MECHANICAL PROPERTIES OF EXPANDED POLYSTYRENE BEADS -
PALM OIL FUEL ASH CONCRETE AND ITS REINFORCED CONCRETE
BEAM PERFORMANCE

MOHAMAD HAIRI BIN OSMAN

A thesis submitted in
fulfilment of the requirement for the award of the

Doctor of Philosophy

Faculty of Engineering Technology
Universiti Tun Hussein Onn Malaysia

AUGUST 2023



To my beloved mother and father
Mr. Osman & Mdm. Fabilah

For being the backbone of my life by supporting me from the very beginning

To my supervisor and mentors,
Assoc. Prof. Ts. Dr. Suraya Hani bt Adnan
Assoc. Prof. Ir. Dr. Shahrul Niza bin Mokhatar
For their consistent encouragement, guidance and support throughout the

research journey

To my wife, siblings, family and friends
Nor Azira binti Abdul Rahman
Abdul Lukman bin Osman
Mohamad Musa bin Osman
Close family members & true friends

For their trust, cooperation and motivation during this project



ACKNOWLEDGEMENT

First and foremost, I praise the Almighty God for blessing my strength and capability
to complete my doctorate research successfully. This thesis dissertation owes its
presence to the inspiration, encouragement and assistance of several good souls. My
sincere gratitude is extended to my parents, wife, siblings, close family members and
friends for their unconditional and genuine love through my thick and thin.

My greatest appreciation goes to my supervisor, Assoc. Prof. Ts. Dr. Suraya
Hani bt Adnan who has been a constant source of guidance and motivational factor to
take up this PhD challenge. | also would like to express my deepest appreciation to my
co-supervisor, Assoc. Prof. Ir. Dr. Shahrul Niza bin Mokhatar for his consistent
encouragement, flexible discussion time and most importantly his trust in me which
boosted my effort in completing this research.

I am also grateful to the technicians in the Structures and Materials Laboratory
of the Faculty of Engineering Technology, Universiti Tun Hussein Onn Malaysia
(UTHM), who put considerable time and effort into assisting me completed my
laboratory work. My sincere appreciation also extends to all my colleagues and others
who have assisted on various occasions. Their views and tips were indeed useful. Last
but not least, 1 wholeheartedly dedicate this thesis dissertation to individuals who

constantly strive for excellence in life.



ABSTRACT

Normal-weight concrete is the common material for constructing reinforced concrete
(RC) beams. However, there is also a need for lighter, more efficient, and more
environmentally-friendly RC beams to meet the current industrial demand. This study
was conducted to develop RC beam using Palm QOil Fuel Ash (POFA) and Expanded
Polystyrene (EPS) as substitutes for cement and sand respectively. This study explored
the potential of incorporating EPS and POFA into the RC beams as a novel approach.
POFA and EPS offer various benefits as sustainable materials, including affordability,
renewability, and recyclability. POFA's pozzolanic properties make it suitable for
inclusion in concrete, while EPS can potentially reduce concrete density as a structural
element. EPS and POFA in concrete are limited from 10% to 30% replacement.
Experiments and numerical simulation using finite element analysis (FEA) was
conducted for the EPS-POFA RC beam. This study also investigated the mechanical
properties of EPS-POFA concrete and its RC beam performance subjected to a three-
point bending test. Experiments followed established standards and recommended
methods, while numerical simulations utilized ABAQUS software for FEA analysis.
The experiments measured parameters such as density, compressive strength, splitting
tensile strength, modulus of elasticity, and ultimate load capacity in the EPS-POFA
RC beam. Some of these parameters served as inputs for the ABAQUS software.
Results show that the presence of POFA in concrete improved the properties such as
compressive strength, splitting tensile strength, and ultimate load capacity of RC
Beam. The performance of concrete containing 10% POFA and 10% EPS was
comparable to that of normal concrete with a lower density and decreased crack width,
Based on the finding and contribution, it is found that the new development of RC
Beam has certain advantages that are lighter in mass, higher in strength and capacity,
and also could reduce the crack width. To summarise, the RC beam consists of 10%
POFA, and EPS is recommended due to the reduction structure self-weight with

comparable performance.
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ABSTRAK

Konkrit normal ialah bahan untuk membina rasuk konkrit bertetulang (RC). Walau
bagaimanapun, ada juga keperluan untuk rasuk RC yang lebih ringan, cekap dan lebih
mesra alam untuk memenuhi permintaan industri semasa. Kajian ini dijalankan untuk
membangunkan rasuk RC menggunakan Abu Terbang Sawit (POFA) dan Expanded
Polystyrene (EPS) bagi pengganti simen dan pasir. Kajian ini meneroka potensi
gabungan EPS dan POFA dalam rasuk RC sebagai kaedah baru. POFA dan EPS
menawarkan pelbagai faedah sebagai bahan mampan, kebolehperbaharuan dan
kebolehkitar semula. Sifat pozzolanik POFA menjadikannya sesuai untuk dimasukkan
ke dalam konkrit, manakala EPS berpotensi mengurangkan ketumpatan konkrit. EPS
dan POFA dalam konkrit dihadkan kepada 10% hingga 30%. Eksperimen dan simulasi
menggunakan analisis unsur terhingga (FEA) telah dijalankan untuk rasuk RC EPS-
POFA. Kajian ini juga menyiasat sifat mekanikal konkrit EPS-POFA dan prestasi
rasuk RCnya tertakluk kepada ujian lenturan. Eksperimen mengikut piawaian yang
ditetapkan manakala simulasi menggunakan perisian ABAQUS untuk analisis FEA.
Eksperimen mengukur parameter seperti ketumpatan, kekuatan mampatan, kekuatan
tegangan, modulus keanjalan, dan kapasiti beban muktamad dalam rasuk RC EPS-
POFA. Beberapa parameter ini berfungsi sebagai input untuk perisian ABAQUS.
Keputusan menunjukkan bahawa kehadiran POFA dalam konkrit meningkatkan sifat
seperti kekuatan mampatan, kekuatan tegangan, dan kapasiti beban muktamad RC
Beam. Prestasi konkrit yang mengandungi 10% POFA dan 10% EPS adalah setanding
dengan konkrit biasa dengan ketumpatan yang lebih rendah dan mengurangkan retak.
Berdasarkan penemuan dan sumbangan, didapati pembangunan baharu RC Beam
mempunyai kelebihan tertentu iaitu jisim yang lebih ringan, kekuatan dan kapasiti
yang lebih tinggi, dan juga boleh mengurangkan retakan. Untuk meringkaskan, rasuk
RC terdiri daripada 10% POFA, dan EPS disyorkan kerana struktur pengurangan berat
sendiri dengan prestasi yang setanding.
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CHAPTER 1

INTRODUCTION

1.1  Research background

The adoption of sustainable construction and green building has become the focal point
of the construction sector in Malaysia. The Twelfth Malaysia Plan, 2021-2025
(Ministry of Economy, 2019), represents a transformational initiative to create a
Prosperous, Inclusive, and Sustainable Malaysia for future generations. Using
sustainable materials in civil engineering is mainly associated with Theme 3, which
focuses on advancing sustainability to achieve resilience. Consequently, there is an
emphasis on shared responsibility towards transitioning to a low-carbon nation and
promoting equitable distribution of benefits from utilising natural resources. The
national development priorities outlined in the Twelfth Plan align with the Sustainable
Development Goals (SDGs) of the 2030 Agenda for Sustainable Development (2030
Agenda).

This study also aligns with United Nations’ 17 sustainable development goals
(SDGs) (United Nations, 2015), prioritising sustainability as a central value. The topic
which is the use of sustainable materials in civil engineering is particularly connected
to SDG 9 (building resilient infrastructure, promoting inclusive and sustainable
industrialization, and fostering innovation) and SDG 11 (making cities and human
settlements inclusive, safe, resilient, and sustainable). The use of sustainable materials
like POFA and EPS which can be recycled, perhaps it is essential to achieving these
goals out of all practical alternatives.

Concrete materials made from recycled materials have gained increasing

popularity in recent years for sustainable construction and development.
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