3.8 6.6 Q1
Journal of Infrastructure System 251 1405 3.462 5.6 Q2

Table 1 shows that the academic subject of cost overrun in rail projects had been discussed
well and critically in top tier journals based on their impact and quality. The high Impact
Factor and CiteScore for the journals reveal that there are many onge#agch and debate
on the subject matter with multiple trending or emerging issue in the discipline. The elevated
Impact Factor and CiteScore of these journals indicate not only the academic importance of
the topic but also reflect a vibrant and actesaarch community engaged in ongoing debates.
This suggests that cost overrun in rail projects remains a pressing and complex issue, with
multiple emerging themes and interdisciplinary interest driving evolution of the field.
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Countries Under Investigation

Most of the studies were conducted within a single geographic setting, with only one
study conducting a comparative analysis between countries. The geographical areas covered
in this review is shown in Figure 2.

Figure 2 . Countries with Literature Associated in The Review

Figure 2 shows a geographical overview of where the study's data or literature came from,
indicating an international scope but with some countries contributing more than others. As
shown, the study samples were distributed across various countries)enltighest number
in the United Kingdom (n = 6; 22%), followed by India (n = 4; 15%), China (n = 3; 11%), the
USA (n = 2; 7%), and the remaining are Australia, Netherlands, Germany, Norway, Belgium,
Africa, Ghana, Portugal, Iran, Hong Kong, Indonesia,athysia with 1 literature (4%) for
each nation. These countries might be leading in this research area due to policy relevance,
funding, or socieeconomic factors

Thematic Analysis

Summaries of 26 publications' titles and abstracts, which contain important terms, serve
as the basis for building the visualization of topical research. In the process of creating theme
research, this stageeéstremely significant. First, 750 importamirins are determined. The
research topic covered in the article divides the terminology into four primary components,
which are Al: Planning, A2: Cost Estimation A3: Cost Budgeting, and A4: Cost Control. The
four major components, as shown in Table 2, standhe keywords that appear most
frequently in the articles.

According to Table 2, the major problem in project management is finding a balance
between project costs, deadlines, and quality (Samuel Ogbeibu et al., 2018). According to the
Andric et al. (2019) paper, cost overruns are more common in Asia than cestumsdand
they are more likely to occur in railway projects than in road system projects. The biggest
issue thafAsian countries are dealing with is Al: Planning. For example, in India, delays are
thought to be responsible for 40% of overall cost ovexrlihesame issues with construction
delays, numerous design modifications, shifting the scope of work, and longer project
durations because of general poor planning during the rail construction phase are present in
China, Hong Kong, and Indonesia.
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Table 2. Literature Theme Analysis

Item  Country Sector & Period Authors Poor Cost Managements
1 China Road (74) & rail (21) Ansar et al. (2016) Al: Planning
1984-2008 costs are systematically biased towards

underestimation
i. The schedule is met but traded off with quality

2 Hong Kong Mega transport Huo et al. (2018) Al: Planning
projects 1985-2015 delays in construction, frequent design changes,
A2: Cost Estimation
inaccurate quantity take-off, fluctuations in the
prices of materials
i. Rail projects are more prone to cost escalation
compared to fixed-link and road projects

3 India Metro Rail 1984- Kumar et al. (2019) ALl: Planning
2019 i. 40% of total cost overrun is assumed to be
contributed by delay
4 Indonesia Railway Signalling  Rustandi et al. i. Project Management Practices carried out by
Project1 9 8 0 6 s (2022) LRS have followed the SOPs set by the
company
Al: Planning

changes in the scope of work, an increase in the
duration of the work; weak planning

A2: Cost Estimation

an increase in material prices.

5 Malaysia Rail 1995-2026 Yusoff et al. (2021) A3: Cost Budgeting
Zhang et al. (2020)
i. ECRL is important to CCCC for it is currently
the largest (in terms of contract value) railway
project in Southeast Asia

i. MRT3 to go execute financial assessment and
financial control measures across several
routes

A2: Cost Estimation is where the second component exists. Compared tirfikadd
road projects, rail projects in Hong Kong are more likely to experience cost inflation. Unlike
in China, where costs are consistently skewed toward underestimatingeliediis fulfilled
at the expense of quality. Inaccurate quantity taken and variations in material prices were also
reported as issues.

For A3: Cost Budgeting: Price despite government changes, budgeting has a positive
impact onMalaysian rail projects, which regularly manage their budget. The ability of the
Malaysian government to implement witiown initiatives like the ECRL and MRT pects
shows how dedicated it isb@ addressingocioeconomic needs (EPU, 2021). Abdul Rahman
Dahlan, a former minister of the EPU, emphasized that the ECRL is expected to have a major
multiplier effect and spillover effects that will strengthen the epoes along the new trade
routes (Habidin et al., 2021). Furthermore, the exceptional accomplishment of Delhi Metro
Rail Corporation's Phases | and II, which were finished on time and under budget, is credited
to the exceptional management of the formeramgarg director, Sreedharan, who gained the
nickname "Metro Man" (Sharma & Newman, 2017).

Ismail et al. (2021) argue that maintaining hgstperformance is the key success
criterion for megaprojects, which leads thencadi for an evolution away from solely relying
on contractor accomplishments (Fentahun Kassa, 2020). Shah & Naghi G209 (
identification of project success criteria highlight the crucial relationship between project
success and its effect on cost and time, giving construction projects a more intricate dynamic
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(Aljohani, 2017). There are a number of reasons why cost overrun issues occur, including
inexperienced contractors, frequent design modifications, and erroneous guantiff take
(Atapattu et al., 2023) which finally led to the lack of appointment a gyamtiveyor in the
project team.

The lackof thorough discussion of cost control practices in cost management is evident
from the generally subpar application of cost management on rail projects worldwide.
Involving the essential parties might contribute to closing any gaps in the owesall
management implementation. An-diepth study to develop a framework for integrating
stakeholders in cost budgeting and managing rail the project's madisularly in light of
Malaysia's rail industry

RESEARCH METHODOLOGY

The research gathered data by selecting academic articles from relevant journal articles.
The database used to retrieve the articles are Scopus, Web of Science and Emerald Insights.
Appropriate keywords were used tractiosesir ch |
management 6, AMal aysia rail industryo, Arol
process is illustrated below.

Table 3. Screening Process

Process Description Articles Retrieved
1. Initial Keywords Search  Retrieving articles using selected keywords from three 152
academic databases
2. Removal of Duplicates Identifying and removing duplicate entries across databases 115
3. Title Screening Excluding irrelevant articles based on title content 65
4. Abstract Screening Reviewing abstracts to assess alignment with research scope 40
5. Full-Text Review Examining articles for relevance to the topic 23
5
4 4
4
3
2 22 2
2
1 1 1 11 11
l I I I
0
2016 2017 2018 2019 2020 2021 2022 2023
m Al (Conceptual) mA2 (Quantitative) m A3 (Qualitative) = A4 (Mixed-method)

Figure 3. Distinction of Research Methodology in The Literature Reviewed
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Ultimately, 23 articles were gathered for literature data analysis. The selected articles
have used various techniques of research methodology. The quantitative analysis
methodology accounts for 15 cases (65.21%). This is followed by the utilizationoefatoal
methodology with 5 cases (21.74%), mixed methods make up the third most common
approach with used in 2 cases (8.695%) and, the qualitative methodology, represented only 1
case (4.347%), as illustrated in Figure 3.

RESULTS AND DISCUSSION

This study adopts a Systematic Literature Review (SLR) approach to address questions
pertaining to cost management in railway projects. In this section, the literature reviewed were
discussed based on four research focus.

The Primary Challenges Influencing How Well Railway Cost Management
Functions

A thorough examination of 23 articles has identified three overarching categories that
encapsulate the primary challenges hindering the effectiveness of cost management in rail
projects. Theme has defined three categories, which include:

Theme 1 - Cost Overruns in Global Railway Projects

This theme highlights the prevalence of cost overruns in railway projects across multiple
countries, indicating a persistent global issue. The analysis reveals that countries such as
Ethiopia, Germany, India, Indonesia, and Malaysia have all experiergrgficsint budget
overruns in their rail initiatives (Steininger et al., 2021). Melaku Belay et al. (2021) stated that
these overruns are often due to:

a) Inadequate cost estimation during the planning phase

b) Unforeseen technical complications during construction

¢) Regulatory delays and changes in project scope

d) Inflation, material cost increases, and currency fluctuations

The literature emphasizes that despite the differences in economic or political systems,
these cost overruns share similar root causes, suggesting a need for universal improvements
in forecasting methods, risk management, and cost control mechanisms.

Theme 2 - Poor Implementation of Cost Management Practices and Project
Characteristics

This theme focuses on internal project challenges related to the execution of cost
management strategies. Poor implementation is often attributed to:

a) Lack of standardized cost control procedures

b) Inconsistent use of project management tools and software
c) Weak integration of cost, time, and quality objectives

d) Deficient monitoring and reporting mechanisms
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Additionally, certain project characteristicsuch as complexity, long project durations,
and the involvement of multiple agen@efurther complicate cost management (Belay et al.,
2021). Articles stress the importance of adopting best practices in ansing, budgeting,
and change control throughout the project lifecycle.

Theme 3 - Stakeholder Involvement and Project Team Dynamics

Effective stakeholder engagement and cohesive project teams are essential for cost
management success. This theme explores how insufficient collaboration and unclear
stakeholder roles can lead to miscommunication, delays, and increased costs. According to
Ismail et al. (2023), the key issues include:

a) Limited early involvement of stakeholders in planning
b) Misalignment of goals among clients, contractors, and consultants
¢) Lack of accountability and ownership within project teams

Research underscores that strong stakeholder relationships are vital for minimizing
conflicts and ensuring smoother decisioaking. For instance, Zhang et al. (2020) argue that
improving relationships among project participants enhances value creatiopr@ect
success. Mor eover, Andri i et -friandly profe@ 01 9)
documentation is essential for aligning expectations and enhancing cost visibility and control.

The Current Practices in Asia and Malaysia in Ensuring Effective Participation of
Project Team Role in Rail Project

The outcomes of the analysis ignited a comprehensive qualitative discussion aimed at
addressing this subject. The discussion was guided by tbectwrence network of terms
and focused on summarizing the key themes that emerged from the study. Morarithport
the research themes that had been explored involved the participation of key stakeholders and
project team in the rail industry. There are contractors, government, consultants, suppliers,
and project managers. Research on the poor execution ofn@sigement and the
involvement of key players in rail projects globally, in Asia, and in Malaysia is shown in
Table 4.

The participants of stakeholders and project team are mainly discussed and effected in the
performance in rail worldwide project. Considerations for builders and adaptability to various
situations during preonstruction and construction phases shoulahtegiated into the early
design stage and decisiamaking processes (Akinradewo et al., 2022). Wu & Jia's (2018)
research identifies ineffective public participation as a cause of schedule and cost overruns.
For instance, Addis AbabBjibouti Railway, theRailway Construction Project in Ethiopia,
the political and business interest and psychological bias of project parties and stakeholders
are hidden factors which are highly affects project time overruns beyond the initial planned.
Additionally, impacted; o the parties of a project and the seeamnomy of the country with
the total cost overrun USD4 billion (8.83%) from counting years 22018.
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Table 4. Research on The Poor Execution of Cost Management and The Involvement of Key Players
in Rail Projects Globally, in Asia, and in Malaysia

Country

Project Name,
Duration & Cost

Poor Implementation of
Cost Management

Stakeholder Participants/
Project Team

Authors

%’:r;rgnl Theme 2 Theme 3

Ethiopia  Railway Findings: design changes, 1.The political and business Gashaw et
Construction Project right-of-way risk, interest and psychological bias al., (2022)
2011-2018 construction errors, of project parties and Fentahun
Addis Ababai incomplete contract details, stakeholders are hidden factors. Kassa (2020)
Djibouti Railway poor site management, and, 2. Three categorized questions
USD4 billion lack of coordination, the from project delay factors
(8.83%) incomplete study to project incorporated: technical, over-

approval, poor  project confidence bias, and self-interest
management and of project stakeholders.
coordination, the right of way

acquisition issue, inaccurate

forecasting, project

stakehol der 6s

overconfidence bias and

self- interest of project

stakeholders, and

inefficiency capacities of

contractors.

German  Railway Factors; the project scope The combination of economical Steininger et
Launched on 18 changed, the fundamental and political causes proves to be al.(2021)
April 1994 cost calculation useful for explaining systematic Cantarelli et
Stuttgart 21 Railway considerations (i.e. price errors which exist in the long run al. (2010)
EUR 8.2 billion (2. increases and inflation), the Flyvbjerg,
228% higher than project partners 2009
expected in 1995)  underestimated
The estimated delay
is six years

India Metro Rail Phase | and Il of Delhi Metro Rail Kumar et al.
1984-2019 Corporation's construction, (2019)
Amrit Bharat train- completed on schedule and Sharma et al.
set within budget, is attributed to the (2017)
40% of total cost exemplary leadership of the
overrun is assumed former  managing  director,
to be contributed by Sreedharan, earning him the
delay moniker "Metro Man"

Indonesia Railway Signalling Project Management 5 factors that were stated Rustandi et
Project Practices carried out by LRS explicity or implicitly by the al., (2022)
1980606s have followed the SOPs set informants as the causes of
The Whoosh by the company project cost overruns:

(Jakartai Bandung changes in the scope of work; an

high-speed railway) increase in the duration of the
work; weak planning; and an
increase in material prices.

Malaysia  Rail i.ECRL is importantto CCCC i.Former EPU Minister, Abdul Yusoff et al.
1995-2026 for it is currently the largest Rahman Dahlan, stressed the (2021)

KTM Komuter, (in terms of contract value) ECRL is poised to generate Ismail et al.
Kuala Lumpur railway project in Southeast significant economic multiplier (2021)
Monorail, Asia and spillover effects that will EPU, 2021
East Coast Railway boost the economies along the Zhang et al.
Line (ECRL), ii.MRT projects to meeting new trade routes (2020)

MRT 1: Sungai socioeconomic demands

Buloh- Kajang Line
The Gemas-Johor
Bahru Electrified
Double-Tracking
Project, costing RM
9.43 billion

(EPU, 2021)

ii.The MRT1 and MRT2 projects,
along with the planned Circle
Line, aim to enhance rail transit
in the Klang Valley, generating
significant returns on investment
(Yusoff et al., 2021).




MCRJ Special Issu&/ol. 27 | No.1| 205 109

According to Zhao et al. (2019), political and economic factors can be combined to
explain systematic errors that endure over time. The informants highlighted the following
elements as causes of project cost overruns in Indonesia, Malaysia, and Hongitteng,
directly or indirectly: adjustments to the scope of work, changes in the length of the project
that cause delays in construction, inadequate planning, inexperienced contractors, fluctuating
material prices, and frequent design modifications (Rustetral., 2022). For example, the
German railroad Stuttgart 21 Railway is experiencing a running cost overrun of EUR 8.2
billion, which is 2.228% more than anticipated in 1995. The projected delay is six years. An
in-depthdiscussion will be given on thearket's volatility and another aspect affecting
decisionmaking (Zhao et al., 2019)

The Noticeable Gaps in Research

This study employs regional time zone analytics in conjunction with a review of
frequently cited literature to identify existing gaps in the research. The identified gaps are as
follows:

1. Regional and Economic Bias in Existing Literature

One of the most glaring deficiencies in current railway cost management research is its
regional and developmental skew. A significant proportion of empirical studies and case
analyses are concentrated in developing countries, such as Ethiopia (Gasha2022h
India (Kumar et al., 2019), and Indonesia (Rustandi et al., 2022), while developeddations
despite having higpr of il e and often controversi al
(Steininger et al., 202&)are comparatively underrepresented ¢chdadarly databases. This
imbalance creates a tWold problem: (1) the perceived generalizability of findings is skewed
toward low and middleincome economies with different governance, procurement systems,
and resource capacities; and (2) there is linitemparative analysis of how cost management
practices succeed or fail across different economic, institutional, and technological contexts.

Moreover, developed countries often have more mature systems for integrating digital
solutions and BIM (Building Information Modelling) into cost forecasting, yet their
experiences are underexamined as potential benchmarks for adaptation in the Glébal Sout
This lack of comparative research constrains the development of universally adaptable models
for rail project cost control.

2. Deficiencies in Cost Management Documentation and Transparency

A recurring but insufficiently addressed theme in the literature is the lack of standardized
documentation and transparent reporting mechanisms throughout the rail project lifecycle.
Documentation practicésespecially those tied to procurement, change rerdand
stakeholder communicatiodgemain fragmented and inconsistent across projects and
jurisdictions. Wu & Jia (2018) emphasize that insufficient public participation and
documentation inconsistencies are root causes of cost and schedule overrueanbreth
inadequate recorkieeping impairs institutional memory, weakens auditability, and leads to
repeating the same mistakes across projects and generations of project managers.
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In the Malaysian context, the failure to maintain accessible, timely, and detailed records
during projects like the ECRL or MRT projects restricts the ability to assesstdong
economic benefits versus costs and undermines public trust. This is congbdayntiee
opaque communication among stakeholders and inconsistent involvement of cost managers
throughout the project's evolution.

3. Absence of a Unified Framework for Professional Involvement in Cost Management

Perhaps the most urgent and undesearched gap is the lack of a standardized, practical
framework defining the role and timing of cost management professiespésially cost
managers and quantity surveyamsail project teams. There is limited empai investigation
into when these professionals should be involved, how their responsibilities evolve across
phases (planning, design, construction, commissioning), and what competencies are critical
for effective delivery.

The early exclusion or marginal involvement of cost professionals has been repeatedly
linked to flawed initial cost forecasts, unrealistic budgeting, and poor stakeholder
communication (Belay et al., 2021; Akinradewo et al., 2022). Yet, academic litefiatsite
articulate a robust model for integrating these roles within the wider multidisciplinary teams
in rail infrastructure projects. This gap also extends to client requirement gatharangical
phase that often lacks methodological clarity. Redehas yet to consolidate best practices
for eliciting, validating, and translating client needs into -@fictive project specifications,
particularly in complex megproject environments.

4. Recommendations To Fix Cost Management Issues

Management levels Objectives Components

K—Aﬁ

' . ™ .
TOP Strengthen planning, [. Improved Cost Forecasting Techniques )
(Policymakers & ex.ecutmn, and real-time ¢ Digital Integration
Government Agencies) decision-making to reduce o Process Standardization
cost overrns s Collaborative Planning
. /
MIDDLE
(Project Managers Create enabling environments ¢ Transparent Procurement Systems
il ; agers, through policy, regulation, + Mandatory Reporting & Auditing
Execution-Level L7 Public E
Imorovements) and institutional frameworks. + Public Engagement
\__ morovements) \ / + Capacity Building & Research Investment
4 ™ Yy r ™~
BASE Optimize on-site o Real-Time Cost Control
(Contractors, perfermancs, .
& Transparent Communication
Communication-Level communication, and Farlv Contractor Invol "
Enhancements) adaptability. \. arly Contractor Anvelvemen P,

Figure 4. Preliminary Framework

Ultimately, this research identifies a key gap which is to develop a unified cost
management framewor k. Mal aysia should emul
Contract s, or I ndi adbs Metro Rail pol ioftci es
cost professionals, mapping their involvement across project stages and setting expectations
for reporting, approvals, and decisioraking. Malaysia can customize these to local contexts
through pilot programs or publjgrivate collaborations. Drawingn successful international

models, the research came up with a preliminary framework that consists of-teita@e

v
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action plaroperational (project managers), governance (policymakers), and execution
(contractors). The parties involved can significantly address the cost management issues and
these strategies not only enhance efficiency and transparency but alsdé®dddrtdation

for sustainable rail infrastructure growth. The preliminary framework is show in Figure 4.

For Project Managers: Operational & Execution-Level Improvements

One of the primary concerns at the project management level is inaccurate cost estimation
and forecasting. To combat this, project managers should adopt Reference Class Forecasting
(RCF), a method that uses historical data from comparable projects tov@tipearealism of
cost predictions. This technique, notably
optimism bias and strategic misrepresentation (Flyvbjerg, 2007; Love et al.,, 2015).
Furthermore, integrating riskdjusted models that account foncertainty is essential to
improving forecast accuracy, especially in projects with long timelines and complex
interfaces.

The use of digital tools such as Building Information Modelling (BIM) and integrated
costtracking platforms should be standardised across the project lifecycle. The success of
Japanbés Shinkansen rai/l proj ectenhamncindcosst r at
visibility and decisiormaking. BIM not only supports reéime collaboration but also
reduces rework and enhances predictive control (Succar & Kassem, 2015; Zhao, 2017).
Standardization of processes, including budgeting, reporting, andoniog, is another
crucial strategy. The Delhi Metro, for example, adhered strictly to Standard Operating
Procedures (SOPs), facilitating timely completion and budget adherence. Standardization
helps reduce scope creep and cost drift by ensuring consistdrodologies and expectations
across project teams (Rahman et al., 2013).

Additionally, early team involvement is critical. Bringing in quantity surveyors, cost
engineers, and other key personnel during the planning ghatieer than after design
finalizationd fosters a culture of collaborative planning. Tools such as IntegPatgjdct
Delivery (IPD) models promote early and equitable involvement of all stakeholders, helping
to align design decisions with budget constraints and construction feasibility (Kent & Becerik
Gerber, 2010).

i. [For Policymakers & Government Agencies: Strategic & Governhpgel Reforms

At the policy level, there is a pressing need to enhance transparency and accountability
through improved procurement systems. Open tendering processes and the use of digital
procurement platforms, as practiced by the UK's National Infrastructure Commisaio
reduce corruption and provide traceable, auditable pathways for public spending (Mahmoud
et al., 2022).

Equally important is the establishment of mandatory cost reporting and auditing
frameworks. Countries like Malaysia could institutionalize these requirements through
regulatory bodies such as the Public Works Department (JKR) or the Economic Planning Unit
(EPU). National cost management standards should include protocols for change order
handling, documentation practices, and audit trails. Such frameworks are essential to
institutional learning and lonterm capacity building (Osédyei & Chan, 2018).
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Public engagement and stakeholder inclusion should also be formalized. Structured
participation in early planning stageshrough stakeholder forums, town halls, and
community survey® can reduce resistance and {aghute scope alterations. Germany and
Japa often incorporate local public councils into transport infrastructure planning, which has
led to fewer disruptions and improved social license to operate (Cheng et al., 2020).

Finally, investment in research and training is critical. Government support for
universities and technical institutes to develop specialized programs in cost engineering,
digital construction technologies (e.g., Al, BIM), and stakeholder communication can
strengthen the overall professional ecosystem. The integration of academic knowledge into
industry practice can help bridge thegmactice gaps and foster innovation (Li et al., 2021).

ii. For Contractors: Execution & Communicatibavel Enhancements

Contractors play a pivotal role in retithe cost control and stakeholder communication.
Adopting realtime cost monitoring tools that track labour, material, and equipment usage
allows for proactive adjustments. The Japanese concept of Kaoercontinuos
improvemervhas been instrumental in maintaining operational discipline and responsiveness
on construction sites, promoting iterative improvements in productivity and efficiency (Imai,
2012).

Moreover, transparent communication with clients and consultants is vital for trust and
coordination. The use of dashboatglle reporting tools and shared data platforms, such as
those employed by Singaporeds L adergitodcecessns p o |
up-to-date progress and cost data. This aligns expectations and facilitates timely decision
making (Chong et al., 2021).

Contractors should also be integrated into the early design stages of projects to ensure
buildability and cost alignment. The DesiBuild (DB) project delivery model exemplifies
this approach, promoting early collaboration between designers and buddessiuce
conflicts and change orders. Evidence from projects in India and the UK suggests that DB
models outperform traditional procurement methods in terms of cost and time efficiency (El
Wardani et al., 2006).

CONCLUSION

Through a thorough review of the literature, this study is aimed at helping the project
team to participate constructively in the management of the cost of the rail project. It provides
a concise overview of previous publications related to current cosigament practices in
worldwide rail projects. The research addresses the relevant knowledge gaps which calls for
a recalibrated research agenda that embraces:

a) Comparative studies across regions and income classifications;

b) Development of digital tools for reéime documentation and transparency;

c) Formalization of cost management roles in early design and strategic planning
phases;

d) Inclusive stakeholder models that integrate s@alitical, environmental, and
economic realities.
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Future research must move beyond descriptive case studies and venture into prescriptive,
policy-oriented frameworks that link practice to performance metrics. Furthermore,
interdisciplinary collaboratiah including urban planners, economists, data scientatd
sociologist® is essential for capturing the full spectrum of cost management influences in
rail infrastructure.
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Abstract

In Malaysia, the construction industry contributes significantly to the country's economic
growth. The implementation of sustainable methods, such as lean construction management,
can result in significant benefits to the construction industry. Sustainable lean construction is a
well-known approach to minimize environmental impacts throughout the project lifecycle. This
includes reducing resource consumption, minimizing waste generation, and implementing eco-
friendly construction practices such as using sustainable materials, energy-efficient design,
and renewable energy technologies. While lean construction has great advantages, its
adoption in Malaysia faces so many challenges. Therefore, the objective of this paper is to
identify significant issues to a sustainable lean construction implementation through extensive
literature review. An online questionnaire survey has been conducted on 22 experienced
construction professionals. A quantitative approach which incorporated the use of frequency
analysis and mean analysis were used to analyse the data. The results have succeeded in
identifying the barriers in few aspects such as management, financial, social and governmental
too. Many respondents have highlighted resistance to change by top management as the key
obstacles. Furthermore, this paper also suggests ways to increase the implementation of
sustainable lean practices in improving project efficiency, reducing costs, and enhancing
project outcomes.

Keywords: Lean ConstructionLean PracticesBarriers; Cost SavingStrategies

INTRODUCTION

In Malaysia, the construction sector plays a significant role in the expansion of the
economy. The construction industry's gross output in 2021 was RM170.8 billion, a 1.4%
decline from the previous year. The intermediate input, valued at RM112.8 bidicneaged

by 0.3% in tandem with the reduction in gross production. Nevertheless, the building sector
is still worth billions of dollars. (Department of Statistics Malaysia, 2022). Apart from that,
MIDF Research has forecast that the second quarter of@02&e moderate growth in the
construction and services sectors, accompanied by a slightly weaker index of industrial
products. This trend is expected to lead to more moderate growth in the overall economy over
the same period. Malaysia's constructiotivety continued to grow in the second quarter of
2023, according to MIDF Research, which noted that this was the fifth consecutive expansion
since the second quarter of 2022. The industry stated that the value of work completed
increased by 8.1% annuallgtalling to RM32.4 billion. (Department of Statistics Malaysia,
2022). According to the survey, a revival of governmedtprojects and the ongoing growth

of private sector output could propel the construction industry's growth in the upcoming
months. he trend shows that there is still a sizable market requirement for new construction,
which has led to a rise in building projects and new developments in Malaysia. With the high
demand, it also will increase the usage of various types of materials gimjvaethods or
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techniques will be applied to complete the construction projects. Hence, the contractors or
developers must deliver the completed project efficiently and effectively to increase the
performance of the organization in the right way.

With increasing demand comes intensified use of materials, labour, anddmaigiyg
significant concerns over environmental impact, resource depletion, and construction waste.
Addressing these challenges requires a shift beyond conventional projeetydeigthods.
Without the integration of lean and sustainable practices, construction projects in Malaysia
continue to suffer from avoidable delays, escalating costs, excessive material waste, and
increasing environmental degradation. Sustainable leanrgotish emerges as a promising
solution that integrates the principles of traditional lean construction with environmental
stewardship and social responsibility and extends its scope to include energy efficiency,
sustainable material selection, carbon foiott reduction, and overall environmental impact
minimization throughout the project lifecycle. This holistic approach not only improves
productivity and operational efficiency but also supports {emm sustainability in the
construction sector. Howeveimplementing sustainable lean construction is not without
challenges. Success requires a deep understanding of both lean principles and sustainability
practices, as well as a willingness from all project stakehd@desgecially contractors and
top managmen®d to adopt new methods and mindsets. Past studies have revealed that one of
the primary barriers is the lack of awareness and exposure to lean construction concepts,
alongside persistent esite challenges that hinder smooth execution (Chong & Nor@it¥)2

This paper aims to identify key barriers to implementing sustainable lean construction

practices within Malaysiabds construction ir
region. The Klang Valley was selected due to its status as the mostydaéexseloped and
economically active construction hub i n Ma

complexity, and diverse stakeholder involvement make it an ideal setting for examining both
the challenges and opportunities associated with adogtistpinable lean construction
practices.In addition, this paper also seeks to propose practical solutions and strategic
recommendations to overcome these barriers.

LITERATURE REVIEW

Lean is an idea in increasing and maximising the value and productivity while reducing
and minimizing waste production. It also the removes the unwanted materials and other waste
through a less production, reducing times, semiautonomous machines, ctittabofa
provider and other techniqgues (Wan Muhammad et al., 2013). Lean production or lean
manufacturing was developed by Toyota in J
Taiichi Ono and friends. Outside the automotive industry, lean product®bd®smn widely
applied including the maintenance sector and construction sector. The central idea of lean
manufacturing is relentlessly to eliminate waste from the manufacturing process (Vorne,
2011). In delivering the goods of lean in the constructionstiguthe principles of lean
thinking must be considered to ensure the functionality and smoothness of lean construction.

According to some experts, there are five (5) lean principles that can be utilized as a
framework and will be employed in the organizational structure to execute lean. Value, Value
Stream, Flow, Pull, and Perfection are some of the fundamental lean ¢haddnepts that
form the basis of lean building:hese principles are not only instrumental in improving
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productivity but are also highly applicable to sustainable construction practices. Value refers
to identifying what the client truly needs and eliminating anything that does not contribute to
this objective; in sustainable construction, value extends bleyast and schedule to include
environmental performance, such as energy efficiency and use of green materials. Value
Stream involves mapping all activities required to deliver the project and eliminating non
valueadding steps, which, in a sustainabletegt) also means assessing and minimizing the
environmental impact of each stage. Flow emphasizes uninterrupted progress of construction
processes, which helps reduce delays and energy consuinpspecially when using
prefabrication or jusin-time delivey to reduce site waste. Pull systems ensure that tasks are
performed only when required, avoiding overproduction and excess material use, which
supports sustainability by minimizing unnecessary resource consumption. Finally, Perfection
advocates for contilous improvement, where each project becomes a learning opportunity
to further reduce waste, enhance efficiency, and improve environmental outcomes. When
applied collectively, these principles support the development of lean construction systems
that areboth productive and environmentally responsible (Womack and Jones, 1996).

Furthermore, there are several tools and techniques that can be implemented in the
construction industry to improve the performance and productivity of the construction process
until the completion, saves time and costs with adding value, and reducestheané non
added value from the construction. The tools and techniques can be applied from the design
phase, which is the p@nstruction phase, then during the construction phase, and also in
postconstruction phase. The tools and techniques developstinmatch the lean principles
such as Last Pl anner System (LPS), Five S6é
Management, Jush-Time (JIT), Kanban System/Board, Concurrent Engineering and Total
Quality Management (TQM).

While traditional lean construction focuses primarily on improving efficiency by
minimizing waste and maximizing value, recent research emphasizes that integrating
sustainability elevates these principles by addressing environmental, social, aeriong
economic impacts. Sustainable lean construction goes beyond the original goals of
productivity by embedding eeefficiency into every phase of a projéctrom planning and
design to execution and maintenance. This integration involves not only eliminayisigad
waste but also reducing carbon emissions, conserving natural resources, and promoting
responsible construction practices. For instance, the use of sustainable materials such as
recycled aggregates, bamboo, and -M@C finishes aligns with lean olggves by
minimizing overuse while significantly lowering environmental impact (Tam et al., 2007;
Kibert, 2016). Furthermore, energyficient strategie® including passive solar design, high
performance HVAC systems, and energgdelling via Building Information Modelling
(BIM)O help reduce long er m ener gy consumpti on, going
focus to embrace lifecycle efficiency and climate responsibility (Azhar et al., 2011; Wong &
Zhou, 2015). Waste reduction remains a shared priority, with lean tools kinJlime
(JIT), 5S, and Value Stream Mapping (VSM) being adapted to not only improve operational
flow but also minimize environmental harm caused by excessive construction debris
(Formoso et al., 2002; Abditahman et al., 2012). Additiahy, tools such as Environmental
Impact Assessments (EIA) and Life Cycle Assessments (LCA) have been recognized for their
role in identifying inefficiencies and environmental risks early in the project lifecycle,
allowing for more sustainable planning adecisioamaking (Ding, 2008; Zainul Abidin,

2010). Ultimately, the literature reveals that sustainable lean construction represents a more
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holistic and forwarethinking evolution of lean practicdsone that balances productivity with
environmental stewardship and letegm industry resilience.

Numerous studies also have emphasized the synergy between lean construction and
sustainability, particularly in the areas of material efficiency, energy performance, and
environmental impact assessment. Sustainable material selection, such as usingd recycle
aggregates, lowOC products, and renewable resources, aligns with lean principles by
reducing waste and lifecycle costs (Ahn et al., 2010). Lean practices also enhance energy
efficiency by promoting jusin-time delivery, modular construction, and imyped workflow
coordination, thereby lowering fuel consumption and onsite energy use (Aziz & Hafez, 2013).
Research by Osmani et al. (2008) found that lean techniques like value stream mapping and
pull planning significantly reduce construction waste, offtgover 30%, contributing to both
cost and environmental benefits. Moreover, integrating environmental impact assessments
within lean project planning enables stakeholders to measure and manage carbon footprints,
resource consumption, and pollution outputsre effectively (Kibert, 2016). These findings
support the view that sustainable lean construction not only improves project performance but
also advances environmental responsibility in the construction industry.

Barriers of Sustainable Lean Construction Implementation

Despite the proven benefits of sustainable lean constrécsanh as improved
efficiency, reduced waste, and enhanced environmental perforn#tadmplementation in
Malaysia remains limited. Various interrelated challenges continue to obstruct widespread
adoption, particularly in higlensity and complex regions like the Klang Valley. These
barriers are not solely technical in nature but often stem from organizational, financial, social,
and regulatory shortcomings. Understanding these barriers is dand@mulating effective
strategies to enhance the uptake of sustainable lean practices in the construction sector. The
following sections explore these challenges;

Management Aspect

One of the biggest obstacles to implementing lean construction is the use of traditional
management principles rather than productivity and quality management concepts. This is
due to the fact that top management plays a crucial role in an organizatigrresugbnsible
for all operational, planning, scheduling, and controlling tasks. Because top management
makes decisions and is averse to change, organizations always adhere to traditional
management. It is also found that poor project definition, inadegaaources and delay in
material delivery were found to be some of the constrains to management for the successful
implementation of lean construction (Bashir et al., 2015). Besides that, the lack of attentive
and commitment from the top management &e ane of significant issues in implementing
the sustainable lean construction practice in the Malaysian construction industry.

Social Aspect

The construction industry involves a wide range of professionals, including engineers,
architects, contractors, subcontractors, Efwburers In Malaysia, this workforce is often
multicultural and multilingual, with a high presence of foreign workers. While such diversity
can bring valuable skills and perspectives, it also introduces significant social challenges that
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directly hinder the adoption of sustainable lean construction practices. One of the main issues
is miscommunication, often caused by language differences and varying communication
styles. According to Tejas Vidhat and Ashwini Salunkhe (2018), a multiaulorkforce

and inconsistent language use can create misunderstandings and disrupt collabes#gon on
Miscommunication can lead to serious project setbacks, such as incorrect material usage,
construction errors, and delays due to rewaltkof which @ntradict lean principles of
reducing waste and enhancing efficiency. Furthermore, lack of cooperation and trust between
subcontractors and other stakeholders can limit the sharing of information and reduce
engagement in collaborative problaolving, whid is essential for lean implementation
(Salunkhe & Vidhat, 2018). In many cases, workers and supervisors lack sufficient training
or understanding of lean and sustainability practices, making it difficult to shift from
traditional methods to more integrdteand efficient workflows. Without clear
communication, mutual respect, and a shared understanding of lean goals, the implementation
of sustainable lean practices remains fragmented and ineffective. Addressing these social
barriers requires targeted traigi inclusive leadership, and a strong emphasis on building a
unified project culture that supports open communication and collaboration.

Financial Aspect

Researchers found that successful implementation of lean construction requires strong
financial in order to provide the required tools and equipment, in order to pay the professional
wages, incentives and reward systems such as providing training andpieset
programmes for the workforces, and cost for the employing a lean specialist in order to
provide the guidance to the employers and employee regarding the implementation of the lean
construction (Saad & Fox, 2013). Financial issue is the commontissuwill be faced by
most organizations who intend to implement lean construction. Other researchers also found
that some of the financial challenges include inflation, and the implementation cost of lean
construction is expensive (Bashir et al., 2019)isTis because implementation of lean
construction requires various types of technologies and high cost to pay for the wages of the
workers where the person who will integrate with the lean construction must be skilled
workers to enable them to handle tak technologies and specialized machineries required
for the lean construction to work.

Lack of Training

As the lean construction is new in the construction industry, proper training for both
employers and employees must be provided to familiarize them on how the lean construction
works, and how to handle the tools and equipment that will be used in the lean
implementation. A proper training also will give them an acknowledgement regarding the
lean concept. In many organizations, proper training is rarely provided because of financial
issues. Large number of workforces need to attend the proper trainingeacaisthfor the
training is expensive because they must attend the training multiple times. Other than that the
obstacle that disrupt the success of lean construction is the fact that training is only centred
on the lean tools that can improve productitd performance, but with minimal focus on
the lean concepts and principles. (Kim & Park, 2006)
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Understanding and Awareness

According to Bashir et al. (2015), several researchers found that the illiteracy or low level
of knowledge among workers, lack of awareness, insufficient training and lack of information
sharing to be the common challenges. This is because, the leanictiosts the adaptation
of lean manufacturing concept. Therefore, there will be various of principles that will provide
different understanding to the employers and employees. The differences in the lean
construction must be fully understood in orderde the concept fully (Abdullah et al., 2009).

He also stated that to clearly understand the concept, the parties involved must have full
understanding about manufacturing concept beforehand. The lack of understanding will result
in low quality projects anahability to improve the productivity of the projects.

Governmental Aspect

The role of the government is pivotal in promoting sustainable lean construction, yet in
Malaysia, several policyelated shortcomings continue to impede its effective
implementation. While frameworks such as the Construction Industry Transformation
Progranme (CITP) 20162020 aimed to improve environmental sustainability and
productivity in construction, there has been limited continuation and expansion of these
initiatives post2020 (CIDB, 2016). The absence of a dedicated policy that integrates lean
prinaples with sustainability objectives leaves a critical gap in national construction reform
efforts. One key barrier is the voluntary nature of green certifications, such as the Green
Building Index (GBI). While GBI encourages environmentally friendly desidt does not
mandate lean practices like waste minimization, value stream mapping, dvaped
workflows (Green Building Index, 2023). Consequently, many developers, especially SMEs,
are reluctant to adopt these practices without legal or financettives. Other issues include
bureaucratic delays in project approvals, which undermine lean principles of efficient
planning and scheduling. Additionally, fluctuations in raw material prices, partly due to a lack
of longterm national procurement straiteg; make it difficult for firms to plan sustainably.
Asri and Nawi (2015) noted that government bureaucracy, inconsistent policies, limited
infrastructure, and lack of social policies were all critical barriers, further compounded by
limited availability of sustainable materials and a lack of governAbaaked supply chain
support.

Duration of Lean Implementation in The Construction Process

Lean construction has been introduced to the contractbtalaysia,and it is considered
as recent in this industry (Chong & Nordd®17). Therefore, the understanding regarding the
concept and flow of the lean in construction obviously will require a long time by all parties
involved in the construction. If the organization persistent to implement lean construction, it
will affect the construction process such as late completion and late delivery of the project.
This is because the lack of understandihthe persons involved would make it difficult for
them to handle the task required in the project with the new ways of construction.

Procurement and Contracts

Saad and Fox (2013) observed that many construction companies continue to adopt a
hybrid approach, combining traditional methods with lean techniques. However, the
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persistent reliance on conventional practisesh as traditional lumpum contracting and
Critical Path Planning (CPRften limits the effectiveness of lean construction. In particular,
procurement methods that separate design and construction phelses gwse that appoint
external consultants for design work without ongoing collaboration, hinder the lean objective
of integration and continuous communication across project stages. In the context of
Malaysian construction, traditional Desigd-Build (DBB) contracts remain the dominant

form of project delivery. This method often leads to fragmented responsibilities, delays, and
rework due to poor coordination between designers and contractors. To address these
limitations, the Malaysian constructiamdustry is gradually exploring alternative contracting
approaches such as Design and Build (D&B) and Pdhiicate Partnerships (PPP). These
models are more aligned with lean principles as they encourage early contractor involvement,
better integration gbroject teams, and shared accountability. For example, the Industrialised
Building System (IBS) promoted by the Construction Industry Development Board (CIDB)
Malaysia supports lean practices by integrating prefabrication, reducing waste, and
encouragingoetter coordination across stakeholders. While adoption is still limited, these
integrated methods present promising opportunities to improve project efficiency, reduce
waste, and support sustainable lean implementation in Malaysia (CIDB, 2020; Hamlzah et a
2019).

Strategies to Improve Sustainable Lean Implementation in Construction

Through various barriers that have been justified, an approach to the opportunities must
be taken in the way to improve and enhance the lean construction implementation among the
contractors in the construction industry. The basis for the implementatideaof in
construction has been grouped into five categories which are:

Leadership

Leader has the great influences in an organisation in terms of motivating the other
employees in the organisation to achieve the goals and visions that can lead to the success of
the construction projects and the organisation itself. In adapting the dbgjethe top
management level in the organization must be committed to learn and understand the aim of
lean and to change their own behaviour accordingly (Pekuri et al., 2012).

Competence

The person involved in lean construction must have a thorough awareness of the
principles and how lean construction operates as a whole in construction projects. Top
management must offer employees with training to ensure their competency in managing and
adopting the lean construction idea, as there are numerous levels of roles in an organization
that limit their exposure because they only focus on their own jobs and responsibilities.

Motivation
Construction organisation in general wéreh o u g h t to need a | itt
domi nationdé from the clients and | ean cons.|

(Pekuri et al., 2012). This is because, without the motivation, existing employers and
employees would have no idealomw the lean construction works. Besides, with the outside
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domination, they will also gain an understanding and will make a continuous improvement to
achieve successful implementation of lean construction. From the understanding gained by
the motivation, the duration for the employers and other new learner ttlagldgan concept

in the construction project can be reduce as they already know how the lean will operate and
function in the construction.

Trust

To successfully implement the lean construction, trust must be established between the
temporary parties involved in the construction project. This is because, with the trust, it will
lead to the willingness in cooperating between all parties which istedder developing
construction works in a better way where they believe that the other party collaborating in the
project team will give the best to achieve the target of construction

People

Lean implementation needs people who are willing to work with new ideas and to get out
of their silos, which essentially often means having social skills to work in more collaborative
situations (Pekuri et al., 2012). Without the willingness and spintidck with the lean
concept, it will slow down the flow of the construction project due to the lack of understanding
and unwillingness to adapt to a new working environment.

RESEARCH METHODOLOGY

This paper achieves the objectives from the extensive literature review and the use of
online questionnaires. Two categories of data were utilized: primary and secondary. Primary
data was collected directly from online questionnaires, while secondaryvdatgathered
from existing resources, including research texts, documents, papers, and media accessible
through library references. The online questionnaire was distributed to various construction
professionals in the Klang Valley area, with 22 respondgirgstly involved in sustainable
lean construction projects. In this study, frequency analysis and mean analysis were selected
to evaluate the data collected through the questionnaire survey, which targeted experienced
construction professionals in theaflg Valley. These methods were chosen due to their
effectiveness in identifying common trends, summarizing quantitative responses, and
highlighting the relative importance of various barriers to implementing sustainable lean
construction practices. Aparbin that, the questionnaire used in this study was designed into
three main sections:

Section A T Respondent Demographics

This section gathered background i nfor mat
experience in the construction industry, and types of projects they were involved in. These
questions helped to contextualize the responses and ensure a diverse @onggEssibnal
perspectives.
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Section B T Awareness and Understanding of Sustainable Lean Construction

This part assessed the respondentsdé f ami
concepts, their previous experience with lean practices, and their perceptions of its benefits.
It included multiplechoice and Likert scale questions to gauge levElawareness and
involvement.

Section C 1 Barriers to Implementation

This core section was designed to identify specific barriers across four key aspects:
management, financial, social, and governmental. Respondents were asked to rate various
potenti al obstacl es (e. g., Al ack of top
Ainsufficient gov-panhliketrsdale @ging from Srengly Disagiee a 5
(1) to Strongly Agree (5). These questions were formulated based on insights from previous
literature and refined to suit the local construction context.

The structure ensured that the questionnaire captured both the breadth and depth of
challenges faced by practitioners, enabling a comprehensive analysis of the most critical
barriers to sustainable lean implementation.

Somehow there are few limitations faced while conducting this study. Firstly, the sample
size was relatively small, comprising only 22 respondents, which may limit the
generalizability of the findings across the broader Malaysian construction industipd8ec
the study focused exclusively on the Klang Valley region, which, although highly active and
representative of major construction activity, may not fully reflect the conditions and
challenges present in other regions of Malaysia, especially inautass developed areas.
Additionally, the reliance on seieported data through questionnaires may introduce
subjective bias, as responses are based on individual perceptions and experiences.

Cumulative

Profession Frequency ~ Percent  Valid Percent Percent

Architect 2 9.1 9.1 9.1
18.2 18.2 273

Engincer

9.1 9.1 364
273 27.3 63.6

Quantity Surveyor

Site Supervisor

7
2
6

Project Manager 2 9.1 91 72.7
1
3
1
1

4.5 4.5 77.3
13.6 13.6 90.9
4.5 4.5 95.5

Building Surveyor

Site Safety Supervisor

Contractor

Site Coordinator 4.5 4.5 100.0
Total 22 100.0 100.0

Profession

Figurel. Respondent sé6 Demographic
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RESULTS AND DISCUSSION
Respondent sé Demographic

In reference to Figure 1 above, it was discovered that there were nine types of profession
of respondents which are Architect, Engineer, Quantity Surveyor, Site Supervisor, Project
Manager, Building Surveyor, Site Safety Supervisor, Contractor, and Steli@ator. The
total number of respondents who completed this questionnaire survey is 22 who were
previously involved in Sustainable Construction Project.

Barriers in Implementing the Sustainable Lean Construction

Table 1. Analysis of Barriers in Implementing the Sustainable Lean Construction

Average
Barriers Freq_1 Freq_ 2 Freq_3 Freq 4 Freq 5 Total Index Rank Rating
Score

Organization stick to the
conventional
management because
top management as a 1 0 4 11 6 87 3.95 1 Agree
decision maker in the
organization.
Require a long time to
understand the concept
and flow of lean by the 1 1 4 9 7 86 3.91 2 Agree
person involved in
construction.
Inadequate knowledge
among workers. Various 1 0 6 10 5 84 3.82 2 Agree

principles give different
understanding.

Governmental policies

and attitudes toward

construction industry.

Lack of social amenities, 1 0 7 10 4 82 3.73 4 Agree
material unavailability

and fluctuation

commaodities price.

Financial issue due to
the inflation and high
implementation cost of
lean construction

Lack of training provided

because of the financial

issues. Due to cost for 1 1 6 10 4 81 3.68 5 Agree
the training is

expensive.

Organization use

combination techniques

in procurement that will

discourage the aim of 1 1 6 11 3 80 3.64 6 Agree
collaboration and

integration among

parties.

All parties from different
fields did not works
together and cooperate
to achieve success.
Various language
applied mislead the
information and create
miscommunication.

1 1 5 11 4 82 3.73 4 Agree

1 3 10 4 4 73 3.32 7 Neutral




MCRJ Special Issu&/ol. 27 | No.1| 205 126

From the results in Table 1, it clearly shows that the critical barrier faced by the
respondents are organizations continue to rely on conventional management methods, largely
due to top management, as decisioakers, favouring familiar approaches withauerage
index score of 3.95. This is primarily because management is used to the traditional
approaches that have been around for many years. Switching to new methods for managing
construction projects can be tough for them, as it means they would hadapgbmany
established processes.

The second most significant barrier in sustainable lean construction is that it requires a
substantial amount of time for those involved in construction to fully understand its concepts
and processes, with an average score of 3.91. Additionally, inaddaumattéedge among
workers, due to varied interpretations of lean principles, received an average score of 3.82.
This suggests that management holds considerable influence over lean construction's
successful implementation. By introducing lean practices @modiding comprehensive
information on lean construction, organizations can help workers better understand these
concepts and reduce the time needed for them to adapt to new construction management
norms. Successful lean construction relies on a workfibiateis knowledgeable and skilled
in these practices, as emphasized by Mohamed Saad Bajjou and Anas Chafi (2018).

However, there were some respondents who were neutral with the statement that all
parties from different fields did not work together and cooperate to achieve success where
various language applied mislead the information and create miscommunication3&ith 3
average index. This may be observed in the construction team, when many parties from
different backgrounds come together to form a single team with the same goals to accomplish
a project. Misinformation and miscommunication are common in constructinpanies that
engaged foreign workers; thus, they will have difficulties understanding the language used by
the employers.

The analysis in Table 2 below highlights that the most impactful strategy to improve lean
construction practices is for top management to actively support employees through training.
This training helps ensure that everyone is comfortable with and skilleging lean
principles, with an average score of 4.23 showing its importance. Furthermore, top
management needs to be dedicated to learning and embracing the purpose of lean practices
themselves, with a notable score of 4.18. It also essential that diwes#y involved in
construction projects fully understand and are committed to applying lean concepts across the
organization, with a score of 4.14. This shows that top management plays a crucial role in
promoting lean construction throughout the conypdy providing the right information,
knowledge, and training, they help employees become confident and capable in lean methods.
This finding aligns a study by Mohamed Saad Bajjou &Anas Chafi (2018), who emphasized
the need for management to raise awasgeross the workforce to ensure lean practices are
implemented successfully.
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Table 2. Strategies to Improve Sustainable Lean Implementation in Construction

127

Suggestions

Freq_1

Freq_2

Freq_3

Freq_4

Freq_5

Total

Average
Index
Score

Rank

Rating

Top management
must provide the
training to the
employees. To ensure
they are competence
in handling and
adapting lean concept.

In adapting the
leadership, the upper
management level in
the organization must
committed to learning
and understanding the
aim of lean.

The person involved in
construction must
have great
understanding and
dedicated to promote
lean in organization
and its project.

Government policies
and legislation. Initiate
official website to
facilitate lean
construction concept.
To acknowledge
organization on how to
implement lean.

Trust will create a
willingness in
cooperation between
all parties. Good
communication and
collaboration will
enhance possibility
successful of
implementation.

Outside domination
can be a motivation for
workers to gain
understanding and
make an improvement
to reduce time to
adapt the concept in
organization.

Use partnership as a
procurement method.
Can create a
collaboration and good
relationship within the
parties.

Organization try the

6l ow hangir
method as an initiative
to implement lean.
Inventory changes can
be made after gain
profit.

10

11

10

12

12

12

93

92

91

89

88

86

79

77

4.14

4.05

3.59

3.5

Agree

Agree

Agree

Agree

Agree

Agree

Agree

Agree
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CONCLUSION

The implementation of sustainable lean construction promises significant improvements
in efficiency, waste reduction, and overall project performance. However, there are obstacles
in the way of completely reaping these advantages, and they need to b#yceasblved.

This paper has identified several key obstacles that impede the effective adoption of
sustainable lean construction practice including management aspect, financial aspect, social
aspect and governmental aspect. The most critical barrietfsearesistance to change by the

top management and inadequate knowledge among workers. As a conclusion, while the
barriers to lean construction are substantial, they are not impossible to overcome. Addressing
these challenges through strategic planningnmitted leadership, and willingness to
embrace change, the construction industry is essential for advancing the adoption of
sustainable lean construction practices across Malaysia. Future research could expand the
geographic scope, increase the sample, sand incorporate qualitative methods such as
interviews or case studies to gain deeper insights into the implementation of sustainable lean
construction. Additionally, future research could compare the implementation of sustainable
lean construction préices between countries with similar construction contexts. Such
comparative studies would offer valuable insights into how local culture, regulatory
environments, and market dynamics influence the success of lean initiatives. Furthermore,
researchers cadllevaluate the effectiveness of digital technologies (e.g., BIM, 10T, project
management software) in facilitating lesmstainablentegration orexplore the longerm
benefits of lean construction on environmental performance and project outcomes through
longitudinal studies.
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Abstract

The adoption of Building Information Modelling holds significant potential for enhancing the
efficiency and competitiveness of organizations within the construction industry. Despite the
acknowledged benefits of BIM, its full potential remains largely untapped. This study addresses
the gap in research concerning organizational and human factors influencing BIM
implementation by focusing on organizational development for optimal BIM implementation
within construction organisations in Malaysia. The objectives were to: identify key features of
Organization Development; examine current BIM implementation practices; and propose an
OD approach tailored for BIM implementation. Key findings indicate that managing human
capital presents the most significant challenge within organisations. The research also
revealed that aligning organizational culture and values with individuals is a key feature of
Organization Development that facilitates BIM implementation. In-depth interviews were
conducted with six large organisations in Malaysia, and data analysis was conducted using
thematic analysis. The findings reveal three organisation development approaches conducive
to BIM implementation: aligning organizational culture and values with individuals; developing
organizational strategies to enhance BIM utilization; and fostering organisational innovation.
This study contributes to a deeper understanding among researchers and practitioners
regarding the practical actions and potential outcomes associated with integrating BIM into
construction operations, emphasizing organizational aspects.

Keywords: BIM ImplementationConstruction OrganisationrHuman Factorsinnovation Organisation
Development

INTRODUCTION

Organisational Development (OD) is a discipline grounded irb#iaviouralsciences
that focuses on facilitating growth, innovation, and adaptability within organisations. It aims
to enhance both individual competencies and organisational effectiveness, helping firms
respond proactively to change and improve overall perform@ileeldell et al., 2019). As
industries continue to experience rapid digital transformation, OD becomes increasingly vital
in supporting organizations through complex transitions.

One of the most significant digital shifts in the construction industry is the adoption of
Building InformationModelling (BIM). BIM is an advanced digital methodology that enables
the integration of project design and data management throughout a building's lifecycle. It is
widely recognized as a transformative tool for addressing inefficiencies in construction,
including fragmentation, cost overruns, schedule delays, and collaboration challenges (Al
Ashmori et al., 2019). However, the successful impleatemt of BIM extends beyond
technological adoption; it requires a fundamental transformation of organizational processes,
structures, and mindsets.



MCRJ Special Issu&/ol. 27 | No.1| 205 132

Research indicates that implementing BIM often disrupts established workflows and
necessitates significant organisational change. According to Abbasnejad (2020), construction
firms must adopt new technologies and delivery methods, marking a departure from
traditional practices. This transition demands strategic planning and cultural shifts, which
many organizations are unprepared for. In developing countries like Malaysia, BIM is
primarily used for lowlevel functions such as visualization and clash detectiith limited
application during the construction phase (Chan et al., 201%Bb)s fragmented
i mpl ementation reflects a broader issue of
Construction Industry Transformation Plan (CITP) 20@&20.

The problem is not solely technologidalt is organisational. BIM implementation
involves complex changes in areas such as organizational structure, policies, training,
software and hardware acquisition, and project delivery approaches (Sacks et al., 2016)
However, many firms are still operating within their comfort zones and lack the strategic
frameworks needed to manage these changes effectively (Juan et al., 284/malri et al.,

2019). OD provides a potential solution, offering a structured apptoacanage change and
build organizational capacity for BIM integration.

Despite the growing interest in BIM, the majority of existing research focuses on its
technical aspects and projéetel outcomes, often overlooking the human and organisational
dimensions of its implementation (Haron et al., 2015; Mohammad et al., 20t®)s
frequently emphasize shedrm goals such as time, cost, and quality, neglecting the long
term organisational readiness needed-for ¢
technical complexity where technology interacts closely with people arat@sses it is
crucial to explore the role of OD in shaping successful implementation strategies.

Furthermore, BIM should be recognized not just as a technological innovation, but as an
organisational one (Succar & Kassem, 2015). Organisational innovation involves internal
changes in response to environmental shifts, often requiring adjustmentaune,cudiiues,
infrastructure, and workflows (Damanpour, 1991). Successful BIM adoption, therefore,
depends on effective change management and the ability to overcome internal resistance
(Abbasnejad et al., 2016). As Ziye and Shengyue (2021) emphasizeingedlie full
potential of BIM requires organisations to undergo significant internal transformation.

In Malaysia, construction firms face considerable challenges in adopting BIM effectively.
Although the technology is available, implementation remains superficial and fragmented,
primarily due to the absence of strategic organisational change managehecentral
problem lies in the lack of organisational readiness, leadership support, and cultural
adaptability required for meaningful BIM integration. There is currently a gap in
understanding how Organisational Development can be leveraged to suppat&hkibn,
especially within the unique context of Mal
this critical gap by investigating the role of OD in facilitating successful BIM implementation
in Malaysian construction organizations. By linkimgianizational theory with practical BIM
adoption. The outcome is expected to contribute to the development of drased
framework that construction organisations can use to navigate change, overcome
implementation barriers, and elevate BIM maturity asradhe industry. Therefore, the
objectives of this paper are;
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1. To identify key features of organisational development relevant to BIM
implementation.

2. To examine the current practices of BIM implementation in Malaysian construction
organisations.

3. To recommend an OD approach tailored for BIM implementation in Malaysian
construction organisations

LITERATURE REVIEW
Organisational Development

Organisational Development (OD) emerged in the 1950s under the guidance of industrial
psychologists (Cummings & Worley, 2009), evolving over time into a comprehensive
strategy for organisational transformation drawing from psychology, sociology, and system
theory. This approach systematically drives business performance (Basadur et al., 2012).
Initially, OD practitioners relied on methods likegfoups and survey feedback to address
organizational challenges. By the 1970s, OD interventions began yieldéagunable
productivity gains. In the 1980s, the field shifted towards quality management, emphasizing
effectiveness measurement, interdisciplinary knowledge, and the role of power (Sanzgiri &
Gottlieb, 1992). The 1990s saw a focus on team building, maragestyle enhancement,
and strategy development assistance. The 21st century ushered in new OD frontiers, including
deeper collaboration with human resources, global leadership, and talent management
(Sharkey, 2009).

Internally, organisational development is often spearheaded by the Human Resources
(HR) department, leveraging its understanding of organisational culture, demographic shifts
in the workforce, and expertise in managing employee performance (Yaeger &edorens
2009). Conversely, organizations may enlist external OD practitioners to guide them through
the OD process.

BIM Implementation

Between 2016 and 2019, BIM adoption in Malaysia saw a notable increase from 17% to
49%, while the United Kingdom experienced a rise from 54% to 69% during the same period
(BIM Report, 2019). However, despite this growth, Malaysia still lagged behind other
developed nations in BIM implementation (CIDB, 2018). Initially, in 2013, Zahrizan et al.
found BIM implementation in Malaysia to be at Level 0 to Level 1, which then progressed to
Level 1 to Level 2 the following year (Enegbuma et al., 2014). Though ywianesin place to
achieve Level 2 by 2019 (Amiruddin, 2018), it was only realized in the development of the
MRT Line 2 by the Mass Rapid Transportation Corporation (MRT Corp) (Azman, 2018).

Against this backdrop, major players in the Malaysian construction industry such as the
Public Works Department (PWD), Sime Darby Property, Sunway Property, Gamuda Bhd
and Brunsfield Construction SdBhd. have significantly contributed to the widespread
adoption of BIM. These organizations have not only established their chouse BIM
departments but have also engaged external BIM consultants to provide customized BIM
services. With diverse portfoliomeompassing various public and private projetitese
firms offer valuable insights for effective BIM integration across the construction sector.
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Numerous studies have highlighted the multifaceted factors influencing the effective
implementation of BIM. Successful deployment of BIM necessitates a clear understanding of
implementation mechanisms, assessing the organization's readiness for chadgeisaryl
optimal strategies to foster innovation and attain key BIM advantages (Al Ahbabi & Alshawi,
2015; Kulatunga et al., 2011). Shehzad et al. (2020) identified a comprehensive list of
seventyfour influencing factors categorized into individual, argational, technological,
and environmental domains. Individual factors pertain to professionals' intentions, attitudes,
motivation, and seléfficacy in technology adoption. Organisational factors involve -inter
organisational processes, practices, anitips influencing BIM adoption. Technological
factors encompass BIM teoélated considerations impacting technology utilization, while
environmental factors encompass external factors such as economic demands, policies, and
contractual frameworks.

BIM has emerged as a pivotal tool in mitigating uncertainties and enhancing the
efficiency of the construction process. Consequently, construction organizations have realized
myriad benefits from BIM implementation, spanning shertn and longerm gainsin
investment, project enhancement, and business operations (Musa, 2018). These benefits
include but are not limited to improved collaboration and communication, Fbagdel cost
estimation, preconstruction project visualization, enhanced coordinatiorckasth detection,
optimized scheduling and sequencing, positive return on investment (ROI), and overall
superior project outcomes (Samimpay & Saghatforoush, 2020).

Table 1. Significance of OD in Organisation for BIM Implementation

No. Functions of OD Organisation BIM Implementation
Development Source Source
1. Continuous Improvement Mulili & Wong, 2011  Semaan et al., 2021;

OD represents a proactive stance that embraces both internal
and external change, harnessing it as a catalyst for renewal.
Through the OD process, organizations engage in a
continuous cycle of improvement, where strategies are
meticulously planned, implemented, evaluated, refined, and
monitored. This iterative approach is particularly crucial for
ensuring the sustainability of BIM implementation efforts.

2. Increase Communication Ulbrich et al., 2011 Du et al., 2020;
Collaborative working approaches are imperative for
effectively executing BIM-related tasks and activities. OD
activities facilitate increased communication, feedback
exchange, and interaction within the organization, fostering a
culture of collaboration essential for successful BIM
implementation.

3 Employee Development Gatarik, 2019 Yusuf et al., 2022
The necessity for employee development arises from the
continual shifts in industry and market dynamics. OD plays a
pivotal role in identifying the essential training and
development needs, encompassing adjustments to traditional
roles and responsibilities to accommodate digital innovation,
among other requirements.

4. Product and Service Innovation ODN, 2023; Khudhair et al., 2021
Effective training programs vyield numerous benefits for Anning-Dorson et al.,
individuals, equipping them with the skills and knowledge 2017
needed to navigate new innovations and enhance service
delivery.

5. Increase Business Success Madhani, 2018 Madanayake et al.,
OD impacts the bottom line in multiple ways, including 2021

heightened innovation, productivity, efficiency, and ultimately,
increased profits.
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Significance of Organisation Development in Organisation for BIM
Implementation

In today's volatile, uncertain, complex, and ambiguous (VUCA) business landscape,
profitability, productivity, morale, and Woskife Balance (WLB) stand as significant
concerns for most firms, directly influencing organizational sustainability (Smithal, et
2016). Organizational Development (OD) recognizes the interplay between the organization
and its employees, placing emphasis on the human element and the rich data within the
employeeorganization dynamic. By employing OD strategies, organizationsalinate
heightened employee commitment and adaptability, thereby fostering an environment
conducive to successful BIM implementation. Table 1 shows the significance of OD in
organisation for BIM Implementation.

From an organizational development standpoint, comprehending and identifying the
elements pertaining to both people and the organization gesdthncehe firm's efficiency
in successfully implementing BIM (Oraee et al., 2017; Kumar et al., 2022).

METHODOLOGY

This research study adopts a qualitative approach, utiliziapth interviews as the
primary data collection method. The focus is on understanding human social behaviour and
organisational cultures in the context of organisational development (OD) waifding
Information Modelling (BIM) implementation. The aim is to develop conceptual frameworks
that deepen our understanding of the social phenomena, emphasizing the meanings derived
from individuals' experiences, perceptions, and behaviours within thesmizational
settings.

Participants

The study engaged six construction organisations, including clients/developers,
consultants, and contractors from both public and private sectors (three firms from each).
These organisations have actively implemented BIM in their projects. Participards wer
selected through purposive sampling, based on their relevance and involvement with BIM
implementation, determined through démised research. As suggested by Farrell (2011), the
number of interviewees was selected based on the research context atidespjesuring
robust insights without overburdening the analysis. Purposeful sampling, in line with Shaheen
et al. (2019), emphasized selecting informatigh participants who could provide deep
insights into the phenomena under study. However, thdl sarapling size may limit the
generalisability of findings to all construction organizations that already engaged with BIM
and mayexclude perspectives from firms that still in the early stages of BIM adoption.

Instrumentation

The interview guide, comprising nine questions divided into three sections, was
developed based on a thorough review of existing literature on organisational development
and BIM implementation. The questions were designed to capture both objective and
subgctive data, allowing respondents to freely express their opinions and experiences. The
interviews lasted approximately 4® minutes, and questions were designed to allow for



MCRJ Special Issu&/ol. 27 | No.1| 205 136

openended responses, ensuring the collection of rich qualitativeé@atesure validity, the
interview questionsverereviewed by experts in the fields of organisational development and
BIM, and a pilot interview was conducted to refine the clarity and relevance of the questions.
Feedback from the pilot interview led to minor adjustments to the wording and structure of
the questions.

RESULTS AND DISCUSSION
Re s pondProfied s

The demographic profile of each respondent includes their organization, current position,
years of experience, years of experience with BIM, and the sector in which they are involved.

In-depth interviews were conducted with six respondents from both paidicprivate
construction organizations. Details of each respondent are presented in Table 2.

Table2.Respondentés Profile

Respondents Firm Position Ex\r()iilirefce Ei?)reﬁfer?(ye\zﬂ Sector
Respondent 1 (R1) A Assistant Vice President (AVP) 10 years 6 years Public/ GLC
Respondent 2 (R2) B BIM Coordinator 7 years 6 years Private
Respondent 3 (R3) C Head of BIM Unit 23 years 11 years Public
Respondent 4 (R4) D BIM Manager 21 years 14 years Public / GLC
Respondent 5 (R5) E Senior Architect 17 years 5 years Private
Respondent 6 (R6) F Assistant Manager 6 years 5 years Private

Among the participants, three (3) were from public firms and held the position of Head
of BIM unit in their organizations. Additionally, three (3) respondents from private firms
occupied senior positions assisting the Head of BIM unit. The majority pattieipants had
extensive working experience, with 66% (four respondents) having more than ten (10) years
of experience. Only 33% (two respondents) reported a total working experience of more than
five (5) years. Notably, respondents working for publigamizations demonstrated a
significant amount of expertise in their field. Furthermore, all participants had firsthand
experience with BIM i mplementation, with a
data saturation occurred after the 6th respofddigning with the assertion that at least six
interviews are necessary to reach the threshold of data saturation and develop important
themes (Ahankoob et al., 2018).

Section A: Features of Organisational Development
Challenges Faced by Organisation

From the findings most respondents stated that people were the biggest challenge in their
organi sation. The notion that Opeopl ed ar
frequently expressed, both in academic and practical contexts. Peoplenan leapital,
provide a collective bank of knowledge, skills, capacities and expertise, all of which plays a
crucial role in enhancing the productivity of the firm (Leroy et2018). On the other hand,
external factors such as financial resources, oactsdn business environment and the
adaptability to change are the emerging themes of challenges poses by the organisation in
implementing new innovation and technology especially BIM.
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Activities Used in Organisation

Activities or interventions are techniques employed in OD to instigate change within an
organization, contributing to its health and effectiveness. Four (4) techniques were identified
by respondents of the organizations, including training and developraamgloyee
engagement, surveys and feedback, and learning through projects. All respondents affirmed
that their organizations implement training and development initiatives. As highlighted by
Prabhu et al. (2019), employee training positively impacts Indiikidual and organizational
performance. Effective training enhances employees' knowledge and skills, as well as their
satisfaction levels, all of which are crucial for achieving organizational objectives (Guest et
al., 2020). Respondents from public doastion organizations emphasized that training and
development initiatives promote longevity within the organization.

In contrast, private construction firms adopt a more pragmatic approach to training,
prioritizing shortterm goals to minimize employee turnover. Training programs are tailored
to match market demands, equipping individuals with enhanced knowledge abiliteagpa
relevant to their professions and daily tasks. Examples of such training inclodentation,
workforce preparation, initiatives to improve worker wlading, formal training programs
aimed at fostering a safer workplace, and refresher cowsed,which have significantly
impacted company outcomes (Alserhan & Shbail, 2020).

Strategies Used in Organisation

The interview results revealed common strategies outlined by respondents that are applied
by their organizations, involving functional strategy, business strategy, and corporate strategy.
These strategies delineate the environment in which the firms dottlkic business
operations.Firstly, findings indicated that Firm A and B utilize the functional strategy
approach. As noted by Fuertes et al. (2020
processes and actions, encompassing how resourcegilemed and applied. Functional
strategies must be walefined and aligned with corporate and business strategies. These
strategies encompass various domains such as production, marketing, human resources,
technology, organizational, and financial. Amdhegse, production strategy holds precedence
and is anticipated to remain the top priority in the coming years, followed by technological
and human resources strategies in order of priority.

Conversely, Respondents R1, R3, and R4 stated that their firms adopt the business
strategy approach. Business strategies wield considerable influence on mitigating the risk of
financial mishaps, which could have immediate economic ramifications for coropangys
and investors (Habib & Hasan, 2017). These strategies are devised by management with the
objective of achieving successful performance in specific business domains. The primary
focus of a company's business strategy lies in establishing and isigsitncompetitive
position over the long term. In cases where an organization operates in diverse businesses,
strategic planning may involve creating strategic business units (SBUs). Each SBU represents
a distinct business or a cluster of related busiegsenabling the formulation of a unified
strategy. Each SBU is endowed with its own unique mission and competes in a distinct
market, allowing it to develop an independent strategy from other businesses within the
organization.
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Additionally, Respondents R5 and R6 from Firms E and F mentioned that their
organizations employ a corporate strategy. The objective of corporate strategy is to fortify a
company's business portfolio to surpass competitors. For organizations operatintipile m
industries, a corporate strategy, such as company diversification, becomes essential as
delineated in the responses. As Fuertes et al. (2020) elucidate, corporate strategy encompasses
the organization's capacity to delineate its future positiofiihg.methods of articulating this
positioning range from straightforward motivational statements to the attainment of rigorous
objectives and comprehensive business particulars, linking business indicators and variables
through a methodical approach. Foresified organizations, each division develops its own
strategy, defining the products or services offered, the target clientele, and other pertinent
aspects.

Section B: Current Practice of BIM Implementation in Construction
Organisation

BIM Structure in Construction Organisations

A growing body of international research highlights organizational structure as a critical
factor influencing successful BIM implementation (Sinoh et al., 2020; Chan et al., 2019a).
This study supports that conclusion by examining how various structucss garticipating
firms shape their BIM integration strategies and effectiveness. Firms A, B, and F have adopted
adivisional structure for BIM implementation. In these firms, BIM functions primarily as a
support tool for the design team, often aligned with project requirements from the earliest
stages. This approach appears to be influe
where strategic decisions are typically driven by project outcomes. BIM responsibilities are
frequently outsourced or delegated to external stakeholders such as consultants and
contractors during the design and construction phases. These findings ali@haitlet al.
(2019b), who observed that organizational roles and business models significantly influence
BIM deployment methods.

In contrast, Firm C employsraatrix structure , dividing BIM responsibilities between
two dedicated teams: one that focuses on policy and standards development, and another that
manages projedevel BIM execution. This structural design promotes open communication
and crosdunctional collaboration,allowing for a more integrated and strategic BIM
implementation. This reflects earlier literature suggesting that matrix structures can be more
adaptable to innovation and proceks/en technologies like BIMSacks et al., 2016).

Firm D has adoptedBIM expert unit model. Initially organized around a general BIM
team, the firm has transitioned to a more specialized expert unit, likely due to the increasing
complexity of internal BIM documentation, requirements, and policies. This structure allows
the expert unit to servas a centralized knowledge hub, providing guidance and technical
support to various business units interested in BIM implementation. This evolution in
structure is consistent with past findings, which emphasizeinipgrtance of having
centralized expertise to scale BIM capabilities across the organization (Succar & Kassem,
2015).
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BIM Implementation Approaches in Construction Organisations

Two primary approaches to BIM implementation were identified across the case firms:
(1) mandated implementation through organizational policies, and (2) poejeet!
implementation tailored to specific needs and constraints.

Firms B, D, E, and F havestitutionalized BIM through mandates, policies, and legal
requirements. For example, Firms B, D, an@ Facting as clients or developdrembed BIM
obligations within project contracts prior to tendering. These firms also assess the BIM
competencies of their consultants and contractors to ensure alignment with project goals.
They have invested in Digital Transformation strategies and have established internal BIM
policies, standards, and platforms to support BIM Level 2 implementalihese practices
echo recommendations in previous studies that highlight the value of clear policy frameworks
and topdown support in achieving BIM maturity (Sacks et al., 2016).

Firm E, operating as a contractor, mandates BIM even when it is not specified in project
requirements. Its approach leverageslittegrated Project Delivery (IPD) model which
promotes collaboration among all stakeholders from early design to construction. This
proactive use of BIM for process optimization is consistent with literature emphasizing the
synergy between IPD and BIM in enhancing project delivery efficieAtd, (2014).

In contrast, Firms A and C employ feexible, project-driven approach to BIM
implementation. Their strategies depend on the project's budget, complexity, and client
requirements. Firm A is in the early stages of BIM adoption, with limitdtbunse expertise,
indicating a need for phased implementation. Firm C, while rezedras a BIM pioneer in
Malaysia, continues to invest in training and technological upgrades to achieve full
integration. These findings mirror past research indicating that organizataniness and
resource availability often dictate the pace and depth of BIM implementation (Gu & London,
2010; Wong et al., 2011).

BIM Integration Benefits

Analysis of the case firms revealfedir major benefits associated with BIM integration:
on-time project delivery, improved communication and collaboration, better cost
control, and enhanced risk mitigation These outcomes align with the positive stakeholder
perceptions described by Bradley (2016), and they reflect the expectechddiwé BIM
throughout the project lifecycle. As firms progress in their BIM journeys, the integration of
design, constructiomnd operations becomes more seamless. This, in turn, enhances the value
of project data at each stage, leading to greater process &ffieiethimproved project quality
(Eastman, 2011). Notably, the findings reaffirm the potential of BIM to improve cost
predictability and reduce project rigkbenefits widely discussed in prior literatérevhile
also underscoring the importance of aligningsin advantages with organizational readiness
and structural support.
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Section C: Recommendation of Organisational Development Approach for BIM
Implementation in Organisation

Aligning Culture and Values of Organisation and People

According to responses from four respondents (R1, R2, R3, and R4), it's evident that
people are the primary drivers of change. T
role in fostering new adaptations behaviouralchanges. Therefore, organizations must
recognize the significance of individuals and their impact on BIM deployment. Values serve
as the invisible threads of culture (Henderson & Thompson, 2003). When businesses align
their culture and values with thosktloeir employees, it enhances employee commitment and
job satisfaction ( Gdidghediolgdnigationg strieelto.underdgtad®tiie) .
impact of values within their firm and aim to align employee values with organizational ideals
(Hendersor& Thompson, 2003).

Valuesaligned firms are aware of how values influetahaviour performance, and
outcomes. They consciously work with values to bridge the gap between employee and
organizational values. Such firms understand the significant power of values and leverage
them to give purpose to employeaedeavoursValuesbased organizations benefit from
having a clear set of values that facilitate effective change management. Additionally,
respondent R4 highlighted the importance of top management support in nurtutiag val
creation. A study by Abbasnejad et al. (2020) suggests that top management characteristics
impact value creation. Value creation facilitates organizational growth, supporting the
development of BIM implementation. The Value Creation Model (VCM) illisgrénow
systems develop by adding value to their environment, which grants them the right to exist
(Schaveling & Bryan, 2017).

Developing Organisational Strategy to Enhance BIM

Respondents R2, R4, and R6 have recommended developing the organizational strategy
of the firm to enhance BIM implementation. The policies implemented by these firms ensure
alignment with the organization's vision and mission. Furthermore, the strategissddby
the firm will determine the future positioning of the organization. According to Siebelink et
al. (2018), BIM policy is among the most critical factors in BIM deployment. Establishing a
clearly defined policy at both the micro and macro adop&wels of the firm is essential for
successful BIM implementation. Additionally, policies that articulate a clear vision regarding
project delivery methods, quality procedures, and information consistency among
construction companies are crucial for BIMgl@mentation in construction projects (Kassem
et al., 2014). This perspective is further supported by Succar (2009), who identifies policy as
a crucial component of BIM operations.

Becoming an Innovative Organisation

Respondents R4 and R5 underscore the importance for firms to embrace innovation.
Beyond merely implementing BIM, innovative firms are encouraged to explore the potential
of other collaborative BIM technologies such as artificial intelligence (Al), blockdBeC),
data analytics (DA), cloud computing (CC), Internet of Things (loT), laser scanning (LS), and
machine learning (ML), all of which offer significant advantages to the construction sector.
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A survey by McKinsey (2018) found that 84% of executives believe future success hinges on
innovation. In general, organizational innovation involves either developing or adopting new
ideas orbehaviourswithin an organization. This entails focusing on knowletlgeed
concepts and transformativeehaviours(Lam, 2006). By fostering an innovative culture,
organizations can advance valagded services, particularly in the context of BIM
implementation within the construction sector.

However, it's essential to recognize that internal politics and an organizational culture
resistant to failure, external suggestions, or change pose significant threats to organizational
innovation, as noted by Gartner (2016). Therefore, fostering aroanv@nt that encourages
experimentation, embraces failure as a learning opportunity, and welcomes external input is
crucial for promoting innovation within organizations. Other suggestions from the
respondents, such as leadership, benchmarking, incregstiplization, defining BIM
goals, commitment to education, and adopting a holistic or unified BIM approach, are also
vital in fostering an innovative organization.

CONCLUSION

This study investigates the organisational development required for effective BIM
implementation in construction organizations. Through qualitativedepth interviews with
experienced respondents from public and private sectors, insights were gathessdhaee
main sections: Features of Organizational Development, Current Practices of BIM
Implementation, and Recommendations for Organizational Development Approaches for
BIM. The analysis reveals that managing human capital presents the most significant
challenge within organisations. While people are valued as assets, their diverse knowledge,
skills, and expertise pose complexities. External factors such as financial resources and
adaptability to change also shape the implementation of innovationslihkeTBaining and
development initiatives have demonstrated positive impacts on both individual and
organisational performance, enhancing skills and satisfaction. Common strategies include
functional, business, and corporate strategies, tailored to orjamidaneeds. Structural
approaches to BIM implementation vary, with divisional, matrix, and expert unit structures
being prevalent. BIM implementation strategies encompass mandates and consideration of
project budgets and requirements. Benefits of BIMedmtion include improved project
timelines, communication, cost control, and risk mitigation. Aligning organisational culture
and values with employee perspectives drives effective change. Developing a clear
organisational strategy for BIM deployment issential, as is fostering innovation and
embracing emerging collaborative technologies such as Al, blockchain, and data analytics in
the construction sector. The study acknowledges limitations due to a small sample size and
suggests future research to date findings across a broader demographic using a systematic
questionnaire approach.
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Abstract

This paper examines the compliance of temporary housing provided for construction workers
in Malaysia with national standards, particularly MS 2593:2015. It evaluates critical aspects
such as living space, sanitation, safety, and welfare amenities. Through site observations and
unstructured interviews at two construction sites in Selangor, the study identifies widespread
non-compl i ance and captures workersd perceptions of
highlight recurring deficiencies that pose health and safety risks, including overcrowding, poor
ventilation, inadequate sanitation, and weak fire prevention measures. These conditions reflect
deeper structural neglect and unequal treatment of migrant labourers in the built environment.
Drawing from labour welfare theory and the Total Worker Health approach, the study frames
worker housing as an essential component of occupational well-being and human dignity,
rather than a secondary operational concern. The paper argues that enforcement mechanisms
must be strengthened through regular audits, meaningful penalties, and transparent reporting.
It also calls for housing designs that are modular, culturally sensitive, and integrated with safety
standards from the outset. Attention to spatial justice is emphasised to ensure that worker
accommodations are not hidden or marginalised but fairly situated within construction
ecosystems. This study contributes to the discourse on construction governance, occupational
welfare, and migrant housing reform. It offers practical insights for construction managers,
designers, and policymakers aiming to enhance worker welfare, reduce risk, and promote long-
term sustainability in the Malaysian construction industry.

Keywords: Regulatory compliance; Construction industry; Migrant workers; Labour welfare; Worker
accommodation

INTRODUCTION
Context of Foreign Labour in Malaysia

Malaysia hosts nearly 2.4 million documented migrant workers, with estimates
suggesting an additional 2 million undocumented migrants, making it one of the highest users
of foreign labour in the Asia Pacific region (Immigration Department of Malaysia) 2028
construction sector relies heavily on these workers to sustain its workforce (Department of
Statistics Malaysia, 2023).

Substandard Housing and Health Hazards

The term O6kongsi housebo refers to the
construction workers at project sites. These accommodations are often constructed from
discarded materials such as plywood and metal sheeting, resulting in living conditions that
barely meet basic standards. These structures present serious risks to health and safety,
particularly due to poor ventilation, sanitation, and vulnerability to fire. Exposure to fire may
result in structural collapse and injury or death of the occupartkedfuilding (Sivakumar
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et al., 2018). Beyond physical inadequacies, these housing arrangements also reflect deeper
social and spatial inequalities experienced by migrant workers.

Policy Interventions and Persistent Gaps

I n response to growing concerns, Deputy
Hamidi announced in 2023 that the government would mandate employers to provide at least
minimum standard accommodations for foreign workers. Employers failing to comply with
this directive would face restrictions on hiring new foreign workers (New Strait Times, 2017).
Nevertheless, compliance remains inconsistent, and the gap between policy and practice
continues to widen.

In Malaysia, temporary accommodations for construction and migrant workers remain
overcrowded, unsafe, and unsanitary despite growing awareness and legal reforms. The
COVID-19 pandemic exposed severe vulnerabilities in worker housing, where cramped living
quarters facilitated the spread of infection and underscoredstanging neglect (Jones et
al., 2024). Reports indicated that over 90% of worker accommodations wecem@fiant
with legal standards during the height of the pandemic (Bernama, 2022e Titiag
arrangements, commonly known as kongsi houses, frequently consist of makeshift units
constructed from metal sheets and plywood, offering minimal ventilation, privacy, or hygiene
(Ng et al., 2024).

National Standards and Regulatory Framework

In response to these challenges, Malaysia introduced MS 2593:2015, a national standard
for temporary construction site worker housing. This code outlines minimum requirements
for space, sanitation, safety, and welfare (Department of Standards Malays, 201
However, the adoption of this standard remained voluntary until legal reinforcement through
the 2019 amendment of the Workerso6é Minimun
1990 (Act 446). These amendment s rmslustpes,nded
including construction, and made compliance mandatory (Khor, 2021).

Despite this legal shift, compliance levels remain low. Inspections in 2021 found that
nearly half of construction employers still failed to provide housing that met basic standards,
with some employers citing delays or approval issues as justificatidayMiil, 2021). The
Ministry of Human Resources reported issuing RM12.4 million in compound fines from 2020
to 2022 to errant employers (Bernama, 2022). The primary causes-cbmgtiance include
cost constraints, weak enforcement, and limited awarer@sslegal obligations
(MalaysiaNow, 2020).

International Comparisons and Emerging Models

Scholars and policymakers increasingly recognise that poor living environments not only
infringe upon workers' rights but also diminish productivity and occupational safety.
I nternational benchmarks, such as thaad |l LO )\
the Responsible Business Alliance Cédwovide additional guidance for dignified
accommodations (Il nternational Labour Organ
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MS 2593:2015 largely align with these principles but face challenges -thearound
enforcement (Nasir et al., 2023).

Efforts to pilot solutions such as Centralised Labour Quarters (CLQs) offer a way
forward. These facilities are purpebailt dormitories that comply with minimum standards
and separate worker housing from construction zones. When properly implementadythe
demonstrated better living conditions and reduced enforcement issues (Ng et al., 2024).
Regional ly, Mal aysia compares favourably t
Employee Dormitories Act, which tightly regulates laggpale dormitorie and post
pandemic upgrades (ILO, 2022).

Ultimately, improving construction worker housing in Malaysia is not merely a legal
compliance issue, it is integral to health, productivity, and national reputation. Continued
enforcement, design innovation, and participatory governance are essensiastiining
worker welfare reforms. This study addresses these gaps by evaluating the extent of
compliance with MS 2593:2015 across two construction sites, identifying common
deficiencies, and examining workersgn pers
interventions.

AIM AND OBJECTIVES

The aim of the research is to assess the compliance of temporary housing facilities for
construction workers in Malaysia with national standards, particularly MS 2593:2015, and
identify areas for improvement in living conditions to enhance worker safeliypeing, and
overall welfare. The objectives include:

1. To evaluate the compliance of current temporary housing facilities for construction
workers with the MS 2593:2015 standards.

2. To examine common necompliance issues pertaining to the temporary housing
facilities for construction workers.

3. To investigate workersd perspectives fr
insights about their welfare at the temporary housing facilities.

METHODOLOGY

This research adopts a qualitative approach to comprehensively assess the temporary
housing conditions for construction workers in Malaysia. Grounded in exploratory case study
methodology, the study integrates site observations and unstructured intdrviesygure
both environmental conditions and lived experiences. Two active construction sites in
Selangor were selected as field locations. Observational data focused on space, sanitation, and
safety features, while interviews gathered narratives on wookefort, risks, and perceptions
of welfare. This approach provides a robust framework for assessing the temporary housing
conditions of construction workers in Malaysia. The findings aim to inform policy
enforcement and promote the development of moreaherand compliant housing standards.
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Case Study Selection

Two construction sites in Selangor were selected for this study. These sites were chosen
based on their size, type of construction activity, and accessibility for detailed examination.
Site A represents a largeale commercial development, while Site Bolves a medium
scale residential project. The selection criteria reflect purposive sampling, which is
appropriate for qualitative case studies seekinglejpth insight rather than statistical
generalisability (Creswell & Poth, 2018). The diversity in pobjtypes allows for a
comparative analysis of the temporary housing conditions across different construction
contexts. Both sites remain anonymous in this study to protect the privacy and confidentiality
of the companies involved and to encourage traesggrand honest participation in data
collection. Anonymity also minimises potential bias and promotes ethical integrity in
presenting findings that may highlight roompliance or welfare deficiencies.

Site Observations

Observations were conducted at both sites to evaluate the living conditions of the workers
against the criteria outlined in MS 2593:2015. This Malaysian Standard provides
comprehensive guidelines on the minimum requirements for amenities and accommodation
at temporary construction sites (Department of Standards Malaysia, 2015). The use of direct
observation allowed for a firdtand, norntrusive assessment of compliance across multiple
physical and environmental dimensions. Observational data were sys&dinaecorded.

This approach enhanced the reliability of the data and reduced bias typically associated with
self-reported conditions. The criteria were assessed using a structured checklist encompassing
the following key aspects:

Table 1. Observation Checklist Based on MS 2593:2015

Criteria Explanation
Accommodation Size Adequacy of sleeping areas, common areas, and overall space per worker.
Sanitisation Facilities Availability and cleanliness of toilets, showers, and laundry facilities.
Safety Measures Presence of fire safety equipment, emergency exits, and general safety protocols.
Ventilation and Lighting Quality of air circulation and natural/artificial lighting within the accommodations.

Health and Welfare Amenities Availability of medical facilities, recreational areas, and dining facilities.

Unstructured Interviews

To complement the observational data, unstructured interviews were conducted with a
total of 10 construction workers across Site A and Site B. The sample included workers of
Bangladeshi, Burmese, and Indonesian origin, reflecting the ethnic diversityl typic
Mal aysiabés construction workforce. This di
background may influence perceptions of adequacy and welfare.

Unstructured interview was selected for their ability to elicit rickhdepth insights on
lived experiences and emotional responses, particularly relevant in qualitative exploratory
research (Creswell & Poth, 2018). All interviews were conductesitenwith the informed
consent of participants. The interview data were transcribed and manually coded using
thematic analysis, allowing recurring ideas to be grouped into key themes aligned with the
studyds objectives. Thi s adngofwakerlperspectves, de d
supplementing the physical assessments made through site observations.
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The limitations of this study include its restricted scope to two construction sites in
Selangor, which may not reflect conditions at other sites across Malaysia, thereby limiting the
generalisability of findings. The qualitative approach, relying on ucttred interviews and
observations, introduces subjective elements that may vary by participant and setting,
affecting consistency. Access constraints and language barriers also influenced participant
availability, particularly when discussing sensitivattars such as welfare or regulatory
violations. The study's focus on compliance with MS 2593:2015 does not encompass other
national or local frameworks, such as Act 446 or munidipat| guidelines, which may shape
housing practices differently. Furtheone, enforcement variability and employer
interpretation of standards were not directly measured. Finally, as a shapshot in time, the
research may not capture seasonal changes or future policy shifts that could affect the ongoing
relevance of the findings.

RESULTS

Site Observations

Data collected from Site A and Site B were evaluated against MS 2593:2015, which

stipul ates

t he mi ni mum reqguirements for

accommodation and amenities. Key parameters assessed include accommodation size,
sanitation, safgt measures, ventilation, lighting, and welfare facilities. The findings reveal
systematic nortompliance at both sites, with recurring issues that compromise worker well
being and violate established standards.

Table 2. Observation of Site A

Criteria

Findings

Accommodation Size

Sanitisation Facilities
Safety Measures

Ventilation and

Sleeping quarters were overcrowded, with each worker allocated significantly less than
the minimum recommended floor area. Beds were closely packed, offering no personal
storage or privacy.

Toilets and showers were insufficient in number and poorly maintained. Communal
facilities lacked privacy and cleanliness.

Fire safety measures were absent. No extinguishers were installed, and building
materials such as plywood increased the risk of fire.

Poor ventilation led to high humidity and discomfort. Both natural and artificial lighting

Lighting were inadequate for basic daily activities.
Health and Welfare No medical facilities were available on site. Recreational and dining spaces were
Amenities overcrowded and unhygienic.
Table 3. Observation of Site B
Criteria Findings

Accommodation Size
Sanitisation Facilities
Safety Measures
Ventilation and
Lighting

Health and Welfare
Amenities

Similar to Site A, overcrowding was prevalent. Workers shared narrow sleeping spaces
with limited access to personal storage.

Toilets and bathing areas were limited and not subject to regular cleaning schedules.
Sanitation was compromised.

Fire extinguishers were either absent or non-functional. Use of combustible materials
such as plywood presented fire hazards.

Air circulation was inadequate. Poor lighting conditions contributed to discomfort and risk
of injury during night-time activities.

Medical support was unavailable. Recreation facilities were insufficient, and dining areas
did not meet hygiene requirements.
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Overall, both sites failed to meet multiple provisions under MS 2593:2015, with recurring
deficiencies in space allocation, health infrastructure, and fire safety. These findings
underscore systemic gaps in standard implementation at the site level.

Unstructured Interviews

Unstructured interviews were conducted with a total of 10 construction workers across
Site A and Site B. The sample comprised individuals of Bangladeshi, Burmese, and
I ndonesian origin to reflect the etrdttion ¢ ano
workforce. The aim was to captunerkerslived experiences, perceptions of adequacy, and
emotional responses to their temporary housing conditions. The interviews were analysed
using thematic analysis, whereby responses were transcribed, maoaely, and
categorised into recurring themes. Four dominant themes emerged from the analysis:
perceived adequacy of space, sanitation and hygiene, safety concerns, and emotional well
being and dignity.

Perceived Adequacy of Space

The interviews were analysed using thematic analysis, whereby responses were
transcribed, manually coded, and categorised into recurring themes. Four dominant themes
emerged from the analysis: perceived adequacy of space, sanitation and hygiene, safety
corcerns, and emotional webeing and dignity.

Sanitation and Hygiene

All interviewees, regardless of nationality, expressed dissatisfaction with sanitation
facilities. Complaints included unclean toilets, lack of proper bathing spaces, and irregular
maintenance. Several Burmese workers emphasised the psychological disodraging
shared facilities without privacy.

Safety Concerns

Interviewees voiced a general awareness of fire hazards but accepted these risks as part
of daily life. None reported the presence of fire extinguishers, and some highlighted prior
incidents of electrical faults or minor accidents.

Emotional Well-being and Dignity

Indonesian workers, in particular, raised strong concerns about overcrowding, lack of
privacy, and the absence of recreational areas. They described feelings of neglect and
disconnection, suggesting higher expectations of humane treatment shaped byspreviou
employment or cultural norms. These findings underscore that technical compliance alone
does not equate to perceived adequacy. Cultural background and previous experience shape
how workers evaluate their living conditions. As such, worker accommodatiiciep must
go beyond structural guidelines to also consider psychological-beily, cultural
sensitivities, and participatory feedback mechanisms.
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DISCUSSION

This study reveals persistent deficiencies in the implementation of minimum housing
standards for construction workers, particularly in reference to MS 2593:2015. Across both
case study sites, narompliance was consistently observed in areas such aal gflatiation,
sanitation, safety measures, and welfare amenities. These findings validate widespread
concerns highlighted by national inspection reports and academic studies (Ng et al., 2024;
Nasir et al., 2023). The overcrowded accommodation and ina@egaaitation observed
reflect structural neglect that endangers worker health and safety. Despite the legal
reinforcement provided by amendments to Act 446, compliance appears to be undermined by
weak enforcement mechanisms, cost constraints, and ligntadeness among employers
(Bernama, 2022; Malay Mail, 2021). As such, the findings point not only to technical gaps
but also to broader institutional shortcomings.

From a policy perspective, the data reinforce the urgency of transforming housing from a
costdriven obligation into a strategic investment in workforce productivity and industry
sustainability. Compliance with MS 2593:2015 should not be seen as thg teitimather
the baseline for dignified housing. The lack of fire safety equipment, for instance, poses
serious legal and ethical concerns, given repeatedrdiated incidents in such
accommodations (Sivakumar et al., 2018).

The interviews further reveal divergent experiences across different nationalities,
suggesting that technical compliance alone may be insufficient to ensure worker satisfaction.
Cultural expectations and previous exposure to substandard housing shajauahdiv
responses, underscoring the need for more adaptable and inclusive design frameworks.
Participatory approaches that include feedback from workers of various backgrounds could
enhance the relevance and acceptance of housing solutions.

Regionally, Malaysia has taken steps in the right direction with Centralised Labour
Quarters (CLQs), yet these remain limited in scope and geographic reach. Lessons may be
dr awn from Singaporeos tighter regul atory
Dormitories Act, where pogtandemic upgrades have significantly improved baseline
conditions (ILO, 2022). However, Malaysia must contextualise these models to its own
economic and enforcement realities.

In summary, addressing temporary worker housing in Malaysia demands more than
infrastructural upgrades. It calls for multisectoral collaboration, consistent enforcement,
design innovation, and a shift in perception, from housing as a liability to hossamasset.
Future research should explore worker housing performance over time, the role of local
councils in implementation, and the letegm effects of dignified living on retention and
safety outcomes.

CONCLUSION

This study assessed the compliance of temporary housing facilities for construction
workers in Malaysia with national standards, particularly MS 2593:2015. Through site
observations and unstructured interviews at two case study locations, the resedfediden
consistent shortcomings in spatial adequacy, sanitation, fire safety, ventilation, and welfare
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amenities. These deficiencies not only breach regulatory expectations but also compromise
the health, safety, and dignity of workers. The study also revealed varying levels of
satisfaction and tolerance among workers based on nationality, indicatinguthatlc
background and previous experiences shape perceptions of adequacy. This highlights the
importance of incorporating participatory and culturally sensitive approaches when designing
and implementing worker accommodation.

Despite the existence of regulatory frameworks such as MS 2593:2015 and Act 446,
enforcement remains inconsistent. This study reinforces the call for stricter monitoring,
clearer accountability mechanisms, and wider dissemination of housing compliance
requrements. Employers must view worker accommodation not as a legal burden but as an
investment in workforce sustainability and projefficiency. Toimprove conditions, the
construction sector should consider adopting innovative solutions, including miodutang
systems, centralised labour quarters, and feedback systems that empower workers to voice
concerns. Future research could expand on these findings by exploring longitudinal impacts
of housing reforms, comparing practices across regions, or agpessieffective upgrades.
Ultimately, ensuring safe, clean, and dignified housing is essential to the welfare of
construction workers and the integrity of the industry. Sustained improvements will require
commitment not only from policymakers but alsorfr developers, contractors, and society
at large.
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Abstract

Cold-formed steel (CFS) characterised by its slender profile and thin surface is produced from
sheet steel using rolling, pressing and bending processes, and is sometimes referred to as a
thin-walled structural material. CFS is produced in various forms, dimensions and grades
based on use and demand, and is widely employed in interior wall panels, roof truss systems
and storage racks. However, the CFS section is susceptible to buckling failure when subjected
to self-weight or external action. Several research is completely conducted to solve the buckling
failure by joining two or more individual single sections to become a built-up CFS section.
Additionally, many researchers have studied filling the built-up CFS section with normal or
special concrete to strengthen the section before being used as a structural component. Thus,
this study formed the built-up CFS section by consuming six lipped channels and lastly filled
with special concrete, which replaced sand in concrete with washed bottom ash (WBA). The
main objective of this study is to determine the compression behaviour of built-up CFS with six
lipped channels filled with WBA concrete. The experimental activity comprises three
specimens, which are separated into built-up CFS without concrete, built-up CFS with normal
concrete and built-up CFS with WBA concrete. The compression behaviour of all specimens is
documented, and the failure mode of each specimen is examined. In summary, the ultimate
load of built-up CFS without concrete is augmented by 33.87% when the section is filled with
normal concrete and by 31.34% when filled with WBA concrete.

Keywords : Cold-formed Steel; Buckling Failure; Builtp Section; Compression Behaviour; Washed
Bottom Ash Concrete

INTRODUCTION

Cold-formed steel (CFS) or known as a thalled structural material is manufactured at
ambient temperature to provide a thin surface in many individual shapes, including channel,
zee, sigma and angle, as well as different esessions and grades. Theopesses that are
involved in the production of the CFS are the rolling process, pressing process and curving
process, which contrast to hatlled steel production by shaping at high temperatures. The
application in civil engineering activity and genarahge includes structural components and
nonstructural components, wall framing systems, flooring systems, roofing systems, and
furniture panels. Sang et al. (2023) have mentioned about the extensive utilisation in various
domains, including structural bding components, solar photovoltaic brackets, storage
shelves, and portal frames, and the shape of the structure becomes more intricate and
progressively progresses from a lose building to a multhigh-rise building. CFS has
found and produced a laf benefits, for example, sustainability, lightweight, corrosion
resistance, durability, efficiency, cestfectiveness, ease of production and installation, and
high strengtkto-weight ratio.
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Buckling is a serious failure mode for columns, beams, frames and panels, especially
when deliberating with thin surfaces and slender profiles such as CFS. In general, buckling
refers to the structural component which suddenly movement to sidewaysftedsedenvhen
subjected to a critical load. This critical load either in compression or bending load is less
than the load which required to cause the material to fail due to yielding or breaking. CFS
faces several types of buckling when a critical loadpglied to it, for instance, local,
distortional, global and flexural buckling as shown in Figure 1. Factors involved with the
buckling failure mode are slenderness ratio, esexsion profile, material properties, end
support conditions and load conditg Researchers have used several techniques to minimise
buckling failure by considering the design requirement, such as increasing thickness, utilising
additional bracing, using stiffeners, employing advanced finite element examination and

optimising cros-section profile.
s f‘ e
e L
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(Source: Lazzari and Batista, 2020)

Figure 1. Failure Modes of The CFS Channel with Lipped Column, for Example, (A) Local Buckling,
(B) Distortional Buckling, (C) Global Buckling and (D) Flexural Buckling

With the intention to reduce the structural integrity, a bhyilitCFS section is suggested
to satisfy the design requirement of increasing thickness and optimising thesecties
profile, which combines two individual shapes for creating a single staugon. The
fasteners or jointer are used to combine and compose thelp@ES section such as bolts
and nuts, selflrilling screws, seltapping screws, spot welds and alternative innovative
fasteners. The builtp CFS is used as a structural comparie to structural performance
extension based on stiffness, stability and strength, and is suitable for long spans-and load
bearing capacity applications. In order to offer a high loading strength and long span distance,
the builtup CFS section is cononly utilised in window and door opening frame headers,
roof truss members, exterior wall chords, shear wall chords and other appropriate components
(Sang et al., 2023).

The characteristics or attributes of the bujt CFS section include an improved moment
of inertia, avoidance of initial local buckling, enhanced load capacity, advanced composition
advancement and customisability. The commonly tbltCFS section usingdividual
channel sections with two identifiers is categorised as a-odofick section and a fate-
face section. These two builp CFS sections are regarded as popular sections as they have
greater levels of torsional and flexural rigidity, thus,gtrength determination and the failure
mode of both sections are considered complicated (Mahar et al., 2022). Nevertheless, the
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commonly builtup CFS section whether in a fateface configuration or baeto-back
configuration, that connects two individual shapes by using fasteners is susceptible to
buckling failure as shown in Figure 2.

Local buckling
in flanges
L
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L
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Cross-section
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(Full isometric

(Source: Selvaraj and Madhavan, 2022)
Figure 2 . Failure Mode of The Built-Up CFS Section in Back-to-Back Configuration Using
Self-Drilling Screws
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Figure 3. Example of The Built-Up CFS Section Using Channel Shape
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However, the buitup CFS with two individual sections is improved by adding more
individual sections to make the section becoming more stable, strong and able to reduce the
buckling failure. There are various previous studies which used more than twioluadi
channel sections as shown in Figure 3 such as Ma et al. (2024) with three lipped channels and
one unlipped channel; and two lipped channel and two unlipped channels, Dobric et al. (2024)
with four unlipped channel of 200 mm depth and two unlippeahicl of 200 mm depth, Nie
et al. (2022) with one unlipped channel (147 mm x 118 mm x 1.5 mm) and three lipped
channel (143 mm x 43 mm x 15 mm x 1.5 mm), and Craveiro et al. (2022) with two lipped
channel (149.94 mm x 42.96 mm x 15.16 mm x 1.5 mm) andibipped channel (153.08
mm % 43.06 mm x 1.50 mm). From the figure, the-delfing screw as the fasteners is used
to join the individual channel with other individual channel at the web and flange element
including the use of bolts and nuts. The loaatid selfdrilling screw in production of the
built-up CFS section is still under study and there is no clear information in the design codes.
The builtup CFS section is formed either in a closed or open section however, the section
should be in stable odition and symmetrical circumstances.

The primary issue with all of the systems based on thelqui@FS section nowadays is
the improvement of the column capacities by developing the potential solution such as using
elements with improved performance, an ideal configuration compositiompgrepriate
spacing between fasteners and to use of other materials for forming hybrid or composite
section (El Hady et al., 2022). Thus, the buijit CFS section with other materials such as
normal concrete, special concrete, normal mortar, special nootiarber board is promoted
in the production of structural components. The combination of-bpilEFS section with
concrete can be used in various structural component applications such as wall frames, floor
systems, beams and columns because of s$yabsirength enhancement, durability
enhancement, fire resistance improvement, architectural flexibility, construction efficiency,
thermal insulation and acoustic insulation. The idea and concept behindwplDHS section
filled with concrete paralletthat of a concretéilled steel tubular (CFST), whereby the empty
parts or hollow portions are filled with concrete and have the ability to improve and regulate
the performance of the structure when subjected to earthquake and fire exposure (Mohd Sani
andMuftah, 2021). Furthermore, the normal concrete using traditional material such as sand,
gravel and cement increases the production cost and environmental problems. Thus, many
researchers are tried to replace the traditional material in normal concrasingywaste
material from industry for promoting the special concrete to fill in fuplCFS section such
as geopolymer foam concrete (Li et al., 2025), lightweight foam concrete (Wang et al., 2025),
High strength concrete (Zhang et al., 2025),-sethpacting lightweight concrete (Teoh et
al., 2023) and rubberised concrete (Jafarifar et al., 2023). The flowchart of the summary of
the literature is illustrated in Figure 4.

The investigation and analysis of replacing the traditional material in normal concrete
with waste material aims to decrease structural integrity and environmental impact. Thus,
bottom ash (BA) is recognised as a waste material fromfitedlelectric pover plants and
has a coarse and porous surface, granular, and lightweight in nature is observed to assess the
suitability when replacing the traditional material. BA is collected from the bottom side of the
boiler or furnace, while another waste producitnsetimes called fly ash is collected from the
precipitator process as shown in Figure 5. Inadequate management of the BA will have
negative implications on human health, such as an elevated risk of cancer and respiratory
illnesses, as well as negative repesions on the environment, such as air, water, soil and
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groundwater pollution. Additionally, BA has the ability to seep dangerous chemicals into
groundwater, disposing of it may be environmentally problematic, especially the landfilling
method of disposal. Besides, the sand quarrying activity in the stregpndaaged a lot of
environmental problems, including river erosion, riverbank collapse, high CO2 emission,
water pollution, and riverbeds becoming deeper, which caused flood problems and aquatic
life interrupted (Mohd Sani et al., 2022). Because of thisjB#commended for the reduce,
reuse and recycle (3R) activity after being washed or treated, and is utilised as a concrete
production material, structural filling material and road base material.

Individual Cold-formed Steel

Stable, strong and reduce
structural integrity

i
+

v

Built-up CFS with back-to-back/ face-to-face
Configuration

Stable, strong and reduce
structural integrity

i
+

h 4

Built-up CFS with more than two individual
sections

Stable, strong and reduce
structural integrity

i
-+

v

Built-up CFS with more than twao individual
sections

Stable, strong and reduce
structural integrity

i
%+

Y

Built-up CFS with more than two individual
sections and filled with normal concrete

Lightweight and reduce
environmental impact

i
%+

v

Built-up CFS with more than twao individual
sections and filled with special concrete

Figure 4 . The Flowchart of The Summary of The Literature Review
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Figure 5. The Waste Product Production from Coal-Fired Electric Power Plants

BA has distinctive chemical and physical properties that affect its appropriateness for
concrete applications. BA is mostly used in concrete as a replacement for sand and in some
instances, as a partial replacement for cement. Many researchers haveecbstlutes of
BA in concrete, for example, the use of 30% as sand replacement by Hongthong et al. (2025),
0-100% as sand replacement by Ashraf et al. (2025) éB@P®as cement replacement by
weight by Kiruthiga et al. (2025). The study generally concluldasBA can be effectively
used as sand replacement where the balance between compression behaviour and
sustainability benefits is most favourable.

As a result of the previous study, the research on theupi@FS section remains in
progress, and there is no available information on the-bpilEFS section formed by the
assembly of six lipped channel sections using spot welding. Research eupbGRS
sections using normal and special concrete is currently ongoing and has yielded a wealth of
fresh data and insights. The main objective of the study is to ascertain and determine the
compression behaviour of a builp CFS column using six lipped cireel sections filled with
WBA and observe the failure mode of the column.

SPECIMEN AND EXPERIMENTAL PREPARATION

A CFS lipped channel section with dimensions of web element; 100 mm, flange element;
50 mm, lipped element; 12 mm, thickness; 1.55 mm and steel grade; G450 is preferred and
favoured due to its availability in the Malaysian construction market as showigure .
The crosssectional area and yield stress of the CFS lipped channel section are 32@dnm
450 MPa, respectively. The mass of the single individual CFS lipped channel section is 0.65
kg for a length of 250 mm. The determination of the eeesgbn ratio of the CFS lipped
channel section is a flange to thickness ratio is 32.26, flange to lipped ratio is 4.17, web to
flange ratio is 2.00, web to thickness ratio is 64.52, web to lipped ratio is 8.33 and lipped to
thickness ratio is 7.74. The giverosssection ratios are essential geometrical factors that
directly control a CFS lipped channel section from local buckling, which in turn determines
its structural capacity under different loading scenarios. The value of thesexigm ratio
is suscefible to localbuckling; however, the inclusion of the lipped element may mitigate
this phenomenon.
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Figure 5. The Dimension of The CFS Lipped Channel Section

Six lipped channel sections are clean and combined todeghatilising spot welds in
sideto-side configuration at the flange element, and next, combined intddaee
configurations at the flange and lipped element as shown in Figure 6. Thus, the depth of the
built-up CFS section is 200 mm, and the widthhaf builtup CFS section is 103.10 mm. The
overall area of the builtp CFS section without concrete is 11084 infilne depth to width
ratio of the buitup CFS section is 1.93, and the height of the funlCFS column is 250
mm.

e b=103.10 mm .
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Figure 6. The Dimension of The Built-Up Section with Six Numbers of CFS Lipped Channel Sections

The study employed washed bottom ash (WBA), sand, gravel and Portland cement for
the concreting process and in the trial, WBA is used in full percentages to replace sand. WBA
is collected after the washed process of BA using tap water for removing impuaitd
minimising the amount ofarbon andcchecked them that it is free from soil or deleterious
material in the concrete. WBA is in grey as shown in Figure 7, while sand is in yellow. The
WBA is shown to have a porous condition and be lighter than saBé. ig/sieved by using
a sieve shaker and a sieve pan of 5 mm size, and collected, which passes through the pan.
Other materials used in concreting are gravel with a 20 mm passing sieve pan, and also
superplasticiser to enhance the workability and streoigtine mix. The design mix concrete
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of grade 30 is prepared and recorded as having a density in the concrete of 416fkg/m
cement, 1120 kg/#of gravel, 690 kg/rhof sand and 222 kgfhof water. The concrete mix
has a watecement ratio of 0.54. All concrete materials, including WBA are mixed by using
an electric drum mixer and filled into the empty areas of the-bpilEFS section. Three
specimens are included in the experimental gnagon as tabulated in Table 1. Normal
concrete and WBA concrete are used to fill the empty areas biiit@ip CFS section.

Figure7 . WB in Grey Colour

Table 1. The Description of All Specimens

Description of Specimen Specimen Labels Mass (kg) Depth -Mass Ratio
Built-up CFS without concrete BCFS1 7.50 26.67
Built-up CFS with normal concrete BCFS2 8.45 23.67
Built-up CFS with WBA concrete BCFS3 8.03 24.91

There are two parts of the experimental activity include the determination of the material
properties of CFS in tensile and WBA concrete in compression, and the determination of the
compression behaviour of builp CFS columns without and with normal AW@A concrete.

The experimental activity of the material properties of the CFS is conducted by cutting them
into the tensile coupon test shape as follows to BS EN1QGftiandard, and utilising the
universal testing machine (UTM) with 100 kN load capacitg avith a pace rate of 1
mm/min. The tensile coupon test shape specimen is placed in the UTM and attached at the
middle part of the specimen with an extensometer of 50 mm of gauge length. The ultimate
stress and yield stress of the web element and fldegeent are documented. Whilst as, the
experiment on the material properties of normal concrete and WBA concrete is conducted by
using a 150 mm x 150 mm x 150 mm of cube mould, and an automatic compression machine
(ACM) with 2000 kN of load capacity for audng duration of 3, 7, 28 and 60 days. The
compression stress for both concretes is recorded. Theupu@FS column specimen also

used an ACM with 6.80 kN/sec in determining the ultimate load after being cured for 28 days.
Lastly, the failure mode of ladpecimens is observed and classified.

RESULT AND DISCUSSION

The result of the two parts of the experiment activity is reported, analysed and discussed
here, including the material properties of CFS and WBA concrete, the compression behaviour
of the builtup CFS column. The failure mode of the bult CFS column sximens,
especially at the flange and web element is observed and discussed.
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Material Properties of Cold -Formed Steel and Washed Bottom Ash Concrete

The result data of the material properties of the CFS lipped channel section, especially
web and flange elements are presented in Table 2. In the table, the percentage difference of
the properties between the web and flange elements is also displayedtinmbge stress of
the web element is recorded to have 509.71 MPa, and the ultimate stress of the flange element
is recorded obtaining 524.82 MPa. The yield stress of 485.75 MPa for the web element and
the yield stress of 500.39 MPa for the flange eleraemwerified. As expected, the bending,
curving and rolling process caused the yield stress and ultimate stress of the flange element
to be larger than the web element. The percentage difference between the ultimate stress of
the web and flange elementds88% and the percentage difference between the yield stress
of the web and flange element is 2.93%. Next, the percentage difference between the
deformation at ultimate load and yield load for web and flange elements is 3.61% and 2.47%,
respectively. Thealue of the modulus of elasticity of the CFS section is more tha®GP@0
andnoted that the CFS section is formed using a pure steel material.

Table 2. The Material Properties of The Web and Flange Element of The CFS Lipped Channel Section

Elements
Properties Web Flange ;ieffrgfenr:gge(‘z;
Ultimate Load (N) 9,709.94 9,997.87 2.88
Deformation at Ultimate Load (mm) 6.5538 6.3170 3.61
Ultimate Stress (MPa) 509.71 524.82 2.88
Modulus of Elasticity (GPa) 235.52 209.79 10.92
Yield Load (N) 9,253.62 9,532.47 2.93
Deformation at Yield Load (mm) 1.3576 1.3241 2.47
Yield Stress (MPa) 485.75 500.39 2.93

The ductility of the steel is checked by referring to ultimate stress andsgieks and
recognised as the ability to undergo significant plastic deformation before failure, and the
materials with higher ductility normally can stretch further before failure. Thus, the ultimate
and yield stress values must be higher and consistent with tleevsdine to indicate better
ductility. The ultimate stress over yield stress ratio of the web element and flange element is
described to be 1.0493 and 1.0488, respelsti However, when the ultimate stress is divided
by the vyield stress factory is noted as having 1.133 for the web element and 1.166 for the
flange element. The yield stress factory value is 450 MPa. From the observation and analysis,
the CFS lipped chamh section is considered a high ductility material with a more gradual
strain hardening behaviour.

Additionally, the material properties result of WBA concrete are determined by
calculating the average compression stress of concrete cubes at 3, 7, 28 and 60 days of curing
age, and summarised in Figure 8. The normal concrete is also tested and coritpak&iAw
concrete. From the figure, the average compression stress of normal concrete exceeds that of
WBA concrete at all curing ages, but both concretes exhibit identical line patterns. The
compression stress for both the concrete increased with increasing ages. The WBA
concrete has not achieved the concrete grade 30 for 28 days of curing because of high water
absorption and dry conditions. However, the WBA is still suitable to fill in the-bpilEFS
due to its compression stress of more than 28.MRe percentage difference of compression
stress between normal concrete and WBA concrete for 3, 7, 28 and 60 days is reported to be
44.19%, 28.42%, 27.16% and 24.41%, respectively. There is a 21.77% variation in
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compression stress between 7 and 28 days, and a 43.65% variance between 3 and 7 days.
10.95% is reported when the compression stress of 28 days compared with 60 days.
Essentially, prioritising the compression stress of concrete before its incorporationiitit

up CFS is a crucial measure for guaranteeing the safety, durability, performance and
compliance of composite structures. This is an essential quality control procedure that directly
affects the structural integrity of the completed structural comipio
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Figure 8. The Average Compression Stress of The Concrete Cube Between Normal and
WBA Concrete

Compression Behaviour of Built  -up CFS Column

The result of the compression behaviour, especially the ultimate load and failure mode of
the builtup CFS column is tabulated in Table 3. The ultimate load of BCFS1 has increased
by about 33.87% when the section is filled with normal concrete and 31.84%6the section
is filled with WBA concrete. The ultimate load percentage difference between BCFS2 and
BCFS3 is roughly 3.69%. Local buckling and distortional buckling failures of the BCFS1 are
absolutely reduced by combining with other materials, espgciaimal concrete or WBA
concrete. BCFS3 is suitable for further action and classified as a sustainable composite section
because the section does not use natural sand, which promotes environmental impact and is
known as a lightweight section, which ideko lessen the production cost and maintenance
cost when compared with BCFS2

Table 3. The Result of The Compression Behaviour and Failure Mode of The Built-Up CFS Column

Specimen Labels Ultimate Load (kN) Failure Mode
BCFS1 503.6 Local and distortional buckling
BCFS2 761.5 Local buckling
BCFS3 733.4 Local buckling

Figure 9 shows the failure mode of BCFS2 with the critical point or key moment of failure
highlighted in red. The concrete surface on the top of the column is noted as having a crack
in a diagonal line on the joint between the lipped element and the erebrdl Furthermore,
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the web element of the builipp CFS section is shown to exhibit local buckling at the midspan

of the column. The section with double thickness still cannot reduce the buckling effect when
subjected to a compression load. When the web element of thep@ES section fails, the

flange element will also fail in both parts. The connection between the two lipped channel
sections as a flange element has caused a slight opening. The parts without normal concrete
are illustrated obtaining a lot of local bucldifailure however, the part with normal concrete

is reported not having any local buckling failure on the CFS section. The top side and bottom
side of the column, especially at the location of the normal concrete failed in a small amount
of curving deformtion because the stress of normal concrete is reduced the failure. The
highest value of compressive stress of the normal concrete does not influence the stress of
overall stress of the column structure and facilitates other parts of the column withoateonc
failing, especially for the short column.

Figure 9 . The Failure Mode of The BCFS2 Specimen

The failure mode of BCFS3 as shown in Figure 10 is not as critical as BCFS2, which
failed on the web and flange element without concrete. The failure occurs in analogous
locations, namely at the top and bottom of the column, as well as local buckliagratigpan
of the web and flange element. The failure mode is similar to the study conducted by Wang
et al. (2025). The top and bottom of the column for BCFS3 are reported to have large curving
deformation due to the WBA concrete, which has less compress&ss when compared
with normal concrete. Then, WBA concrete, which is classified as porous concrete is able to
reduce the load on the entire column section due to the existence of elastic capacity that can
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reduce failure when subjected to compression load. The concrete surface of the BCFS3 is
stated to have a crack, but not in a diagonal line and larger than BCFS2. The crack is still in
the same location as BCFS2 at the joint between the lipped elementelmdement, which

proves that the location is the weakest area of the combination of CFS and concrete. There
are no openings or failures at the joint between the web and flange element, especially in the
backto-back configuration. Although the compressimhaviour of buikup CFS with WBA
concrete is not as good as buifi CFS with normal concrete, including the failure mode, the
use of WBA instead of sand has been able to reduce environmental impacts and indirectly
reduce the production costs of thaustural component.

CONCLUSION AND RECOMMENDATION

Currently, there is an absence of information on the design and fabrication affbuilt
CFS columns with a six lipped channel section in both-fedace and backo-back
configurations within the relevant codes of practice or design standards. The ttetdoilt
up CFS section using either normal concrete or WBA concrete as a column has not been
previously reported or is not currently under investigation by researchers. However, extensive
debates exist over bulltp CFS sections using normal concreteyploying two lipped
channel sections arranged in either feméace or backo-back configurations for use as
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columns. Based on the observation and analysis of experimental data, the HOHS
column with normal concrete or WBA concrete is produced in a section which is able to
minimise the local buckling and solve the distortional buckling and shows thatdthensis
improved by adding value in the design. The potential added value to emphasise is the
production process, characterised by simplicity, little reliance on advanced technology or
expensive equipment, the absence of need for specialised laboasanaf enaintenance.

The experimental data indicate that the percentage difference of the ultimate load between
the builtup CFS with normal concrete and the bujit CFS with WBA concrete column is
3.69%. The buitup CFS column with WBA concrete exhibits a 31.34% variancdtimate
load relative to the buiip CFS without concrete. The WBA concrete with a lower value of
compression stress when compared with normal concrete demonstrated its ability to help
reduce the failure of the entire structure from the observatiorolafnn failure modes.
Ultimately, WBA concrete will gain popularity due to the benefits, such as lightweight, and
reduction of the environmental impact and production cost shown in this study and its
suitability as a replacement for normal concrete inallblv structural components.

For further study, the builip CFS column should be designed as an intermediate and
slender column for determining the relationship between the compression behaviour and
slenderness ratio. In addition, the buift CFS is appropriate to study the sectiera flexural
member and tried to form and test in a variety of lengths. The WBA concrete should be
improved by adding a superplasticiser for strength and workability putposes
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Abstract

As Malaysian cities accelerate the implementation of transit-oriented development (TOD)

initiatives to catalyse sustainable economic growth, there is a pressing need for assessment

tools tailored to the local urban context. This study aimed to assess key economic indicators

that optimised the performance and economic impacts of TOD strategies in Malaysian urban

areas. The study employed a three-round Delphi method, engaging a panel of experts in the

TOD-related field in an iterative process that included questionnaires, ratings of potential

indicators, and qualitative feedback. The final phase yielded a validated set of 31 economic

indicators specifically tailored to the Malaysian urban context. Through Round 1, a group of 16

experts assessed 77 potential indicators identified through a systematic literature review,

reducing them to 48 highly relevant ones. Round 2 engaged 14 experts to re-evaluate and

refine the shortlist, yielding 34 core indicators. In the final phase, the 14 experts provided

qualitative feedback to contextualise and finalise the 31 economic indicators. The economic

indicators provide urban policymakers, developers, and relevant stakeholders with a

comprehensive set of localised economic measures, including land use, density, transit

facilities, value earnings, and economic attributes. The Delphi method's strengths lie in

triangulating quantitative ratings with qualitative expert perspectives to establish a grounded

and pragmatic assessment that refl ectlissiMdyl aysi ads
addresses a critical gap by providing evaluated ec
role in sustainable urban development in Malaysia.

Keywords : Delphi method Economic indicators Sustainable urbanisation Transitoriented
development (TOD)Jrban development

INTRODUCTION

TransitOriented Development (TOD) is an urban planning concept that integrates land
use and transportation strategies to create compact, walkable, and sustainable communities
centred around highuality public transit systems (Appleyard et al., 2019; giahal., 2020;
Thomas & Bertolini, 2020). The primary goal of TOD is to promote sustainable modes of
transportation, reduce dependency on private vehicles, and foster economic growth and
development near transit stations (Hasibuan & Mulyani, 2022; Ibraewd., 2020). In
Malaysia, rapid urbanisation and the increasing demand for efficient transportation have
highlighted the need for TOD as a viable solution to address urban challenges (Knowles et
al., 2020; Yap et al., 2021). Malaysia is committed t¢asnable development. The growing
awareness of the economic, environmental, and social benefits of TOD has motivated the
implementation of various TOD initiatives, particularly in major cities in Klang Valley (Ali
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et al., 2021; Ibraeva et al., 2020). The significance of TOD in Malaysia lies in its potential to
enhance accessibility and connectivity through integrated land use and transportation
planning. This includes promoting compact, mixext developments aroutrdnsit stations,
seamless integration of various modes of transportation, and walkability and pedestrian
friendly environments (Gomez et al., 2019; Khalid & Samsudin, 2023; Yap et al., 2021). TOD
holds enormous significance as it has the potential to@i® economic development by
attracting businesses, investments, and employment opportunities around transit nodes (Abdi
& LamiquizDaudén, 2022; Tornabene & Nilsson, 2021). It also has the potential to reduce
traffic congestion and carbon footprint by earaging public transit usage (Ibrahim et al.,
2024).

While the implementation of TOD projects in Malaysia has had positive results, there is
a need for a comprehensive and systematic approach to assessing the economic vitality and
performance of these developments (Abdi & Lamigd@adén, 2022; Yap et al.021;
Yusoff et al., 2021). Economic indicators play a crucial role in assessing the effectiveness of
TOD initiatives and informing the decisianaking process for future planning and
investment strategies (Smith et al., 2022; Uddin, Tamanna, et al., Z0a3)primary
objective of this research is to develop economic indicators for assessing TOD initiatives in
Malaysia. These economic indicators will be a valuable tool for urban planners, policymakers,
and stakeholders related to TOD projects. It helpssess the economic performance and
impacts of these developments effectively. This research includes conducting a Delphi survey
to gather expert opinions and reach a consensus on the most relevant and significant economic
indicators for TOD assessment iraldysia.

LITERATURE REVIEW
Definition and Principles of Transit  -Oriented Development (TOD)

TransitOriented Development (TOD) is a planning and urban design concept that aims
to create compact, walkable, and mixest communities centred around highality public
transportation systems (Nafi et al., 2021; Thomas & Bertolini, 2020). TOD emghasis
pedestriaroriented design, ensuring amenities and services are within comfortable walking
distance from transit stations to promote walkability and pededti@armly environments
(Yao et al., 2024). It promotes a mix of residential, commercial endational uses, creating
vibrant and diverse communities (Omole et al., 2024). Transit stations encourage higher
density development to support ridership and establish a critical mass of residents and
businesses (Basheer et al., 2020; Farnes et al.).Zi2B facilitates the seamless integration
of multimodal transportation (trains, buses, bicycles, and pedestrian infrastructure),
promoting intermodal connectivity (Tamakloe et al., 2021). Additionally, it aims to create a
sense of place and promote commityiinteraction through welllesigned public spaces and
amenities, contributing to placemaking and community building (Akbar & Edelenbos, 2021;
Murshed, 2022).

Economic Benefits and Impacts of TOD
The implementation of TOD initiatives can generate significant economic benefits and

impacts. Properties located near transit stations often experience higher property values due
to improved accessibility and amenities (Ibraeva et al., 2020; Renne &ihis?6l9; Zhang
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et al.,, 2021). TOD can attract businesses and investments, leading to job creation and
economic growth in the surrounding areas (Farnes et al., 2024; Tornabene & Nilsson, 2021).
By encouraging public transit usage, TOD can generate an increase in tdenship and
revenues for transit agencies (Chan & Farber, 2020). Residents and commuters in TOD areas
will experience reduced transportation costs due to reduced reliance on private vehicles
(Farnes et al., 2024). Moreover, TOD optimises the use ofraxistirastructure and reduces

the need for costly expansions or new infrastructure investments, leading to the efficient use
of infrastructure (Yap et al., 2021).

Gaps and Limitations in  The Current TOD Assessment Framework

While existing frameworks for TOD assessment provide valuable insights, there is a lack
of comprehensive, standardised economic indicators specific to the Malaysian context
(Orieno et al., 2024; Yap et al., 2021). Many existing frameworks focus on sEspgcts
of TOD, such as transportation and real estate, but lack a comprehensive set of economic
indicators tailored to the local economic landscape (Cucuzzella et al., 2022). Moreover, the
development of most frameworks for specific regions or citiegditheir transferability and
applicability to the unique context of Malaysia (Li et al., 2022). Furthermore, many developed
frameworks lack extensive stakeholder involvement from various-eéldded personnel,
potentially overlooking the significant ecan vitality of TOD considerations relevant to
the local context (Liu et al., 2020; Nolan, 2020; Yap et al., 2021).

METHODOLOGY
Rationale for Using The Delphi Survey

The Delphi survey method is a structured and systematic approach thatssiveellfor
this research (Beiderbeck et al., 2021). It is highly suitable when there is a lack of
comprehensive information or when the problem under investigation is uniquecpricks
the collective expertise of the subject matter stakeholders (Beiderbeck et al., 2021; Landeta
& Lertxundi, 2024). The Delphi method facilitates the solicitation of expert opinions and the
development of a consensus on economic indicators for BO&ament in Malaysia (Hazmi
et al., 2023). This method was chosen to gather and synthesise diverse expert perspectives
from TOD-related fields, ensuring a comprehensive and-meihded approach to the
research problem (Beiderbeck et al., 2021; Karal&kdkathanail, 2020).

The Delphi Survey Process

A panel of experts representing diverse TFlated fields participated in a modified
threeround Delphi process to evaluate and gain consensus on economic TOD indicators for
Malaysia. In a Delphi technique, panellists completed two or more iterativecuneste
rounds to reach a consensus based on expertise in the relevant field (Beiderbeck et al., 2021,
Boulkedid et al., 2013). This study implemented a modified Delphi approach by adding a
physical focus group meeting with the panellists after thedinestionnaire round. The-in
person discussion helped clarify indicator wording, validate collective conclusions, and
enable more complex group decisioraking (Esmaily et al., 2008; Gagliardi et al., 2005;

Hsu & Sandford, 2019; Vakil et al., 2006). Priay tlata collection, the preliminary
questionnaire underwent a pilot test with three (3) experts in TOD who were not part of the
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panel . This pilot test aimed to evaluate t
recommendations provided, the questionnaire was amended to ensure its relevance and
effectiveness in capturing the necessary insights. The iterative procesfniofgréhe
questionnaire before data collection guarantees alignment of the data collection instrument
with the research objectives.

Criteria of Expert Panellists

The experts for the Delphi survey were selected based ordatapapproach across the
federal, state, and local governments in Malaysia. This study deliberately focused on
government experts as they are the primary policymakers and regulators for TOD
implementation in Malaysia. The criteria for selection included years of experience,
familiarity, and involvement in TOD projects locally. The experts were top management
officers who were involved in formulating policies, making decisions, and overseeing the
approval process for TOD. They had a minimum of three projects, ranging from mealium
large scale schemes. The selected government officers were involved in massive projects such
as Kuala Lumpur Sentral (KL Sentral), KL Eco City, Kajang 2, Cheras S¢wtisa Sentral,
and MKH Boulevard Il. A total of 16 experts consented to participate in the first round of the
Delphi survey. The selection of experts for the Delphi survey is crucial to ensure the proposed
list of economic indicators reflects both glolimst practices and local relevance. Table 1
provides a detailed breakdown of the experts who participated in the Delphi survey.

Table 1. List of Experts in TOD

Organi sa . Expertsd De: Number of Years of Number of
Level 9 p ' Officers Experience in TOD TOD Projects
Federal PLANMalaysia HQ Deputy Director (R&D 1 15 5
Unit)
Head of Division 1 10 3
(Sustainable Development
Unit)
Head of Division (Heritage 1 10 3
and Urban Design Unit)
Senior Town Planner 1 15 4
Senior Town Planner 1 12 4
State PLANMalaysia Senior Deputy Director 1 20 6
Selangor Head of Unit 1 10 4
(Development Control)
Senior Town Planner 1 10 3
Local Authority Subang Jaya City  Director 1 20 7
Council Deputy Director 1 20 5
Senior Deputy Director 1 18 5
Senior Town Planner 1 15 5
Senior Town Planner 1 12 4
Senior Town Planner 1 10 4
Senior Town Planner 1 10 3
Senior Town Planner 1 10 3
Total 3 16 16 73

(Source: Researcher, 2024)
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Data Collection
Round 1

The first round of the Delphi technique contained 77 potential economic indicators for
TOD assessments extracted from the literature review. These indicators were systematically
categorised under specific economic dimensions that aligned with core @$noiplOD,
such as density, land use, and transit facilities. Email reminders were sent to encourage a
100% response rate, which was achieved, with all 16 experts completing theuirdt
survey. This systemati c an alkddata sollectibn ahdh e e
guestionnaire revisions for the subsequent Delphi rounds.

Round 2

The expert panel refined the initial set of 77 potential economic TOD indicators down to
48 indicators with high importance and feasibility ratings based on analysis of thedinsit
responses. The second round of the Delphi survey used a revisedroaésticontaining
these 48 refined indicators. In the second round of the Delphi survey, 14 experts participated
in this subsequent round, representing an 87.5% retention rate. The two experts who did not
participate in Round 2 cited time constraints duént/olvement in multiple projects. This
retention rate exceeds the recommended minimum of 80% for maintaining validity in Delphi
studies, indicating strong and sustained involvement in the process. In this round of the Delphi
survey, a physical meeting weaconvened with all 14 experts to facilitate the iterative
consensuduilding process.

Round 3

The 14 experts from the previous round (Round 2) participated in the third and final round
of the Delphi survey. The third round aimed to refine the list of economic indicators further
and achieve panel convergence. Based on the feedback from Roundxetie received a
refined list of 34 potential economic indicators in this round. In this final round, the experts
had the option to maintain or modify their ratings from the previous round. They were also
given a final opportunity to offer additional caments on the suitability and practicality of
the recommended indicators within the Malaysian context. After Round 3, the final ratings
and expertsd comments were t ho-raedednbnjc an al
indicators with strong agreement wedentified as the core set of indicators.

Data Analysis Techniques

The modal class of descriptive analysis was used to analyse the ratings obtained from the
Delphi surveys. The ordinal data gathered through Likert scales can be effectively utilised
using modal class analysis, a robust statistical technique widely recamdhdor
synthesising ratings in Delphi studies (RMhjarian et al., 2021; Von Der Gracht, 2012;
Worrell et al., 2013). The modal class denotes the indicator rating that was most frequently
selected by the experts across the three rounds (Ollen, 2006y&d#rian et al., 2021).
Additionally, principal component analysis (PCA) was conducted to complement the
descriptive analysis and further validate the results. This helped identify the economic
indicators that achieved the strongest consensus. Addifippehcipal component analysis
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(PCA) was conducted to complement the descriptive analysis and further validate the results.
PCA was used to validate the modal class results by confirming the dimensional structure of
the five main indicator categories (Land use, Density, Transit fasilitfalue earnings, and
Economic attributes). The PCA results supported the thematic group and confirmed that no
indicators were excluded based on dimensional analysis. All 31 final indicators loaded
appropriately onto their respective component dimensigaigating the expert consensus
achieved through the Delphi rounds. PCA, a statistical technique, reduces the dimensionality
of large datasets by transforming a set of interrelated variables into a smaller number of non
correlated variables known as mipal components (Guidea et al., 2020; Singh et al., 2004).

RESULTS
Key Economic Indicators for TOD Assessment

Through 3 iterative rounds of the Delphi survey, the expert panel identified a
comprehensive set of economic indicators for TOD initiatives' performance and impact
assessment for the Malaysian context. Initially, a systematic literature review using PRISMA
protocols identified 77 potential indicators, categorising them into seven indicator categories.
After the first round of the Delphi survey, the list was consolidated to 48 indicators across
five categories, based on the expert feedback and preliminddnga In the second round,
further refinement and prioritisation were conducted, reducing the number of indicators to 34
and categorising them into five domains. The remaining domains include Land use, Density,
Transit facilities, Value earnings, and Eoamic attributes. In the final round, the expert
panels reached stakeholder validation on the proposed indicators, which included 31 key
economic indicators for TOD assessment in Malaysia, and were categorised into five indicator
categories. The expert pamaleemed these indicators most relevant and significant for
assessing the economic performance and impacts of TOD initiatives in the Malaysian context.
The results of the-Bound Delphi survey are seen in Table 2.

Table 2. Delphi Survey Results

Variable Initial ltem Round 1 Results Round 2 Results Round 3 Results
Land use 11 7 3 3
Density 8 6 6 5
Population 5 0 0 0
Transit facilities 13 8 7 7
Property development 6 0 0 0
Value recapture 7 6 6 6
Economic attributes 27 21 12 10
Total 77 48 34 31

(Source: Researcher, 2024)
Validation and Reliability of the Proposed Economic Indicators

To ensure the validity and reliability of the proposed economic indicators, several
measures were carried out. Firstly, it is the Delphi survey process itself. The iterative rounds
and anonymous feedback contributed to the validity of the results by miminpotential
bias and allowing for a comprehensive consideration of diverse perspectives (Karakikes &
Nathanail, 2020; Khodyakov et al., 2023). Additionally, the demographic diversity of the
expert panel and their extensive experience in ¥€Bted fietls enhanced the content
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validity of the indicators, ensuring they captured the most important economic aspects of TOD
assessment in Malaysia (Abdullah et al., 2024; Ibraeva et al., 2020).

DISCUSSIONS
Round 1 Delphi Survey

The experts from the Round 1 Delphi survey unanimously agreed to propose five main
variables for the TOD indicators. The findings established the positive correlations between
the essential characteristics of TOD, more specifically, Land use, Densitgjt Tearlities,

Value recapture, and Economic attributes. This finding is consistent with Nyunt and
Wongchavalidkul (2020), which suggests that the selection of indicators should be based on
the essential characteristics of TOD.

Round 2 Delphi Survey

Building upon the results from Round 1, the second round of the iterative survey further
refined the economic indicators for TOD assessment. The expert feedback in Round 1
emphasised the five main variables, including Land use, Density, Value recaptlire, an
Economic attributes. In Round 2, the expert validated the significance of these variables in
assessing the economic vitality of the TOD initiatives. This consensus aligns with the
multidimensional nature of TOD and the need to capture a variety of agpecban form,
transportation, and economic development, as emphasised by Su et al. (2022), Higgins and
Kanaroglou (2016), and Mathur and Smith (2013). Following Round 2 of the survey, the
i ndicators were further r ednsemsesd The refinethdnt re
includes consolidating redundant indicator
opinions.

Round 3 Delphi Survey

The final round of the Delphi survey achieved panel convergence. Building upon the
previous rounds, the five main variables were finalised and confirmed. The panel of experts
emphasised the importance of land use indicators in promoting mseedevelopnrd,
optimising land utilisation, and achieving sustainable urban growth within TOD areas. This
key point is consistent with studies by Yu et al. (20248) et al. (2020) and Cervero and
Kockelman (1997), which highlighted the positive impacts of landdixssity and mixed
use development on economic vitality, sustainable urban form, and transit ridership.

Comparative Analysis with International TOD Indicators

The Malaysian TOD indicators developed in this study demonstrate both similarities and
unique differences compared to international frameworks. While countries like Singapore and
Hong Kong emphasise higtensity development and transit integration, the aylsian
indicators place greater emphasis on value recapture mechanisms and government systems,
reflecting the countryods feder al structur ¢
Australi aods TOD framewor k, whi ¢ h néctivtyu s e s
metrics, the Malaysian indicators incorporate specific economic attributes such as household
i ncome distribution and sustainabtleenomchbani s
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development priorities. The inclusion of governance and enforcement indicators is
particularly distinctive, reflecting the
planning system.

Practical Implications for Malaysian Urban Development

The 31 indicators provide Malaysian urban planners with standardised metrics for TOD
assessment, enabling evideth@sed decisiemaking for infrastructure investments. For
policymakers, these indicators offer benchmarks for TOD project approval and mmgnito
processes. The indicators facilitate systematic comparison across different TOD projects and
locations within Malaysia. For developers and investors, the indicators provide clear
performance expectations and investment guidance, potentially reduojegtpisks and
improving financial outcomes. The value earnings indicators specifically support the
development of innovative financing mechanisms for TOD projects, which is crucial for
Mal aysiads infrastructure devel opment goal :

Proposed Economic Indicators for TOD Assessment

The proposed economic indicators for TOD in Malaysia are designed to provide a
comprehensive and systematic approach to assess the economic performance and impacts of
TOD initiatives in the Malaysian context and are organised into categories acatsgbies.

This structure provides a clear understanding of the various economic aspects that should be
considered in the TOD assessment. It consists of five main categories of economic indicators.
Each category is divided into sghtegories to capture the sffie economic aspects of TOD
assessment. The categories and-caibgories of the proposed economic indicators are
presented in Table 3.

CONCLUSION
Key Findings and Contributions

The research aimed to assess economic indicators for the TOD initiative assessment,
tailoring them to the specific context of Malaysia. A thorough Delphi survey with a wide
range of experts in TOlelated fields developed consendiased economic indicakor
These comprised 31 key economic indicators that were organised into five main categories.
The proposed economic indicators significantly address the gaps and limitations of the
existing TOD assessment, making them suitable for application in the Madaysitext.

Practical Implications and Applications

The involvement of a diverse panel of experts from various stakeholder groups ensures
that the proposed indicators reflect the collective expertise and perspectives of professionals
engaged in TOD initiatives in Malaysia. The indicators will streamlineirttegration of
economic indicators with other dimensions of TOD assessment, including environmental and
social aspects, thereby enabling a comprehensive ard@mpassing evaluation of TOD
projects in Malaysia in the future. The proposed indicator$ ad urban planners,
developers, and key stakeholders in making precise decisions on TOD strategies,
infrastructure investments, and resource allocation, thereby facilitating the development of
sustainable and economically viable urban development.
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Table 3. Categories and Sub-Categories of The Proposed Economic Indicators

Category

Sub-Category

Land Use

Density

Transit Facilities

Value Earning

Economic Attributes

Efficient land use patterns
Location efficiency
Diversity of housing types
Population density
Business density
Land use density
Retail density
Maximum intensity for TOD area
Information display system
Frequency transit service
Safety of commuters at transit stops
BRT facilities
Number of public facilities
Average distance from public facilities to the commercial area
Connecting walking facilities from all modes of transport
Increase in property value
Tax earnings of the municipality
Value recapture
Financial return
Private investment
Incentives from Federal Government and Local Authority
a. Economic Sustainability
i. Economic Growth
Economic development
Real per capita income
Transport and communication
Sustainable urbanisation rate
Strengthening national and regional development planning
ii. Distribution of Income
Number of business establishments
Household income
iii. Economic Statistics
Average car ownership
Increase property ownership
b. Governance System
Enforcement and monitoring

(Source: Researcher, 2024)

Limitations and Future Research Directions

177

This study focused on government experts as primary policymakers and regulators.
Future research should include private developers, NGOs, and community representatives to
capture broader stakeholder perspectives. Additionally, empirical validation of these
indicators through case study applications in Malaysian TOD projects would strengthen their
physical utility. Further research could explore the weighting and prioritisation of these
indicators for different types of TOD projects and urban contexts wittataysia. the
development of a comprehensive TOD assessment tool incorporating these economic



MCRJ Special Issu&/ol. 27 | No.1| 205 178

indicators alongside environmental and social dimensions would provide a holistic
assessment framework for Malaysian urban development.

REFERENCES

Abdi, M. H., & LamiquizDaudén, P. J. (2022). Tran€riented Development IDeveloping
Countries: A Qualitative Met&ynthesis Of Its Policy, Planning, And Implementation
Challengeslnternational Journal of Sustainable Transportatid®(3), 195221.

Abdullah, R., Xavier, B. D., Namgung, H., Varghese, V., & Fujiwara, A. (2024). Managing
TransitOriented Development: A Comparative Analysis of Expert Groups and-Multi
Criteria Decision Making Methods. Available at SSRN 4773885.

Akbar, P. N. G., & Edelenbos, J. (2021). Positioning RMeaking AsA Social Process: A
Systematic Literature RevieWw.ogent Social Scienceg1), 1905920.

Ali, L., Nawaz, A., Igbal, S., Aamir Basheer, M., Hameed, J., Albasher, G., Shah, S. A.R., &
Bai, Y. (2021). Dynamics of Trand@driented Development, The Role of Greenhouse
Gases and Urban Environment: A Study for Management and PS8lisainability
13(5), 2536.

Appleyard, B. S., Frost, A. R., & Allen, C. (2019). Are All Transit Stations Equal and
Equitable? Calculating Sustainability, Livability, Health, & Equity Performance Of Smart
Growth & TransitOrientedDevelopment (TOD)Journal of Transport & Healthl4,
100584.

Basheer, M. A., Boelens, L., & Bijl, R. v. d. (2020). Bus Rapid Transit System: A Study Of
Sustainable Lantlse Transformation, Urban Density And Economic Impacts.
Sustainability 12(8), 3376.

Beiderbeck, D., Frevel, N., von der Gracht, H. A., Schmidt, S. L., & Schweitzer, V. M. (2021).
Preparing, Conducting, And Analyzing Delphi Surveys: Gidssiplinary Practices,
New Directions, and AdvancemenidethodsX8, 101401.

Boulkedid R, Sibony O, Goffinet F, Fauconnier A, Branger B, Alberti C. (2013). Quality
Indicators For Continuous Monitoring To Improve Maternal and Infant Health in
Maternity Departments: A Modified Delphi Survey of An International Multidisciplinary
Panel PLoS One, @), e60663, 111.

Cervero, R., Ferrell, C., & Murphy, S. (2002). Trar@iiented Development and Joint
Development in The United States: A Literature ReviE@RP research results digest
(52).

Cervero, R., & Kockelman, K. (1997). Travel Demand And The 3Ds: Density, Diversity, And
Design.Transportation Research Part D: Transport and environri(3), 199219.

Chan, K., & Farber, S. (2020). Factors Underlying The Connections Between Active
Transportation And Public Transit At Commuter Rail In The Greater Toronto And
Hamilton AreaTransportation47(5), 21572178.

Cucuzzella, C., Owen, J., Goubran, S., & Walker, T. (2022). A TOD Index Integrating
Development Potential, Economic Vibrancy, and Sd&sonomic Factors for
Encouraging Polycentric Citie€ities, 131, 103980.

Esmaily, H. M., Savage, C., Vahidi, R., Amini, A., Zarrintan, M. H., & Wahlstrom, R. (2008).
Identifying OutcomeBased Indicators And Developing A Curriculum for A Continuing
Medical Education Programme on Rational Prescribing Using A Modified Delphi
Process.BMC Medical educatiorg(1), 1-8.



MCRJ Special Issu&/ol. 27 | No.1| 205 179

Farnes, K., Hurst, N., Wong, WV., & Wilkinson, S. (2024). An Exploratory Study On The
Benefits Of Transit Orientated Development (TOD) To Rail Infrastructure Projects.
Smart and Sustainable Built Environmel(1), 310 325.

Gagliardi, A. R., Fung, M. F. K., Langer, B., Stern, H., & Brown, A. D. (2005). Development
of Ovarian Cancer Surgery Quality Indicators Using A Modified Delphi Approach.
Gynecologic oncolog¥7(2), 446456.

Gomez, C. P., Omar, M., & Nallusamy, R. (2019). A Study on The Benefits of Transit
Oriented Development in Malaysia and Incoporation of Those Benefits in Planning.
MATEC Web of Conferences, 266016.

Gui dea, Aluzaztgd.eanmmMo™™d, A. C., & SOrbu, C.
Radical Scavenging, Reducing Power and Chelating Capacity of Free Proteinogenic
Amino Acids Using Spectroscopic Assays and Multivariate Exploratory Techniques.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectros@#8/118158.

Hasibuan, H. S., & Mulyani, M. (2022). Tran€tiented Development: Towards Achieving
Sustainable Transport and Urban Development in Jakarta Metropolitan, Indonesia.
Sustainability 14(9), 5244.

Hazmi, N. R., Abrizah, A., & Idaya, A. Y. (2023). Research Data Governance Activities for
Implementation in Malaysia Research Performing Organizations: Insights From Data
Practitioners Via Delphi StudyJalaysian Journal of Library and Information Science
28(3), 3760.

Hi ggi ns, C. D., & Kanarogl ou, P. S. (2016)
Value Uplift in North America: Moving Beyond The Tip of The Icebefgansport
Reviews36(5), 616634.

Hsu, C-C., & Sandford, B. A. (2019). The Delphi Technique: Making Sense Of Consensus.
Practical assessment, research, and evaluad@(i), 10.

lamtrakul, P., & Chayphong, S. (2024). Exploring Spatial Accessibility to Urban Activities
Based on the Transidriented Development Concept in Pathum Thani, Thailand.
Sustainability 16(5), 2195.

Ibraeva, A., de Almeida Correia, G. H., Silva, C., & Antunes, A. P. (2020). T+@nisihted
Development: A Review of Research Achievements And Challefigassportation
Research Part A: Policy and PracticE32 1106130.

Ibrahim, A. F., Saidin, M. T., Zain, F. M. Y., Zainuddin, M. F., & Saberi, M. H. (2024). Socio
Economic Impact Of Light Rail Transit (LRT3) Project Towards Public Users In Klang
Valley. Malaysian Journal of Sustainable Environmetii(1), 2544.

JaureguiFung, F. (2022). Land Value Capture And Transit Oriented Development As A Way
Of Funding Railway Systems: The Case Of Hong Kong Rail+ Property Model. In Report
for the Al nclusive and sustainable smart
Sustainabl e Devel opmento project. Ger man
(IDOS) Bonn.

Karakikes, 1., & Nathanail, E. (2020). Using The Delphi Method To Evaluate The
Appropriateness of Urban Freight Transport Soluti@msart Cities3(4), 14281447.

Kherif, F., & Latypova, A. (2020). Principal component analysisviichine Learningpp.
209-225). Elsevier.

Khalid, N. S., & Samsudin, N. A. (2023). Evaluating The TOD Potential of LRT Stations In
Malaysia Using The TOD IndefRlanning Malaysia21.

Khodyakov, D., Grant, S., Kroger, J., & Bauman, M. (2023). RAND Methodological
Guidance for Conducting and Critically Appraising Delphi Panels. RAND.



MCRJ Special Issu&/ol. 27 | No.1| 205 180

Knowles, R. D., Ferbrache, F., & Nikitas, A. (2020). Transport's Historical, Contemporary
and Future Role in Shaping Urban Development:ERaluating Transit Oriented
DevelopmentCities 99, 102607.

Landeta, J., & Lertxundi, A. (2024). Quality Indicators for Delphi Studiegures &
Foresight Scienges(1), e172.

Li, L., Taeihagh, A., & Tan, S. Y. (2022). What Factors Drive Policy Transfer in Smart City
Development? Insights From A Delphi Stu@ystainable Cities and Socigg, 104008.

Liang, Y., Du, M., Wang, X., & Xu, X. (2020). Planning for Urban Life: A New Approach of
Sustainable Land Use Plan Based on Tra@sinted DevelopmentEvaluation and
program planning80, 101811.

Liu, L., Zhang, M., & Xu, T. (2020). A Conceptual Framework and Implementation Tool for
Land Use Planning for Corridor Tran€iriented DevelopmenCities 107, 102939.

Loo, B. P., Chen, C., & Chan, E. T. (2010). Radlsed TransiOriented Development:
Lessons From New York City and Hong Kohgndscape and Urban Planning7(3),
202-212.

Mathur, S., & Smith, A. (2013). Land Value Capture To Fund Public Transportation
Infrastructure: Examination of Joint Development Projects' Revenue Yield And Stability.
Transport policy 30, 327-335.

Murshed, S. M. A. (2022)A Community Character Approach To Pladaking In Public
SpacesMisr International University.

Nafi, S., Furlan, R., Grosvald, M., Allatwi, R., & Lifam Marthya, K. (2021). Transit
Oriented Development in Doha: The Case of The Al Sadd Neighborhood and Hamad
Hospital Metro StationDesigns 5(4), 61.

Nolan, K. P. (2020).TransitOriented Development: Best Practices And Stakeholder
PerspectivesMassachusetts Institute of Technology.

Nyunt, K. T. K., & Wongchavalidkul, N. (2020). Evaluation Of Relationships Between
Ridership Demand and Tran€hriented Development (TOD) Indicators Focused On
Land Use Density, Diversity, and Accessibility: A Case Study of Existing Metro Stations
in Bangkok. Urban Rail Transit6(1), 5670.

Ollen, J. E. (2006)A CriteriorntrRelated Validity Test Of Selected Indicators Of Musical
Sophistication Using Expert Ratingehe Ohio State University.

Omole, F. O., Olajiga, O. K., & Olatunde, T. M. (2024). Sustainable Urban Design: A Review
of EcoFriendly Building Practices and Community ImpaEngineering Science &
Technology Journab(3), 10201030.

Orieno, O. H., Ndubuisi, N. L., Eygdo, N. L., llojianya, V. I., & Biu, P. W. (2024).
Sustainability in Project Management: A Comprehensive Rewdarld Journal of
Advanced Research and Reviei1), 656677.

Pratama, D. C. (2023Balancing Accessibility & Affordability in Indonesian Transit
Oriented Development Projects, Case Study: TOD Tanah Abang, Indonesia.
Massachusetts Institute of Technology.

Renne, J. L., & Listokin, D. (2019). The Opportunities and Tensions of Historic Preservation
and Transit Oriented Development (TODJties, 90, 249262.

Rith-Najarian, L. R., Triplett, N. S., Weisz, J. R., & McLaughlin, K. A. (2021). Identifying
Intervention Strategies for Preventing The Mental Health Consequences of Childhood
Adversity: A Modified Delphi StudyDevelopment and psychopatholp8$(2), 748765.

Singh, K. P., Malik, A., Mohan, D., & Sinha, S. (2004). Multivariate Statistical Techniques
for The Evaluation of Spatial and Temporal Variations in Water Quality of Gomti River
(India)}A Case StudyWater research38§(18), 39803992.



MCRJ Special Issu&/ol. 27 | No.1| 205 181

Smith, N. R., Knocke, K. E., & Hassmiller Lich, K. (2022). Using Decision Analysis to
Support Implementation Planning in Research and Pradtiggementation Science
Communications3(1), 83.

Su, S., Zhao, C., Zhou, H., Li, B., & Kang, M. (2022). Unraveling The Relative Contribution
of TOD Structural Factors To Metro Ridership: A Novel Localized Modeling Approach
With Implications on Spatial Planningournal of transport geographg00, 103308.

Sulistyaningrum, S., & Sumabrata, J. (2018). Transit Oriented Development (TOD) index at
the current transit nodes in Depok City, Indonekl® Conference Series: Earth and
Environmental Scien¢@26(1):012217.

Sung, H., & Oh, JT. (2011). TransiOriented Development in A Higbensity City:
Identifying Its Association With Transit Ridership in Seoul, Kokeiies 28(1), 70-82.

Supaprasert, S., Lohatepanont, M., & Visamitanan, K. (2021). The TFmsiited
Development (TOD) Index and Its Application to Metro Stations in Banglmknal of
International Logistics and Tragé&9(3), 115131.

Tamakloe, R., Hong, J., & Tak, J. (2021). Determinants of Tr@rsiinted Development
Efficiency Focusing on An Integrated Subway, Bus and SHAiedtle System:
Application Of SimaWilson's TwaStage ApproaclCities, 108 102988.

Thomas, R., & Bertolini, L. (2020). Trangdriented DevelopmentTransitOriented
Developmentl-20.

Tornabene, S., & Nilsson, I. (2021). Rail Transit Investments and Economic Development:
Challenges for Small Businessésurnal of transport geograph94, 103087.

Uddin, M. A,, Hoque, M. S., Tamanna, T., Adiba, S., MuniruzzarBaM., & Parvez, M. S.
(2023). A Framework To Measure TrarGitiented Development Around Transit Nodes:
Case Study of A Mass Rapid Transit System in Dhaka, BanglaB&sh.one 18(1),
e0280275.

Uddin, M. A., Tamanna, T., Adiba, S., & Bin Kabir, S. (2023). Revolutionizing TOD
Planning In A Developing Country: An ObjectiVgeighted Framework for Measuring
Nodal TOD IndexJournal of Advanced Transportatio?023

Vakil, N., Van Zanten, S. V., Kahrilas, P., Dent, J., Jones, R., & Group, G. C. (2006). The
Montreal Definition and Classification of Gastroesophageal Reflux Disease: A Global
EvidenceBased Consensus.Official journal of the American College of
Gastroenterology| ACGL01(8), 19001920.

Von Der Gracht, H. A. (2012). Consensus Measurement in Delphi Studies: Review and
Implications for Future Quality Assuranc@echnological Forecasting and Social
Change 79(8), 15251536.

Wan, J., Ma, C., Jiang, T., Phillips, A., Wu, X., Wang, Y., Wang, Z., & Cao, Y. (2024). A
Spatial Econometric Investigation Into Road Traffic Accessibility and Economic Growth:
Insights From The Chengdbhongging TwirCity Economic Circle Humanities and
Social Sciences Communicatiph&(1), 1-9.

Wan, T., Lu, W., & Sun, P. (2023). Equity Impacts of The Built Environment in Urban Rail
Transit Station Areas From A Tran€riented Development Perspective: A Systematic
Review.Environmental Research Communicatigh(2023)092001.

Worrell, J. L., Di Gangi, P. M., & Bush, A. A. (2013). Exploring The Use of The Delphi
Method in Accounting Information Systems Researtfiternational Journal of
Accounting Information Systendsi(3), 193208.

Yao, C., Li, G., & Yan, S. (2024). Design Strategies to Improve Metro Transit Station
Walking Environments: Five Stations in Chongging, ChBildings 14(4), 1025.



MCRJ Special Issu&/ol. 27 | No.1| 205 182

Yap, J. B. H., Chua, C. Y., & Skitmore, M. (2021). Towards Sustainable Mobility With
TransitOriented Development (TOD): Understanding Greater Kuala Lunffanning
Practice & ResearclB6(3), 314336.

Yu, Z., Zhu, X., & Liu, X. (2022). Characterizing Metro Stations Via Urban Function:
Thematic Evidence From Trangltriented Development (TOD) in Hong Kontpurnal
of transport geography9, 103299.

Yusoff, 1., Ng, B:K., & Azizan, S. A. (2021). Towards Sustainable Transport Policy
Framework: A RaiBased Transit System In Klang Valley, Malays$#oS one16(3),
e0248519.

Zandiatashbar, A., Hamidi, S., Foster, N., & Park, K. (2019). The Missing Link Between
Place and Productivity? The Impact of Tras@@itented Development on The Knowledge
and Creative Economyournal of Planning Education and Resear88(4), 429441.

Zhang, W., Wang, F., Barchers, C., & Lee, Y. (2021). The Impact of T+@nsinted
Development on Housing Value Resilience: Evidence From The City of Atlamimal
of Planning Education and Researdii(4), 396409.

Khodyakov, D., Grant, S., Kroger, J., & Bauman, M. (2023). RAND Methodological
Guidance for Conducting and Critically Appraising Delphi Panels. RAND.



MCRJ Special Issu&/ol. 27 | No.1| 205 183

DESI GN PERFORMANCE CRI TERI A |
BUI LDI NGS AS Pl VOTAL STRATEGI
SUSTAI NABLE CONSTRUCTI ON

Siti Nurul Ainun Mohd Mustafa ¥, Natasha Khalil 2 and Asmah Alia Mohamad Bohari 3
1Department of Construction Management, Faculty of Built Environment, Universiti Teknologi MARA,
Shah Alam, Selangor, Malaysia

2Department of Quantity Surveying, Faculty of Built Environment, Universiti Teknologi MARA, Perak
Branch, Seri Iskandar, Perak, Malaysia

3Department of Quantity Surveying, Faculty of Built Environment, Universiti Teknologi MARA,
Sarawak Branch, Kota Samarahan, Sarawak, Malaysia

*Corresponding Email: ainunmustafa@uitm.edu.my

Abstract

In the past few decades, scholars have extensively conducted research and held discussions
on sustainable development to elevate the awareness of mitigating environmental problems.
In sustainable construction, green building practices are considered imperative, and they have
emerged as pivotal strategies to minimise environmental impact and enhance long-term
viability. Green buildings are characterised by resource efficiency, reduced carbon footprint,
and improved occupant health; these characteristics are crucial in fostering sustainable
development. However, based on some previous research, the intended sustainability goals
are not met when the actual performance of the green building during occupancy indicates a
contradiction. Hence, this paper entails the expert's practical point of view and their interview
narratives on green office buildings' design performance criteria. A semi-structured interview
with eight (8) respondents was conducted, using open-ended questions. The interviews were
conducted in different sessions, focusing on the relevancy of the green building performance
criteria, which were collated from literature reviews, and whether there are additional criteria to
be considered while designing green office buildings. The interviews were later transcribed,
analysed, and tabulated based on the agreements of each criteria coded. From the analysis,
twenty-eight (28) criteria were considered relevant, and eight (8) were excluded as the criteria
were reviewed as irrelevant to design performance criteria in green buildings.

Keywords: Content AnalysisDesign PerformanceGreen Building Qualitative Sustainable
Construction

INTRODUCTION

Globally, the construction industry is presently undergoing a substantial and swift
transformation, propelled by factors such as the expansion of the world economy, technical
breakthroughs, modernisation of construction techniques, and increasing deroands f
sustainability (Buzio, 2023). Since then, the nation has supported green projects in Malaysia,
as seen by the advancement of numerous green business incentives, industrial legislation,
environmental awareness, and an economy favouring sustainable pieesto
(CleanMalaysia, 2015). The Construction Industry Transformation Programme2@0Q6
which focuses on the three sustainable challenges of the environment, society, and economy,
was introduced by Malaysia in 2015 at Putra World Centre (PWTC). Howéwer,
construction industry has utilised between4®836 of the world's natural resources; 50% of

energy was used for buildingbdés heating and

globally were used for the building environment, and 30% of energuseasfor operational
concern (Khan et al., 2018). Since the construction sector plays a significant role in the

|
E



MCRJ Special Issu&/ol. 27 | No.1| 205 184

depletion of nofrrenewable resources, there is a direct relationship between sustaining the
development and the growth of the construction industry.

Thus, the green building concept is one of the initiatives made to solve the climate change
challenges, and it will be a pointer to ensure that new buildings in the future are built and
erected more sustainably and eneefficiently. In general, the groWwtof green buildings has
the potential to not only solve the problem of climate change but also to generate prosperous,
sustainable communities and stimulate economic growth (WGBC, 2021). In a research
conducted by Dodge (2018), 2078 respondents provitfednation on what constitutes a
green building and the requirements that must be met for a structure to be classified as one.
In general, a green building must promote good indoor environmental air quality, make
efficient use of resources (energy, watand others), reduce pollution and waste by
permitting reuse and recycling, and take environmental needs into account throughout the
project's lifecycle, from design and construction to operation

However, the performance of green buildings in providing an absolute sustainable impact
still needs to be determined. It is highlighted in the findings from a study (Bajraktari et al.,
2019; Moore & lyerRaniga, 2019; Zhao et al., 2015) in which discreanbetween the
designed and the actual performance of green buildings were found, proving that the green
buildings did not ultimately fulfil its design performance goals as determined by the design
rating. Altomonte et al. (2019) stated that building glesis often encounter challenges in
adopting sustainable criteria during the design process, adversely affecting overall building
performance and occupant satisfaction. Moreover, discrepancies between predicted and actual
building performanc® often calledt he fAper f df mandhergampinpl i cat
efforts, resulting in buildings that do not meet expected sustainability outcomes or occupant
comfort standards (de Wilde, 2014). This study aims to validate the design performance
criteria of green offie buildings from the perspective of practising building designers, with
the objective to align practical insights with established findings in the literature

LITERATURE REVIEW
Green Building Concept

Green building is a concept developed to mitigate the negative influence caused by
construction activities. The concept of its development emerged as the resolution to reduce
environmental degradation, sustain the national energy, and positively impaatrthending
environment and its occupants (CleanMalaysia, 2015; Watch, 2022). Generally, the primary
concern of green building design is on the aspect of energy and water efficiency and the usage
of sustainable construction materials during its developraed throughout its operational
lifetime (Watch, 2022), from inception to design, construction, operation, maintenance,
renovation, and deconstruction (Ohueri & Enegbuma, 2018).

The green development focuses on six main principles: optimisation of site design by
selecting sites with easy access to basic infrastructure and designing the building orientation,
envelope, windows, and others based on the site conditions; efficieritwater; use of cost
efficient and environmentally friendly materials with less Volatile Organic Compound (VOC)
emissions; improved indoor environmental quality by maximising daylighting, and use of
appropriate ventilation and moisture control, enhanceilding acoustic performance
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through strategic positioning of the building farther from outdoor noise sourcessidagig

of rooms and use of materials with high insulating value (Purwaningsih et al., 2019); and
reduction of construction and demolition waste via the establishmevdasté management
strategies.

According to Soussi (2022), the five primary elements of green building design include
sustainable site design, water conservation and quality, energy and environment, indoor
environmental quality, and conservation of materials and resources.

Green Building Performance Definition

Douglas et al. (1996) defined building performance as the process of evaluating the asset
value and performance of a building, which is a key component of facilities management. The
overall building performance includes notions of use and effect on husréormance
because performance is assessed in terms of how buildings and building systems affect the
comfort, effectiveness, and wdidking of building users (Preiser, 2005). Gupta et al., 2019
and Seminara et al., 2022 further explored that building pe&ioce shall cover the whole
project lifecycle from the design stage until the occupancy stage, when occupancy and
behaviour data are gathered during the operation stage. The assessment of a building shall be
categorised into five (5) performances: fuantl, technical, behavioural, environmental, and
process performances. Table 1 presents the measurement of each performance.

Table 1. Building Performance Criteria and The Aspect of Measurement

Performance Aspect of measurement

Functional Measuring how well the building supports t|
and how well the user needs are supported.

Technical The structural and physical systems performance, for example lighting, energy use, ventilation,
and acoustics.

Behavioural Physical status of building occupants, which include the physiological response on building

performance (Physiological), condition of mind and behaviour which includes emotions,
perceptions, level of acceptance of a performance (Psychology), and human interactions,
communications, and quality of life (Sociology).

Environmental  The building features and characteristics relevant to its impact on the environment.
Process Delivery of the project from inception to handover and operational management.
(Source: Blyth & Gilby, 2006; Litzkendorf et al., 2005)

METHODOLOGY

Theobjectiveof the study is to validate the green office building performance attributes,
which were previously collated from the literature review. This study adopts a qualitative
approach, applying a sessiructured interview as a data collection tool. The pa€iuip
inclusion criteria are designers with experience in green building design. Eight (8) participants
were involved in the interview, which typically lasted 45 minutes to an hour for each session.
For this study, the purposive sampling method was adogmeatie sampling technique. The
participants are the construction stakeholders mainly involved in green building design,
represented by mechanical and electrical engineers, green building facilitators, architects, and
interior designers. Eight interview ssons were conducted separately; three were in direct
interactions through physical meetings, and the remaining were conducted online.
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The questions asked in the interview were themed according to building performances
gathered from the literature. Five building performance attributes were themed, and they were

asked about their relevancy in real industry practice, starting with funcperfarmance,

technical, behavioural, environmental, and process performance. Firstly, the interview
entered into ATLAS. t

transcr

responses regarding validating the green office building pedioce attributes during the

pts were

sof

design stage were highlighted and quoted as quotations in the software. Afterwards, each
quotation was assigned to codes, and finally, the codes were categorised into the five main

themes.

RESULTS AND DISCUSSION

Fromthe interview, the insights are recorded and documented. Table 2 summarises the
relevance of each code discussed as green office building design performance indicators, and

network diagrams of the narratives are illustrated using ATLAS.ti as a methodlg$iag

the qualitative data.

Table 2. Category, Codes, Frequency
Overall Comments

of Codes,

Categorisation/ Agreementon Co d e Interviewees
Theme criks ATy Relevancy (%) feedback
Functional 1. Strategic value 8 100 Relevant
Performance 2. Aesthetic & Image 8 100 Relevant
3. Space 8 100 Relevant
4. Comfort 8 100 Relevant
5. Serviceability 8 100 Relevant
6. Operational Cost 8 100 Relevant
7. Life Cycle Cost 2 25 Irrelevant
8. Building Ownership 0 0 Irrelevant
9. Occupant Information 0 0 Irrelevant
10.Green Project Direction New Suggestion
11.Energy and Water Policy New Suggestion
Technical 1. Physical 8 100 Relevant
Performance 2. Envelope 8 100 Relevant
3. Structural 8 100 Relevant
4. Interior Design 1 12.5 Irrelevant
5. Durability 8 100 Relevant
Behavioural 1. Physiology (Health and Safety) 8 100 Relevant
Performance 2. Psychology 8 100 Relevant
3. Sociology and Wellbeing 8 100 Relevant
4. Social justice 0 0 Irrelevant
5. Culture and Neighbourhood New suggestion
Environmental 1. Energy Efficiency 8 100 Relevant
Performance 2. Water Consumption 8 100 Relevant
3. Load Capacity 0 0 Irrelevant
4. Renewable Energy and Water 8 100 Relevant
5. Landscape 8 100 Relevant
6. Innovation/Green Technology 8 100 Relevant
7. Low Emiting Material 8 100 Relevant
8. Green Material and Resources 8 100 Relevant
9. Location and Transportation 8 100 Relevant
Process 1. Sustainable Site and Planning 8 100 Relevant
Performance 2. Operation and Maintenance 8 100 Relevant
3. Facility Management 8 100 Relevant
4. Green Certification 8 100 Relevant
5. Energy Modelling 8 100 Relevant
6. Project Cost 8 100 Relevant

Percentage

of
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Functional Performance

we don’t
consider the
occupant
information while
designing the
green building.
R6 (1:10)

We don’t

corporate LCC
into the design

stage
R4 (1:9)

It's very
important for the
client to set their
target at design

stage

R8 (1:5)

Fi

building ownership is

All the criteria
are very relevant
and much
associate with
design
R1(1:1)

| can't seem to
link building
ownership with
functional

187

performance.
R3(1:7)

The building
envelope, for
aesthetic purpose,
play very big task in
designing green
building.
R8 (1:6)

Size and layout is

less relevant. Because, very important,
a lot of building owner itYe;, all the esgecia’;l,l(;l when we
are developers ::é';lr:‘tare talk about designing
=1, i in the tropic
RS (1:8) R2(1:2) R8 (1:39)
Figure 1. Interview Responses on Functional Performance Aspects
gure 1 shows the respondentsbd

It's important
to know the
objective of the
project, aesthetic,

space, comfort, all
relevant.

R5 (1:3)

excerpts

green office buildings. Nine swdriteria were discussed, and only six (6) of the-suteria
were agreed upon as the criteria to be considered while designing gredingsuillhe

rema i

and

iASs

ni ng
6occupant

desi

t hree

gner s,

(3)
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However, the above statement on the lifecycle cost criteria challenges one of the green
construction approaches, which is the use of Life Cycle Cost (LCC) through the adoption of
Building Information Modelling (BIM), which has been said to improve theasuability in
construction by providing and sharing the project information during the design stage,
esti mat i ng-offife cofte antd addressing dhallenges in the process (Alasmari,
2022). Despite a higher initial investment, the life cycle £¢sCC) analysis shows that
operational savings in green buildings can offset higher construction costs over time (Li,
2020). Dwaikat & Ali (2018) further added that the application of Life Cycle Cost Analysis
(LCCA) can assist the designer in selectirgniost cosefficient building design options for
cost efficiency. Hence, despite the disagreement on incorporating LCC during the design
stage, adopting LCC analysis is crucial to ensure-teng value and cosffectiveness

dur

ng the

bon &ndl rdaintergidcs.

operat.i

dered irr
nterview
nto consi d
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AiThere is no direct influence of buil din
performance. Many building owners are developers, building operators and building
owners. We might not know who the actual occupants and users are. When the

buildingorthespce i s | eased, or sold out, the bu
(R5)
NRnAs a designer, the occupant information

green building, as who the oc@®epant or th

Most respondents considered Obuilding own
factors to consider during the design stage, as the actual building ownership is not determined
in the initial stage. Meanwhile, Shin et al. (2021) differ from the stated by stating that
aligning design strategies with lotgrm goals is essential to mitigate future conflicts during
the occupancy, which can be achieved by un
intentions. This includes the flexibility ofastdard area design, allocation of@enership
shares, and ownership space boundaries. Caixeta et al. (2019) and Alt&20202) further
added that user involvement during the design process can assist designers in establishing
occupant sbo needs and preferences and, her
dissatisfaction, which include space allocation, layout, anditfmen This contradiction
indicates that some practising building designers continue to overlook these two critical
criteria duringthe design process, despite the potential of such an approach to significantly
reduce the likelihood of future disputes and the need for renovations.

Meanwhile, the other six (6) functional performance criteria are agreed as relevant to be
incorporated in designing green buildings, which are strategic value, green project direction,
aesthetics and image, space and layout, temperature and visual cemrfdadeability,
operational cost, and energy and water efficiency policy.

Al't is essenti al that the client and the
objective, which has to be set right during the design stage. For example, to know the

buil dingbés aesthetic value and ilimgge i s t
to be iconic, and for the (RBEsigner to be

The above statement highlights that it is essential for building users to have a clear project
direction to assist the designers in incorporating sustainable design strategies early in the
project. Hence, clients and the building users must be awareagahation and maintenance
of the buildingdéds green features to sustair
analysis tools like Building Information Modelling (BIM) can support this by evaluating and
improving energy efficiency and occupasamfort (Zhou, 2020; Hilal, 2021) during the
design process. Additionally, BIM proves to be useful for managing safety, maintenance, and
energy use (Bhardwaj, 2018). Additionally, during the project brief, the clients must be certain
of the rating leveliey aim for the project. Greearertified buildings offer considerable market
advantages, enhancing the return on investment through better marketability, higher lease
renewals, and lower vacancy rates (Hsieh, 2017; Devine, 2015). Therefore, it is ireperativ
for designers to provide comprehensive gu
direction, including the selection and integration of sustainable tools, as these choices
significantly influence t he buydutlokhebujding st r
is an important design consideration, especially in a tropical climate. The design of the spaces
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can influence emotional reactions to create engagement and meaningful spaces in the building
(JuanVidal et al.,2015). Respondent 8 quoted:

ARThe size and internal | ayout of the buil
when designing green buildings in tropic
especially. Meanwhile, the external layout and the orientation of the building are als

i mportantR8criteria.o

The above statement proves that internal
comfort and operational cost of a building. The spatial arrangement within buildings
significantly affects both functional and psychological aspects of comforteirding factors
such as acoustic quality, visual privacy, and the ability to concentrate (Zhang et al., 2022).
Additionally, fa-ade design and building o
consumption, which includes heating and cooling lpadd artificial lighting utilisation (Lee
et al., 2022). Thus, a wellptimised internal layout not only promotes user comfort but also
contributes to reduced operational costs o0\
building operates cosffectively, perceived policy and regulations are essential in guiding
green building users to take advantage of sustainability benefits. Quoted from the interview;

il suggest including the energy and wate
shall be from the organisationds wupper n
supports the direction towards energy efficiency, and this policy shall be implemented
duringhe Operati onal anlKl) Management stageo
I'n green building projects, it is vital

understand and commit to sustainability goals from the design phase. This alignment helps
preserve the original design intent and ensures that building systems fiaxtiotended

during operation. The discrepancies between targeted energy consumption set during the
design stage and actual energy consumption during occupancy mainly occur when building
users are unaware and do not understand how to utilise the systemergmespite the
application of green technologies. Li et al. (2020) mentioned that a higher energy and water
consumption in green buildings may be caus
building users tend to consume more energy than theyamtknirherefore, the upper
management must address user behaviour through targeted policies and initiatives, such as
green behaviour awareness programs, to encourage responsible energy and water use. This
underscores the need for collaboration between gesigand top management to uphold the
buil dingds sustainability.

Technical Performance

Figure 2 network reviews technical performance in designing green office buildings. Five
(5) criteria were discussed, and only one (1) was considered irrelevant, which is the interior
design.

fAs designers, we do not think in depth
user will later decide on the interior design. For example, if we decide a certain
position for curtain or air conditioning position, the end user might not like it and
chang it (R2at er O
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iwWe do not know who the end user of the s
for the interior design. However, we do think about the internal space, the lighting,
view to thérR7out si de, etc. o

The item interior | think for
design is less relevant. structural system
because usually the is relevant,
client will later decide especially on the
the interior use of IBS system
2 (1:16) R8 (1:17)
» A
think all are
relevant. When you
want to focus on
yes, the social dimension, or
technical A . it 1he snct (taee
performance is |- »  Technical mchl :
very relevant. Performance RS (1:15)
R8 (1:14) AR N W
g The lighting,
ventilation, fagade
design, they're very
relevant.
' R1(1:40)
v ;
For structure 4
durability, we have to .tYe_s. all the | think these
think about the durability cniora ce are all relevant
of material and the relevant except
structure durability the interior design. .
R3 (1:41) R2(1:12) R4 (1:11)

Figure 2. Interview Responses on Technical Performance Aspects

From this statement, the respondents suggested that the interior design may not be a
crucial factor in green design consideration, as there is a likelihood of thesend
undertaking renovations to suit personal preferences. His perspective highligiitesces’c
challenges in ensuring sustainable interior elements remain effectiveqoogiancy. Hence,
it is suggested that designers incorporate flexible and adaptable interior design strategies that
accommodate future modifications without compromisirgthb ui | di ngdés sust a
(Barbulianno, 2021). For instance, designing spaces with modular elements and
reconfigurable layouts allows for personalisation while maintaining the integrity of
sustainable design principles.

As for the other four (4) criteria, the physical system, envelope system, structural system,
and structure durability were considered relevant to green building design factors.

AThe criteria 1in technical performance,
design, are realistic. It can be achieved in the design element, and the designer can
i mpl ement it(Rln their design. o

=1}

a criterion that

Structure dur a IS
t ign andR3 he materi al

ty
tage because S

bilii
he de

(7))

think the structur al system is relev
I

I a
ecause, in GBI, we giviR) points to the B

T ot
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Green building aims not only to minimise environmental impacts but also to enhance the
sustainability and longevity of structural systems. At the design stage, incorporating structural
systems into green building assessment frameworks encourages a rfieceamnal holistic
evaluation across the buildingds | ifecycle
materials based on their recyclability and local availability, which directly influences the
buildingbés envir onme n t200B). Howewvet, £haudary & Rirkchama r e
(2013) mentioned the lack of involvement of structural engineers in sustainability efforts
despite a significant i mpact of structur al
advocated for greater integration ofustural considerations, such as material efficiency,
robustness, and adaptability, within green rating methodologies. Additionally, technological
advancements in steebmposite structures have demonstrated potential in delivering both
resource efficiencynd structural performance. Innovations in construction mat@rgalsh
as corrosiofresistant reinforcements, green concrete, hligh-performance concrete, and
advanced crack control techniqeirther improve the resilience and safety of buildings
(Nie et al.,, 2018). NavarfBubio (2019) also emphasised the benefits of prefabricated
structures in enhancing eedficiency, reducing construction time and cost while maintaining
structural soundness.

For the envelope system, the eneedfjcient facade system is essential in designing
green buildings as it can promote energy savings by reducing the heat gain in the building and
reducing the environmental impacts (Moghtadernejad, 2020; Abediniang20abi. The
application of automated dynamic facades and climate adaptive building fagades, for
example, provides the ability for manual configuration, as it is essential for the user to have
control over the external view and natural lighting (Tokbolat &ZAbaidy, 2014,
Mohammadpour eal., 2015). Thus, integrating structural engineering into green building
design is essential for achieving sustainability, requiring active participation from designers
and the adoption of innovative materials and prefabricated systems to improve enniednme
and structural performance.

Behavioural Performance

Yes, th Yes, | think this
Yes, they are ,th:nt e:f,‘;;;?.y one quite important
all relevant, we health and safety though, to know
must design for : how are they
the occupant. R8 (1:24) interacting

R2 (1:18) ' R4 (1:19)

it's also Yes, they are
important to put : all relevant except
the cultural value N | A » social justice.
into the design Behavioural -
RS5 (1:23) Performance
ke 4 %

BN . Yes, these are
Yes, they are important
relevant as it fits oY R3 (1:22)

28 % huma ' I think, item social

B piion In practical, the justice is irrelevant
el designer don't because in my opinion
think about the social justice is for
neighbourhood or gender, male and female,
the culture and it's hard to know the
gender of users later
R2 (1:26) R1 (1:25)

R1 (1:21)

Figure 3. Interview Responses on Behavioural Performance Aspects
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Figure 3 illustrates the respondentsd rev
office buildings. Five (4) criteria were discussed, and four (3) criteria are considered relevant
in green building design, namely physiology (health and safetydhpkogy, social and well
being. Schertz «dl. (2022) summarised psychology as the environmdighbhviour studies
that examine the interaction between environments and human affect, cognition, emotions,
and behaviour. Generally, psychological practicksnoaim to address mental health and
improve the welbeing of users. Khalil et al. (2024) also revealed that the social
characteristics in green buildings are inp
usersd category whbowndrs, desigodrsuatcetise odcupants.kHencd, id i n
is crucial for the designers to incorporate psychological considerations in the design process,
especially in higkldensity urban environments where the built environment is closely related
t 0 0 c c u fihaand psoductitite. &halil et al. (2024) also added that the performance
evaluation from the occurrence of issues in building accessibility can be-fesdd cycle
to the future design and construction of green buildings.

Meanwhile, physiology examines the functions and mechanisms of living organisms,
including the physical condition (cardiovascular, respiratory, and nervous systems). Quoted
from the interview;

ifDesigners often overl ook the importance
outdoor areas. For example, a sheltered zone that allows people to interact
comfortably. We can easily control the indoor temperature, but not the outdoor

s p ac(R63 O

Hence, effective site planning and building layout are crucial for optimising
microclimates and user comfort, especially in dense urban areas with limited horizontal space.
For instance, prioritising landscape system planning using computer simulations and
optimising walking spaces can significantly improve outdoor environments. Furthermore, the
presence of green spaces can improve thermal comfort and overadleingll(Wang et al.,

2017; Gamero et al2021). Meanwhile, R5 suggested that social justideria are
considered irrelevant and shall be replaced with another term, which is the cultural and
neighbourhood criteria.

AfA designer must not only design the buil
So, even during site analysis, it is important to embed cultural values into the design.

It is a sense of belonging to the community. The criteria also include in SDG1i7, abo

i ncl uRbvityo

However, R2 disputed that designers mostly need to consider neighbourhoods and culture
in their design. It contradicts the opinion expressed by R5, whereby it is essential to consider
the cultural value in the building design. Lazar (2021) suggested &sagnérs should
incorporate cultural elements into the design to promote sustainable development, offering
advantages such as cul tur al i nteractions,
resources, and job opportunities for the locals. In amditbustainable Development Goal
(SDG) 17 highlights the importance of acknowledging cultural practices in the development
effort (McLntosh & Marques, 2017; Marques et &Q18). For instance, engaging the
community, vernacular architecture, and participatory planning are the approaches in
incorporating cultural values and neighbourhood context into the design process.
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Collaboration among local communities, cultural experts, and stakeholders facilitates the
alignment of architectural design with culturally embedded values and practices (Iwuanyanwu
et al., 2024). Thus, designers must consider multicultural settings dhergsign process

by fostering spaces that honour diverse cultural perspectives.

Environmental Performance

- - Yes, they are
| think this load all relevant | think all these
capacity is irrelevant R1 (1:27) criteria are
because we cannot ' I relevant
control the number of : | R5 (1:30)
user or total load of |« v :
the building | T B Emi = i
il Tt
o g \
4 : Yes, these are
Yes, they all v all relevant
are top priority. Yes. | think R8 (1:31)
R (1:28) they relevant
R3 (1:29)

Figure 4. Environmental Performance Network

The respondentsd opinions on environment
Among the nine (9) criteria discussed, only one criterion was considered irrelevant, which is
load capacity.

AiThe ther mal |l oad capacity is irrelevant
green buildings because we cannot control the number of users or the total load in
the building. It is the total (RA)ad t hat n

Despite the statement from the interview, the building user must manage the thermal load
capacity during the occupancy stage to ensure energy efficiency and occupant comfort. For
instance, a study by Husain et al. (2017) demonstrated that incorporatarg kgriéding
envelope features, such as green roofs and reflective coatings, can significantly reduce
buildings' sensible heat transfer load. Therefore, while thermal load capacity may not be
regarded as a primary consideration during the design phasenmeming passive design
strategies during the design process can effectively mitigate heat gain and create more
thermally comfortable indoor environments.

Meanwhile, most criteria in this theme were considered relevant to environmental
performance, complementing the green building design factor, which includes energy
efficiency, water consumption, renewable energy and water, landscape, green technology
innovation, usage of lovemitting material, green material resources, and green vehicle
transportation. Energy efficiency represents a fundamental principle in sustainable design and
architecture, aiming to minimise energy consumption while ensuring a coniéoent
productive environment for the occupants. For instance, in an office building, effective
energysaving strategies may include the application of eneffijgient lighting systems such
as LEDs, the installation of occupancy sensors for electritab#t the use of large windows
to enhance natural daylighting, and the integration of smart HVYAC controls that adjust cooling
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based on occupancy patterns and climatic conditions (Siregar et al., 2019). In addition,
renewable energy and water conservation approaches through the adoption of solar panels on
roofs can generate clean electricity and reduce the dependence on fdssiTtigegreen
technology and innovation can save energy and reduce carbon emissions, especially in
balancing energy and water consumption. Awaal.€R018) added that by integrating solar
photovoltaic (PV) panels, the electricity consumption can be minimised by over 90% for a
large office building.

In green building design, landscape features also serve an essential role by contributing
to environmental sustainability, improving energy efficiency, and promoting occupant well
being. Zhai (2022) stated that building with landscape elements thateegistlly planned
can foster healthier surroundings by mitigating heat gain through the use of vegetation. For
instance, incorporating green roofs and vegetated facades can effectively lower cooling
demands and enhance indoor thermal comfort (Wang, ZBd8, 2010). Meanwhile, low
emitting and green materials are essential in sustainable construction, reducing the
environmental impact and improving indoor air quality. Lemitting material generally
made from low VOGemitting substances meanwhile greenariat often contain recycled
or bio-based contents and designed to be environmentally friendly (Kubba2éial;, \WWang
et al.,2018). Applying lowemitting materials and finishes in office interiors helps lower the
concentration of pollutants in an indoor environment. However, the indoor pollutant levels
depend on other factors, such as ventilation, electronic equipment, anéthglea
maintenance practices (Karve et 2D23).

While integrating green technologies and sustainable features in office buildings offers
significant environmental and operational benefits, end users may not fully realise these
advantages if the systems are poorly maintained or neglected. Inadequaenana® can
lead to reduced performance, increased energy consumption, and diminished occupant
comfort (Apriani et al.,, 2021; Li et al., 2020). Therefore, architects must incorporate
maintenance strategies and u@mdly operational considerations dugithe design phase
to ensure green features'lenge r m functionality and effecti
lifecycle.

Process Performance

Yes, they are
relevant

R1(1:33)

Theenergy |«

modelling is very
relevant.

R3 (1:38)

Figure 5.
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Figure 5 represents respondentsod6 remarKks
in green office buildings. All criteria were considered relevant, including sustainable site
planning, operation and maintenance, facility management, green ceotificanergy
modelling and project cost. Quoted from the interview;

ifiThe criteria are very rdgR2pvant, especi al

It is known that green buildings often require higher initial costs due to sustainable
materials, advanced technologies, and design features that improve energy efficiency and
water management. Due to the higher upfront cost, green buildings are offexsatéarrier
to adoption (Dwaikat, 2016). Despite a higher initial investment, the life cycle costs (LCC)
analysis shows that operational savings in green buildings can offset higher construction costs
over time (Li, 2020). Thus, itis crucial forthesdée gner s t o al ign the i
aesthetics, performance and eefficiency.

Next, in green building design, energy modelling and simulation are mainly used as a
costeffective method for integrating energy efficiency into the design stage. The green roof
simulation, forexample, careffectively assist in design decisiomaking by evaluating the
impact of growing depth, irrigation system and vegetation density, which later could affect
the overal/l building energy consumption (S
simulatian results provide design selections and parameters to suit the project requirements.
From the interview, all respondents agreed that energy modelling and simulation are critically
important during the design stage as they will assist the designers ingnia&imost cost
effective design and optimise building performance.

AiThe energy modelling and energy simul at
st agrRs). o

In addition, Li etal. (2020) address design features in green buildings that often result in
higher maintenance requirements, which can impose financial burdens on building owners,
particularly when the technologies installed in the building fail to deliver their intended
energysaving benefits due to malfunction or damage (e.g., solar photovoltaic panels).
Sustainable management practices and efficient building automation systems are essential to
address this issue to ensure that green buildings meet current and futaemessds (Miraj
et al., 2021). Quoted from the interview;

iThe operati on, mai ntenance, and facildi
Nevertheless, in green buildings, there are specific approaches mentioned to do
maintenance, the system used, for example, the Building Automation System (BAS)

and Building Manageme@y st em (RBMS) . 0

The utilisation of Building Automation System (BAS) and Building Management System
(BMS) can enhance building performance and optimise maintenance efficiency. Maintaining
high performance in green buildings necessitates collaboration among interdisgiplinar
professionals and stakeholders to realise sustainability benefits fully. Therefore, integrating
sustainability and maintainability considerations during the design phase is crucial to support
ongoing efforts in energy and water conservation (Asmone,l9; Chew et al., 2017).

In addition, the BIM system is widely used in construction nowadays, as it can capture
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information and knowledge of building maintenance operations by providing preventive and
corrective maintenance decisions (Motawa, 2013), reducing the risk of building system failure
(Ismail, 2020).

CONCLUSION

In summary, this study sought to assess the relevancy of green building design
performance criteria based on the input from professionals in the construction industry. The
interview findings indicate that some criteria identified in existing literaturemmogie fully
applicable in practical settings. For example, referring to the interview feedback, the interior
design might not be a critical factor to be considered during the design process. However,
building designers must carefully plan the intericaicgs for longerm functionality and thus
reduce future modifications. In contrast, the newly suggested criteria offer valuable
perspectives that can contribute to the development of current knowledge. These findings
underscore the necessity for continueualuation and refinement of design criteria to support
ongoing advancement in sustainable design practices. Furthermore, the study highlights the
varying perspectives among designers in implementing green design strategies, often
influenced by constraiatsuch as project cost, which affect the design strategies-waoddl
applications.
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Abstract

Maintaining public school infrastructure is essential for ensuring a safe and conducive learning
environment. Despite increasing maintenance challenges due to aging facilities and
constrained resources, maintenance management often lacks a structured, risk-informed
approach. This research develops and validates a Perceived Risk-Based Maintenance
Management (PRBMM) model grounded in the Decomposed Theory of Planned Behaviour
(DTPB) to address this gap. The DTPB framework enables a nuanced understanding of how
attitudes, subjective norms, and perceived behavioural control influence maintenance decision-
making under risk conditions. Employing a deductive theoretical approach with a cross-
sectional time horizon, data were collected through a structured questionnaire survey targeting
137 technical experts responsible for public school maintenance in Malaysia. The
questionnaire assessed four key determinant factors: financial, operational, performance, and
safety risks, and their impact on perceived risk-based maintenance management performance.
Structural Equation Modelling (SEM) was applied to test the hypothesised relationships and
validate the PRBMM model. Results demonstrate that all four perceived risk factors
significantly influence mai nt enance management p
theoretical framework. Expert v al i dati on further confirmed the mo
applicability. This research contributes to the literature by bridging the gap between risk
perception theory and maintenance management practice, offering a robust, empirically
validated framework for prioritising maintenance activities. The PRBMM model empowers
decision-makers to adopt proactive, data-driven strategies that optimise resource allocation,
enhance safety, and improve the sustainability of school infrastructure. Ultimately, this
research provides a valuable blueprint for enhancing public school maintenance management
in Malaysia and similar contexts globally.

Keywords: Decomposed theory of plannkedhaviour facility managemenperceived riskpublic
schools;risk-based maintenance management

INTRODUCTION

I n 2023, Mal aysi adbs education system expe

with nearly equal gender representation among students of 957,086thps, 3,092,312

in primary, and 2,629,154 in secondary schools (United Nations, 2025)e \Affikss to
education has expanded, the condition of school infrastructure raises serious concerns.
Between 2019 and 2022, the number of dilapidated schools more than doubled from 534 to
1,505 nationwide and highlighting urgent infrastructural challerggsicularly in Sarawak

and Sabah (National Audit Department Malaysia, 2022). Despite emergency funds and
reactive repairs, the underlying problems of inadequate maintenance oversight, funding
interruptions, and poor risk management persist, often sub¥enu&agic consequences

leading to poor school conditions, including collapsing roofs, falling ceiling fans, landslides,
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and fires, have endangered student safety
demonstrated dedicated commitment through increased education Bualmiating

RM58.7 billion in 2024, including RM930 million specifically for school maintendivet,

2024).

However, sustained improvements require strategic leadership and systematic risk
assessments to prioritise and fund maintenance effectively (Henan, 2024; Marsini, 2023). The
challenge is not unique to Malaysia; many countries, including developed uikiéebd
United States, face similar issues with ageing school infrastructure affecting millions of
students (Dickerson & Ackerman, 2016; Yusuf et al., 2023). Regular aneplaetied
maintenance preserves building integrity, enhances safety, and suppdetst svellbeing
and |l earning outcomes (Gr Ncki, 202 4; Radzu
there is limited research on the perceived risks associated withasekli maintenance
management, which highlights the need for more researchhawothese perceived risks
affect maintenance decisions. Significant gaps in maintenance detigling processes are
noted by Radzuan et al. (2022) emphasise the need for more efficient frameworks to rectify
these shortcomings. This research addressegrgent need for a proactive and considering
the perspectives of building owners, facility managers, maintenance staff, and occupants
(Wong et al., 2015; Aven, 2016).

Currently, schools rely heavily on reactive maintenance, leading to inefficient resource
use, increased safety risks, and compromised educational environments (Aziz et al., 2018; Li
et al., 2021). According to Marsini (2023), the buildings and facilitiastrhe maintained at
the best possible condition and in addition to protecting investment capital, this proactive
approach raises student intelligence and improves education. This argument emphasises the
need for perceived risk in maintenance managemefill ia the current gaps in theory,
evidence, methodology, and population focus. To prioritise funding, increase decision
making efficiency, and improve safety, the Auditor General's Report (2022) emphasises the
significance of datariven risk mitigatiorstrategies in school maintenance and promotes the
use of maintenance models that address knowledge gaps (Da Silva et al., 2023; Lateef, 2010;
Herath, 2022; Matorell, 2016; Hamzah, 2012).

Although proactive maintenance is frequently recommended in theory, schools typically
take a reactive approach, which limits their capacity to effectively address problems (Yong &
Suleiman, 2015). Limited empirical research has explored perceived risk,miimal
attention given to public schools (Paci et al., 2020; Aziz et al., 2018). Performance, financial,
safety, and operational risks is determinant factors (DFs) that identified significantly affect
public school perceived ridhkased maintenance maeagent (PRBMM) performance,
according to the earlier research. Thus, developing a PerceivedB&3skl Maintenance
Management (PRBMM) model that incorporates stakeholder perceptions and risk
prioritisation is essential to transforming maintenance practossying safe, functional, and
sustainable public schools. To fully validate and comprehend these perceived risks,
contemporary analytical methods like SEM are required. The creation of useful, empirically
supported PRBMM frameworks can be greatly advdrmefilling in these gaps. Therefore,
this research is to examine the relationships between the identified determinant factors (DFs)
influencing perceived rishased maintenance management (PRBMM) performance in public
schools.
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RESEARCH CONCEPTUAL MODEL

The use of the Theory of Planned Behaviour (TPB) gives a solid ground to understand
decisionmaking strategies in the aspect of fisksed maintenance management for schools
and public buildings. Fishbein and Ajzen's (1975) Theory of Reasoned Action {i&w#g
the intention to engage behaviour, based on attitudes and subjective norms, as determining a
person's behaviour. TRA, however, assumes volitional control and therefore lacks relevance
in scenarios where external control constrains actions. AjzerlT@®npleted this gap by
envisioning Theory of Planned Behaviour (TPB), which includes perceived behavioural
controb the person's belief in engaging behaviour despite obstacles. TPB is particularly
relevant to facility managers who rank maintenance aetviitnder conditions of safety,
legal, financial, and resource constraints. According to Decomposed Theory of Planned
Behaviour (DTPB) deconstructs its core concgmgtitudes, subjective norms, and perceived
behavioural contrd into measurable componentgth better predictive validity (Taylor &
Todd, 1995). Decomposition is critical in examining how facility managers' perception of
performance, operating, safety, and financial risk influences maintenance priority decisions.
The DTPB model therefore offeradvanced explanation of how particular beliefs and
stakeholder pressures propel action in resepom® public schools. Perceived Risk Theory
(PRT), from its roots in consumer behaviour research, extends further validation to such
models by using subjéee such as safety risks, budget constraints, and functional
disfunctions to decisicmaking (Bauer, 1960; Aven, 2016). Subjective risks strongly shape
schools' strategies for maintenance resource allocation, usually making structural
rehabilitation and @vention priorities in tight budgets.

By underpinning the DTPB, and PRT, the Perceived Bsged Maintenance
Management (PRBMM) model provides a structured framework fordtatan and context
specific maintenance prioritisation. The PRBMM model facilitates proactive maintenance
regimes thagnhance safety, performance, and sustainability in school buildings (Ajzen, 1991,
Fishbein & Ajzen, 1975; Taylor & Todd, 1995). Empirical testing confirms the validity of
DTPB to predict intentions to behave in various fields, confirming that attitudiejgctive
norms, and perceived behavioural control combined predict behaviour (Lobb et al., 2007;
Mullan et al.,, 2013). DTPB further increases this by enabling thorough analysis of risk
perception and stakeholder influence on facility managers' maintemoigions. The
conceptual model was developed based on the four (4) determinants of perceived risk, such
as financial risk (FR), operational risk (OR), performance risk (PR), and safety risk (SR). This
research concept consists of 20 items for independeiables and 3 items for dependent
variables. Consequently, four (4) hypotheses were established for this research based on the
research conceptual model as shown in Figure 1. Below are the hypotheses established from
the conceptual model:

Hypothesis 1: There is a significantly influence between performance risk (PR) towards
the perceived riskased maintenance management (PRBMM) performance of public schools.
This hypothesis suggests that effective management of performance risk can ¢hbance
overall performance of public schools. This hypothesis consists of equipment functionality,
facility functionality, impact on educational outcomes, learning environment, and
maintenance response time.
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Hypothesis 2: There is a significantly influence between financial risk (FR) towards the
perceived riskbased maintenance management (PRBMM) performance of public schools.
This hypothesis suggests that effective management of financial risk can enhanardhe
performance of public schools. This hypothesis consists of budget provision, cost efficiency,
funding stability, impact on lorterm sustainability, and resource availability.

Hypothesis 3: There is a significantly influence between safety risk (SR) towards the
perceived riskbased maintenance management (PRBMM) performance of public schools.
This hypothesis suggests that effective management of safety risk can enhance the overa
performance of public schools. This hypothesis consists of emergency preparedness, health
and sanitation, physical hazards, safety measures, and structural integrity.

Hypothesis 4: There is a significantly influence between operational risk (OR) towards
the perceived riskased maintenance management (PRBMM) performance of public schools.
This hypothesis suggests that effective management of operational risk can ahleance
overall performance of public schools. This hypothesis consists of disruptions in daily
operations, staff productivity and moral e,
stakeholder satisfaction.
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Figure 1. Research Conceptual Model

METHODOLOGY

The objective of this research is to examine the relationships between the identified
determinant factors (DFs) influencing perceived -bsised maintenance management
(PRBMM) performance in public schools. These determinant factors (DFs) are derived from
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multiple constructs identified in previous studies. It employs positivism, philosophical, and
deductive approaches that uses a questionnaire survey strategy for data collection.

Sample

For this research, selecting technical professionals as respondents provides a more valid
and specific perspective on maintenance and risk management in public schools. Technical
experts, with their specialized knowledge and experience, are uniquelyopeditto
understand the complexities of performance, financial, operational, and safety risks that
impact the effectiveness of maintenance practices (Ryberg, 2024; Burn, 2024; Derder, 2023;
Linardakis, 2023Ali & Nsolezi, 2023; Lavy & Shohet, 2016). As Amiddin and Baharuddin
(2023) point out, administrators may lack awareness oftatany risks that are critical for
maintenance management. In contrast, technical experts provide essential insights on how to
streamline maintenance practices, apply appatpritechnologies, and implement
interventions that can preventlehge r m i nf rastructure probl ems
Zulu et al., 2022; Sharma & Pundir, 2018). This research targets 137 technical experts in
maintenance management at government pabhiools in Petaling, Selangor, Malaysia, each
with at least one year of relevant experience. By focusing on these experts, the research aims
to gain a more informed and precise understanding of the risks associated with aging school
infrastructure. Expertnput ensures that the identified risks and proposed solutions are
realistic, comprehensive, and tailored to the specific needs of Malaysian public schools. To
ensure the reliability of the sample size, confidence levels and intervals were applied,
providng a positive and negative range for extrapolation to the broader population.
Throughout the process, the research adhered to ethical standards, including informed
consent, impartiality, confidentiality, and respect for participants' privacy (Foukaziz0).

All possible steps were taken to protect volunteers from potential harm during and after the
research.

Instrumentation

The questionnaire used in this research consisted of 20 independent variables (IVs) and 3
dependent variables (DVs), measured usingpaibt Likert scale, based on the conceptual
framework. It was divided into four sections: Section A covered instruainthslemographic
information; Section B focused on perceived {liglsed maintenance management
(PRBMM); Section C explored responses to perceived risks in public school maintenance;
and Section D included an opended question for further insights. Thevay aimed to
identify significant relationships between financial, operational, safety, and performance risks
affecting PRBMM. A wekbased survey was distributed through social media platforms,
including Telegram and WhatsApp.

Data Analysis

The data were processed using Structural Equation Modelling (SEM) with SmartPLS
v4.1.0.3 software. SEM was applied in two steps: measurement model testing to validate
construct reliability, and structural model testing to analyse relationships amongidaterm
factors (DFs) influencing PRBMM performance in public schools. SPSS v29 was used for
Exploratory Factor Analysis (EFA), and SEM was bootstrapped to test the significance of the
relationships.
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FINDINGS
Re s pondEPerofiled s

In this research, a total of 137 responses were successfully gathered, achieving a 100%
response rate. With a 100% response rate, all collected questionnaires were thoroughly
examined, confirming that there were no missing values across the dataseevé&hisf |
response completeness eliminated the need to omit any data, providing a fully intact and
comprehensive dataset of 137 respondents. A minimum sample size of 107 with a 95%
confidence interval of 5% error and 121 with a 99% confidence interval c#r&86 were
required for this research. This implies that the data and findings were valid. Therefore, this
dataset allowed for reliable and thorough analysis, ensuring that all responses contributed to
the final research findings without any exclusionse @halysis was subsequently conducted
further with SEM, and the results are revealed in the following sections. Table 1 details the
demographic profiles of the main survey respondents. Technical experts in public school
maintenance answered the questiorataiThe majority of 137 participants (44.5%) had a
bachelor's degree, followed by a diploma (31.4%) and a master's (19.0%). 45.3% had more
than 10 years of experience, while 23.4% hadl years. Assistant Engineers/Architects
(38.0%) and Engineers (28.5%)ere the most common positions, followed by Building
Surveyors (10.2%) and Quantity Surveyors (8.0%). Facilities managers, assistant facilities
managers, administrative officers, and a few others were also surveyed.

Tablel. Respondentds Profile
Profiles Frequency Valid Percent  Cumulative Percent

Qualification  Certificate 5 3.6 3.6
Diploma 43 314 35.0
Bachelor 61 44.5 79.6
Master 26 19.0 98.5
PhD 1 0.7 99.3
Others 1 0.7 100.0
Total 137 100.0

Experiences  None 10 7.3 7.3
07 1 8 5.8 13.1
27 4 32 234 36.5
517 15 10.9 47.4
871 10 10 7.3 54.7
More than 10 62 45.3 100.0
Total 137 100.0

Position Facilities Manager 2 15 15
Assistant Facilities Manager 1 0.7 2.2
Building Surveyor 14 10.2 12.4
Quantity Surveyor 11 8.0 20.4
Engineer (Civil, Electrical, Mechanical) 39 28.5 48.9
Architect/Landscape Architect 1 0.7 49.6
Assistant Engineer/Architect 52 38.0 87.6
Assistant Quantity Surveyor 3 2.2 89.8
Administrative and Diplomatic Officer 3 2.2 92.0
Assistant Diplomatic Officer 4 2.9 94.9
School Administrative 4 29 97.8
Others 3 2.2 100.0

Total 137 100.0
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Measurement Model Assessment

Testing scale reliability and validity require measurement assessment. Also measures
manifest and latent variables (Loehlin, 1998). This measurement model was tested for
independent and dependent variable convergence and discriminant validity. ExcegEfor A
loadings, all loadings exceeded 0.40, and most exceeded 0.80. Factor loads we@e9B301
Items with loadings below 0.70 were significant (Hair et al., 2010). High factor loadings
suggest convergent validity. All constructs factor loading exceedd&deXcept AVE. The
research examines public school PRBMM and perceived risk determinants. Performance Risk
(PR) has moderate validity and good reliability. Both Operational Risk (OR) and Safety Risk
(SR) have acceptable validity and strong reliability.aficial Risk (FR) shows excellent
validity and reliability. The PRBMM Response has low validity but high reliability. Despite
high reliability scores, performance risk and PRBMM response AVE values suggest
convergent validity issues. Operational, safety, famncial risk are weltlefined and reliable
according to PRBMM framework criteria shown in Table 2. To improve research validity,
future research should refine measurement items and explore new constructs. This method
will improve public school maintemae management by understanding perceived risks.

Table 2. Convergent Validity

Determinant Factor AVE Cronbachoés Al Composite Reliability (CR)
PR Performance Risk 416 .843 779
OR Operational Risk .622 .821 .891
SR Safety Risk .622 .866 .891
FR Financial Risk .833 .842 .938
RES Response of PRBMM .404 .898 .768

Table 3 shows good discriminatory validity. Performance, operational, and safety risks
are strongly correlated. PRBMM of financial risk and response have high internal
correlations, confirming their distinctiveness.

Table 3. Discriminate Validity

Determinant Factor AVE PR FR SR OR RES
PR Performance Risk 416 .645*
OR Operational Risk .622 .789*
SR Safety Risk .622 .789*
FR Financial Risk .833 .913*
RES Response of PRBMM 404 .636*

Structural Model Assessment

Subsequently, the path coefficients of all perceived risk factors are compared using beta
(b)) values. The path coefficients represent
indicating the strongest impact of perceived risk factors (indepemdeables) on PRBMM
responses (dependent variables). Hair et al. (2010) state that path coefficients must exceed
0.10 to influence the model. However@alue test is necessary to evaluate the significance
of the P value.
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The previous study used ngarametric bootstrapping (Chin, 1998). The statistical
significance of each path coefficient was assessed using bootsgampéng (Henseler et
al., 2016). For stable estimates, 5000 resample iterations were done. Acooidaiget al.
(2014), acceptable twiailed testdvalues are 1.64 (significance level = 0.10 or 10%), 1.96
(0.05 or 5%), and 2.58 (0.01 or 1%). The hypothesis testing shows in Table 4 indicates that
financial risk, operational risk, performance risk, aatety risk significantly affect PRBMM
responses. Path coefficients angitues showed that these factors were related, highlighting
their importance in improving public school maintenance management. The path coefficients
for Performance Risk, OperatidrRisk, Safety Risk, and Financial Risk surpass the 0.01
threshold, according to the bootstrapping results underscoring these determinant factors (DFs)
significantly influence on the PRBMM responses

Table 1. Results of Hypothesis Test
Relationship of Determinant Path Coefficient

Hypothesis Factors 1> Response of PRBMM 0) T Value P Values Remarks
H1 Rzgg;’;?:‘gfﬁ,gsskJM 0.087 1.854%++ 0032  Significant
e e ame omo
H3 Ressgéiggi;kREMM 0.116 1.815%+* 0035  Significant
Ha i) el 0.093 1,657+ 0.049  Significant

Response of PRBMM

RESULTS AND DISCUSSION
Perfor mance Risk

HO1: Performance risk (PR) significantly influences the perceived-baskd
maintenance management (PRBMM) performance of public schools. Thus, the hypothesis is
accepted.

Performance Risk affects PRBMM responses with a path coefficient of O:1dlGigt of
1.815, and gralue of 0.035. This suggests that improving maintenance management requires
addressing performance risks. Performance Risk significantly affects PRBMMhsespo
emphasising the importance of performance management in public school maintenance.
Performance risks like poor maintenance quality and inefficiencies may affect maintenance
programmes (Duncan et al., 20T&ng et al., 201,8and Kauppi et al., 2016)Although the
framework correctly notes these issues, it would be advantageous to incorporate a more
thorough understanding of performance risk that considers not only the physical
circumstances but also the psychological effects on staff and studeistgsybhological
factor, which is frequently disregarded, has the potential to have a substantial impact on
opinions about safety and general satisfaction, which could have an indirect effect on
academic results (Okudan, Budayan & Dikmen, 2021). Theredorepre comprehensive
understanding of how school maintenance impacts learning outcomes may be possible
through a holistic approach that considers both the tangible and intangible aspects of
performance risk. These risks must be addressed to ensure adgeanctiviies meet
standards and achieve their aims. Failure to manage performance risks could compromise
school facilities, affecting learning and safety.
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Therefore, school maintenance management must prioritise performance improvement
initiatives with strict quality controls and efficiency measures.

Financial Risk

HO2: Financial risk (FR) significantly influences the perceived-biaked maintenance
management (PRBMM) performance of public schools. The hypothesis is accepted.

Financi al ri sk is significantly <corfelate
value of 1.854, and a-yalue of 0.032, demonstrating the importance of finances in
maintenance management. Public school maintenance requires effective financiaggtann
avoid risks of delaying essential maintenance due to financial constraints. Adequate budgeting
ensures efficient resource use, prompt maintenance, and cost savitnggjéAl 2007, Lee,

2009, Shapiro et al., 2019, and Shehata et al., 2021). Maigek maintenance schedule
requires consistent funding, and letegm financial planning ensures sustainability and the
availability of resources to keep facilities safe and functional (Arrondel et al. (2013) and
Rabaya et al. (201B) Poor financial management makes educational institutions more
vulnerable and less efficient in maintenance. For instance, it has been demonstrated that
financial risk includes budgetary allocation, cost effectiveness, and funding stability,
emphasisinghte necessity of a dike resource base to handle both planned and unforeseen
maintenance tasks. According to researchers, a lack of funding may cause maintenance to be
neglected, which could raise future repair expenses and jeopardise the structural soundness of
school buildigs (Buban & Janer, 2024; Beauregard & Ayer, 2018). Although this framework
places a strong emphasis on financial risk as a key component of maintenance effectiveness,
some academics disagree, contending that while financial constraints do have anheypact, t
shouldn't take precedence over strategic planning and resource allocation abilities, which can
make better use of the resources at hand to make up for tight budgets (Myles, 2011; Hassanain
et al., 2019).

Safety Risk

HO3: Safety risk (SR) significantly influences the perceived-bgked maintenance
management (PRBMM) performance of public schools. Thus, the hypothesis is accepted.

Safety Risk significantly affects PRBMM responses with a path coefficient of 0:093, t
value of 1.657, and-palue of 0.049. Safety must be prioritised for effective maintenance
management. The strong correlation between safety risk and PRBMM responses
demastrates how important safety is in maintenance. Safety funds must be sufficient for cost
efficiency and funding stability. Funding and resources support immediate safety needs and
long-term maintenance sustainability (Dagunduro et al., 2024, Falco e2021 and
Alkhadim et al., 2018). Addressing safety risks can reduce accidents and equipment failures
and improve public school maintenance management. From a research standpoint, the
framework's emphasis on safety is consistent with the larger risk nmeageoal of
safeguarding the health and welfare of building occupants. However, detractors contend that
many educational institutions' safety procedures are still reactive rather than proactive, mostly
because of underestimating risks or a lack of regsufChandrappa & Das, 2024; Janius et
al., 2024).
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According to AtWorafi (2024), an integrated safety management approach is required in
this context. This approach should include regular audits, risk assessments, and updates to
safety protocols as part of a continuous improvement process. However, this continuous
evaluation ecessitates administrative and financial assistance, which is frequently lacking in
schools with limited resources. According to the authors, to continuously create a safe
learning environment, schools must make safety a top priority.

Operational Risk

HO4: Operational risk (OR) significantly influences the perceivedoaged maintenance
management (PRBMM) performance of public schools. Thus, the hypothesis is accepted.

Operational Risk significantly affects PRBMM responses with a path coefficient of 0.091,
t-value of 3.827, and-palue of 0.000. Improving public school maintenance requires
effective operational risk management (Chen et al., 20h&n et al., 20%3and Chernobai
et al, 2011). Operational risk is a crucial but frequently underemphasised aspect of
maintenance management. This risk type encompasses disruptions to daily school activities
due to equipment breakdowns or inefficient maintenance practicesrarhework rightly
emphasises that operational risks can undermine school productivity and stakeholder
satisfaction, including students, parents, and staff members (Mitchell, 1992; Tezel et al.,
2016). Poorly managed operational risks can lead to reputadmage and reduced morale,
which in turn affects the school és abilit
However, the framework could further explore the kbegn implications of operational
disruptions, such as increased turnover among nmainte staff and burnout among teaching
staff due to continuous interruptions (Savolainen, 2023; Najeeb, 2024). Alavi et al. (2014)
argue that proactive operational risk management should go beyond simply scheduling
repairs; it should involve comprehensigianning, including predictive maintenance and
contingency plans for rapid response to disruptions. This approach requires a robust data
collection and analysis system to predict potential disruptions, which may not be feasible for
all schools. Neverthelssin resourcdimited settings, adopting even smatlale predictive
tools can lead to more reliable maintenance practices and reduced operational risks.

Validation of Research Findings

The purpose of this process is to ensure that the proposed model meets a reasonable level
of acceptance by the partitioners and is appropriate for use within the industry context.
Consequently, ten (10) practitioners experienced in managing maintengudgiérschools
participated in an interview to mark their level of acceptance on determinants of perceived
risk and to validate the research model of PRBMM for public schools. These experts were
selected based on criteria of Pertinent/ relevant and \®efiprevious experience/
knowledgeable in managing maintenance in public schools, direct involvement/ recent
handling in managing public schools maintenance and experts have more than 20 years of
experiences in managing maintenance management in puldmsoh an academic qualified
as a professional engineer, registered under the Board of Engineers Malaysia (BEM) and
Institute of Engineers Malaysia (IEM), Board of Architects Malaysia (BAM), Institutions of
Engineers of Malaysia, Project Management Peifeml, Royal Institution of Surveyor
Malaysia (RISM) and Malaysian Society for Occupational Safety and Health (MSOSH).
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Results of the acceptance level are summarised in Table 5 where each expert and mean rating
of each validation aspect of confirmation.

Table 5. Validation Results Based on The Responses of 10 Validators

Validators .
Level of Acceptance Mean Rating
1* 2 3 4 5 6 7+ 8F O 10*

PR 5 5 5 5 5 5 5} 5 5 5 5.00
OR 5 5 5 5 5 5 5 5 5 5 5.00
SR 5 5 5 5 5 5 5} 5 5 5 5.00
FR 5 5 5 5 5 5 5 5 5 5 5.00
RES 5 5 5 5 5 5 5} 5 5 5 5.00
Note: 1=Not all satisfied 5=Extremely satisfied

Note: *Experts who had participated in developing of PRBMM Model

According to 10 expert validators, the PRBMM model is highly approved. Each validator
gave the model a mean score of 5.00 for all determinant factors, including Performance Risk
(PR), Operational Risk (OR), Safety Risk (SR), Financial Risk (FR), and RespRES).

The consistent rating of 5, indicating "Extremely satisfied," confirmed the model's acceptance
and perceived effectiveness in public school maintenance management. This expert consensus
confirms the PRBMM model's industry relevance and applitgbil

CONCLUSION

Perceived RisiBased Maintenance Management (PRBMM) model was designed and
verified for public schools, highlighting the importance of Performance Risk, Financial Risk,
Safety Risk, and Operational Risk in maintenance management solutions. The research fo
that the effectiveness of maintenance practices for public school performance is significantly
influenced by these four risk factors, as evidenced by the rigorous analysis of data collected
from 137 technical experts using Structural Equafibodelling (SEM). As a result of
decaying school infrastructure, which creates safety dangers and disturbs learning
environments, this model addresses a major need in the education sector in Malaysia. The
PRBMM model provides a rigorous, datdven methodlmgy that enables proactive
maintenance decisiemaking, optimises resource allocation, and improves infrastructure.
According to the findings, this research not only fills the critical gap in maintenance
management literature but also delivers a prdctiedidated model that empowers technical
experts and decisiemaker to move beyond reactive repairs towards a proactive and could
improve maintenance results even more. The results highlight this model is empirical
foundation and expert endorsement make @rapelling blueprint for legislators and school
officials to revolutionise school maintenance management, not only in Malaysia but globally.
Ultimately, to improve public school maintenance and fostering a conducive learning
environment that supports acaderaxcellence and welbeing for future generations, this
research shows that addressing financial, operational, safety, and performance risks is crucial.
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Abstract

This study presents a comparative analysis of the UNESCO World Heritage Sites of Melaka
and George Town: Historic City of the Straits of Malacca in Malaysia and the Historic City of
Vigan in the Philippines, exploring how they preserve architectural heritage in urban settings.
The research assesses the interplay of physical and non-physical features to enhance the
resilience and sustainability of the sites. The analysis highlights the importance of both physical
features - such as structural integrity, design and materials - and non-physical features -
including management, community and cultural - in urban heritage conservation. The
outcomes of conservation efforts vary due to the unique historical, cultural and socio-political
fabric of each site. Vigan's conservation focuses on Spanish colonial architecture and
traditional skills, while George Town leverages its multicultural heritage through community
collaboration and diverse influences. Key findings highlight the need for carefully crafted
policies, effective resource allocation and inclusive stakeholder collaboration for successful
heritage conservation. The research supports context-sensitive approaches to reconcile
conservation with contemporary use, thereby promoting heritage longevity. Overall, the study
identifies Vigan and George Town as models for integrating heritage conservation with
sustainable urban living, emphasizing historical integrity alongside vibrant culture. It
recommends further analysis of the long-term impact of conservation activities on the socio-
economic environment and innovative conservation methods for World Heritage sites.

Keywords: Architectural resilience; Heritage management; UNESCO World Heritage Sites; Urban
heritage conservation; Resilience

INTRODUCTION

The increasing importance of preserving cultural heritage sites in urban areas, especially
with threats from climate change and urbanization (Oyeleye & Bigon, 2025), necessitates a
deeper understanding of architectural resilience, particularly for UNESQiDed Nations
Educational, Scientific and Cultural Organization) World Heritage ¢Ngsiyen & Baker,

2023). The resilience of these UNESCO World Heritage sites in urban contexts carries
significant implications for safeguarding cultural heritage ampissentday challenges
(Ferreira et al., 2021).

With urbanization and climate change posing continuous threats to historical sites, it is
crucial to comprehend both physical (Genadt, 2020) anephgsical (Tavares et al., 2021)
elements of architectural resilience for sustainable urban developmerititedtaral
resilience encompasses not only the structural integrity (Mayar et al., 2023), materials
(Mayhoub et al., 2021), and design of buildings (Chhabra, 2021) (physical elements), but also
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the intangible cultural elements, community engagement (Y. Wang et al.,, 2018), and
management strategies (Shadar & SHawtsly, 2024) that contribute to their enduring
significance (Ellis et al., 2022) (nguhysical elements). Urban built heritage playsla in
building resilience, particularly in the economic dimension, through tourism, and in the social
dimension, by embodying the identity of local populations (Fabbricatti et al., 2020;
Walidonna et al., 2024).

While research recognizes the importance of physical anglmgsical features, a crucial
gap remains: How can conservation practices effectively balance these elements to ensure
holistic architectural resilience? Therefore, this study seeks to answielidiagng research
guestion: How can conservation practices at UNESCO World Heritage sites best integrate
physical and noiphysical elements of architectural resilience to ensure the sustainable
preservation of cultural heritage in the face of urbanizatimhclimate change?

This paper presents a comparative study of heritage sites, assessing the integration of
physical and noiphysical resilience elements to address this question. The review synthesizes
current research to identify key factors used in evaluating resiliettg@atély, this aims to
provide a framework for researchers, practitioners, and policymakers to better understand,
assess, and enhance the resilience of architectural heritage sites. To provide a clear roadmap,
this paper begins with a literature reviewlldwed by an outline of the methodology. The
core of the analysis involves a discussion and comparative perspective. The paper then
concludes with a summary, conclusion, and recommendations for future research.

LITERATURE REVIEW

Architecture resilience refers to the ability of a building or site to withstand and recover
from various external and internal stresses, such as natural disasters, climate change, social
and economic change, and rapid urbanisation (Laboy & Fannon, ZDHiS).concept
emphasizes the importance of preserving not only the physical features, but also-the non
physical features, traditions and social meanings associated with these heritage sites. Physical
features include structural integrity (Mayar et al., J028aterials used (Mayhoub et al.,

2021) and architectural design (Chhabra, 2021), while-piysical features include
intangible cultural elements, community engagement (Y. Wang et al., 2018) and management
strategies (Ellis et al., 2022).

UNESCO World Heritage Sites

UNESCO World Heritage sites are selected for their exceptional universal value and the
necessity of protection (UNESCO, 1972). These sites can be cultural, natural, or a
combination of both. Cultural heritage sites, in particular, undergo selection lvasettioa
that acknowledge their historical, artistic, or scientific significance (Khalaf, 2020). The
physical characteristics of architectural resilience, including structural integrity, traditional
construction methods, and the sustainable use of hoagdrials, are key factors in assessing
a site's resilience.
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Physical Features of Architectural Resilience

The physicalfeatures of architectural resilience are of fundamental significance for the
durability and sustainability of heritage sites in urban contexts. An understanding of these
characteristics is important for the development of preservation strategies toimthiata
authenticity of heritage sites.

Structural Integrity is a fundamental aspect of architectural resilience is ensuring the
building's structural integrity. This refers to the ability of a building's framework to withstand
forces without collapsing or suffering critical damage (Mayar e2@R3). It involves careful
engineering and construction techniques to ensure that loads are properly distributed
throughout the structure (Zekry & ELaweel, 2023). This encompasses several key
elements: the structural system, which dictates how loealgransferred throughout the
building; the structural condition, which highlights the importance of regular maintenance
and timely repairs; and environmental adaptation, which is the structure's ability to withstand
environmental stressors (Kioumarsi &t 2022). For heritage sites, maintaining structural
integrity often requires regular inspection, timely repairs, and, in some cases, the retrofitting
of existing structures with modern reinforcement methods (Damas Molla et al., 2022).
Understanding the riginal construction methods and materials is crucial for effective
intervention.

The selection of appropriate construction materials plays a vital role in fostering resilience
within architectural designs. Durable materials that can resist weathering, decay, and the
impacts of natural disasters are essential (Giglio et al., 2024)itionadl materials, like
locally sourced stone or timber, often possess inherent resilience due to their adaptation to the
regional climate (Leskovar & Premrov, 2021). However, modern materials, such as reinforced
concrete or certain composites, can aldwege resilience when used strategically (Piccardo
& Hughes, 2022). This involves consideration of material types, where durable and locally
sourced options are preferred, as well as material authenticity, which is important for
preserving the historicaharacter of heritage sites.

In addition to structural and material considerations, the architectural design itself plays
a key role in resilience. Climatesponsive design considers local climate conditions to
minimize energy consumption and enhance occupant comfort (Lin et &), 20 includes
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the consideration of architectural styles (Chhabra, 2021), and decorative elements (Srimuang
et al., 2023). In the context of heritage sites, design must also respect the building's historical
character and aesthetic value (Cotter & Karsono, 2023). Thisnwalve adapting traditional

design principles to meet modern performance standards (Rebec et al. A20R@¢ctural
resilience involves structural strength, durability of buildings, use of sustainable materials,
and consideration for local climatedaenvironmental factors against natural disasters and
climate change impacts. These features are critical to maintaining heritage site integrity over
time.

Non-Physical Features of Architectural Resilience

Non-physical elements, such as traditional knowledge and practices, are essential to the
conservation of heritage values. Local traditions and crafts also play an important role in
enriching the cultural significance of heritage sites and fostering corynidantity (Onecha
et al., 2021). Community involvement in site management is essential to ensure the
sustainable protection of these sites (Y. Wang et al., 2018). Effective management strategies
such as monitoring (Masciotta et al., 2016), adaptive ré€@saVang & Liu, 2021) and
sustainable tourism practices (Lussetyowati, 2015) contribute significantly to the resilience
of sites to urbanization and external pressures on UNESCO World Heritage sites.

Community engagement is vital for fostering a sense of ownership and shared
responsibility in the preservation of heritage sites (Ellis et al., 2022). Community participation
in site management ensures that local voices are heard and that preservatsoaligifiovith
community values (Fabbricatti et al., 2020). Empowering communities to actively participate
in the protection of their heritage can lead to more sustainable and culturally sensitive
outcomes (Shadar & Shaétinsly, 2024). Recognizing and pesting the cultural
significance of heritage sites is paramount for their preservation (Khaznadar & Baper, 2023).
This involves understanding the traditional knowledge, practices, and beliefs associated with
a site, and incorporating these elements into conservation efforts (Jokilehto, 2006). By
safeguarding the cultural heritage values embedded within these sitegeagthen their
ability to contribute to community identity and resilience.

In conclusion, the resilience of architectural heritage hinges on a holistic approach that
integrates effective management through regulations, funding, and institutions, active
community participation to foster ownership and align preservation withvatas, and the
safeguarding of intangible cultural significance rooted in traditional knowledge and practices.
By weaving these nephysical elements into the fabric of conservation efforts, we can ensure
the enduring value, identity, and adaptabilityhefritage sites in the face of emarolving
challenges

METHODOLOGY

This study examines the physical and 1pinysical aspects of architectural resilience in
UNESCO World Heritage Sites in urban areas of South East Asia. The selection criteria focus
on the significance of the sites within major urban areas, as well aeniagchphic and
economic challenges they face. In selecting UNESCO World Heritage sites in Asia, an
approach is taken to ensure that the sites selected are representative of the diversity and issues
that exist in urban heritage settings. The UNESCO Worlditdige List, available at
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https://whc.unesco.org/en/list/&order=regiorserves as a key resource for this purpose.
These sites will be selected to showcase different resilience strategies, management methods
and community involvement, providing valuable insights into heritage conservation in the
changing urban landscapes.
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Figure 2. Research Methodology

The comparative analysis will therefore focus on two different UNESCO World Heritage
sites in South East Asia: Melaka and George Town: Historic City on the Straits of Malacca,
Malaysia andHistoric City of Vigan, Philippines. These sites have been selected for their
unique physical and ngphysical features, which together contribute to their architectural
resilience within the broader context of urban heritage. The next step will bergptilasc
analysis to understand the specific factors that influemeeartchitectural resilience of these
sites. This will help to identify consistent patterns of strengths present in these heritage sites
that directly contribute to their sustainability and resilience to external pressures.
Furthermore, the analysis will lperesearchers to understand the relationship between these
factors and the sustainability of heritage sites over time. This analysis will provide insights
for the development of maintenance strategies to enhance architectural resilience, enabling
stakehallers to develop more targeted approaches to the conservation of UNESCO World
Heritage sites in urban areas.

For the purposes of this comparative analysis, Melaka and George Town: Historic City
on the Straits of Malacca, Malaysia, will be considered as a single entity and will be referred
to as 'George Town' for brevity. This simplification allows for a focusedparison with the
Historic City of Vigan, Philippines (‘Vigan'), highlighting key aspects of architectural
resilience in these UNESCO World Heritage Sites.
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A key limitation of this study arises from its reliance on documentary data, encompassing
sources such as academic publications, governmental reports, and UNESCO dossiers, to
characterize the architectural resilience of Vigan and George Town. While &ueselary
sources provide a foundational understanding of the cities' heritage and conservation efforts ,
they inherently reflect the perspectives and priorities of the authors and institutions involved,
potentially overlooking nuances present in the livagberiences of local communities.
Furthermore, the utilization of visual data from platforms like Google Street View and the
UNESCO dossier offers a constrained observational field compared to immerssigs on
ethnographic fieldwork. This constraint mkyit the depth of understanding regarding the
complex interplay between the built environment and daily life. To mitigate these limitations,
future research should prioritize the incorporation of primary qualitative data, gathered
through methods such ssmistructured interviews with residents, participatory observation,
and archival research within local historical societies, to provide a more holistic and nuanced
understanding of architectural resilience in these UNESCO World Heritage Sites.

RESULT

Melaka and George Town : A Historic City of the Straits of Malacca, Malaysia

Melaka and George Town, inscribed on the UNESCO World Heritage List in 2008,
exemplify the successful fusion of Malay, Chinese and European architectural styles in their
enduring shophouses (Ahmad & Abdullah, 2010). Their preservation is ensured byeadaptiv
reuse and a strong sense of local identity, nurtured by intangible cultural practices (Khoo et
al., 2015). Essential to their maintenance are effective management (S.L., 2020), community
involvement (Sazali et al., 2023) and sustainable tourism (Mizai®yh2023), which
together safeguard the rich heritage of these Malaysian cities.

(Source: Gary Arndt, 2024 ; Shutterstock, 2024)
Figure 3. Melaka and George Town: A Historic City of the Straits of Malacca, Malaysia

Physical Features in Melaka and George Town: Historic City of the Straits of
Malacca, Malaysia

The historic cities of Melaka and George Town, Malaysia, showcase a rich architectural
tapestry woven from diverse cultural influences (Hassan et al., 2019). Their structural
integrity is evident in the interplay of traditional Malay timber framing tealesqwith
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Portuguese and Dutch colonial influences, resulting in unique building forms like shophouses
with arcades and Chinesgspired elements (Yusof & Ahmad, 2018). Continuous restoration
efforts and structural reinforcements ensure the buildings' longevitg wdgbecting their
historical significancdEmpili & Husain, 2024). Furthermore, these structures demonstrate
environmental sensitivity through features like bamboo canopies for shading, highlighting an
awareness of the local climate (Khoo & Woo, 2024 Tike of readily available materials
such as tropical hardwoods, laterite stone, clay roof tiles, ceramic tiles, brick, and timber
further emphasizes this resourcefulness (Siang, 2023). While original materials are
prioritized, the use of substitute magdsiis carefully considered to balance preservation with
practicality (Aziz, 2017). Finally, the fusion of Traditional Malay, Portuguese, Dutch, and
Chinese architectural styles, adorned with intricate details like European and Ghapassl
elements, eramic tile work, and woodcarving, creates a unique and visually captivating urban
landscape

(Source: Google Street View, 220 ; Google Street View, 2014)
Figure 4. Buildings at Melaka and George Town, Malaysia

Non-Physical Featuresin Melaka and George Town: Historic City of The Straits
of Malacca, Malaysia

The historic cities of Melaka and George Town, Malaysia, benefit from a robust
framework of normphysical features that contribute to their ongoing preservation. Effective
management strategies are implemented through clear regulations and policiesalL,ee et
2008), including zoning regulations, building codes, and conservation guidelines, ensuring
development aligns with heritage values (Amat, 2019). Financial support is provided through
initiatives like the George Town Heritage Habitat Seed Funds aridusamcentives,
encouraging community involvement in preservation efforts (Mui & Leng, 2022).
Institutionally, organizations like George Town World Heritage Incorporated (GTWHI) and
The Penang Government play a crucial role in overseeing conservatigs. éflommunity
participation is actively fostered through collaborations with GTWHI, community groups,
and events like the George Town Heritage Festival, fostering a sense of shared responsibility
for their heritage (Suhaimi & Bustami, 2020). Furthermordrant cultural practices,
including performing arts, culinary experiences, the George Town Heritage Festival, and
religious and cultural celebrations, ensure the continued relevance and vitality of these cities’
heritage (Foo & Krihnapillai, 2019; D. Omat al., 2018).
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(Source: gtwhi.com, 2024)
Figure 5. Festivals Flyer at Melaka and George Town, Malaysia

Historic City of Vigan, Philippines

Located in llocosSur, the UNESC@isted city of Vigan is a relic of the Spanish colonial
era, with a unique blend of Asian and Filipino architecture (UNESCO National Commission
of the Philippines, 1999). Its cobbled Calle Crisologo is lined with-prelserved ancestral
homes that embody Vigan's rich heritage. The town's use of terracotta and wood epitomises
its aesthetic charm and practicality. Vigan preserves its cultural identity, which includes
traditional crafts and rituals (Rose et al., 2020). Vigan seamlessly hiternistoric Spanish
influence with local traditions to create a vibrant cultural mosaic (Montero & Lozano, 2015).

Physical Features in Historic City of Vigan, Philippines

(Source: UNESCO, 2025)
Figure 6. Buildings at Historic City of Vigan, Philippines

The city of Vigan in the Philippines, known for its wedteserved Spanish colonial
architecture, exhibits a distinct set of physical features that contribute to its structural
integrity. The dominant architectural style, bahay na bato (house of stone) (Pahimnayan
Pagador et al., 2025), features sturdy wooden structures on the upper level and brick or stone
on the lower level, showcasing a blend of indigenous and colonial influences (Lico, 2021).
Continuous restoration efforts and structural reinforcememssire the buildings' longevity
while preserving their historical character (Cruz, 2017a). Environmental adaptation is evident
in features like capiz shell windows, which allow for natural ventilation and light while
filtering direct sunlight (PahimnaydaPagador et al., 2025). The use of local materials like
brick and stones, hardwoods, terracotta roof tiles, and cobblestones émthkasizehe
city's architectural identitgTabunan, 2022). While original materials are prioritized, the use
of substitute materials like galvanized iron sheets is carefully considered to balance
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preservation with practicality (PahimnayBagador et al., 2025). The fusion of Spanish and
Chinese architectural styles is evident in the buildings' design, further enriched by intricate
wood carvings, wrought iron grilles, and religious decorative elesnereating a unique and
visually captivating streetscape (Amistad, 2010).

Non-Physical Features in Historic City of Vigan, Philippines

The city of Vigan in the Philippines benefits from a robust framework ofpioysical
features that contribute to the safeguarding of its cultural heritage. Stringent regulations and
policies, including heritage zoning regulations and conservation guideénesye that
development respects the city's historical character (UNESCO, 2010). Funding initiatives,
such as the UNESCO Heritage Emergency Funds, provide financial support for preservation
efforts (Dolor et al., 2019). Institutionally, organizatioike Ithe City Government of Vigan
and ICOMOS Philippines play a crucial role in overseeing conservation activities (Sur et al.,
2024). Community participation is actively encouraged, with merchants and traders along the
historic streets, community groupsiceevents like the llocos Sur Festival fostering a sense
of shared responsibility for their heritage (Royce Chan, 2020). Furthermore, vibrant cultural
practices, including the World Heritage Cities Solidarity Cultural Festival and various
religious and culral celebrations, ensure the continued relevance and vitality of Vigan's
cultural heritage.

(Source: AZY Traveller, flickr, 2025)
Figure 7. Binabatan Festival of the Arts at Historic City of Vigan, Philippines

DISCUSSION AND COMPARATIVE PERSPECTIVE

This study embarks on a comparative exploration of architectural resilience in Southeast
Asia, focusing on the distinct yet interconnected heritage landscapes of George Town in
Malaysia, and Vigan in the Philippines. Bgalysingthe interplay of physical features, such
as architectural styles and building materials, and-pfosical aspects, including
conservation policies and cultural practices, this comparative perspective seeks to unravel the
diverse approaches employed inesafarding their unique h&age. Through highlighting
similarities, differences, and potential challenges, this analysis aims to extract valuable
insights into the dynamics of urban heritage preservation in the region.
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Table 1. Comparative Table Between Two Case Study
Melaka and George Town: S )
Features Historic City of The Straits of Al gty o e, Key Factors
. Philippines
Malacca, Malaysia

Physical Features

Structural Integrity

Structural System Malay timber frame Bahay na Bato 1 Durability
Portuguese & Dutch Colonial Sturdy wooden structures 1 Adaptation
Influence. 1 Restoration
Shophouse with the arcade &  Assessment
Chinese style influence

Structural Condition Restoration & structural Restoration & structural
reinforcements implemented reinforcements implemented

Environmental Bamboo canopy as shading Capiz style windows panel

Adaptation element

Materials

Material Types Tropical hardwoods Brick & stones, hardwoods, 1 Authenticity
Laterite stone, clay roof tiles, terracotta roof tiles, 1 Sustainability
ceramic tiles, brick & timber cobblestones, galvanized iron 1 Heritage

sheets. g .
. " . . - - . - Craftmanship

Material Authenticity Original materials still in use &  Original materials still in use &
use of substitute materials use of substitute materials

Design

Architectural Styles  Traditional Malay, Portuguese,  Spain-Chinesse Architecture 1 Functional
Dutch, and Chinese Style style Adaptability
Influence 1 Preservation of

Decorative European & Chinese style Intricate woodcarving, wrough Aesthetics

Elements elements iron grilles, religious decorative 1 Innovation within
Ceramic tiles, woodcarving element Tradition

Non-Physical Features

Management

Regulations &
Policies

Funding

Institutional

Community

Community
Participation

Cultural
Cultural Practice

Zoning regulations, building
codes, conservation guidelines
George Town Heritage Habitat
Seed Fund, Incentives

George Town World Heritage
Incorporated

The Penang Government

George Town World Heritage
Incorporated, Community
Groups

George Town Heritage Festival
Building Maintenance Incentives

Performing Arts, Culinary
Experience, George Town
Heritage Festival, Religious &
Cultural Celebrations

Heritage zoning regulations,
conservation guidelines

UNESCO Heritage Emergency
Funds

City Government of Vigan
ICOMOS Philippines

Merchant & Traders along the
streets

Community Groups
llocos Sur Festival

World heritage Cities Solidarity
Cultural Festival

Religious & Cultural
Celebrations

1 Policy Development
1 Resource Allocation

1 Stakeholder
Collaboration

1 Tourism Planning

1 Cultural Engagement
1 Knowledge Transfer
1 Local Advocacy

1 Symbolism and
Identity

9 Cultural Celebration
1 Living Heritage

A striking commonality between the historic cities of George Town and Vigan lies in
their shared experience of colonial influence, deeply embedded in their architectural styles.
George Towrexhibitsa captivating blend of Portuguese, Dutch, and British influences, Vigan
stands as a testament to Spanish colonial grandeur. Despite their distinct colonial pasts, both
locations prioritize the use of original materials in restoration efforts, recogtiaingrucial
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role in preserving architectural authenticity. However, they also acknowledge the practical
limitations and embrace the use of substitute materials when necessary, striking a balance
between preservation and practicality. Furthermore, both demonstragée araerstanding

of their tropical climate, incorporating architectural features that promote natural ventilation
and shade. Beyond the physical, both locations recognize the importance of community
engagement in heritage preservation, fostering activieipation from residents, merchants,

and community groups. This shared emphasis on community involvement contributes to the
vibrant cultural tapestry of both locations, evident in their numerous festivals, culinary
traditions, and religious practices.

Policy Development

e
Stakeholder s

Collaboration Architectural Resilience ey [ []_Adaptation
e
—>| Assessment

Cultural Engagement Ie‘ c . Non-Physical Physical

I Features Features

Knowledge Transfer |€
Heritage Craftmanship
Local Advocacy

Functional Adaptability

Preservation of
Aesthetics
Innovation within
Tradition

Symbolism and Identity Cultural |

Cultural Celebrations

(Source: Author)
Figure 8. Proposed Framework for Physical and Non-Physical Features in Architectural Resilience

Physical Features

Architectural resilience in Vigan and George Town is established through a combination
of factors, prominently featuring structural integrity, materials, and design. Structural
integrity is maintained by leveraging the durability of traditional vernacstltarctures in
Vigan (PahimnayafPagador et al., 2025) and heritage building techniques in George Town
(Lee et al., 2008), adapting them to modern needs through careful restoration assessment
(Sementsov et al., 2020). The materials used prioritize autlgfiycemploying original or
similar substitutes, emphasizing sustainability and heritage craftsmanship. Design
considerations balance functional adaptability with the preservation of aesthetics, fostering
innovation within the traditional style mandatey tneir status as World Heritage sites,
ensuring that buildings can accommodate new functions while retaining their historical
character (Sinibaldi & Parente, 2020).

Non-Physical Features

Architectural resilience in Vigan and George Town is significantly shaped by
management strategies, community involvement, and vibrant cultural practices. Management
includes policy development, resource allocation, stakeholder collaboration, and tourism
planning. The presence of funding and incentives is crucial for the ongoing preservation of
heritage buildings, ensuring their maintenance and upkeep (Jha et al., 2013; Shao et al., 2016).
George Town's heritage management isdiedcted by the GTWHI andenang government,
while Vigan relies on the Vigan City Government and ICOMOS Philippines. Community
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engagement is fostered through cultural activities, knowledge transfer, and local advocacy.
The GTWHI in George Town stimulates the local economy and enhances urban vitality, while
Vigan benefits from active community groups and festivals that promoteralufiride.
Cultural practices, such as symbolism and identity, cultural celebrations, and living heritage,
further reinforce architectural resilience. Both cities host various festivals and maintain
cultural practices that animate their heritage spaaesgpving their unique identities. This
community involvement symbolizes a groumpd approach to heritage conservation
characterized by stewardship, cultural pride, knowledge transfer, and advocacy, leading to
sustainable preservation tailored to each<iipique context.

SUMMARY

George Town and Vigan, despite their geographical distance, share a commitment to
preserving their distinct architectural heritage. Both demonstrate a deep respect for their
colonial past, prioritizing original materials in restoration and incorporatinmpatd
responsive design. Community engagement is paramount in both locations, contributing to
their vibrant cultural landscapes.

Historical Context

The historical development of George Town and Vigan significantly shaped their
respective approaches to architectural resilience. As a bustling port city, George Town's
history fostered a dynamic fusion of Malay, Chinese, and European influences, reswting
diverse architectural landscape (Omar et al., 2013). This history likely instilled a culture of
adaptability and innovation, leading to a more flexible approach to building and preservation,
with a greater emphasis on integrating new uses and tegfie®into existing structures. In
contrast, Vigan's development as a Spanish colonial center led to a more homogenous
architectural style, characterized by trehay na batdPahimnayarPagador et al., 2025)

This architectural consistency may have fostered a preservation approach centered on
maintaining the authenticity of the built environment, reflecting a specific historical identity.
Examining these distinct historical trajectories is crucial for undwitg the nuances of

their resilience strategie

Governance and Policy

Governance and policy frameworks play a crucial role in shaping architectural resilience
efforts in George Town and Vigan. As a designated UNESCO World Heritage Site, George
Town likely benefits from more comprehensive management plans and dedicated) fundin
opportunities, which can facilitate largeale preservation projects and enforce stricter
building codes to maintain its heritage values (Mahmoud et al., 2021; Siang, 2023). These
policies can ensure that new developments are sympathetic to the earsfiigctural
character and that conservation efforts are aligned with international standards. Vigan, while
also recognized for its historical significance, may operate under a different set of regulations
and funding mechanisms, potentially impacting #cale and scope of its preservation
initiatives. Local support is vital for involving the community, conserving heritage, and
participating in decisiomaking.
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Economic Factors

Economic factors, particularly tourism and local industries, significantly influence the
resilience strategies of George Town and Vigan. George Town, as a more established tourist
destination, faces the challenge of balancing tourism growth with heritaggergation
(Farahani et al., 2012). The influx of tourists can strain resources, potentially leading to the
degradation of historic sites and the displacement of local communities. Therefore, resilience
strategies in George Town must prioritize sustamaiolurism practices that minimize
negative impacts on the built environment and maximize benefits for local residents. Vigan,
while also attracting tourists, may have more opportunities to manage tourism in a way that
supports local industries and promotadtural heritage. For example, Vigan integrates
traditional festivities within its heritage sites, serving as living venues for cultural exchange
and celebration (Cruz, 2017; Rodiris, 2021). By fostering a symbiotic relationship between
tourism and locabusinesses, Vigan can enhance its economic resilience while preserving its
cultural identity.

However, differences emerge in their architectural styles and urban fabrics, reflecting
their unique histories and scales. George Town, as bustling port cities, possess a more diverse
and layered urban fabric compared to Vigan's intimate atmosphere. diffesences
influence their management approaches and the challenges they face in balancing tourism
growth with heritage conservation. Ultimately, both offer valuable insights into preserving
architectural heritage in Southeast Asia, emphasizing contesémsiitivity, community
engagement, and a balanced approach to conservation.

CONCLUSION & RECOMMENDATION FOR FUTURE RESEARCH
Architectural Resilience at UNESCO World Heritage Sites

Architecturalresilience, particularly within UNESCO World Heritage Sites, encompasses
the capacity of buildings and urban environments to withstand various disturbances, both
physical and noiphysical. While the physical aspects of architecture, like materials, design
and structural, are crucial for withstanding environmental stresses, they are insufficient alone.
Effective architectural resilience also demands robust-piysical factors, including
supportive policies, active community engagement, adapti@nagement, and preservation
of cultural values. These intangible elements ensure that buildings are not only physically
sound but also culturally relevant and socially valued. As seen in Vigan and George Town, a
holistic approach integrates tangible am@angible aspects to create environments that adapt
and thrive. This involves community involvement, cultural pride, knowledge transfer, and
advocacy, tail ored t o each cityos uni que
encompassing stories, ritualand traditions, further enriches these sites. Ultimately,
architectural resilience in heritage sites fosters a sense of identity and invites active
participation in cultural life, enhancing their status as dynamic UNESCO World Heritage
Sites.

Policy Implications and Recommendations

The lessons learned from Vigan and George Town suggest several policy implications for
heritage managers worldwide. Firstly, it is crucial to integrate intangible heritage conservation
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with tangible architectural preservation, recognizing the importance of cultural practices and
community engagement in sustaining heritage sites. Secondly, adaptive reuse policies should
be encouraged to ensure heritage buildings remain functional andndcalty viable
components of urban life. Finally, sustainable tourism strategies must be developed to
minimize negative impacts on heritage sites while maximizing benefits foicckmrathunities.

The resilience of Vigan and George Town's architecturaltégei serves as a compelling
testament to the enduring impact of history on urban landscapes. Their stories provide
valuable lessons for heritage conservation and community engagement, solidifying their
status as exemplary models for sustainable urbamgylivithin the context of UNESCO World
Heritage Sites.

Recommendations for Future Research

Vigan and George Town showcase architectural resilience in UNESCO World Heritage
Sites, balancing sustainable urban living with cultural identities. Future research should
explore the longerm sustainability of conservation efforts, assessing curret¢gga and
tourism's impact. Incorporating qualitative research, such as understanding local perceptions
and experiences, would provide richer insights into the sndiaral dynamics of heritage
conservation. A comparative study of seemonomic impactsvould further reveal heritage
conservation's contribution to community wiedling. Their resilience offers valuable lessons
for heritage conservation and engagement, marking them as models for sustainable urban
living.
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Abstract

In Malaysia, by 2030, 15% of the Malaysian population will be above 60 years of age and in
year 2050 this group of people is projected to reach 23%. Religious education for elderly in
Pondok Village in Malaysia has experienced growth over the years. The existing pondok
facilities are already built across all states in Malaysia; most of them without considerations of
climate and environmental impact, hence there is a need for a Facilities Management (FM)
transformation to take place to align the developments of @A Pondoko with visions
future. This paper evaluates facility satisfaction levels in Malaysian Pondok Institutions and
proposes strategic management solutions to enhance their performance. Therefore, the
objectives are to rank the satisfaction level of 2 EPVs and to propose a model of Elderly Pondok
Village (EPV) for pondok institutions. Mixed method research design was employed, using
questionnaire survey for the quantitative part and analysed using SPSS, while the qualitative
data was obtained through photo analysis. The findings highlighted the most important facilities
needed for elderly residents in EPV and identify key factors that foster cultural sustainability.
The implementation of these suggested facilities promotes sustainability and green concepts.

Keywords: Elderly Pondok VillageElderly; Facilities ManagementSustainable FM
INTRODUCTION

The existing pondokoncept in Malaysia, mostly built without consideration of climate
and environmental impact. Facilities in PV transformation are in need to take place to align
the APondoko with visions of a sustainable
PondokVillage (EPV) to date is to ensure efficient and proper management practices to meet
demand from the society. The right management practices will contribute to PV performance
on the facilities management of pondok facilities. The development of EP\himitpbased
on very basic facilities. This has been a concept since decade ago, yet PVs are mushrooming
with different levels of facilities and upgraded from time to time based on the needs of the
residents. OseKyei, Tam, and Ma (2021) discovered 27ickt success factors that have the
potential for retirement village success in their study on the development of retirement
villages are related to sustainability: "afgendly village design," "appropriate location,"
"reliable and accessible health ardygical facilities," and "effective social inclusion and
integration in villages."

Therefore, needs, expectations and aspirations of the society in the urban and rural areas
may differ greatly due urban. With a limited number of PV with proper facilities that can give
better quality service to elderly will make them lack options, esihenavadays the elderly
are educated and financially stable (Jumaei.e2019). From the issueghlighted research
objectives for this study are to identify and rank the most important sustainable elements for
EPV. From this initial finding, Sustaibde model of EPV is developed to foster the future of
EPV existence in Malaysia.
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LITERATURE REVIEW
Policy and Guidelines for EPV Development

Several retirement villages exist in Malaysia, including The Green Leaf (Sepang),
AraGreens Residence (Ara Damansara), Green Acres (Ipoh);dadbe Park (Kuching),
Little Japan, Nobel Care retirement Resort and Sri Seronok (Cheras). These facilities
primarily focus on providing leisure, comfort, and social wellbeing through medical and
healthcare facilities, lifestyle amenities, clubhouses;itiveaid services, shopping facilities,
and physical activity spaces. However, none of these retirement silidiges facilities that
specifically cater to the needs of Muslim retirees. This highlights the need for developers to
incorporate Muslirrspecific amenities in their development plan amenities for Muslim
retirees.

Some of the important components of an Islamic retirement village include the
preservation of physical vitality, mental capacity, sleeping and resting facilities, food and
drink necessities, mercy and | ove, bduensit |
Majid, Hamidi, & Denan, 2018)EPV should embody a dynamic concept by taking into
account various factors, such as economic viability, social lifestyle, community sustainability,
good values and practices, infrastructure, hygiene, health and saéeiyside religious
elementsNg, Lee, and Wu (2022) emphasize that perceptions of elder care are shaped not
only by physical needs but also by cultural narratives and individual values regarding ageing,
autonomy, and community belonging. Their study using design fiction suggesteetitirig
environments that reflect the psychosocial and emotional priorities of geioch as
identity, dignity, and purpogecan significantly influence acceptance and satisfaction with
retirement living. In line with this pepective, there is an opportunity for developers to
enhance the relevance and appeal of retirement villages by considering how facilities and
services can better reflect the cultural and religious diversity of the elderly population, thereby
offering moreinclusive and meaningful living environments.

Facilities Management Concept

Facilities Management (FM) encompasses multidisciplinary work covering diverse
activities, responsibilities, and knowledge domains, integrating into various organisational
aspects. This is supported by Abdul Talib (2013) who emphasises that facilitiegpemamd
must ensure clean, safe and in a healthy environmental condition to achieve occupant
satisfaction.

Kamaruzzaman and Ahmad Zawawi (2010), concluded in their research that all building
types require regular supervision by dedicated maintenance teams to screen and assess the
conditions of buildings. These management teams are typically led by maintemance o
building managers. According to Nik Mat (2011), building managers oversee various services
including maintenance, cleaning, landscaping, lighting, heating, ventilating and air
conditioning (HVAC), lifts or escalators, mechanical and electrical systeangary and
plumbing facilities, access management, signage, parking and other related. For PVs, these
aspects are particularly crucial as the occupants are elderly and may not be equipped to check
and identify deficiencies or malfunctions in facilitie$ig may lead to decreased satisfaction
levels regarding the facilities provided
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Sustainable Concept of Pondok System

The concept sustainability rests on three fundamental pillars; firstly, economic pillar
which is related to income; secondly, social pillar which is related to human relationship and
finally environment pillar which is related to lifestyle (Yakobu and Abltiz, 2018). These
three pillars must be integrated with the development process to ensure that the goals
introduced by this model are achieved. The concept of sustainability was formally established
during Agenda 21 in Rio De Janeiro in 1992, whichMaaysian government is committed
to follow for sustainable development. Sustainable development is relevant from an Islamic
perspective in the sense that it seeks a balance between economy, society, and the
environment, and measures economic performapgeitting spiritual or nommaterial needs
on the same footing as material need®dhdokVillage (PV) functions as a community for
elderly residents that offers comfortable accommodation, services, and facilities. In fact, it
should establish a conduciliging environment where elderly residents feel comfort and
satisfaction. The PV concept has evolved to incorporate similar features to a retirement village
in developed nations. Abdul Majid, Hamidi & Denan (2019), note that the concept created in
the retrement village aims to provide a weflaintained, current and a@@endly
environment for the elderlyThis aligns with Hu et @s (2015) identi fi
significant types of social support relevant to elderly care which are emotional sociatsuppo
companionship support, instrumental support, and informational social support. A conducive
PV should therefore provide residents with an excellent living environment by providing basic
essentials and sustainable needs, which include physical envifpaweilable facilities, and
accessibility while addressing the ergonomic requirements of the elderly community.

Research by Yakoband Abdul Aziz (2018) retrieved the key criteria for retirement
villages which include religious factors to suit the needs of modern lifestyle requirements for
the elderly such as a restike environment, which should be watuipped with modern
knowledge resources, sustainable green features and accessible medical facilities. The
proposed resort concept of EPVs can be achieved through the provision of appropriate
facilities and an atmosphere that is evoked through building design as well as thetarahite
styles that accommodate el derly residentsd
ample parks, lakes, and garden with sports and recreational amenities should be provided to
encourage healthy lifestyles among residents. A conducivenetit village is based on five
elements: basic needs, sustainability agenda, affordability, social activities, and location of
the Retirement Village (RV) (Abdul Majid Hamidi & Denan, 2019). Furthermore, Kojetin et
al. (2005) emphasise that the featurésustainability should be added in the concepts of
retirement village. The housing design should support their therapeutic needs like green
landscapes, natural soothing views, good air quality, energy efficiency, security and easily
accessible accommodattis.

PVs have evolved by applying similar concepta retirement village irdeveloped
nations. Abdul Majid Hamidi, & Denan (2019) highlight that the concept created in the
retirement village is to have a walaintained, current and afrgendly environment fothe
elderly.This concept alignswithHuetdls (2015) significant revi
of social support of relevance to elderly care namely emotional social support, companionship
support, instrumental support, and informational social support. In addition, a framework
incorporating soal capital, social syport, and social safety net (3S) for elderly care has
emerged as an effective approach to understand the sustainability concept within religious



MCRJ Special Issu&/ol. 27 | No.1| 205 239

communities. Therefore, by creating a sustainable EPV, the issues of unaffordability and
social isolation could be addressed. A conducive EPV should provide residents with excellent
living environment by providing basic essentials and sustainable neettdy iwbludes
physical environment, available facilities, and accessibility while addressing the ergonomic
requirements of elderly community. Further supporting this view, Rodriglaetinez,

Martin Cano, de la Fuente Robles, and Jimddelgado (2023) em@sise that specific
facility characteristiod such as spatial layout, safety features, and the overall built
environmend significantly influence the quality of life of older adult residents.

Facilities like ample parks, lakes, and garden with sports and recreational facilities should
be provided to promote healthy lifestyle among the residents. A conducive retirement village
is based on five essential elements: basic needs, sustainabiliaagéfordability, social
activities, and location of the retirement village (Abdul Majid Hamidi, & Denan 2019).
According to Kojetin et al. (2005), the sustainability features should be integrated into the
concept of retirement village, with housing dessmipporting their therapeutic needs through
green landscapes, natural soothing view, good air quality, energy efficiency, security and
accessible accommodations. EPVs in Malaysia are developed by private individuals or
organisations, hence the lesser ptyoplaced on the maintenance planning due to financial
constraints.

Ejau et al. (2021) reinforce this view by highlighting that sustainable retirement villages
should address not only environmental and economic dimensions but also the social needs of
the ageing population. Therefore, it is crucial that the managememtent@ie centres such
as Pondolstyle facilities receive adequate support and oversight from local municipalities
(Ache & WohnBundBeratung, 2012). Since most Elderly Pondok Villages (EPVS) in
Malaysia are initiated by individuals or private entities, lb&gn maintenance planning is
often deprioritized due to limited financial resources. A collaborative effort involving both
public and private sectors may help strengthen the sustainability and functionality of these
facilities.

METHODOLOGY

This study adopted a mixadethod approach, combining interviews, observations, and a
questionnaire survey to explore sustainable practices in selpotatbk institutions in
Malaysia. The data from questionnaires survey was analysed by generating the categories of
data with a descriptive analysis method by using Statistical Package for the Social Sciences
(SPSS) Software Version 25.0. A purposive samplingnigcie was employed in this study
to identify key participants with relevant knowledge and expeéerelated to the
management and residency in sustaingbledoks. Two pondokswvere purposively selected
for the study in twestatedn Malaysia, namely Pondok MBaragah (PAB) in Manjoi, Perak.
and Yayasan Allenderami (YAJ) in Jenderam, Selangor. Selection based on their active
involvement in sustainability initiatives and weltablished Islamic institutions. The study
involved twokey respondent groups, tipendokmanagement teams and elderly residents
aged 60 and above.

Data collection commenced with sestructured interviews conducted with the
management team known as pondok operator durirgjtewisits toderivethe development
of questionnaire survey. Concurrently, Aaarticipant observations were conducted, through
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the systematically documented the physical setting rards i ddaily acsviies using
photographic evidencé/isual data wasnalysedaccording to the four sustainalileemes

namely (i) environmental (ii) Social, (iiiffinancial and(iv) Design and Facilities The
questionnaire survey targeted 150 elderly residents, with 114 valid responses (YAJ, 66
respondents and PAB 48 respondents), collected through both hardcopy (distributed during
Islamic programs) and online formats (Google Forms). For analygisey data were
processed using SPSS Version 25.0, applying descriptive statistics to examine patterns in
residents' satisfaction and perceptions. Interview data aveakysedising content analysis,
allowing key themes from management perspectives to be identified and interpreted.

Table 1. Rank of Satisfaction Level for Yayasan Al-Jenderami

No. Case Study A (Yayasan Al Jenderami, N : 66) Mean Score
1 Menyediakan bekalan air yang selamat dan bersih 4.45
Clean and save (treatment) water supply
2 Rumah dpt dikunci dan diselenggara dengan baik cth: Pintu dan tingkap untuk perlindungan 4.40
isi rumah

Proper lock and regularly maintain i.e all opening such as window

3 Kemudahan pembersihan sentiasa tersedia dan dalam keadaan baik 4.27
Proper cleaning service available at times

4  sistem perpaipan berada dalam keadaan baik 4.27
Good and manageable piping system

5 Perabot dan kelengkapan di dalam rumah mestilah sentiasa dalam keadaan selamat dan 4.25
tiada bucu tajam bagi mengelakkan kemalangan dan sebarang kerosakan
Furniture are in safe position and not harming and avoiding potential accident

6 Sediakan penapis air untuk diminum atau digunakan seisi rumah 4.23
Water filter are available

7 Kelembapan di dalam rumah boleh di kawal dengan baik 4.17
Dampness is not harmful and in a good condition

8 Maksimumkan privasi di dalam rumah. Cth: keadaan tingkap bilik dan dapur 4.17
Maximum privacy in the house i.e window and kitchen

9 Sistem keselamatan yag berfungi dgn baik 4.06
Safety systems are functional

10 Tiada sambungan, plug dan soket di tempat yang bahaya spt kawasan dapur dan bilik air 4.04
No harmful plaque at kitchen and toilet

11 Produk mesra alam di siling, dinding, lantai, perabot, kemasan, perabot dan kelengkapan 4.04
Environmentally friendly product furnishes for ceiling, floor, furniture and others

12 Persekitaran tidak mempunyai serangga perosak 3.85
Surrounding has no harmful insects

13 Integrasi sistem suria. Cth: pemanasan air dan pengeluaran elektrik 3.56
Solar systems are used ie for water heater or electric consumption

14 Bersedia untuk Kebakaran - Pemasangan penggera asap dan alat pemadam kebakaran 3.50
Smoke alarm system are available

15 Kalis bunyi disembur pada dinding dan siling untuk mengelakkan bunyi yang berlebihan. 3.46
Sound protections are used for walls and ceiling to avoid unnecessary sound absorb into the
house

16 Sediakan sistem pintar terutamanya CCTV atau penggera di sekitar rumah 3.39

CCTV are used at surrounding of the house compound
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Table 2. Rank of Satisfaction Level for Pondok Al-Barakah
No. Case Study B (Pondok Al Barakah, N : 48) Mean Score

1 Rumah dpt dikunci dan diselenggara dengan baik cth: Pintu dan tingkap untuk perlindungan 4.29
isi rumah
Proper lock and regularly maintain i.e all opening such as window

2 Tiada sambungan, plug dan soket di tempat yang bahaya spt kawasan dapur dan bilik air 4.18
No harmful plaque at kitchen and toilet

3 Perabot dan kelengkapan di dalam rumah mestilah sentiasa dalam keadaan selamat dan 4.17
tiada bucu tajam bagi mengelakkan kemalangan dan sebarang kerosakan
Furnitures are in safe position and not harming and avoiding potential accident

4 Menyediakan bekalan air yang selamat dan bersih 4.15
Clean and save (treatment) water supply

5 Maksimumkan privasi di dalam rumah. Cth: keadaan tingkap bilik dan dapur 4.15
Maximum privacy in the house i.e. window and kitchen

6 sistem perpaipan berada dalam keadaan baik 411
Safety systems are functional

7 Kelembapan di dalam rumah boleh di kawal dengan baik 4.08
Dampness is not harmful and in a good condition

8 Sistem keselamatan yang berfungi dgn baik 4.08
Safety systems are functional

9 Produk mesra alam di siling, dinding, lantai, perabot, kemasan, perabot dan kelengkapan 4.06
Environmentally friendly product furnishes for ceiling, floor, furniture, and others

10 Kemudahan pembersihan sentiasa tersedia dan dalam keadaan baik 4.00
Proper cleaning service available at times

11 Bersedia untuk Kebakaran - Pemasangan penggera asap dan alat pemadam kebakaran 3.97
Smoke alarm system are available

12 Kalis bunyi disembur pada dinding dan siling untuk mengelakkan bunyi yang berlebihan. 3.94
Sound protections are used for walls and ceiling to avoid unnecessary sound absorb into the
house

13 Persekitaran tidak mempunyai serangga perosak 3.92

Surrounding has no harmful insects

14 Sediakan sistem pintar terutamanya CCTV atau penggera di sekitar rumah 3.85
CCTYV are used at surrounding of the house compound

15 Sediakan penapis air untuk diminum atau digunakan seisi rumah 3.82
Water filters are available

16 Integrasi sistem suria. Cth: pemanasan air dan pengeluaran elektrik 3.67
Solar systems are used ie for water heater or electric consumption

RESULT AND DISCUSSION
Sustainable Elderly Pondok Village (EPV) Satisfaction Level

Table 1 and 2 present satisfaction level rankings from two selected EPVs; Yayasan Al
Jenderami (YAJ) and Pondok-Blarakah (PAB). The analysis focuses on the first five most
significant rankings only. These rankings represent the level of green conclgmhentation
and sustainable initiatives provided in these two EPVs. The findings reveal that the five
highestranked items in both EPVs predominantly relate eldgplgcific concerns such as
clean water system, safety, and privacy. According to Jolankil&®/(2015), these facilities
require processes and services to preserve
and engineering services after completion. Such maintenance includes repair, refurbishment
or replacement to current standardsisTil to enable EPV to serve its intended functions
throughout its entire life span without drastically upsetting its basic features and use.



MCRJ Special Issu&/ol. 27 | No.1| 205 242

The preservation, repair, and care for a
systems; such as plumbing, ventilation, and safety mechanisms, are critical for sustaining
longterm functionality. These maintenance processes are necessaryme s facility
serves its intended function throughout its lifespan without significantly altering its
fundamental characteristics (Jolanki & Vilkko, 2015).

This aligns with Ferguson et al. (2022) study, which found that elderly residents'
satisfaction in retirement villages was strongly tied to how well their basic expectations and
living standards were met. Promoters (satisfied residents) appreciateceretinhites and a
sense of independence, while detractors (dissatisfied residents) expressed frustration with
unmet promises, lack of responsiveness, and inadequate infrastructure. Thus, the findings
from YAJ and PAB reinforce the notion that tangible, gday needs such as water quality,
safety, and privacy significantly contribute to residents' perceptions of satisfaction and well
being in elderly living environments.

As shown in Table 3 below, the five highest rankings are (i) clean and safe (treated) water
supply (4.45), (i) Proper lock and regular maintenance of all openings such as windows
(4.40), (iii) Proper cleaning services available at times (4.27), (iv) Goodmanageable
piping system (4.27) and (v) Safely positioned furniture to prevent potential accidents (4.25).
In PAB, green features rank lowest, therefore, more green features need to be implemented
to generate environmentally friendly surrounding. Gramd Grum (2020) emphasise that
facilitating living elements, such as physical home characteristics, safety neighbourhood,
proximity to schools, public transport accessibility, parking facilities, and green spaces in
nei ghbour hood, i fadioneviahsheir reabestates and affecd theg averall s
quality of life. As shown in Figure 1 below, plate-04 proved thathose highest rankare
available at this EPV. Plate 01 show good quality entrance door with proper lock. Plate 02
show there arprivacy by having a party wall to divide house, Water filter at plate 03 is well
maintain and there is no dangerous furniture in the house (plate 04).

Table 3. Top 5 Rank of Satisfaction Level for Pondok Al-Jenderami
No. Case Study A (Yayasan Al Jenderami, N : 66) Mean

1 Menyediakan bekalan air yang selamat dan bersih 4.45
Clean and save (treatment) water supply

2 Rumah dpt dikunci dan diselenggara dengan baik contoh : Pintu dan tingkap untuk perlindungan 4.40
isi rumah
Proper lock and regularly maintain i.e. all opening such as window

3 Kemudahan pembersihan sentiasa tersedia dan dalam keadaan baik 4.27
Proper cleaning service available at times

4 sistem perpaipan berada dalam keadaan baik 4.27
Good and manageable piping system

5 Perabot dan kelengkapan di dalam rumah mestilah sentiasa dalam keadaan selamat dan tiada 4.25
bucu tajam bagi mengelakkan kemalangan dan sebarang kerosakan
Furnitures are in safe position and not harming and avoiding potential accident

It can be understood that these ranks are important features for healthy and save living
i.e., good water supply and good piping system. For safety features, safe furniture and proper
lock system are most important to avoid accident and burglary.

Although both elderly villages are in a good condition, there remains a need to increase
and implement green initiatives such as providing recycle bins, solar energy systems, and
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water harvesting mechanisms. These features can increase sustainability and environmental
friendliness. Global citizenship calls for an active role from people in their community and
the cooperation with others to make our planet more equitable, faiuatadnable. From a
Facilities Management (FM) perspective side this raises questions about how to contribute to
the enhancement of their awareness of social issues at the neighbourhood lev€yéDsei

Tam & Ma, 2021).

As shownin Figure 1 below, plate 824 provides visual evidence of thdsghly-ranked
features available at this EPV. Plate 01 shows good quality entrance door with proper lock.
Plate 02 show there are privacy measures by having a party wall for house division, Plate 03
displays weHmaintained water filtration systems and Plate illstrate safe furniture
arrangement within the house. These findings reveal that that these rankings are important
features being prioritised for healthy and safe living geod water supply and good piping
system. For safety features, safe furniture and proper lock system are the most important to
avoid accident and burglary. Yet, green features ranked lower in priority, due less awareness
of the elderly respondent on saisiable features. Therefore, need for more green features to
be implemented to generate environmentally friendly as well can foster the awareness among
elderly residents.

Water Filter Spcious Area
Plate 01 Plate 02 Plate 03 Plate 04

Figure 1. Pondok Yayasan Al-Jenderami

Safety Door Partywall as Privacy

As shown in Table 4, the five highest rankings are (i) Proper lock and regular maintenance
of all openings such as windows (4.29), (ii) Absence of harmful plaque in kitchen and toilet
areas (4.18), (iii) Safely positioned furniture to prevent potentiatients (4.17), (iv) Clean
and safe (treated) water supply (4.15) and (v) Maximum privacy within houses i.e., windows
and kitchen areas (4.15)

The visual documentation from Plates 05 through Plate 08 (Figure 2) proved that those
highest rankings are available at this EPV. Plate 05 shows that there is added security at the
grilled entrance door with proper locking mechanism. Plate 06 shows pdgasiderations
because it has double frontage with no neighbouring units facing the entrance. Clean water
supply for ablution is shown at Plate 07 which is wedlintained and there is no dangerous
placement of furniture in the house (plate.08)

It can be understood that these rankings are important features for healthy and safe living
i.e., good water supply. For safety features, safe positioning of furniture and proper locking
system are the most important features to consider avoiding acaidkehurglary, as well as
to ensure privacy
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Table 4. Top 5 Rank of Satisfaction Level for Pondok Al-Barakbah
No. Case Study B (Pondok Al Barakah, N : 48) Mean
1 Rumah dpt dikunci dan diselenggara dengan baik cth: Pintu dan tingkap untuk perlindungan isi 4.29

rumah
Proper lock and regularly maintain i.e., all opening such as window

2 Tiada sambungan, plug dan soket di tempat yang bahaya spt kawasan dapur dan bilik air 4.18
No harmful plaque at kitchen and toilet

3 Perabot dan kelengkapan di dalam rumah mestilah sentiasa dalam keadaan selamat dan tiada  4.17
bucu tajam bagi mengelakkan kemalangan dan sebarang kerosakan
Furniture is in safe position and not harming and avoiding potential accident

4 Menyediakan bekalan air yang selamat dan bersih 4.15
Clean and save (treatment) water supply

5 Maksimumkan privasi di dalam rumah. Cth: keadaan tingkap bilik dan dapur 4.15
Maximum privacy in the house i.e., window and kitchen

Clean Water Supply ‘ ‘ Less Furniture

) Proper Lock/Grill Maximum Privacy
Plate 05 Plate 06 Plate 07 Plate 08

Figure 2. Pondok Al-Barakbah

As for PondokAl Baragah, green features are at the least of the ranks, therefore, more
green features need to be implemented to generate environmentally friendly surrounding. The
facilitating living elements, such as physical home characteristics, saaghiibourhood
proximity to schools, public transports, parking, and green spaoesggimbourhoogincrease
peoplesd satisfaction with their real est a
2020).

However, both elderly villages are in a good condition but need to increase and imposed
green initiatives such as recycle bin, solar energy, and water harvesting. These features can
increase sustainable and environmentally friendly. Global citizenshgfoalhn active role
from people in their community and the cooperation with others to make our planet more
equal, fair and sustainable, what could be seen from FM side how to contribute to their
awareness of social issuesneighbourhoodOseiKyei, Tam& Ma, 2021) As Chaudhury
and Xu (2022) emphasized, the integration of sustainable and therapeutic environmental
elementd such as natural systems and green infrastruttoce only supports ecological
goals but also promotes the psychological and physicalbgely of elderly residents.

Figure 3 (Plate 09 to Plate 16) shows elements that integrated green concepts in Pondok
al-Baraqgah (PAB). There are ornamental plants (Plate 09) and edible gardensl@plate
planted with strategic position/location, allowing natural watering from rainwater. The public
toilet facilities (Plate 14) have ample space specially designed to allow wheelchair
accessibility, is dry and clean, and has natural ventilation and néglvhg. Perimeter
drains (Plate 15) are clean and wakintained which promote®althy living. Plate 12 shows
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allowed large space of area that accommodates meibiligired residents while serving as
emergency assembly points. The outdoor hall (Plate 13) is at an open space allowing natural

air movement which reduces artificial lighting. Therefore, this observativeals that while

green concepts have been embedded
and operation, it reflects minimum effort, low impact and-eff&ctive solutions.

Plate no.
Space

o5

toilet drain

Plate no.13: open hall Plate no.14: spaoe' at Plate no. 1: perimeter  Plate no.16: Rubbish bin

and

Figure 3. YAJ (Plate 09 to 12) and PAB (Plate 13 to 16)

Plate 19: Fishpond

|

Plate 21: Water tank from Plate 22: Drying area
well

Plate 25: open kitchen Plate 26: Hallway Plate no 27: Outdoor Hall Plate no.28: Privacy

Figure 4 . YAJ Sustainable Elements

prac!H
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Figure 4 (Plates 128) shows the elements that integrated green concepts in Yayasan Al
Jenderami (YAJ). There are ornamental gardens (Plate 17), and edible gardens (Plate 18)
planted, and the position allows natural watering from rainwater. The fishptatd (9) and
livestock facilities (Plate 20) allowed sustainable food production which saves money as well
as providing access to healthy, i/BMO food sources. The purpebailt clotheslines (Plate
22) allow natural drying that saves energy. Rubish hiitls lids and cages (Plate 24) are
available yet there are no recycling bins available. The designs for the entrance door (Plate
28) allows privacy. The open kitchen (plate 25) is clean andmailhtained, with natural
ventilation and natural lightingThe hallway (Plate 26) with large space accommodates
mobility-impaired residents. The opepnncept outdoor halls (Plate 27) allow natural air
movement and reduce artificial lighting requirements. A+smale well that was dug decades
ago (Plate 24) is progg maintained, where the water is collected to a water tank located at
the roof top for treatment. Treated water from the well is then bottled and sold to generate
income. Therefore, this observation confirms that comprehensive green concepts have been
embealded and practiced in this PAB Pondok Village.

Based on Figure 5, a Sustainable Model for EPV has been developed to conceptualise the
theoretical framework and findings based on environmental issues found on site. Four
sustainable concepts developed from the findings are, (i) Natural Energy Conc€pti.@NE
solar energy, (ii) Natural Water (NW) incorporating water harvesting system and (iii) Waste
Management (WM) featuring recycling facilities. This Sustainable Model encompassed three
Sustainable Green Concepts (SGC) to support a holistic appro&éh/tdevelopment and
operationExpert on green technology and authority should play an important role in realizing
these concepts such as giving support on glantd, swap, knowledge transfers by related
bodies. These initiatives by government can improve environment and financial. Financial
capability is important element to integrate green features in EPV.

ENVIRONMENTAL ISSUES

Recycling Waste Sustainable Environmental Water
Facilities Management Materials Quality Efficiency

-

ENVIRONMETAL STRATEGY

-

Solar Energy
Water Harvesting System
Recycle Bin

-

IMPLEMENTATION OF ENVIRONMENTAL
STRATEGY FOR PONDOK VILLAGES

Figure 5. Sustainable Model for Eldery Pondok Village (EPV)
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Three SGC mentioned can be visualized in EPVs throughingact approaches by
collaboration, knowledge sharing and crefudding initiatives. Firstly, Natural Energy
Concept (NEC) like solar energy needs capital, howBesrdokoperators can collaborate
with NGOs and related bodies such as Tenaga National Berhad (TNB), University and Solar
company to build solar panels. For the second concept, Natural Water (NW), water harvesting
can be developed to be lampact and require loskechnology for irrigating @ible gardens,
feeding livestock or maintaining fishpond. These initiatives can reduce operational cost as
well as increase social interaction among residents. Alternativelymmade wells can be dug
to produce natural water for consumption or just foreniag and general cleaning purposes.
Thirdly, Waste Management (WM) initiatives such as recycling rubbish can support green
environment. Those recycled stuff can be sold to recycling companies to generate income.
This approach can improve financial alyilib run EPVswhere it can reduce utility bills as
well as generating income by selling recycle material. Thedalay concept of this research
is that the quality of social infrastructure leads to the general quality of life in the built
environment and that is rourdiep to social sustainability and finally resilient EPV.

CONCLUSION

Green technology experts and relevant authorities should play important roles in realizing
these sustainable concepts such as giving support on grantswlapérrangements, as well
as knowledge transfer programmes facilitated by related bodies. Govedechénitiatives
can improve environmental sustainability and financial viability. Financial capability is an
important element to integrate green features in EPVs. Knowledge and awareness also need
to be integrated among pondok operator, tenants asaweliher related authority. Through
coordinated efforts, such as environmental education programs, communityuglean
campaigns, and green facility operations. The Facilities management team can contribute
meaningfully to the creation of socially cons@oand environmentally responsible elderly
communities.
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Abstract

Housing policy and practice play a critical role in promoting regional sustainable development,
which encompasses environmental, social, and economic dimensions. While sustainability
principles have been adopted across various sectors, their application in the housing sector,
particularly in low-income residential areas, remains limited. Residents in these communities
frequently modify their homes to accommodate evolving needs. However, in the absence of
clear planning guidelines, such informal changes can contribute to environmental degradation
and undermine sustainable development goals. This study aims to evaluate the implementation
of sustainable housing principles and develop a design strategy for the Griya Mahoni Alpen
housing complex using a mixed-method approach. A descriptive quantitative method with an
evaluative framework was applied, utilizing the Greenship Neighbourhood rating system by the
Green Building Council Indonesia (GBCI) to assess sustainability indicators. Simultaneously,
descriptive qualitative approaches were employed to analyse the existing conditions through
observation, interviews, and literature review. The data were examined using content analysis
and presented descriptively. The findings reveal that the Griya Mahoni Alpen housing complex
received a Bronze rating, indicating that while some basic features of sustainable housing have
been implemented, the overall adoption of green design principles remains limited. Based on
these results, the study proposes a set of context-specific design guidelines to enhance
environmental performance while reducing ecological impact.

Keywords: Griya Mahoni AlpenHousing EstateLowIncome HousingSustainable ConceptVest
Aceh

INTRODUCTION

The rapid increase in population has led to a substantial rise in the demand for housing.
This growing demand, however, is not matched by the purchasing capacity of many citizens,
particularly those in the loweéncome brackets, thereby intensifying theisiog affordability
crisis. In response, subsidized housing has emerged as a strategic policy instrument aimed at
mitigating this issue. As stipulated in Ministerial Regulation No. 27 of 2012, the provision of
subsidized housing is governed by specificcetures that necessitate coordination with
accredited housing developers, who are responsible for constructing and delivering adequate
and affordable housing units for lemwcome communities.

In many developing countries, housing development amongrnomme populations is
frequently characterized by sefiitiated efforts (Tipple, 1992; Oni & Famutimi, 2022).
Residents often undertake the modification or expansion of their dwelling units
independently, typically in the absence of formal planning or compliance with regulatory
standards (Aduwo & Ibem, 2017). Consequently, a significant proportion of these housing
units fail to meet basitiveability standards and may pose risks to public healiéim@man,

2006). In more severe instances, such unregulated housing practices contribute to the
proliferation of informal settlements and slum areas (Warouw, 2014).
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When lowincome communities build their homes, the resulting structures frequently
have inadequate planning, disorganized layouts, poor infrastructure, and insufficient waste
management systems. These conditions negatively affect both the quality dfHifethe
dwellings and the surrounding environment (Panudju, 1999). Research indicates that
unplanned housing transformations, which do not incorporate architectural principles, often
lead to uninhabitable living conditions (Mastutie et al.,, 2016). Aalditi consequences
include higher utility costs, insufficient ventilation and lighting, and inefficient use of natural
resources (Sueca, 2004, Ibrahim et al., 2020).

The implementation of sustainable housing, particularly in Indonesia, holds significant
potential to address multiple challenges simultaneously, including natural resource
conservation, a healthy living environment, and ecosystem protection (Larasatj, 2006
Although sustainable development has been integrated into various policy frameworks in
developing countries, including Indonesia, such as those promoted thjabitat (20129
its practical application in the planning and building of subsidized housingime limited.
Recent studies indicate that the level of sustainable development implementation in low
income housing projects is still considerably low (Aini et al., 2021; Hamid et al., 2018;
Zakiah, 2023).

Sustainability in housing can be pursued at all stages of development, including planning,
implementation, occupancy, and postupancy adjustments (Sudarwanto et al., 2014). This
study focuses on the occupancy phase of the Griya Mahoni Alpen housinigxamy/est
Aceh, which is considered a critical stage due to its significant impact on both the current
quality of life and the future development of residential conditions. Therefore, this research
aims to assess the implementation of sustainable hopsaegices in Griya Mahoni Alpen
and to develop a sustainable housing concept specifically tailored to the unique circumstances
and needs of this housing estate.

LITERATURE REVIEW
Subsidized Housing and Development

Subsidized housing refers to statgported financing schemes designed to alleviate
housing shortages and facilitate access to adequate and affordable housingirficofoes
households (Ayu & Elena, 2019). Rapoport, as cited in Saud and Aufa (2012ptcatfizes
the home as a dynamic space of human activity that embodies residbatsburand modes
of selfexpression. This understanding underscores the evolving nature of human habitation,
wherein the residential environment is continually adaptetidet the shifting needs and
aspirations of its occupants. Accordingly, subsidized housing, like other forms of dwelling, is
inherently subject to transformation over time as residents respond to changing socio
economic and personal circumstances.

Pakilaran (2006) identified economic and secidtural factors as key drivers of change
within built environments, including housing. In particular, residents are more likely to make
changes to their homes when economic conditions improve. Similarlya §£5) observed
that individuals with more economic capacity prefer to seek better housing conditions and are
therefore more likely to upgrade or remodel their residences.
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Snyder and Catanese (1989) further emphasized that residential environments are not
merely the result of architectural design or physiofdastructure butare fundamentally
shaped by the dynamic interplay between human activities and environmental settings. These
settings encompass both physical elen&mstisch as buildings, spatial layouts, and natural
surroundingd and nonrphysical factors, including sociltural norms, community values,
and behaviouralpatterns. This interaction between people and theifironment plays a
crucial role in shaping the spatial organization of housing areas, influencing how spaces are
used, adapted, and experienced. Moreover, it affects patterns of daily life, community
interactions, and even the trajectory of ldegn urtan and social development.
Understanding this relationship is essential for creating residential environments that are not
only functional and aesthetically pleasing, but also socially and environmentally sustainable.

Recent studies, moreover, provide empirical support for these theoretical insights. For
example, Oni & Famutimi (2022) documented transformations in Nigerian public housing as
a result of shifting wealth and cultural practices. Similarly, Ibrahim et @2QRhighlighted
the prevalence of informal, sélfni t i at ed housing mod+dsti cat i
residential areas. These changes, while necessary, frequently result in disorganized layouts
and environmentally unsustainable conditions.

Sustainable Housing

Sustainable housing entails the integration of ecological, economic, and social
considerations into the planning, construction, and utilization of residential environments
(UN-Habitat, 2012). Yakob, as cited in Rosilawati (2016), expands this notionritifydey
four key dimensions of sustainability in housing: environmental, social, cultural, and
economic. In this context, a sustainable home is expected to be -efitcignt, health
promoting, and adaptable, with the capacity to respond to the evak@us and lifestyles of
its inhabitants over time.

Larasati (2006) emphasized the significance of adaptability in sustainable housing, stating
that dwellings should allow for both poecupancy and poesiccupancy modifications while
maintaining their environmental performance. This perspective is partycrdievant in the
context of lowincome housing, where usetitiated changes are prevalent. Recent studies in
Indonesia supported this viewpoint. For example, Aini et al. (2021), examineddome
housing sustainability through an ecological framewuaitkereas Kerihi et al. (2023) focused
on access to water and household needs in Kupang City, demonstrating how local
environmental conditions influence sustainable housing practices.

Furthermore, achieving sustainability in housing requires the implementation of various
environmentally responsible strategies, such as rainwater harvesting systems, the preservation
of green open spaces, thermal insulation, and the use of locally soureegicled materials
(Syahriyah, 2017; Green Building Council Indonesia, 2014). These strategies contribute to
long-term affordability and resilience while reducing the environmental footprint of housing
developments
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METHODOLOGY

This study employs a mixesiethods approach to assess the application of sustainable
housing principles within the Griya Mahoni Alpen Housing Estate and to develop
contextually responsive design strategies. The research integrates both descriptive
quantitdive and descriptive qualitative methods, enabling a comprehensive analysis that
captures measurable data as well as contextual and experiential insights.

Furthermore, the descriptive quantitative approach involves the application of the
GreenshipgNeighbourhoodRating Tools developed by the Green Building Council Indonesia
(GBCI). This assessment framework evaluates the environmental sustainability of residential
neighbourhoodsbased on specific criteria, including rainwater management, energy
efficiency, waste management, and overall environmental quality. Field data were collected
through direct observations of existing conditions within the housing estdtsubsequently
analysediusing the Greenship scoring system to determine the extent to which sustainability
benchmarks are being met.

The descriptive qualitative approach entails the collection of primary data through
observations and interviews with 20 households/homeowners of type 38 houses. The
questionnaire was designed to investigate
modify or expand their dwellings. Data collection tools included voice recorders and field
notes during interviews. The interview data were subsequently transcribadaysedising
qualitative coding methods following the thrstage process proposed Gyeswell (2015):
open coding, axial coding, and selective coding. Furthermore, a literature review of academic
journals, books, reports, and documents from relevant institutions was conducted to enrich
the analysis.

Data obtained from both approaches wamalysedising content analysis and presented
descriptively, aiming to provide a comprehensive understanding of the sustainability level of
the housing estate and to inform the development of environmentally responsive design
strategies.

(Source: Green Building Council Indonesia, 2014)
Figure 1. Criteria for Environmentally Friendly Residential Housing














































































