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ABSTRACT 

Transformation of agricultural and industrial waste into a functional construction 
material is a crucial step in reducing environmental implication and supporting a 
circular economy. In Malaysia, the kenaf core, a low value by product of kenaf 
cultivation, and quarry dust, the residue of quarrying are normally discarded despite 
their potential value as construction materials especially as fine aggregate replacement. 
This disposal practice is particularly problematic given that conventional sand cement 
bricks are extremely dependent on natural aggregates, which causes resource depletion 
and greenhouse gases that can be avoided through reutilization of these easily accessible 
waste products. But very few research works have fully utilized the combined use of 
quarry dust and kenaf core in mechanical and fire properties for non-load bearing wall 
systems. The aim of this study was to develop, investigate, and evaluate the feasibility 
of substituting Kenaf Core Fine Aggregate (KECOFA) in the production of brick as a 
fine aggregate. Objectives included establishing the best mix design, developing a 
database for KECOFA properties of the bricks, comparing wallette performance and 
failure mode, and fire resistance and hose stream performance testing. The experimental 
plan involved sequential optimisation where at first to set the amount of quarry dust 
replacement, then incremental KECOFA replacement as variable in Design Expert 
software with Response Surface Methodology (RSM) to identifying the optimum brick 
mix design. The optimum mix design obtained was then used in further to investigate 
the performance in comparison with four control bricks which are 100% river sand 
(Ml), 100% quarry dust (M5), 100% KECOFA (M6), and 50% river sand-50% quarry 
dust (M4). Laboratory testing included physical, mechanical, thermal, and fire 
performance characteristics. The optimal mix, 10% KECOFA and 50% quarry dust with 
cement sand ratio of 1:8 recorded a compressive strength of 8.16 N/mm2 and density of 
1830 kg/m3, comparable to regular bricks and superior to 100% KECOFA bricks. Water 
absorption (21%) and porosity (30%) were within acceptable levels. In terms of thermal 
performance, the inclusion of kenaf core reduced thermal conductivity by introducing 
porous structures that enhanced insulation. The optimum mix (M10) balanced thermal 
insulation with adequate strength and durability, making it suitable for non-load bearing 
walls. Wallettes were able to withstand up to 100 kN axial loads with failure behaviour 
similar to conventional units. Fire testing also confirmed compliance with standards, 
with the optimum mix brick wall also providing 7 minutes of insulation time compared 
to other brick walls. This research is the first to optimize and evaluate a KECOFA 
quarry dust composite brick for mechanical and fire performance in non-load bearing 
applications. Beyond that of achieving technical specifications, the research deepens 
the understanding in cellulosic based aggregates' bonding behaviour, forms a new 
industry-ready database of properties of KECOFA brick, and is in line with Malaysia's 
green construction policies. The findings offer the brickmaking sector a bio-composite, 
lightweight alternative to conventional products where reducing the consumption of 
natural aggregates, stimulating demand for the kenaf core, and recycling agricultural 
and quarry wastes to create valuable, sustainable building products. 

IV 



ACKNOWLEDGEMENT 

Every PhD journey begins with the hope of success and a meaningful conclusion, but 
Allah's plan is always the best. All praise be to Allah swt, for finally, I have reached the 
final stop of this PhD journey and for completing this long and challenging journey 
successfully. 

With a heart full of gratitude, I want to express my deepest appreciation to everyone 
who has been a part of this journey. This thesis is not just a result of my efforts, but a 
reflection of the support, love, and encouragement I have received from so many people. 

To my supervisor, Professor Ts. Dr. Hj. Mohd Fadzil Arshad, I owe an immeasurable 
debt of gratitude. Your unwavering support, invaluable guidance, and constant 
encouragement in terms of financial, mental and words of advice have been the 
backbone of my research. Your expertise and belief in my abilities gave me the 
confidence to push forward, and for that, I am forever grateful. To my co-supervisors, 
Professor Dr. Zakiah Ahmad, thank you for trusting me to join the research team that 
also funded my research work. Your insightful feedback, constructive criticism and 
your expertise are much appreciated. 

I would also like to extend my heartfelt thanks to the faculty members, administrative 
staff, and especially to the technical personnel at Faculty of Civil Engineering. Your 
willingness to help, whether through advice and technical support, has been a great 
source of motivation throughout this process. 

To my friends and fellow researchers, thank you for standing by my side, sharing in the 
highs and lows, and offering your constant support. The camaraderie, shared 
experiences, and mutual encouragement have made this journey so much richer and 
more bearable. 

The beginning of my research was filled with passion, but it had many ups and downs. 
Fate has taught me that nothing in this world is permanent, as those who stood with me 
at the start of this j oumey, one by one, left this temporary world, leaving me to complete 
this journey. At first, I ran, then I walked, and eventually crawled, but I pulled myself 
to reach the finish line. Thank you, my late grandparents ( and Hj. 
Abdul Hamid) for always being my source of strength throughout this journey in the 
pursuit of knowledge, reminding me that knowledge is truly priceless. To my late 
beloved sister (Norfadilah Salehuddin), thank you for always being proud of me and for 
being a loyal listener to all my frustrations. To my late aunt C 
who was always there to help in my moments of weakness, staying close like a mother 
and friend, may Allah place you all in Jannatul Firdaus. Truly, I miss you all dearly. 

To my family, my parents and siblings, especially my mother ( ), thank 
you from the bottom of my heart for your endless support, love, and patience. You have 
been my foundation, my strength, and my greatest cheerleaders. Your belief in me has 
kept me going, and I am eternally grateful for your understanding during the most 
challenging times. 

This thesis is as much yours as it is mine, and I dedicate this achievement to all of you. 

v 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF PLATES xv 

LIST OF SYMBOLS xvii 

LIST OF ABBREVIATIONS xix 

LIST OF NOMENCLATURES xxi 

CHAPTER 1 INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 2 

1.3 Objectives of Study 4 

1.4 Significance of the Study 5 

1.5 Scope of Study 6 

CHAPTER 2 LITERATURE REVIEW 8 

2.1 Introduction 8 

2.2 Overview of Masonry and Bricks 8 

2.2.1 Importance of Bricks in Construction 9 

2.2.2 Conventional Materials used in Sand Cement Bricks 10 

2.2.3 Challenges with Natural River Sand 12 

2.3 Alternative Fine Aggregate for Sustainable Brick Production 13 

2.3.1 Industrial waste based aggregate. 13 

2.3.2 Lignocellulose waste based aggregate 15 

2.4 Kenaf Core as a Fine Aggregate (KECOFA) 16 

vi 



CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

Issues relating to the sustainability and green technologies have been the main 

key of concern in the industries and become one of the government policies. Recently 

natural sand was becoming costly material because of its demand in the construction 

industry. Some alternatives materials have already been used as a replacement of 

natural sand such as quarry dust which is the mineral type of waste. Either than mineral 

waste types of aggregate, there are also utilization of agriculture waste and 

lignocellulosic waste as fine aggregate in concrete and mortar. Agriculture waste such 

as sunflower stalk, corn cob and rice husk ash, while lignocellulosic waste such as hemp 

shiv and flax core shows some positive impact towards the properties of concrete and 

mortar. One of the lignocellulosic wastes that available in Malaysia is kenaf core. 

However, utilization and application of kenaf core in Malaysia still very low and there 

is limited review on the application of kenaf core to the construction and building 

materials industries available. 

Kenaf is scientifically known as Hibiscus Cannabinus L. Kenaf planted on a 

large scale in Malaysia as an alternative plan for tobacco. In 2018 around 2068 hectares 

of kenaf were planted in Malaysia (LKTN, 2015). Kenaf was planted for its fibres. The 

fibres are highly in demand by the industries, especially for composite industries. 

However, agricultural waste from kenaf commercialization activity is unavoidable. 

This lignocelluloses plant produces 35-40% of commercial fibre and 60-65% of 

lignocelluloses waste or also known as kenaf core. The unbalance demand has cause 

the kenaf core produce and stored at Lembaga Kenaf and Tembakau Negara (LKTN) 

was abundance and eventually become waste. The generation of this waste poses a 

major disposal problem now that burning is being actively discouraged by the 

Department of Environmental Malaysia (DOE). 

This is an alarm to the industries and researcher to utilize kenaf core in suitable 

industries and one of it is on the masonry industries. As to support the initiative stated 

in Sustainable Development Goal 2020 (SDG) that related to affordable and clean 

energy (7), industry, innovation, and infrastructure (9), sustainable cities and 

1 


