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ABSTRACT

There have been quite a significant research and development activities in
producing self-compacting concrete (SCC) through the use of palm oil fuel ash (POFA)
since 2011. POFA was used as a partial replacement to Portland cement since it improves
strength and durability properties of SCC. However, the study on the application of self-
compacting POFA concrete to structural members that exposed to elevated temperatures
as in the case of fire is quite limited. This research, therefore, focuses on the effect of
POFA on self-compacting concrete short columns subjected to fire. Assessment of the
microstructure, physical and chemical characteristics of the binders were carried out for
characterization. Mechanical properties and microstructure of SCC produced with POFA
at elevated temperatures were also carried out. For this purpose, two mixes of SCC
containing 0% and 15% of POFA were prepared. The variables considered in the study
include the percentage of POFA which is 0 and 15%, the concrete cover of 25 and 35 mm
and the longitudinal steel reinforcement ratios of 2% and 3%. The columns produced were
made of normal strength and had 600 mm height and 150 mm square cross — section.
Twenty four columns were cast altogether. Eight columns out of these columns were un-
heated and serve as a control while the remaining sixteen columns were heated in an
automatic electric furnace to 750 °C and this temperature was maintained for 2 and 4 hours
exposure time. After cooling down, all the columns were tested under axial compression
load up to failure. Furthermore, POFA self-compacting concrete standard specimens were
fabricated and tested for mechanical properties in 27 — 1000 °C temperature range at 28
days. Various techniques which include the use of scanning electronic microscope and X-
ray diffraction were used to study the microstructure of the hardened SCC in 27 — 1000
°C temperature range at 28 days. Results from characterization confirmed that POFA was
a good pozzolanic material and satisfied the specified physical and chemical properties
requirements. Results from elevated temperature mechanical property tests revealed that
there was an increment in residual compressive and gradual loss in the residual flexural,
splitting tensile strengths and modulus of elasticity for SCC produced with and without
POFA at 400 °C temperature. The loss in residual modulus of elasticity, splitting tensile,
compressive and flexural strengths fluctuated sharply at 400 — 600 °C, 600 — 800 °C and
800 — 1000 °C temperatures. However, residual mechanical properties of SCC produced
with POFA reduced at faster rate than SCC produced without POFA at 800 - 1000 °C
temperatures. Results from elevated temperature microstructures showed that the
transformation of calcium silicate hydrate (C-S-H) gel into distinctive phases and
formation of micro-cracks, voids and pores were noticed on the hardened SCC at
temperature above 600 °C. Results from ultimate axial capacity tests showed that all the
unheated columns produced with POFA were improved on strength at 28 days. The
residual axial capacity tests also showed that all the columns exhibited similar non-linear
reduction trends with time of exposure. Heating the columns at 750 °C caused a severe
reduction in the strength of all the columns. However, irrespective of concrete covers and
percentage of steel reinforcements used, the loss in residual strength was high in the
columns produced with POFA than the columns produced without POFA for 2 and 4 hours
exposure time. The residual strength loss is in the range of 51% - 63% and 47% - 59% for
columns produced with and without POFA. The performance of SCC containing POFA
does not significantly improve the concrete performance in resisting fire. However, further
research needs to be carried out on POFA so as to improve this short coming.
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ABSTRAK

Terdapat banyak aktiviti penyelidikan dan pengembangan dalam menghasilkan
konkrit pemadatan sendiri (SCC) melalui penggunaan abu bahan bakar kelapa sawit
(POFA) sejak 2011. POFA digunakan sebagai pengganti separa kepada simen Portland
kerana ia meningkatkan sifat kekuatan dan ketahanan SCC. Walau bagaimanapun, kajian
mengenai penggunaan konkrit POFA pemadatan diri pada anggota struktur yang terdedah
kepada suhu tinggi seperti kebakaran agak terhad. Oleh itu, penyelidikan ini memfokuskan
pada kesan POFA pada tiang pendek konkrit pemadatan sendiri yang mengalami
kebakaran. Penilaian struktur mikro, fizikal dan kimia pengikat dilakukan untuk pencirian.
Sifat mekanikal dan struktur mikro SCC yang dihasilkan dengan POFA pada suhu tinggi
juga dilakukan. Untuk tujuan ini, dua campuran SCC yang mengandungi 0% dan 15%
POFA disediakan. Pemboleh ubah yang dipertimbangkan dalam kajian merangkumi
peratusan POFA iaitu 0 dan 15%, penutup konkrit 25 dan 35 mm dan nisbah tetulang keluli
membujur 2% dan 3%. Tiang yang dihasilkan terbuat dari kekuatan normal dan
mempunyai ketinggian 600 mm ketinggian dan 150 mm persegi keratan rentas. Dua puluh
empat lajur dilemparkan sama sekali. Lapan lajur dari lajur ini tidak dipanaskan dan
berfungsi sebagai kawalan sementara enam belas lajur dipanaskan dalam relau elektrik
automatik hingga 750 ° C dan suhu ini dikekalkan selama 2 dan 4 jam waktu pendedahan.
Setelah sejuk, semua tiang diuji di bawah beban mampatan paksi hingga gagal.
Selanjutnya, spesimen standard konkrit pemadatan sendiri POFA dibuat dan diuji untuk
sifat mekanikal dalam julat suhu 27 - 1000 ° C pada 28 hari. Pelbagai teknik yang
merangkumi penggunaan mikroskop elektronik pengimbasan dan difraksi sinar-X
digunakan untuk mengkaji struktur mikro SCC yang mengeras dalam lingkungan suhu 27
— 1000 °C pada 28 hari. Hasil dari pencirian mengesahkan bahawa POFA adalah seorang
bahan pozzolanic yang baik dan memenuhi syarat sifat fizikal dan kimia yang ditentukan.
Hasil dari ujian sifat mekanikal pada suhu tinggi menunjukkan bahawa terdapat
peningkatan kehilangan mampatan dan penurunan secara beransur-ansur dalam lenturan
sisa, kekuatan tegangan pemisah dan modulus keanjalan bagi SCC dihasilkan dengan dan
tanpa POFA pada suhu 400 ° C. Kehilangan modulus keanjalan baki, kekuatan tegangan
perpecahan, mampatan dan lenturan turun naik secara mendadak pada suhu 400 - 600 ° C,
600 - 800 ° C dan 800 - 1000 ° C. Walau bagaimanapun, sifat mekanikal SCC yang
dihasilkan dengan POFA dikurangkan pada kadar yang lebih cepat daripada SCC yang
dihasilkan tanpa POFA pada suhu 800 — 1000 °C. Hasil dari struktur mikro pada suhu
tinggi menunjukkan transformasi gel kalsium silikat hidrat (C-S-H) pada fasa khas dan
pembentukan retakan mikro, lompang dan liang-liang diperhatikan pada spesimen SCC
pada suhu di atas 600 °C. Hasil dari ujian keupayaan paksi utama menunjukkan bahawa
semua tiang yang tidak dipanaskan yang dihasilkan dengan POFA bertambah baik pada
kekuatan pada 28 hari. Ujian kapasiti paksi baki juga menunjukkan bahawa semua tiang
menunjukkan tren pengurangan tak linier yang serupa dengan masa pendedahan.
Memanaskan tiang pada suhu 750 °C menyebabkan penurunan kekuatan semua tiang yang
teruk. Walau bagaimanapun, tanpa mengira penutup konkrit dan peratusan tetulang keluli
yang digunakan, kehilangan kekuatan baki adalah tinggi pada tiang yang dihasilkan
dengan POFA daripada tiang yang dihasilkan tanpa POFA selama 2 dan 4 jam waktu
pendedahan. Kehilangan kekuatan baki adalah dalam ligkungan 51% - 63% dan 47% -
59% untuk tiang yang dihasilkan dengan dan tanpa POFA. Prestasi SCC yang
mengandungi POFA tidak meningkatkan prestasi konkrit secara signifikan dalam
menahan kebakaran. Walau bagaimanapun, penyelidikan lebih lanjut perlu dilakukan di
POFA untuk memperbaiki jangka pendek ini.
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CHAPTER 1

INTRODUCTION

1.1 General

All constituent materials utilized in the production of concrete are
indispensable; cement is definitely the most significant constituent due to the fact that
it is generally the delicate connection in the chain (Li, 2011). However, in the cement
manufacturing industry, gases such as carbon (iv) oxide (CO2), Sulphur (iv) oxide
(SO») and nitrogen oxide (NOx) are released into the atmosphere. All these gases
caused acid rain and greenhouse effect. The major confronts facing the industries that
are producing cement is how to reduce all these gases. However, the utilization of
supplementary cementitious materials (SCM) have been supported to be a feasible
solution to this problem (Ismail and Waliuddin, 1996; Shannag, 2000; Dinakar et al.,
2008). In between these years, the utilization of both artificial and natural pozzolanic
materials such as metakaolin (MK), rice husk ash (RHA), sugarcane bagasse ash
(SCBA), corn cob ash (CCA), palm oil fuel ash (POFA), wheat straw ash (WSA),
ground granulated blast furnace slag (GGBFS), silica fume (SF), pulverized fuel ash
(PFA), ground glass powder (GGP) and fly ash (FA) have been examined to partially
replaced cement. All these materials are predominantly utilized in the form of wastes

which are classified into municipal wastes, agricultural wastes and industrial wastes.

A major confronts facing the construction industry nowadays is how to reduce
the cost of cement utilized in the production of concrete. Since concrete is the major
materials used for building, it is necessary to look for alternative material to substitute
for cement. This can be achieved by making use of ecologically friendly materials that
are produced at inexpensive cost (Hassan, 2015). Numerous studies on the use of
wastes as SCM such as MK, GGBFS, FA, CCA, RHA, SCBA, POFA, etc., have
established that the incorporating of such wastes in the production of concrete has the

prospective of enhancing fresh as well as hardened properties of concrete and at the



same time make the construction cost to be reduced (Khatib and Hibbert, 2005;
Sahmaran et al., 2006; Chindaprasirt et al., 2007; Dinakar et al., 2008; Adesanya and
Raheem, 2009; Givi et al., 2010; Bahurudeen et al., 2015).

Apart from the fact that the professionals in the construction industry put
efforts to effectively substitute in whole or in part, the cement with waste materials,
the confronts of confirming that the green concrete produced functions up to the
targeted expectancy has been the main attention of numerous researches. The concrete
structural element durability problem was the most important topic of concern and
interest in many countries like Japan, France, Canada, Australia, Sweden, Britain,
Netherlands and India as far back as early 1980’s. This concern brought about the
gradual reduction in the numeral of skilled personnel, which result to the diminution
in the quality of work executed. The term self-compacting concrete (SCC) was then
introduced by Prof. Okamura in the year 1986 and later developed by Ozawa and
Mackawa together with their team at the University of Tokyo in Japan to solve the
problem aforementioned above (Okamura and Ouchi, 2003). Since that time up till
now, a lot of different researches have been investigated to overcome the important
issues that deals with the workability, rheology, mechanical as well as durability
properties of self-compacting concrete (Schwartzentruber ef al., 2006; Sukumar ef al.,
2008; Dehwah, 2012; Khushnood et al., 2014; Nagaratnam ef al., 2016; Sasanipour et
al.,2019; Vaidevi et al., 2020).

POFA is used in this research as SCM due to the fact that it is produced in large
quantity as waste material in countries like Malaysia, Indonesia and Thailand who are
the major producers of palm oil and palm products in the world. In the 21* century,
POFA is still considered a nuisance to the environment and is usually disposed of
without any profitable returns compared to other by-products of palm oil. Since
Malaysia, Indonesia and Thailand continue increasing the production of palm oil, a lot
of POFA will be produced and failure to find alternative solution in making utilization
of this waste will continue creating environmental problems (Kabir, 2012). A lot of
research has been investigated on the materials properties of SCC produced with
POFA at ambient temperature. However, the use of POFA to produce reinforced SCC

columns exposed to elevated temperature as in the case of fire is scarce in the



literatures. Column is selected for the study because it is strong and failure of it is
delayed due to different concrete covers when exposed to fire. The use of SCC to
produce reinforced concrete columns is chosen in this research due to many benefits
such as self-compaction performance, durability performance, highly congested
reinforcement problem, higher load capacity, reduction in labour cost, improved

constructability and delay heating to steel reinforcement.

Palm oil fuel ash (POFA) is normally categorized as an agricultural waste. It is
obtained from the burning of residues, such as palm oil fibers (POF), palm kernel shell
(PKS) and empty fruit bunches (EFB) from a palm oil and used as fuel in the power
plants of a palm oil factories to produce electricity. Only in Malaysia, approximately
10 x 10° tons of POFA are generated yearly and this production rate is forecast to
upsurge due to an increased plantation of oil palm trees (Khankhaje et al., 2016). For
instance, as at 2019, the total oil palm tree plantation area in Malaysia covers 5.90
million hectares compared to 2016, 2017 and 2018 which were 5,74, 5.81 and 5.85
million hectares, respectively (MPOB, 2020). POFA generated in the factories where
palm oil is produced, is normally dumped in the surrounding of the factories, thereby
causes environmental pollution and health hazards that can results into lung and
bronchi diseases (Tay and Show, 1995). A lot of researches carried out have shown
many advantages of properties with partial replacing of Portland cement with POFA
to produce normal and high strength self-compacting fresh and hardened concrete and
the durability. The researchers have observed that ground POFA can be used as a SCM
to produce SCC up to the level of 30% by weight of cement. However, the optimum
POFA content is 10 —20% (Salam et al.,2013,2015; Alsubari et al., 2014a; Safiuddin
et al., 2014; Ranjbar et al., 2016). POFA that is treated up to percentage content of
70% can be utilized to produce SCC. Nonetheless, the optimum content of treated
POFA is 50 - 60% (Alsubari et al., 2016, 2018). All these studies were carried out at
ambient temperature. In contrast, the utilization of POFA to produce SCC when
exposed to elevated temperatures has not been investigated. Likewise, the use of POFA
to produced reinforced self-compacting concrete columns when exposed to elevated

temperatures has not been investigated.



When the reinforced concrete members produced with self-compacting
concrete exposed to fire, the temperature of the concrete mass will be increased. This
increase in temperature theatrically decreases the mechanical properties of steel and
concrete (Youssef and Moftah, 2007; El-Fitiany and Youssef, 2009). Concrete itself
undergoes a series of changes in its physical structure and chemical composition.
These changes happen mainly in the hardened cement paste starting from the
disintegration of calcium hydroxide at 530 °C temperature, and carry on until the
complete devastation of the calcium silicate hydrate at 900 °C temperature. Due to all
these changes, concrete progressively and sometimes suddenly loses its mechanical
strength and durability (Poon et al., 2001a). However, Unliioglu et al. (2007) observed
that at temperature close to 500 °C, the specimens of steel reinforcement with concrete
cover had similar values of tensile strength and yield strength with that of the steel
reinforcements without exposure to elevated temperature. Notwithstanding, when the
temperature is increased beyond 500 °C, the strength capacities of the steel
reinforcement with concrete cover reduced significantly. Moreover, the bond strength
between the steel and concrete reduces with increasing temperature. The extent of the
loss depends on the type of concrete used and the surface’s condition of the steel bar
(deformed, smooth, degree of rusting). At elevated temperatures, deformed or plain
bars with corroded surfaces display higher bond strengths than smooth or plain bars
(Youssef and Moftah, 2007). Furthermore, fire temperatures inspire new thermal,
transient creep and strains. In addition, explosive spalling of concrete member’s
surface might occur (El-Fitiany and Youssef, 2009). On the other hand, Unliioglu et
al. (2007) reported that heat resistance of the reinforced concrete structures depend on
the factors like thermal disparity that occurs between aggregate and cement paste
during heating, vicissitudes in cement paste, the pressure of evaporating water and

chemical structure in the aggregates.

A reinforced concrete column which is an important element in reinforced
concrete structures support and transfer the loads from the structure to the foundation.
Any failure or damage takes place within the column may result in a complete or partial
failure of the structure possibly by chain action (Sakai and Sheikh, 1989). The
behaviour of reinforced concrete columns in fires is complex as thermal and load
induced stresses are combined, however the most apparent effect of a fire is the

changes in material properties of concrete and the reinforcing steel. The reductions in



elastic modulus and yield strength lessen the overall strength of the column. When the
strength of the column reduces lower than the load applied, the column will tend to

fail either by means of crushing or with the aid of flexural buckling (Alkafaji, 2015).

The most significant procedure in calculating the reduction that occur in the
strength of any types of specimens when exposed to fire as in the case of elevated
temperatures is through the help of heat transfer from the surrounding of the specimens
through the specimen’s cross-section. The heat transfer analysis normally used when
the specimens exposed to elevated temperatures consists of the three mechanisms of
heat transmission namely radiation, convection and conduction. Radiation and
convection will occur between the hot light/gases surrounding the specimen and the
specimen surface. Radiation can also occur between the specimen and other
boundaries in the area, like the ceiling, floor and walls. Conduction will occur within
the specimen itself. When the boundary layer of the specimen get heated by the
radiation and convection, conduction will then transfer the thermal energy throughout
the cross section of the specimen from the regions of higher temperature to the lower

temperature (Emberley, 2013).

1.2 Statement of the Problem

Pouring the concrete into formworks together with its durability necessitates
sufficient compaction to be performed by experienced labour. Compaction of concrete
is important in order to remove entrapped air in fresh concrete which produce a
homogeneous mix without honeycomb. If the air in the concrete is not fully removed,
its strength will be losing significantly. Likewise, when the compaction of concrete is
not done fully, both its strength and durability will be affected and nowadays,
durability turns out to be more important than the strength (Shetty, 2005). Nowadays,
normal vibrated concrete (NVC) has compaction problem and have a tendency to
display certain drawbacks for example cavities, voids as well as microstructural
cracks, which expedites the concrete to deteriorate due to access of harmful agents for
instance acids, carbonation and chlorides. The presence of transporting agent such as

gas or liquid makes the deterioration of concrete to be possible (Hassan, 2015). In



addition, the machines used for the compaction usually produce a noise which is not
good for the health of the people. It has been established that the utilization of SCC
has the potentials to solve all the aforementioned drawbacks above associated with

NVC (Li, 2011).

To produce NVC, it involves skilled labour that will handle the vibrator
machine used for compaction of the concrete. This increases the cost of the labour to
be used and at the same time, the time to be used on the construction will be increased.
Improper compaction can lead to inferior surface finishes and when this one happens;
it is going to increase the maintenance cost of a structural members. It has been
established that the use of SCC has the advantages of making the construction time
together with labour cost to be reduced and at the same time produces superb surface

finishes which can reduce the maintenance cost (Khayat ef al., 1999).

One of the elemental ways out towards accomplishing better - quality concrete
properties both in the fresh as well as hardened state is the introduction of self-
compacting concrete. These types of concrete benefit structural engineers and
architects, and eventually the building users. The new kinds of structural components,
which were difficult to cast with NVC, can be produced by making use of SCC. Such
components include different kinds of steel-concrete structural components with more
multifaceted shapes, which are thinner with a much weightier reinforced cross —
section (Li, 2011). Self-compacting Concrete (SCC) is a modern and innovative class
of concrete that does not need vibration for placement and compaction. It is extremely
consistent and highly flowable, without the loss of stability, and furthermore it can
flow due to its own weight, fill the formwork completely and attaining complete
compaction even when the reinforcements are fully congested (EFNARC, 2005). SCC
is gradually gaining popularity due to the advantages it has over NVC. These
advantages include reduction in labour cost and construction time, improved
constructability and structural integrity, solving highly congested reinforcement
problem, bond to reinforcing steel, produces superior surface finishes, superior
strength and durability and fast placement without vibration. However, producing self-
compacting concrete with high fluidity and good strength necessitates a lot of cement

content and this make the cost of production to be high together with higher carbon



dioxide (CO2) emissions. These situations prompt the attention of the researchers to
look into viable and cheaper materials that can be used to replace Portland cement in
order to reduce its production cost. Agricultural wastes such as POFA, RHA, SCBA,
CCA and WSA that are produced in large quantity have been used in that direction by
researchers. Most of the researches examined with the utilization of POFA to substitute
Portland cement in SCC production are performed at ambient temperature. Hence there
is need to investigate the performance of the SCC incorporating POFA at elevated

temperature.

Apart from these advantages in which SCC has over NVC, many of the
structures produced with such type of concrete are often required to expose to severe
ecological conditions, as in case of fire. Many researches have been carried out on the
behaviour of SCC when exposed to elevated temperatures (Persson, 2004; Noumow¢
et al., 2006; Sideris, 2007; Fares et al., 2009; Tao et al., 2010; Khaliq and Kodur,
2011; Bamonte and Gambarova, 2012). There are conflicting results on compressive
strength of SCC at temperature below 400 °C. Fares et al. (2009) observed
compressive strength gain of about 12% at temperature range of 150 and 300 °C.
Likewise, the increase in strength of about 16% between 100 and 200 °C was examined
by Khaliq and Kodur (2011). However, Persson (2004), Sideris (2007) and Tao et al.
(2010) observed loss in compressive strength within these temperatures. Nevertheless,
at temperature above 400 °C, there are significance losses in compressive strength of
SCC. There is gradual decrease in splitting tensile strength which is almost linear
between 20 and 400 °C and later there is sharp decrease in its value up to 600 or 800
°C. There is significance loss in flexural strength from 300 °C up to 600 °C or 900 °C.

Increase in temperature leads to too much loss of modulus of elasticity of SCC.

Comprehensive researches have been investigated on the effects of high
temperatures on the normal vibrated concrete properties produced with POFA (Ismail
etal.,2011; Awal and Shehu, 2015; Awal et al., 2015; Mohammadhosseini and Yatim,
2017). However, all the authors were concerned only on concrete residual compressive
strength and the cube specimens cast were exposed to the maximum temperature of
800 °C. The other properties like modulus of elasticity, flexural strength and splitting

tensile strength which are also important under the mechanical properties are not



investigated. It has been established that incorporation of POFA content to produce
SCC enhances the strength as well as durability properties up to the percentage’s
ranges of 10 - 20% replacement. However, any addition which is more than 20%
makes the strength to be reduced progressively and at the same times induces bleeding
and segregation (Salam et al., 2013; Alsubari et al., 2014a; Ranjbar et al., 2016). All
these studies were done on material properties by fabricating standard specimens such
as cubes, prisms and cylinders at ambient temperature. When this type of concrete
exposed to elevated temperature, as in a case of fire, it undergoes a series of changes
in its physical and chemical characteristics. The effect of high temperatures on
properties of SCC produced with POFA is very limited in the literatures. It was only
Alsubari et al. (2018) that extends part of their research to the residual compressive
strength of SCC made with POFA and the cubes cast were exposed to the maximum
temperature of 600 °C. The temperature of concrete may reach a value of 1350 °C
especially in building, reactor vessel, tunnel and nuclear plant during fire under
extreme occasions like impact or blast loading condition (Awal and Shehu, 2015).
Most of the researchers that carried out a research on residual compressive strength of
POFA concrete exposed the cube specimens to 800 °C. Therefore, it is necessary to
expose the standard specimens to exceed this temperature. It is for these reasons very
important to examine the impact of POFA on the residual mechanical properties of

SCC at elevated temperature up to 1000 °C.

The basic parameter for the determination of concrete performance either at
ambient temperature or elevated temperatures by the engineering profession is the use
of strength. However, researchers are busy nowadays try to search for the remote
causes of deterioration and failure of the concrete elements. Therefore, the current
practice focuses on the combination of microstructure and strength of the material to
assess its performance and durability when exposed to high temperatures. The impact
of high temperatures on the microstructures of either NVC or SCC produced with
POFA is very limited in the literatures. It was only Mohammadhosseini and Yatim
(2017) that extends part of their investigation on the microstructure of green concrete
produced with POFA using waste carpet as fibres. The research on the microstructure
carried out by the authors was performed at 200 and 800 °C using scanning electron
microscopy (SEM), thermogravimetric analysis (TGA) and differential thermal
analysis (DTA). However, X-ray diffraction (XRD) tool which is also important for



the study of phase transformations is not investigated. Therefore, there is need to
investigate the microstructure of SCC produced with POFA at different elevated

temperatures up to 1000 °C.

A lot of research have been investigated on the use of FA (Khaliq and Kodur,
2013; Sunayana and Barai, 2018; Sunayana and Barai, 2019; Hashmi et al., 2020) and
GGBFS (Sangeetha and Joanna, 2014; Hawiley et al., 2017; Lokeshwaran et al., 2017)
to partially replace cement to cast reinforced concrete structural members. However,
the use of POFA to cast reinforced concrete structural members is very limited in the
literatures. It was only Andalib et al. (2014) that used combination of POFA and FA
to cast geo-polymer concrete beams. POFA is an agricultural waste material that is
produced in large quantity from the palm oil industries in the country like Indonesia,
Malaysia, Thailand, Colombia and Nigeria etc. It is obtained from the burning of
residues, such as palm oil fibers, palm kernel shell and empty fruit bunches from a
palm oil industry and used as fuel in the power plants of a palm oil factories to produce
electricity (Ranjbar ef al., 2016). On the other hand, fly ash (FA) is an industrial waste
that is generated in furnaces as a result of burning coal in power plants. It consists of
predominantly very fine spherical glassy particles obtained in the dust collection
systems from the exhaust gases of fossil fuel power plants (Nagaratnam et al., 2016).
The main threat to modern buildings nowadays is fire. With the recent extensive
research on the utilization of POFA in SCC and the upsurge in fire incidents in recent
years, an in-depth understanding of the effect of fire on POFA SCC structural element
is urgently needed. When using POFA to produce SCC columns, it must satisfy fire
safety requirements specified in building codes. After the incidence of fire on the SCC
columns produced with POFA, the residual axial capacity of the SCC columns needs
to be carried out. This is due to the fact that failure of an individual column member
could probably activate a progressive collapse of the whole building structure (Li et
al., 2012). The evaluation of the residual axial capacity of fire-damaged reinforced
self-compacting POFA concrete columns becomes important in order to know the
capacity of the columns after fire. This will help in understanding if the columns
should be repaired instead of demolishing and rebuilding it and to repair will be more

economical.



1.3

Aim and Objective of the Research

The aim of this research is to investigate the residual axial capacity of self-

compacting POFA concrete columns exposed to fire.

1.3.1 Research Objectives

(2)

(b)

(©)

(d)

1.4

The objectives of the research are:

To characterize the physical properties of collected POFA.

To determine the mechanical properties of self-compacting concrete produced

with POFA at elevated temperatures.

To assess the microstructure of self-compacting concrete produced with POFA

at elevated temperatures.

To evaluate residual axial capacity of self-compacting POFA concrete columns

under fire.

Research Questions

The research seeks to address the following questions:

What effect does the POFA have on the mechanical properties of SCC at

elevated temperature?

What effect does the POFA have on the microstructure characteristics of SCC

at elevated temperature?

What effect does the POFA have on the residual axial capacity of SCC

columns?
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4. What effect does the concrete cover have on the residual axial capacity of self-

compacting POFA concrete columns?

5. What effect does the longitudinal percentage ratio have on the residual axial

capacity of self-compacting POFA concrete columns?

1.5 Scope of the Research

The research work focuses on the residual axial capacity of self-compacting
palm oil fuel ash concrete columns exposed to fire. POFA was used basically as partial
replacement of ordinary Portland cement with the percentages of 15% to produce SCC.
Analytic properties of the constituent materials used to produce the concrete together
with their microstructural characteristic were investigated. The fresh properties in
terms of flowing ability and passing ability of the POFA self - compacting concrete

were investigated.

The first phase deals with the preparation as well as testing of the standard size
specimens containing POFA and without POFA at ambient and elevated temperatures.
All the tests were carried out after 28 days of curing. All the specimens to be tested at
elevated temperatures were heated in a regulated electric furnace to required
temperature which varying from 200 to 1000 °C at an intermission of 200 °C. Each
peak temperature was sustained for duration of 2 hours with heating rate of 2.7 °C/min.
After the heating, the specimens were then allowed to cool naturally inside the electric
furnace to ambient temperature before residual mechanical properties such as
compressive strength, splitting tensile strength, flexural strength and modulus of

elasticity were determined.

The second phase deals with testing for microstructure of hardened self —
compacting concrete containing POFA and without POFA at ambient and elevated

temperatures.
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The third phase deals with the preparation and testing for residual axial
capacity of twenty - four self - compacting concrete columns containing POFA and
without POFA. The variables considered were 25 mm and 35 mm concrete cover, and
2% and 3% longitudinal reinforcement ratios. All the columns were 150 x 150 x 600
mm cross — section with longitudinal bars of 12 mm diameter and the size of the
stirrups were 6 mm diameter. All the columns cast were tested after 28 days of curing.
Parts of the columns cast were subjected to heat in an automatic electrical furnace. The
test electrical furnace is designed to produce conditions such as temperature and heat
transfer to which a column might be exposed to during a fire. A peak temperature of
750 °C was chosen for the electrical furnace in order to assess the effect of thermal
damage on the performance of self — compacting POFA concrete columns. When the
electrical furnace reached the desired temperature of 750 °C, this temperature was
maintained for 2 hours and 4 hours so as to ensure uniform heating throughout the
SCC column. After the heating, the columns were then allowed to cool naturally inside
the electrical furnace to ambient temperature before residual ultimate axial load test

were performed.

1.6  Significance of Study

1. High quantity of Portland cement is needed to produce SCC, therefore, the
utilization of certain percentage of POFA to replace cement will make the

quantity of waste produced from Palm oil factory to be reduced.

2. When replacing the quantity of cement with certain percentage of POFA,

mechanical properties of SCC could be significantly enhanced.

3. By using POFA to partially replace cement in the SCC production, the gases
like CO2, SO2 and NOx emission which causes acid rain and greenhouse effect

would be reduced.

4. POFA is an agricultural waste material that usually obtained at reasonable
minimal cost; their usage will significantly reduce the overall cost of

construction.
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5. Structural Engineers and researchers will have a better understanding of the

performance of self-compacting POFA concrete columns exposed to fire.

1.7 Thesis Organization

The research was prepared and documented in line with the provisions
specified in the UTM thesis manual, June 2019. Therefore, the thesis was designed to

cover eight chapters.

Chapter 1 presents the introduction of the area study thereby provides a
summary of the problem background to support the problem statements. The chapter
also highlights the aim and the objectives of the research. The scope and the limitation

together with the significant contribution of the research were stated.

Chapter 2 provides a critical review of the literature relevant to the behaviour
of SCC materials at elevated temperatures and SCC columns exposed to fire. This
chapter also pinpoints the gaps in current knowledge to establish the originality of the

research.

Chapter 3 provides in detail the experimental studies on material property of
the self-compacting concrete with and without POFA exposed to elevated
temperatures. The chapter also presents in detail the procedure of columns preparation,

heating of the columns and testing of the columns after heating.

Chapter 4 presents the characterisation of the constituent materials which
include the chemical composition, physical properties as well as the microstructural
characteristics. The chapter also describes the mix design of the self-compacting

concrete (SCC).

13



Chapter 5 focuses on the assessment of the mechanical properties of the self-
compacting concrete produced with and without POFA exposed to elevated

temperatures.

Chapter 6 describes the assessment of the microstructures of the self-
compacting concrete produced with and without POFA exposed to elevated

temperatures.

Chapter 7 presents the residual axial capacity of self-compacting POFA

concrete columns exposed to elevated temperatures.

Chapter 8 focuses on the conclusions, contributions and recommendations for

future work based on the findings of the research.

14



REFERENCES

Abdul Awal, A. S. M. and Warid Hussin, M. (2011) ‘Effect of palm oil fuel ash in
controlling heat of hydration of concrete’, Procedia Engineering. 14, pp.
2650-2657.

Abdullah, K., Hussin, M. W., Zakaria, F., Muhamad, R. and Abdul Hamid, Z. (2006)
‘POFA : A potential partial cement replacement material in aerated concrete’,
Proceedings of the 6th Asia-Pacific Structural Engineering and Construction
Conference. 5-6 September. Kuala Lumpur, Malaysia, pp. B132-B140.

Abdulraheem, Mustafa S and Kadhum, M. M. (2018a) ‘Experimental and numerical
study on post-fire behaviour of concentrically loaded reinforced reactive
powder concrete columns’, Construction and Building Materials, 168, pp.
877-892.

Abdulraheem, Mustafa S. and Kadhum, M. M. (2018b) ‘Experimental investigation of
fire effects on ductility and stiffness of reinforced reactive powder concrete
columns under axial compression’, Journal of Building Engineering, 20, pp.
750-761.

ACI201.2R - 01. (2004) ‘Guide to durable concrete, ACI Manual of Concrete Practice,
Part 1°. Farmington Hills, Michigan, USA: American Concrete Institute,
pp.- 38.

ACI211.4R - 08. (2008) ‘Guide for Selecting Proportions for High-Strength Concrete
Using Portland Cement and Other Cementitious Materials, ACI Manual of
Concerte Practice, Part 1°. Farmington Hills, Michigan, USA: American
Concrete Institute, pp. 25.

ACI 237R - 07. (2007) ‘Self Consolidating Concrete, ACI Manual of Concerte
Practice, Part 2°. Farmington Hills, Michigan, USA: American Concrete
Institute, PP. 30.

ACI 301 -10. (2010) “Specifiactions for Structural Concrete, ACI Manual of Concerte
Practice, Part 2°. Farmington Hills, Michigan, USA: American Concrete
Institute, pp. 49.

ACI 308R - 01. (2001) ‘Guide to curing concrete, ACI Manual of Concrete Practice,
Part 2°. Farmington Hills, Michigan, USA: American Concrete Institute, pp.

264



31.

Akca, A. H. and Zihnioglu, N. O. (2013) ‘High performance concrete under elevated
temperatures’, Construction and Building Materials, 44, pp. 317-328.
Akcadzoglu, K., Fener, M., Akcadzoglu, S. and Ocal, R. (2014) ‘Microstructural
examination of the effect of elevated temperature on the concrete containing

clinoptilolite’, Construction and Building Materials, 72, pp. 316-325.

Al-amoudi, O. S. B., Abiola, T. O. and Maslehuddin, M. (2006) ‘Effect of
superplasticizer on plastic shrinkage of plain and silica fume cement
concretes’, Construction and Building Materials, 20, pp. 642—647.

Al-Gasham, T. S., Mhalhal, J. M. and Jabir, H. A. (2019) ‘Influence of post-heating
on the behavior of reinforced self-compacting concrete hollow columns’,
Structures, 22, pp. 266-277.

Al-jabri, K. and Shoukry, H. (2014) ‘Use of nano-structured waste materials for
improving mechanical, physical and structural properties of cement mortar’,
Construction and Building Materials, 73, pp. 636—644.

Al-saleh, S. A. and Al-zaid, R. Z. (2006) ‘Effects of drying conditions, admixtures and
specimen size on shrinkage strains’, Cement and Concrete Research, 36, pp.
1985-1991.

Alberti, M. G., Enfedaque, A. and Gélvez, J. C. (2019) ‘The effect of fibres in the
rheology of self-compacting concrete’, Construction and Building Materials,
219, pp. 144-153.

Aldahdooh, M. A. A., Bunnori, N. M. and Megat Johari, M. A. (2013) ‘Development
of green ultra-high performance fiber reinforced concrete containing ultrafine
palm oil fuel ash’, Construction and Building Materials, 48, pp. 379-389.

Alkafaji, M. M. K. (2015) ‘Structural Performance of Short Square Self Compacting
Concrete Columns in Fire’, Engineering & Technology Journal, 33(1), pp.
237-256.

Alnahhal, M. F., Alengaram, U. J., Jumaat, M. Z., Alsubari, B., Algedra, M. A. and
Mo, K. H. (2018) ‘Effect of aggressive chemicals on durability and
microstructure properties of concrete containing crushed new concrete
aggregate and non-traditional supplementary cementitious materials’,
Construction and Building Materials, 163, pp. 482—495.

Alsubari, B., Shafigh, P., Ibrahim, Z., Alnahhal, M. F. and Jumaat, M. Z. (2018)

‘Properties of eco-friendly self-compacting concrete containing modified

265



treated palm oil fuel ash’, Construction and Building Materials, 158, pp. 742—
754.

Alsubari, B., Shafigh, P. and Jumaat, M. Z. (2015) ‘Development of Self-
Consolidating High Strength Concrete Incorporating Treated Palm Oil Fuel
Ash’, Materials, 8, pp. 2154-2173.

Alsubari, B., Shafigh, P. and Jumaat, M. Z. (2016) ‘Utilization of high-volume treated
palm oil fuel ash to produce sustainable self-compacting concrete’, Journal of
Cleaner Production, 137, pp. 982-996.

Alsubari, B., Shafigh, P., Jumaat, M. Z. and Alengaram, U. J. (2014a) ‘The effect of
palm oil fuel ash as a cement replacement material on self- compacting
concrete’, Applied Mechanics and Materials, 567, pp. 529-534.

Alsubari, B., Shafigh, P., Zamin, M. and Alengaram, U. J. (2014b) ‘Palm Oil Fuel Ash
as a Partial Cement Replacement for Producing Durable Self-consolidating
High-Strength Concrete’, Arab J Sci Eng, pp. 8507-8516.

Anand, N., Antony, G. and Prince Arulraj, G. (2016) ‘Influence of mineral admixtures
on mechanical properties of self - compacting concrete under elevated
temperature.’, Fire and Materials, 40(7), pp. 940-958.

Anand, N. and Arulraj, G. P. (2014) ‘Experimental Investigation on Mechanical
Properties of Self Compacting Concrete Under Elevated Temperatures’,
International Journal of Advances in Science Engineering and Technology,
2(4), pp. 90-94.

Andalib, R., Hussin, M. W., Abd Majid, M. Z., Azrin, M. and Ismail, H. H. (2014)
‘Structural Performance of Sustainable Waste Palm Oil Fuel Ash - Fly Ash
Geo - Polymer Concrete Beams’, Journal of Environmental Treatment
Techniques, 2(3), pp. 115-119.

Andig-¢akir, O. and Hizal, S. (2012) ‘Influence of elevated temperatures on the
mechanical properties and microstructure of self consolidating lightweight
aggregate concrete’, Construction and Building Materials, 34, pp. 575-583.

Arioz, O. (2007) ‘Effects of elevated temperatures on properties of concrete’, Fire
Safety Journal, 42, pp. 516-522.

Asadi, 1., Shafigh, P., Abu Hassan, Z. F. and Mahyuddin, N. B. (2018) ‘Thermal
conductivity of concrete — A review’, Journal of Building Engineering, 20, pp.
81-93.

ASCE (1992) ‘Structural fire protection’, ASCE Committee on Fire Protection,

266



Structural Division. New York: American Society of Civil Engineers.

Aslani, F. and Nejadi, S. (2012) ‘Mechanical properties of conventional and self-
compacting concrete: An analytical study’, Construction and Building
Materials, 36, pp. 330-347.

Assaad, J., Khayat, K. H. and Daczko, J. (2004) ‘Evaluation of Static Stability of Self-
Consolidating Concrete’, ACI Materials Journal, 101(3), pp. 207-215.
ASTM C33/C33M. (2011) ‘Standard Specification for Concrete Aggregates’. Annual
Book of American Society for Testing and Materials. Philadelphia, USA:

ASTM Standards, 04(02), pp. 11.

ASTM C39/C39M. (2012) ‘Standard Test Method for Compressive Strength of
Cylindrical Concrete Specimens’. Annual Book of American Society for
Testing and Materials. West Conshohocken, USA: ASTM Standards, 04(02),
pp. 7.

ASTM C78/C78M. (2010) ‘Standard Test Method for Flexural Strength of Concrete
(Using Simple Beam with Third-Point Loading) ’. Annual Book of American
Society for Testing and Materials. West Conshohocken, USA: ASTM
Standards, 04(02), pp. 4.

ASTM CI125. (2013) ‘Standard Terminology Relating to Concrete and Concrete
Aggregates’. Annual Book of American Society for Testing and Materials.
Philadelphia, USA: ASTM Standards, 04(02), pp. 8.

ASTM C136 (2006). ‘Standard Test Method for Sieve Analysis of Fine and Coarse
Aggregates’. Annual Book of American Society for Testing and Materials.
West Conshohocken, USA: ASTM Standards, 04(02), pp. 5.

ASTM C143/C143M. (2012) ‘Standard Test Method for Slump of Hydraulic-Cement
Concrete’. Annual Book of American Society for Testing and Materials. West
Conshohocken, USA: ASTM Standards, 04(02), pp. 4.

ASTM CI150/C150M. (2012) ‘Standard Specification for Portland Cement’. Annual
Book of American Society for Testing and Materials. Philadelphia, USA:
ASTM Standards, 04(02), pp. 9.

ASTM C192/C192M. (2014) ‘Standard Practice for Making and Curing Concrete Test
Specimens in the Laboratory’. Annual Book of American Society for Testing
and Materials. West Conshohocken, USA: ASTM Standards, 04(02), pp. 8.

ASTM C430. (2009) ‘Standard Test Method for Fineness of Hydraulic Cement by the
45 um (No. 325) Sieve’. Annual Book of American Society for Testing and

267



Materials. West Conshohocken, USA: ASTM Standards, 04(02), pp. 3.

ASTM C494/C494M. (2013) “Standard Specification for Chemical Admixtures for
Concrete’. Annual Book of American Society for Testing and Materials.
Philadelphia, USA: ASTM Standards, 04(02), pp. 10.

ASTM C496/C496M. (2011) ‘Standard Test Method for Splitting Tensile Strength of
Cylindrical Concrete Specimens’. Annual Book of American Society for
Testing and Materials. West Conshohocken, USA: ASTM Standards, 04(02),
pp. 5.

ASTM C618. (2012) “Standard Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use in Concrete’. Annual Book of American Society for
Testing and Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 3.

ASTM C989/C989M. (2013) ‘Standard Specification for Slag Cement for Use in
Concrete and Mortars’. Annual Book of American Society for Testing and
Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 8.

ASTM C1113/C1113M. (2009) ‘Standard Test Method for Thermal Conductivity of
Refractories by Hot Wire (Platinum Resistance Thermometer Technique)’.
Annual Book of American Society for Testing and Materials. Philadelphia,
USA: ASTM Standards, 15(01), pp. 6.

ASTM C1240/C1240M. (2012) ‘Standard Specification for Silica Fume Used in
Cementitious Mixtures1’. Annual Book of American Society for Testing and
Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 7.

ASTM C1602/C1602M. (2012) ‘Standard Specification for Mixing Water Used in the
Production of Hydraulic Cement Concrete’. Annual Book of American Society
for Testing and Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 5.

ASTM C1610/C1610M. (2010) ‘Standard Test Method for Static Segregation of Self-
Consolidating Concrete Using Column Technique’. Annual Book of American
Society for Testing and Materials. Philadelphia, USA: ASTM Standards,
04(02), pp. 4.

ASTM C1611/C1611M. (2009) ‘Standard Test Method for Slump Flow of Self-
Consolidating Concrete’. Annual Book of American Society for Testing and
Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 6).

ASTM C1621/C1621M. (2009) ‘Standard Test Method for Passing Ability of Self-
Consolidating Concrete by J-Ring’. Annual Book of American Society for

Testing and Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 5.

268



ASTM E119-12. (2012) ‘Standard Test Methods for Fire Tests of Building
Construction and Materials’. Annual Book of American Society for Testing
and Materials. Philadelphia, USA: ASTM Standards, 04(02), pp. 34.

ASTM ES831. (2006) ‘Standard Test Method for Linear Thermal Expansion of Solid
Materials by Thermomechanical Analysis’. Annual Book of American Society
for Testing and Materials. Philadelphia, USA: ASTM Standards, 14(05), pp. 5.

ASTM E1530. (2011) ‘Standard Test Method for Evaluating the Resistance to Thermal
Transmission of Materials by the Guarded Heat Flow Meter Technique’.
Annual Book of American Society for Testing and Materials. Philadelphia,
USA: ASTM Standards, 14(05), pp. 8.

Awal, A. S. M. A. and Abubakar, S. 1. (2011) ‘Properties of Concrete Containing High
Volume Palm Oil Fuel Ash: A Short - Term Investigation’, Malaysian Journal
of Civil Engineering, 23(2), pp. 54—66.

Awal, A. S. M. A. and Hussin, M. W. (2009) ‘Strength, Modulus of Elasticity and
Shrinkage Behaviour of POFA Concrete’, Malaysian Journal of Civil
Engineering, 21(2), pp. 125-134.

Awal, A. S. M. A. and Mohammadhosseini, H. (2016) ‘Green concrete production
incorporating waste carpet fiber and palm oil fuel ash’, Journal of Cleaner
Production, 137, pp. 157-166.

Awal, A. S. M. A. and Shehu, I. A. (2013) ‘Evaluation of heat of hydration of concrete
containing high volume palm oil fuel ash’, Fuel, 105, pp. 728-731.

Awal, A. S. M. A. and Shehu, I. A. (2015) ‘Performance evaluation of concrete
containing high volume palm oil fuel ash exposed to elevated temperature’,
Construction and Building Materials, 76, pp. 214-220.

Awal, A. S. M. A., Shehu, I. A. and Ismail, M. (2015) ‘Effect of cooling regime on the
residual performance of high-volume palm oil fuel ash concrete exposed to
high temperatures’, Construction and Building Materials, 98, pp. 875-883.

Balendran, R. V, Pang, H. W. and Wen, H. X. (1998) ‘Use of scanning electron
microscopy in concrete studies’, Structural Survey, 16(3), pp. 146—153.

Bamonte, P. and Gambarova, P. G. (2012) ‘A study on the mechanical properties of
self-compacting concrete at high temperature and after cooling’, Materials and
Structures, 45(9), pp. 1375-1387.

Bartos, P. J. M. (1999) ‘An Appraisal of the Orimet Test. As a Method for On-Site

Assessment of Fresh SCC Concrete’, Proceedings of the International

269



Workshop on Self-Compacting Concrete. Tokyo, Japan, pp. 121-135.

Bartos, P. J. M. (2000) ‘Measurement of key properties of fresh self-compacting
concrete’, Paper presented in the CEN/STAR PNR Workshop on Measurement,
Testing and Standardization: Future Needs in the Field of Construction
Materials. 5-6 June. Paris, France, pp. 6.

Bashar, I. 1., Alengaram, U. J., Jumaat, M. Z., Islam, A., Santhi, H. and Sharmin, A.
(2016) ‘Engineering properties and fracture behaviour of high volume palm oil
fuel ash based fibre reinforced geopolymer concrete’, Construction and
Building Materials, 111, pp. 286-297.

Bastami, M., Baghbadrani, M. and Aslani, F. (2014) ‘Performance of nano-Silica
modified high strength concrete at elevated temperatures’, Construction and
Building Materials, 68, pp. 402—408.

Bazant, Z. P. and Chern, J. C. (1987) ‘Stress - Induced Thermal and Shrinkage Strains
in Concrete’, Journal of Engineering Mechanics, 113(10), pp. 1493—-1511.

Bazant, Z. P. and Kaplan, M. F. (1996) ‘Concrete at High Temperatures: Material
Proterties and Mathematical Models’, Essex, UK: Longman Group Limited.

Behnood, A. and Ghandehari, M. (2009) ‘Comparison of compressive and splitting
tensile strength of high-strength concrete with and without polypropylene
fibers heated to high temperatures’, Fire Safety Journal, 44, pp. 1015-1022.

Benabed, B., Kadri, E., Azzouz, L. and Kenai, S. (2012) ‘Properties of self-compacting
mortar made with various types of sand’, Cement and Concrete Composites,
34(10), pp. 1167-1173.

Bennenk, W. (2002) ‘SCC in the Daily Precast Concrete Practice’, Betonwerk and
Fertigteil-Technik, 34(4).

Berndt, M. L. (2009) ‘Properties of sustainable concrete containing fly ash, slag and
recycled concrete aggregate’, Construction and Building Materials, 23(7), pp.
2606-2613.

Beygi, M. H. A., Kazemi, M. T., Nikbin, I. M., Amiri, J. V., Rabbanifar, S. and
Rahmani, E. (2014) ‘The influence of coarse aggregate size and volume on the
fracture behavior and brittleness of self-compacting concrete’, Cement and
Concrete Research, 66, pp. 75-90.

Bhattacharjee, B. and Krishnamoorthy, S. (2004) ‘Permeable Porosity and Thermal
Conductivity of Construction Materials’, Journal of Materials in Civil

Engineering, 16(4), pp. 322-330.

270



Bhattacharya, A., Ray, L. and Davalos, J. F. (2008) ‘Effects of Aggregate Grading and
Admixture/Filler on Self-Consolidating Concrete’, The Open Construction and
Building Technology Journal, 2, pp. 89-95.

Bisby, L. A. (2003) ‘Fire Behaviour of Fibre-Reinforced Polymer (FRP) Reinforced
or Confined Concrete’, PhD Thesis, Queen’s University, Kingston, Ontario,
Canada.

Bissonnette, B., Pierre, P. and Pigeon, M. (1999) ‘Influence of key parameters on
drying shrinkage of cementitious materials’, Cement and Concrete Research,
29, pp. 1655-1662.

Bonen, D. and Sarkar, S. L. (1995) ‘The superplasticizer adsorption capacity of cement
pastes, pore solution composition, and parameters affecting flow losss’,
Cement and Concrete Research, 25(7), pp. 1423-1434.

Bonen, D. and Shah, S. P. (2005) ‘Fresh and hardened properties of self-consolidating
concrete’, Progress in Structural Engineering and Materials, 7(1), pp. 14-26.

Boukendakdji, O., Kadri, E. and Kenai, S. (2012) ‘Effects of granulated blast furnace
slag and superplasticizer type on the fresh properties and compressive strength
of self-compacting concrete’, Cement and Concrete Composites, 34(4), pp.
583-590.

Brameshuber, W. and Uebachs, S. (2001) ‘Practical experience with the application of
self-compacting concrete in Germany’, Proceedings of the Second
International Symposium on Self-compacting Concrete. COMS Engineering
Corporation, Tokyo, Japan, pp. 687—695.

Brouwers, H. J. H. and Radix, H. J. (2005) ‘Self-Compacting Concrete : Theoretical
and experimental study’, Cement and Concrete Research, 35, pp. 2116-2136.

BS 1881. (1983a) ‘Testing Concrete - Part 116: Method for determination of
compressive strength of concrete cubes’. London: British Standards Institution.

BS 1881. (1983b) ‘Testing concrete - Part 121: Method for determination of static
modulus of elasticity in compression’. London: British Standards Institution.

Buchanan, A. H. (2002) ‘Structural Design for Fire Safety’. Chichester: John Wiley
& Sons Ltd’.

Bui, V. K. and Montgomery, D. (1999) ‘Mixture proportioning method for self-
compacting high performance concrete with minimum paste volume. In:
Skarendahl A, Petersson O, editors’, the Ist International RILEM Symposium
on Self-Compacting Concrete. France, pp. 373-384.

271



Bui, V. K., Montgomery, D., Hinczak, 1. and Turner, K. (2002) ‘Rapid testing method
for segregation resistance of self-compacting concrete’, Cement and Concrete
Research, 32, pp. 1489-1496.

Castillo, C. and Durranil, A. J. (1990) ‘Effect of transient of high temperature on high
strength concrete.’, ACI Material Journal, 87(1), pp. 47-53.

Chalee, W., Cheewaket, T. and Jaturapitakkul, C. (2021) ‘Enhanced durability of
concrete with palm oil fuel ash in a marine environment’, Journal of Materials
Research and Technology, 13, pp. 128—137.

Chan, Y. N., Peng, G. F. and Anson, M. (1999) ‘Residual strength and pore structure
of high-strength concrete and normal strength concrete after exposure to high
temperatures’, Cement and Concrete Composites, 21(1), pp. 23-27.

Chandara, C., Sakai, E., Azizli, K. A. M., Ahmad, Z. A. and Hashim, S. F. S. (2010)
‘The effect of unburned carbon in palm oil fuel ash on fluidity of cement pastes
containing superplasticizer’, Construction and Building Materials, 24(9), pp.
1590-1593.

Chang, P. and Peng, Y. (2001) ‘Influence of mixing techniques on properties of high
performance concrete’, Cement and Concrete Research, 31, pp. 87-95.
Chiang, C. and Tsai, C. (2003) ‘Time — temperature analysis of bond strength of a
rebar after fire exposure’, Cement and Concrete Research, 33(168), pp. 1651—

1654.

Chindaprasirt, P., Homwuttiwong, S. and Jaturapitakkul, C. (2007) ‘Strength and
water permeability of concrete containing palm oil fuel ash and rice husk —
bark ash’, Construction and Building Materials, 21, pp. 1492—1499.

Chindaprasirt, P., Chotetanorm, C. and Rukzon, S. (2011) ‘Use of Palm Oil Fuel Ash
to Improve Chloride and Corrosion Resistance of High-Strength and High-
Workability Concrete’, Journal of Materials in Civil Engineering, 23(4), pp.
499-503.

Choe, G., Kim, G., Gucunski, N. and Lee, S. (2015) ‘Evaluation of the mechanical
properties of 200 MPa ultra-high-strength concrete at elevated temperatures
and residual strength of column’, Construction and Building Materials, 86, pp.
159-168.

Chopin, D., Larrard, F. D. and Cazacliu, B. (2004) ‘Why do HPC and SCC require a
longer mixing time ?°, Cement and Concrete Research, 34, pp. 2237-2243.

Chopra, D., Siddique, R. and Kunal (2015) ‘Strength, permeability and microstructure

272



of self-compacting concrete containing rice husk ash’, Biosystems
Engineering, 130, pp. 72-80.

Collepardi, M. A., Borsoi, S. and Collepardi, R. T. (2005) ‘Recent Developments of
Special SCC’s in Europe’, Proceedings of Seventh CANMET/ACI
International Conference on Recent Advances in Concrete Technology. 26-29
May 2004. Las Vegas, USA, pp. 1-18.

Cooke, G. M. E. (1988) ‘An Introduction to the Mechanical Properties of Structural
Steel at Elevated Temperatures’, Fire Safety Journal, 13, pp. 45-54.

Ciilfik, M. S. and Ozturan, T. (2002) ‘Effect of elevated temperatures on the residual
mechanical properties of high-performance mortar’, Cement and Concrete
Research, 32, pp. 809-816.

Daczko, J. A. (2002) ‘Stability of self-consolidating concrete, assumed or ensured?’,
Proceedings of the First North American Conference on the Design and Use
of Self-consolidating Concrete. Hanley-Wood, LLC, Illinois, USA, pp. 223—
228.

Dadsetan, S. and Bai, J. (2017) ‘Mechanical and microstructural properties of self-
compacting concrete blended with metakaolin , ground granulated blast-
furnace slag and fly ash’, Construction and Building Materials, 146, pp. 658—
667.

Dehwah, H. A. F. (2012) ‘Mechanical properties of self-compacting concrete
incorporating quarry dust powder , silica fume or fly ash’, Construction and
Building Materials, 26(1), pp. 547-551.

Demirel, B. and Kelestemur, O. (2010) ‘Effect of elevated temperature on the
mechanical properties of concrete produced with finely ground pumice and
silica fume’, Fire Safety Journal, 45, pp. 385-391.

Devore, J. L. (2012) ‘Probability and Statistics for Engineering and the Sciences’. 2™
ed. Canada, USA: Nelson Education Ltd.

Diederichs, U. and Schneider, U. (1981) ‘Bond strength at high temperatures’,
Magazine of Concrete Research, 33(115), pp. 75-84.

Dinakar, P., Babu, K. G. and Santhanam, M. (2008) ‘Durability properties of high
volume fly ash self compacting concretes’, Cement and Concrete Composites,
30(10), pp. 880—-886.

Dinakar, P., Sethy, K. P. and Sahoo, U. C. (2013) ‘Design of self-compacting concrete
with ground granulated blast furnace slag’, Materials and Design, 43, pp. 161—

273



169.

Ding, Y., Azevedo, C., Aguiar, J. B. and Jalali, S. (2012) ‘Study on residual behaviour
and flexural toughness of fibre cocktail reinforced self compacting high
performance concrete after exposure to high temperature’, Construction and
Building Materials. Elsevier Ltd, 26, pp. 21-31.

Domone, P. L. (2006) ‘Self-compacting concrete : An analysis of 11 years of case
studies’, Cement and Concrete Composites, 28, pp. 197-208.

Drysdale, D. D., Schneider, U., Babrauskas, V. and Grayson, S. J. (1990)
‘Repairability of fire damaged structures, CIB W14 Report’, Fire Safety
Journal, 16(4), pp. 251-336.

Du, L. and Folliard, K. J. (2005) ‘Mechanisms of air entrainment in concrete’, Cement
and Concrete Research, 35, pp. 1463—1471.

Diigenci, O., Haktanir, T. and Altun, F. (2015) ‘Experimental research for the effect
of high temperature on the mechanical properties of steel fiber-reinforced
concrete’, Construction and Building Materials, 75, pp. 82—88.

Dwaikat, M. B. and Kodur, V. K. R. (2010) ‘Fire Induced Spalling in High Strength
Concrete Beams’, Fire Technology, 46, pp. 251-274.

EFNARC (2002) ‘Specifications and Guidelines for Self-Compacting Concrete’,
European Federation of Suppliers of Specialist Construction Chemicals
(EFNARC), Surrey GU9 7EN, UK, pp. 1-32.

EFNARC, S. (2005) ‘The European Guidelines for Self - Compacting Concrete,
Specification, Production and Use’.

Eilers, L. H., Nelson, E. B. and Moran, L. K. (1983) ‘High-Temperature Cement
Compositions-Pectolite, Scawtite, Truscottite, or Xonotlite: Which Do You
Want?’, Journal of Petroleum Technology, pp. 1373—-1377.

El-Fitiany, S. F. and Youssef, M. A. (2009) ¢ Assessing the flexural and axial behaviour
of reinforced concrete members at elevated temperatures using sectional
analysis’, Fire Safety Journal, 44, pp. 691-703.

Elahi, A., Basheer, P. A. M., Nanukuttan, S. V and Khan, Q. U. Z. (2010) ‘Mechanical
and durability properties of high performance concretes containing
supplementary cementitious materials’, Construction and Building Materials,
24(3), pp. 292-299.

Emberley, R. L. (2013) ‘4 Study into the Behaviour of Reinforced Concrete Columns
under Fire Fire Exposes Using a Spreadsheet-Based Numerical Model’, MSc

274



Thesis, Worcester Polytechnic Insitute, Massachusetts, United States.

Ergiin, A., Kiirklli, G., Bagpinar, M. S. and Mansour, M. Y. (2013) ‘The effect of
cement dosage on mechanical properties of concrete exposed to high
temperatures’, Fire Safety Journal, 55, pp. 160-167.

Eurocode 2. (2004) ‘Design of Concrete Structures, Part 1-1: General rules and rules
for buildings, BS EN 1992-1-1." Brussels: European Committee for
Standardization.

Fares, H., Noumowe, A. and Remond, S. (2009) °Self-consolidating concrete
subjected to high temperature. Mechanical and physicochemical properties’,
Cement and Concrete Research, 39(12), pp. 1230-1238.

Fares, H., Remond, S., Noumowe, A. and Cousture, A. (2010a) ‘High temperature
behaviour of self-consolidating concrete. Microstructure and physicochemical
properties’, Cement and Concrete Research, 40(3), pp. 488—496.

Fares, H., Remond, S., Noumowe, A. and Cousture, A. (2010b) ‘High temperature
behaviour of self-consolidating concrete. Microstructure and physicochemical
properties’, Cement and Concrete Research, 40(3), pp. 488-496.

Felekoglu, B. (2008) ‘A comparative study on the performance of sands rich and poor
in fines in self-compacting concrete’, Construction and Building Materials, 22,
pp. 646—-654.

Galau, D. and Ismail, M. (2010) Characterization of Palm Oil Fuel Ash (POFA) from
Different Mill as Cement Replacement Material’, Thesis, Universiti Teknologi
Malaysia, Johor, Skudai, Malaysia.

Gao, D., Yan, D. and Li, X. (2012) ‘Splitting strength of GGBFS concrete
incorporating with steel fiber and polypropylene fiber after exposure to
elevated temperatures’, Fire Safety Journal, 54, pp. 67-73.

Gao, J. M., Qian, C. X., Liu, H. F., Wang, B. and L1, L. (2005) ‘ITZ microstructure of
concrete containing GGBS’, Cement and Concrete Research, 35(7), pp. 1299—
1304.

Gao, X. F,, Lo, Y. T. and Tam, C. M. (2002) ‘Investigation of micro-cracks and
microstructure of high performance lightweight aggregate concrete’, Building
and Environment, 37(525), pp. 485-489.

Gar, P. S., Suresh, N. and Bindiganavile, V. (2017) ‘Sugar cane bagasse ash as a
pozzolanic admixture in concrete for resistance to sustained elevated

temperatures’, Construction and Building Materials, 153, pp. 929-936.

275



Geiker, M. R., Brandl, M., Thrane, L. N. and Nielsen, L. F. (2002) ‘On the Effect of
Coarse Aggregate Fraction and Shape on the Rheological Properties of Self-
Compacting Concrete’, Cement, Concrete and Aggregates, 24(1), pp. 3—6.

Georgali, B. and Tsakiridis, P. E. (2005) ‘Microstructure of fire-damaged concrete. A
case study’, Cement & Concrete Composites, 27, pp. 255-259.

Ghafoori, N. and Barfield, M. (2010) ‘Remediation and Air Void Stability of Hauled
Self-Consolidating Concrete’, Journal of Materials in Civil Engineering,
22(9), pp. 905-913.

Gibbs, J. C. and Zhu, W. (1999) ‘Strength of hardened self-compacting concrete. In
A. Skarendahl and O. Petersson (Eds.)’, Proceedings of the First International
RILEM Symposium on Self-compacting concrete, Stockholm, Sweden. Cachan,
France: RILEM Publications, pp. 199-209.

Goodier, C. L. (2003) ‘Development of self-compacting concrete’, Proceedings of the
Institution of Civil Engineers - Structures & Buildings, 156(4), pp. 405-414.

Guo, Z., Jiang, T., Zhang, J., Kong, X., Chen, C. and Lehman, D. E. (2020)
‘Mechanical and durability properties of sustainable self-compacting concrete
with recycled concrete aggregate and fly ash, slag and silica fume’,
Construction and Building Materials, 231, pp. 1-11.

Hager, 1. (2014) ‘Colour Change in Heated Concrete’, Fire Technology, 50(4), pp.
945-958.

Hamada, H. M., Al-attar, A. a A., Yahaya, F. M., Muthusamy, K., Tayeh, B. A. and
Humada, A. M. (2020a) ‘Effect of high-volume ultrafine palm oil fuel ash on
the engineering and transport properties of concrete’, Case Studies in
Construction Materials, 12, p. e00318.

Hamada, H. M., Jokhio, G. A., Yahaya, F. M., Humada, A. M. and Gul, Y. (2018)
‘The present state of the use of palm oil fuel ash (POFA) in concrete’,
Construction and Building Materials, 175, pp. 26-40.

Hamada, H., Tayeh, B., Yahaya, F., Muthusamy, K. and Al-Attar, A. (2020b) ‘Effects
of nano-palm oil fuel ash and nano-eggshell powder on concrete’, Construction
and Building Materials, 261, p. 119790.

Hashmi, A. F., Shariq, M. and Bagqi, A. (2020) ‘Flexural performance of high volume
fly ash reinforced concrete beams and slabs’, Structures, 25, pp. 868—880.

Hassan, A. A. A., Lachemi, M. and Hossain, K. M. A. (2012) ‘Effect of metakaolin

and silica fume on the durability of self-consolidating concrete’, Cement and

276



Concrete Composites, 34(6), pp. 801-807.

Hassan, 1. O. (2015) ‘Self Consolidating High Performance Palm Oil Fuel Ash and
Pulverised Burnt Clay Blended Concrete’, PhD Thesis, Universiti Teknologi
Malaysia, Johor, Skudai, Malaysia.

Hassan, I. O., Yusuf, T. O., Noruzman, A. H., Forouzani, P. and Ismail, M. (2015) ‘An
Evaluation of the Relationship Between Fresh Properties of Self -
Consolidating Concrete Incorporating Blended Palm Oil Fuel Ash and
Pulverised Burnt Clay’, Malaysian Journal of Civil Engineering, 27(1), pp.
138-154.

Hassanean, Y. A., Diab, H. M., Fahmy, M. F. M. and Ismail, M. M. A. (2015)
‘Behavior of Reinforced High-Strength Concrete Short Columns Subjected to
High Temperature’, Presented at International Conference on Advances in
Structural and Geotechnical Engineering. 6 - 9 April, Hurghada, Egypt, pp. 1—-
9.

Hawileh, R. A. (2011) ‘Heat Transfer Analysis of Reinforced Concrete Beams
Reinforced with GFRP Bars’, Convection and Conduction Heat Transfer, Dr.
Amimul Ahsan (Ed.), ISBN: 978-953-307-582-2, InTech, pp. 300-301.

Hawileh, R. A., Abdalla, J. A., Fardmanesh, F., Shahsana, P. and Khalili, A. (2017)
‘Performance of reinforced concrete beams cast with different percentages of
GGBS replacement to cement’, Archives of Civil and Mechanical Engineering.
Politechnika Wroctawska, 17(3), pp. 511-519.

Hayakawa, M., Matsuoka, Y. and Shindoh, T. (1994) ‘Development and application
of super-workable concrete, Special Concretes: Workability and Mixing’,
Proceedings of the International RILEM Workshop. London, UK: E & FN
Spon, pp. 183—-190.

Heikal, M., Zohdy, K. M. and Abdelkreem, M. (2013) ‘Mechanical, microstructure
and rheological characteristics of high performance self-compacting cement
pastes and concrete containing ground clay bricks’, Construction and Building
Materials, 38, pp. 101-109.

Helal, M. and Heiza, K. (2010) ‘Effect of Fire and High Temperature on the Properties
of Self Compacted Concrete’, Proceedings of the Sth international conference
on FRP composites in civil engineering (CICE 2010). 27-29 September,
Beijing, China, pp. 433-439.

Hertz, K. D. (2006) ‘Quenched reinforcement exposed to fire’, Magazine of Concrete

277



Research, 58(1), pp. 43-48.

Hibner, D. R. (2017) ‘Residual Axial Capacity of Fire Exposed Reinforced Concrete
Columns’, MSc Thesis, Michigan State University, East Lansing, Michigan,
USA.

Hu, H., Nie, J. and Wang, Y. (2016) ‘Effective stiffness of rectangular concrete filled
steel tubular members’, Journal of Constructional Steel Research, 116, pp.
233-246.

Huang, H., Qian, C., Zhao, F., Qu, J., Guo, J. and Danzinger, M. (2016) ‘Improvement
on microstructure of concrete by polycarboxylate superplasticizer (PCE) and
its influence on durability of concrete’, Construction and Building Materials,
110, pp. 293-299.

Husem, M. (2006) ‘The effects of high temperature on compressive and flexural
strengths of ordinary and high-performance concrete’, Fire Safety Journal,
41(2), pp. 155-163.

Hussin, M. W. and Abdullah, K. (2009) ‘Properties of Palm Oil Fuel Ash Cement
Based Aerated Concrete Panel Subjected to Different Curing Regimes’,
Malaysia Journal of Civil Engineering, 21(1), pp. 17-31.

Hussin, M. W. and Awal, A. S. M. A. (1997) ‘Palm oil fuel ash: a potential pozzolanic
material in concrete construction’, Journal of Ferrocement, 27(4), pp. 321—
327.

Hwang, C. and Tsai, C. (2005) ‘The effect of aggregate packing types on engineering
properties of self-consolidating concrete. In: Zhiwu Yu et al., editors.
SCC’2005-China:’, Ist International Symposium on Design, Performance and
Use of Self-consolidating Concrete. China: RILEM Publications SARL.

IS: 1344-1981. (2008) ‘Specification for Calcined Clay Pozzolana (Second
Revision).’, Indian Standard (CED 2: Cement and Concrete). New Delhi,
India: Bureau of Indian Standards, pp. 15.

Ismail, M. A., Budiea, A. M. A., Hussin, M. W. and Muthusamy, K. B. (2010) ‘Effect
of POFA fineness on durability of high strength concrete’, Indian Concrete
Journal, pp. 21-28.

Ismail, M., Elgelany Ismail, M. and Muhammad, B. (2011) ‘Influence of elevated
temperatures on physical and compressive strength properties of concrete
containing palm oil fuel ash’, Construction and Building Materials. Elsevier

Ltd, 25(5), pp. 2358-2364.

278



Ismail, M. S. and Waliuddin, A. M. (1996) ‘Effect of rice husk ash on high strength
concrete’, Construction and Building Materials, 10(7), pp. 521-526.

ISO 834 (2012) ‘Fire resistance tests. Elements of building construction, Part 12:
specific requirements for separating elements evaluated on less than full scale
furnaces.’

Jansson, R. and Bostrom, L. (2013) ‘Factors influencing fire spalling of self
compacting concrete’, Materials and Structures, 46(10), pp. 1683—1694.

Jaturapitakkul, C., Tangpagasit, J., Songmue, S. and Kiattikomol, K. (2011) ‘Filler
effect and pozzolanic reaction of ground palm oil fuel ash’, Construction and
Building Materials, 25(11), pp. 4287-4293.

Jhatial, A. A., Goh, W. ., Mastoi, A. K., Rahman, A. F. and Kamaruddin, S. (2021)
‘Thermo-mechanical properties and sustainability analysis of newly developed
eco-friendly structural foamed concrete by reusing palm oil fuel ash and
eggshell powder as supplementary cementitious materials’,  Environmental
Science and Pollution Research, pp. 1-22.

Juenger, M. C. G. and Siddique, R. (2015) ‘Recent advances in understanding the role
of supplementary cementitious materials in concrete’, Cement and Concrete
Research, 78, pp. 71-80.

Kabir, S. (2012) ‘Mitigation Development for the Reduction of Greenhouse Gas
Emissions by the Cement Industry: Agrowaste-Based Green Building and
Construction Materials’, Seminar Presented to Department of Civil
Engineering, College of Engineering, King Faisal University, Al Ahsa, Saudi
Arabia, 9, pp. 1-20.

Kamara, S., Waang, W. and Ai, C. (2020) ‘Fabrication of Refractory Materials from
Coal Fly Ash, Commercially Purified Kaolin, and Alumina Powders’,
Materials, 13(3406), pp. 1-15.

Karatas, M., Benli, A. and Arslan, F. (2020) ‘The effects of kaolin and calcined kaolin
on the durability and mechanical properties of self-compacting mortars
subjected to high temperatures’, Construction and Building Materials, 265, p.
120300.

Karthik, D., Nirmalkumar, K. and Priyadharshini, R. (2021) ‘Characteristic
assessment of self-compacting concrete with supplementary cementitious
materials’, Construction and Building Materials, 297, p. 123845.

Kavitha, O. R., Shanthi, V. M., Arulraj, G. P. and Sivakumar, P. (2015) ‘Fresh, micro-

279



and macrolevel studies of metakaolin blended self-compacting concrete’,
Applied Clay Science, 114, pp. 370-374.

Khalaf, J. and Huang, Z. (2019) ‘The bond behaviour of reinforced concrete members
at elevated temperatures’, Fire Safety Journal, 103, pp. 19-33.

Khalaf, J., Huang, Z. and Fan, M. (2016) ‘Analysis of bond-slip between concrete and
steel bar in fire’, Computers and Structures, 162, pp. 1-15.

Khaleel, O. R., Al-Mishhadani, S. A. and Abdul Razak, H. (2011) ‘The Effect of
Coarse Aggregate on Fresh and Hardened Properties of Self-Compacting
Concrete ( SCC)’, Procedia Engineering, 14, pp. 805-813.

Khaleel, O. R. and Razak, H. A. (2014) ‘Mix design method for self compacting
metakaolin concrete with different properties of coarse aggregate’, Materials
and Design, 53, pp. 691-700.

Khaliq, W. (2012) ‘Performance Characterization of High Performance Concretes
Under Fire Conditions’, Phd Thesis, Michigan State University, East Lansing,
Michigan, USA.

Khalig, W. and Khan, H. A. (2015) ‘High temperature material properties of calcium
aluminate cement concrete’, Construction and Building Materials, 94, pp.
475-487.

Khalig, W. and Kodur, V. (2011) ‘Thermal and mechanical properties of fiber
reinforced high performance self-consolidating concrete at elevated
temperatures’, Cement and Concrete Research, 41(11), pp. 1112-1122.

Khalig, W. and Kodur, V. (2013) ‘Behaviour of high strength fly ash concrete columns
under fire conditions’, Materials and Structures, 46(5), pp. 857-867.

Khalig, W. and Taimur (2018) ‘Mechanical and physical response of recycled
aggregates high-strength concrete at elevated temperatures’, Fire Safety
Journal, 96, pp. 203-214.

Khan, E. U., Khushnood, R. A. and Baloch, W. L. (2020) ‘Spalling sensitivity and
mechanical response of an ecofriendly sawdust high strength concrete at
elevated temperatures’, Construction and Building Materials, 258, p. 119656.

Khan, M. I. (2002) ‘Factors affecting the thermal properties of concrete and
applicability of its prediction models’, Building and Environment, 37, pp. 607—
614.

Khankhaje, E., Hussin, M. W., Mirza, J., Rafieizonooz, M., Salim, M. R., Siong, H.
C. and Warid, M. N. M. (2016) ‘On blended cement and geopolymer concretes

280



containing palm oil fuel ash’, Materials and Design, 89, pp. 385-398.

Khatib, J. M. (2008) ‘Performance of self-compacting concrete containing fly ash’,
Construction and Building Materials, 22(9), pp. 1963—1971.

Khatib, J. M. and Hibbert, J. J. (2005) ‘Selected engineering properties of concrete
incorporating slag and metakaolin’, Construction and Building Materials, 19,
pp. 460—472.

Khayat, K. H. (1999) ‘Workability, Testing, and Performance of Self-Consolidating
Concrete’, ACI Materials Journal, 96(3), pp. 346-353.

Khayat, K H, Ghezal, A. and Hadriche, M. S. (1999) ‘Factorial design models for
proportioning self- consolidating concrete’, Materials and Structures, 32, pp.
679—-686.

Khayat, K. H., Hu, C. and Monty, H. (1999) ‘Stability of SCC, Advantages and
Potential Applications. Edited by A. Skarendahi and O. Petersson’,
Proceedings of the I°' International RILEM Symposium on Self-Compacting
Concrete. Stockholm, Sweden: RILEM Publications SARL, pp. 143—-152.

Khoury, G. and Anderberg, Y. (2000) ‘Fire Safety Design, Concrete Spalling Review’,
Swedish National Road Administration.

Khushnood, R. A., Rizwan, S. A., Memon, S. A., Tulliani, J.-M. and Ferro, G. A.
(2014) ‘Experimental Investigation on Use of Wheat Straw Ash and Bentonite
in Self-Compacting Cementitious System’, Advances in Materials Science and
Engineering, 2014, pp. 1-11.

Kim, K., Jeon, S., Kim, J. and Yang, S. (2003) ‘An experimental study on thermal
conductivity of concrete’, Cement and Concrete Research, 33, pp. 363-371.

Klug, Y. and Holschemacher, K. (2003) ‘Comparison of the hardened properties of
self-compacting and normal vibrated concrete. Edited by O. Wallevik and L.
Nielsson’, Proceedings of the 3" International RILEM Symposium on Self-
Compacting Concrete. RILEM Publications SARL, pp. 596-605.

Kodur, V. (2014) ‘Properties of Concrete at Elevated Temperatures’, ISRN Civil
Engineering, 2014, pp. 1-15.

Kodur, V. and Harmathy, T. Z. (2008) ‘Properties of Building Materials, in SFPE
Handbook of Fire Protection Engineering’. Edited by P. J. DiNenno, Quincy,
Mass, USA: National Fire Protection Association.

Kodur, V., Hibner, D. and Agrawal, A. (2017) ‘Residual response of reinforced

concrete columns exposed to design fires’, Procedia Engineering, 210, pp.

281



574-581.

Kodur, V. K. R. and Agrawal, A. (2016) ‘An approach for evaluating residual capacity
of reinforced concrete beams exposed to fire’, Engineering Structures, 110, pp.
293-306.

Kodur, V. K. R. and Mcgrath, R. (2006) ‘Effect of silica fume and lateral confinement
on fire endurance of high strength concrete columns’, Canadian Journal of
Civil Engineering, 33, pp. 93—102.

Kodur, V. K. R., Raut, N. K., Mao, X. Y. and Khaliq, W. (2013) ‘Simplified approach
for evaluating residual strength of fire-exposed reinforced concrete columns’,
Materials and Structures, 46(12), pp. 2059-2075.

Kodur, V. K. R. and Sultan, M. (1998) ‘Thermal Properties of High Strength Concrete
at Elevated Temperatures’, Journal American Concrete Institution, Special
Publication, 179, pp. 467—480.

Kodur, V. and Khaligq, W. (2011) ‘Effect of Temperature on Thermal Properties of
Different Types of High-Strength Concrete’, Journal of Materials in Civil
Engineering, 23(6), pp. 793-801.

Kodur, V. and Mcgrath, R. (2003) ‘Fire Endurance of High Strength Concrete
Columns’, Fire Technology, 39, pp. 73-87.

Koehler, E. P. (2007) ‘Aggregates in Self-Consolidating Concrete’, PhD Thesis, The
University of Texas, Austin, Texas, USA.

Kosmatka, S. H., Kerkhoff, B., Panarese, W. C., MacLeod, N. F. and McGrath, R. J.
(2002) “Design and Control of Concrete Mixtures’, 7™ ed., Ottawa, Ontario,
Canada: Cement Association of Canada.

Kou, S. C. and Poon, C. S. (2009) ‘Properties of self-compacting concrete prepared
with coarse and fine recycled concrete aggregates’, Cement and Concrete
Composites, 31(9), pp. 622—-627.

Kreith, F., Manghk, R. M. and Bohn, M. S. (2011) ‘Principles of Heat Transfer’, 7"
ed, United States: Cengage Learning, Inc.

Kroehong, W., Sinsiri, T., Jaturapitakkul, C. and Chindaprasirt, P. (2011) ‘Effect of
palm oil fuel ash fineness on the microstructure of blended cement paste’,
Construction and Building Materials, 25(11), pp. 4095-4104.

Kulkarni, D. B. and Patil, S. N. (2011) ‘Comparative study of effect of sustained high
temperature on strength properties of self compacting concrete and ordinary

conventional concrete’, International Journal of Engineering and Technology,

282



3(2), pp. 106-118.

Kumar, V., Sharma, U. K., Singh, B. and Bhargava, P. (2013) ‘Effect of temperature
on mechanical properties of pre-damaged steel reinforcing bars’, Construction
and Building Materials, 46, pp. 19-27.

Lee, J., Choi, K. and Hong, K. (2009) ‘Color and Material Property Changes in
Concrete Exposed to High Temperatures’, Journal of Asian Architecture and
Building Engineering, 8(1), pp. 175-182.

Leemann, A. and Hoffmann, C. (2005) ‘Properties of self-compacting and
conventional concrete — differences and similarities’, Magazine of Concrete
Research, 57(6), pp. 315-319.

Leemann, A., Lura, P. and Loser, R. (2011) ‘Shrinkage and creep of SCC — The
influence of paste volume and binder composition’, Construction and Building
Materials, 25(5), pp. 2283-2289.

Li, M., Qian, C. X. and Sun, W. (2004) ‘Mechanical properties of high-strength
concrete after fire’, Cement and Concrete Research, 34(6), pp. 1001-1005.

Li, Q., Li, Z. and Yuan, G. (2012) ‘Effects of elevated temperatures on properties of
concrete containing ground granulated blast furnace slag as cementitious
material’, Construction and Building Materials, 35, pp. 687-692.

Li, B., Nair, A. and Kai, Q. (2012) ‘Residual Axial Capacity of Reinforced Concrete
Columns with Simulated Blast Damage’, Journal of Performance of
Constructed Facilities, 26(3), pp. 287-299.

Li, X., Bao, Y., Xue, N. and Chen, G. (2017) ‘Bond strength of steel bars embedded
in high-performance fiber-reinforced cementitious composite before and after
exposure to elevated temperatures’, Fire Safety Journal, 92, pp. 98—106.

Li, Z. (2011) ‘Advanced Concrete Technology’, 2™ ed., Hoboken, New Jersey: John
Wiley & Sons.

Lie, T. T. (1992) ‘Structural Fire Protection’. American Society of Civil Engineers.
New York, USA: ASCE Committee on Fire Protection, Structural Division.

Lie, T. T., Rowe, T. J. and Lin, T. D. (1986) ‘Residual Strength of Fire-Exposed
Reinforced Concrete Columns’, ACI Structural Journal, 92, pp. 153—174.

Lim, S.K., Tan, C. S.,Lim, O. Y. and Lee, Y. L. (2013) ‘Fresh and hardened properties
of lightweight foamed concrete with palm oil fuel ash as filler’, Construction
and Building Materials, 46, pp. 39—47.

Lin, C. H., Chen, S. T. and Hwang, T. L. (1989) ‘Residual strength of reinforced

283



concrete columns exposed to fire’, Journal of the Chinese Institute of
Engineers, 12(5), pp. 557-565.

Ling, T. C., Poon, C. S. and Kou, S. C. (2012) ‘Influence of recycled glass content and
curing conditions on the properties of self-compacting concrete after exposure
to elevated temperatures’, Cement and Concrete Composites, 34(2), pp. 265—
272.

Liu, K., Shui, Z., Sun, T., Ling, G., Li, X. and Cheng, S. (2019) ‘Effects of combined
expansive agents and supplementary cementitious materials on the mechanical
properties, shrinkage and chloride penetration of self-compacting concrete’,
Construction and Building Materials, 211, pp. 120—129.

Liu, L. (2009) ‘Fire Performance of High Strength Concrete Materials and Structural
Concrete’, PhD Thesis, Florida Atlantic University, Boca Raton, Florida.

Liu, M. (2010) ‘Self-compacting concrete with different levels of pulverized fuel ash’,
Construction and Building Materials, 24(7), pp. 1245-1252.

Liu, M., Zhao, Y., Xiao, Y. and Yu, Z. (2019) ‘Performance of cement pastes
containing sewage sludge ash at elevated temperatures’, Construction and
Building Materials, 211, pp. 785-795.

Loser, R. and Leemann, A. (2009) ‘Shrinkage and restrained shrinkage cracking of
self-compacting concrete compared to conventionally vibrated concrete’,
Materials and Structures, 42, pp. 71-82.

Luccioni, B. M., Figueroa, M. 1. and Danesi, R. F. (2003) ‘Thermo-mechanic model
for concrete exposed to elevated temperatures’, Engineering Structures, 25(6),
pp. 729-742.

Maekawa, K. and Ozawa, K. (1999) ‘Development of SCC’s prototype. (written in
japanese), self - compacting high - performance concrete.’, Social System
Institute, pp. 20-32.

Malherbe, J. S. (2015) ‘Self-compacting concrete versus normal compacting concrete:

A techno-economic analysis’, MSc Thesis, Stellenbosch University, South

Africa.
Marshall, A. . L. (1972) ‘The Thermal Properties of Concrete’, Building Science, 7,
pp. 167-174.

Megat Johari, M. A., Zeyad, A. M., Bunnori Muhamad, N. and Ariffin, K. S. (2012)
‘Engineering and transport properties of high-strength green concrete

containing high volume of ultrafine palm oil fuel ash’, Construction and

284



Building Materials, 30, pp. 281-288.

Mehta, P. K. (2001) ‘Reducing the Environmental Impact of Concrete.’, Concrete
International, 23(10), pp. 61-66.

Mehta, P. K. (2002) ‘Method for Producing a Blended Cementitious Composition,
United States Patent, No. US 6451104 B2’, pp. 1-27.

Mehta, P. K. and Monteiro, P. J. M. (2006) ‘Concrete: Microstructure, Properties and
Materials’. 3" ed., New York, USA: The McGraw - Hill Companies.

Mello, L. C. D. A., Anjos, M. A. S. dos, Sa, M. V. V. A. De, Souza, N. S. L. De and
Farias, E. C. De (2020) ‘Effect of high temperatures on self-compacting
concrete with high levels of sugarcane bagasse ash and metakaolin’,
Construction and Building Materials, 248, p. 118715.

Mindess, S., Young, J. F. and Darwin, D. (2003) ‘Concrete’. 2" ed., New Jersey, USA:
Prentice Hall.

Ming, X., Cao, M. and Yin, H. (2020) ‘Microstructural and mechanical evolutions of
sustainable cement blends containing fly ash and calcium carbonate whiskers
induced by high temperature’, Construction and Building Materials, 263, p.
120615.

Mohammadhosseini, H., Awal, A. S. M. A. and Ehsan, A. H. A. Q. (2015) ‘Influence
of palm oil fuel ash on fresh and mechanical properties of self-compacting
concrete’, Indian Academy of Sciences, 40, pp. 1989-1999.

Mohammadhosseini, H., Tahir, M. M. and Sayyed, M. 1. (2018) ‘Strength and
transport properties of concrete composites incorporating waste carpet fibres
and palm oil fuel ash’, Journal of Building Engineering, 20, pp. 156—165.

Mohammadhosseini, H. and Yatim, J. M. (2017) ‘Microstructure and residual
properties of green concrete composites incorporating waste carpet fibers and
palm oil fuel ash at elevated temperatures’, Journal of Cleaner Production,
144, pp. 8-21.

Moretti, J. P., Nunes, S. and Sales, A. (2018) ‘Self-compacting concrete incorporating
sugarcane bagasse ash’, Construction and Building Materials, 172, pp. 635—
649.

Mortsell, E. and Rodum, E. (2001) ‘Mechanical and Durability Aspects of SCC for
Road Structures. Edited by K. Ozawa and M. Ouchi’, Proceedings of the
Second International Symposium on Self-Compacting Concrete. University of

Tokyo, Japan, pp. 459-468.

285



MPOB (2020) ‘Economics & Industry Development Division: Malaysian Palm Oil
Board.’, Retrieved from bepi.mpob.gov.my/index.php/en/statistics/area.html.

Muthusamy, K. and Zamri, N. A. (2016) ‘Mechanical Properties of Oil Palm Shell
Lightweight Aggregate Concrete Containing Palm Oil Fuel Ash as Partial
Cement Replacement’, KSCE Journal of Civil Engineering, 20(4), pp. 1473—
1481.

Nagaratnam, B. H., Abdul Mannan, M., Rahman, M. E., Mirasa, A. K., Richardson,
A. and Nabinejad, O. (2019) ‘Strength and microstructural characteristics of
palm oil fuel ash and fly ash as binary and ternary blends in Self-Compacting
concrete’, Construction and Building Materials, 202, pp. 103—120.

Nagaratnam, B. H., Rahman, M. E., Mirasa, A. K., Mannan, M. A. and Lame, S. O.
(2016) ‘Workability and heat of hydration of self-compacting concrete
incorporating agro-industrial waste’, Journal of Cleaner Production, 112, pp.
882-894.

Nagataki, S. and Fujiwara, H. (1995) ‘Self-Compacting Property of Highly Flowable
Concrete’, Proceedings of the Second CANMET/ACI International Symposium
on Advances in Concrete Technology. Michigan, USA: Farmington Hills, pp.
301-314.

Naik, T. R., Kumar, R., Ramme, B. W. and Canpolat, F. (2012) ‘Development of high-
strength, economical self-consolidating concrete’, Construction and Building
Materials, 30, pp. 463—469.

Nair, A. (2019) ‘Experimental Determination of the Residual Compressive Strength of
Concrete Columns Subjected to Different Durations and Load Ratios’. MSc
Thesis, Lakehead University, Thunder Bay, Ontario.

Nasser, K. W. and Marzouk, H. M. (1979) ‘Properties of Mass Concrete Containing
Fly Ash at High Temperatures’, ACI Journal Proceedings. The Authors, 76(4),
pp. 537-550.

Neves, 1. C., Rodrigues, J. P. C. and Loureiro, A. de. P. (1996) ‘Mechanical Properties
of Reinforcing and Prestressing Steels after Heating’, Journal of Materials in
Civil Engineering, 8(4), pp. 189-194.

Neville, A. M. (1996) ‘Properties of Concrete’. 4™ ed., New York, USA: John Wiley
& Sons.

Neville, A. M. (2011) ‘Properties of Concrete’. 5" ed., Essex, England: Pearson

Education Limited.

286



Neville, A. M. and Brooks, J. J. (2010) ‘Concrete Technology’. 2™ ed., Essex,
England, Pearson Education Limited.

Nikbin, I. M., Beygi, M. H. A., Kazemi, M. T., Amiri, J. V., Rahmani, E., Rabbanifar,
S. and Eslami, M. (2014a) ‘A comprehensive investigation into the effect of
aging and coarse aggregate size and volume on mechanical properties of self-
compacting concrete’, Materials and Design, 59, pp. 199-210.

Nikbin, I. M., Beygi, M. H. A., Kazemi, M. T., Amiri, J. V., Rahmani, E., Rabbanifar,
S. and Eslami, M. (2014b) ‘Effect of coarse aggregate volume on fracture
behavior of self compacting concrete’, Construction and Building Materials,
52, pp. 137-145.

Noumowé, A., Carré, H., Daoud, A. and Toutanji, H. (2006) ‘High-Strength Self-
Compacting Concrete Exposed to Fire Test’, Journal of Materials in Civil
Engineering, 18(6), pp. 754-758.

Nuruddin, M. F., Demie, S. and Shafig, N. (2011) ‘Effect of mix composition on
workability and compressive strength of self-compacting geopolymer
concrete’, Canadian Journal of Civil Engineering, pp. 1-8.

Okamura, H., Maekawa, K. and Ozawa, K. (1993) ‘High performance concrete’,
Gihodo Publishing.

Okamura, H. and Ouchi, M. (2003) ‘Self-Compacting Concrete’, Advanced Concrete
Technology, 1(1), pp. 5-15.

Okamura, H. and Ozawa, K. (1995) ‘Mix design for self-compacting concrete.’,
Concrete Library of JSCE, 25, pp. 107-120.

Okamura, H., Ozawa, K. and Ouchi, M. (2000) ‘Self-compacting concrete’, Structural
Concrete, 1(1), pp. 3—17.

Oueslati, O. and Duchesne, J. (2012) ‘The effect of SCMs on the corrosion of rebar
embedded in mortars subjected to an acetic acid attack’, Cement and Concrete
Research, 42(2), pp. 467-475.

Ozawa, K., Maekawa, K., Kunishima, M. and Okamura, H. (1989) ‘Development of
high performance concrete based on the durability design of concrete
structures’. Proceeding of the Second East - Asia and Pacific Conference on
Structural Engineering and Construction (EASEC - 2), 1, pp. 445-450.

Ozawa, K., Maekawa, K. and Okamura, H. (1992) ‘Development of High Performance
Concrete’, University of Tokyo, Faculty of Engineering journal.

Ozawa, K., Sakata, N. and Okamura, H. (1994) ‘Evaluation of self-compactibility

287



fresh concrete usin the funnel test’, Proceedings of the Japan Society of Civil
Engineering, 23, pp. 59-75.

Ozawa, K., Sakata, N. and Okamura, H. (1995) ‘Evaluation of selfcompactability of
fresh concrete using the funnel test’, Concrete Library of JSCE, 25.

Parra, C., Valcuende, M. and Gémez, F. (2011) ‘Splitting tensile strength and modulus
of elasticity of self-compacting concrete’, Construction and Building
Materials, 25(1), pp. 201-207.

Pathak, N. and Siddique, R. (2012) ‘Properties of self-compacting-concrete containing
fly ash subjected to elevated temperatures’, Construction and Building
Materials, 30, pp. 274-280.

Peng, G., Yang, W., Zhao, J., Liu, Y., Bian, S. and Zhao, L. (2006) ‘Explosive spalling
and residual mechanical properties of fiber-toughened high-performance
concrete subjected to high temperatures’, Cement and Concrete Research, 36,
pp. 723-727.

Peng, G. F., Bian, S. H., Guo, Z. Q., Zhao, J., Peng, X. L. and Jiang, Y. C. (2008)
‘Effect of thermal shock due to rapid cooling on residual mechanical properties
of fiber concrete exposed to high temperatures’, Construction and Building
Materials, 22(5), pp. 948-955.

Persson, B. (1999) ‘Creep, Shrinkage and Elastic Modulus of Self-Compacting
Concrete. Edited by A. Skarendahl and O. Petersson’. Proceedings of the First
International RILEM Symposium on Self-compacting concrete. Stockholm,
Sweden: RILEM Publications SARL, pp. 239-250.

Persson, B. (2001) ‘A comparison between mechanical properties of self-compacting
concrete and the corresponding properties of normal concrete’, Cement and
Concrete Research, 31, pp. 193—198.

Persson, B. (2004) ‘Fire resistance of self-compacting concrete, SCC’, Materials and
Structures, 37(273), pp. 575-584.

Petersson, O., Billberg, P. and Van, B. K. (1996) ‘A model for self-compacting
concrete. Edited by P. J. M. Bartos, D. L. Marrs and D. J. Cleand’. Proceedings
of RILEM International Conference on Production Methods and Workability
of Fresh Concrete. London, UK: E and FN Spon, pp. 484-492.

Pillai, C. S., Santhakumar, A. R., Poonguzhali, A., Pujar, M. G., Kumar, J. A., Preetha,
R. and Mudali, U. K. (2016) ‘Evaluation of microstructural and microchemical

aspects of high density concrete exposed to sustained elevated temperature’,

288



Construction and Building Materials, 126, pp. 453—465.

Poon, C., Azhar, S., Anson, M. and Wong, Y. (2001a) ‘Strength and durability
recovery of fire-damaged concrete after post-fire-curing’, Cement and
Concrete Research, 31, pp. 1307-1318.

Poon, C., Azhar, S., Anson, M. and Wong, Y. (2001b) ‘Comparison of the strength
and durability performance of normal- and high-strength pozzolanic concretes
at elevated temperatures’, Cement and Concrete Research, 31, pp. 1291-1300.

Price, W. H. (1951) ‘Factors influencing concrete strength’, ACI Journal Proceedings,
47(2), pp. 417-432.

Raju, P. M., Shobha, M. and Rambabu, K. (2004) ‘Flexural strength of fly ash concrete
under elevated temperatures’, Magazine of Concrete Research, 56(2), pp. 83—
88.

Ramezanianpour, A. A. and Jovein, H. B. (2012) ‘Influence of metakaolin as
supplementary cementing material on strength and durability of concretes’,
Construction and Building Materials, 30, pp. 470—479.

Ranjbar, N., Behnia, A., Alsubari, B., Birgani, P. M. and Jumaat, M. Z. (2016)
‘Durability and mechanical properties of self-compacting concrete
incorporating palm oil fuel ash’, Journal of Cleaner Production, 112, pp. 723—
730.

Rao, G. A. (2001) ‘Long-term drying shrinkage of mortar - influence of silica fume
and size of fine aggregate’, Cement and Concrete Research, 31, pp. 171-175.

Rashad, A. M. (2015) ‘An investigation of high-volume fly ash concrete blended with
slag subjected to elevated temperatures’, Journal of Cleaner Production, 93,
pp. 47-55.

Raut, N. K. and Kodur, V. K. R. (2011) ‘Response of High-Strength Concrete Columns
under Design Fire Exposure’, Journal of Structural Engineering, 137(1), pp.
69-79.

Rols, S., Ambroise, J. and Péra, J. (1999) ‘Effects of different viscosity agents on the
properties of self-leveling concrete’, Cement and Concrete Research, 29, pp.
261-266.

Roziere, E., Granger, S., Turcry, P. and Loukili, A. (2007) ‘Influence of paste volume
on shrinkage cracking and fracture properties of self-compacting concrete’,
Cement and Concrete Composites, 29, pp. 626—636.

Sadrmomtazi, A., Gashti, S. H. and Tahmouresi, B. (2020) ‘Residual strength and

289



microstructure of fiber reinforced self-compacting concrete exposed to high
temperatures’, Construction and Building Materials, 230, p. 116969.

Safiuddin, M. (2008) ‘Development of Self-consolidating High Performance Concrete
Incorporating Rice Husk Ash’. PhD Thesis, University of Waterloo, Waterloo,
Ontario, Canada.

Safiuddin, M., Abdul Salam, M. and Jumaat, M. Z. (2011a) ‘Utilization of Palm Oil
Fuel Ash in Concrete: A Review’, Journal of Civil Engineering and
Management, 17(2), pp. 234-247.

Safiuddin, Md., Abdul Salam, M. and Jumaat, M. Z. (2012a) ‘Correlations between
Different Hardened Properties of High-Strength Self-Consolidating Concrete
Including Palm Oil Fuel Ash’, Applied Mechanics and Materials, 117-119, pp.
1215-1222.

Safiuddin, M., FitzGerald, G. R., West, J. S. and Soudki, K. A. (2006) ‘Air-void
stability in fresh self-consolidating concretes incorporating rice husk ash’,
Proceedings of an International Conference on Advances in Engineering
Structures, Mechanics & Construction. 14-17 May, Waterloo, Ontario,
Canada, pp. 129-138.

Safiuddin, M., Isa, M. H. and Jumaat, M. Z. (2011b) ‘Fresh Properties of Self-
consolidating Concrete Incorporating Palm Oil Fuel Ash as a Supplementary
Cementing Material’, Chiang Mai J. Sci, 38(3), pp. 389—404.

Safiuddin, M., Raman, S. N., Salam, M. A. and Jumaat, M. Z. (2016) ‘Modeling of
Compressive Strength for Self - Consolidating High - Strength Concrete
Incorporating Palm Oil Fuel Ash’, Materials, 9(396), pp. 1-13.

Safiuddin, M., Salam, M. A. and Jumaat, M. Z. (2014) ‘Key Fresh Properties of Self-
Consolidating High-Strength POFA Concrete’, Journal of Materials in Civil
Engineering, 26(1), pp. 134-142.

Safiuddin, M., West, J. S. and Soudki, K. A. (2008) ‘Durability Performance of Self-
consolidating Concrete’, Journal of Applied Sciences Research, 4(12), pp.
1834-1840.

Safiuddin, M., West, J. S. and Soudki, K. A. (2010) ‘Hardened properties of self-
consolidating high performance concrete including rice husk ash’, Cement and
Concrete Composites, 32(9), pp. 708-717.

Safiuddin, Md, West, J. S. and Soudki, K. A. (2012b) ‘Properties of freshly mixed self-

consolidating concretes incorporating rice husk ash as a supplementary

290



cementing material’, Construction and Building Materials, 30, pp. 833—-842.

Sahmaran, M., Christianto, H. A. and Yaman, I. O. (2006) ‘The effect of chemical
admixtures and mineral additives on the properties of self-compacting
mortars’, Cement and Concrete Composites, 28(5), pp. 432—440.

Sakai, K. and Sheikh, S. A. (1989) ‘What Do We Know about Confinement in
Reinforced Concrete columns? (A Critical Review of Previous Work and Code
Provisions).’, ACI Structural Journal, pp. 192-207.

Salam, M. A., Safiuddin, M. and Jumaat, M. Z. (2013) ‘Microstructure of Self-
Consolidating High Strength Concrete Incorporating Palm Oil Fuel Ash’,
Physical Review & Research International, 3(4), pp. 674—687.

Salam, M. A., Safiuddin, M. and Jumaat, M. Z. (2015) ‘Non-destructive Evaluation of
Self-consolidating High-strength Concrete Non-destructive Evaluation of Self-
consolidating High-strength Concrete Incorporating Palm Oil Fuel Ash’,
British Journal of Applied Science & Technology, 11(4), pp. 1-13.

Salam, M. A., Safiuddin, M. and Jumaat, M. Z. (2018) ‘Durability Indicators for
Sustainable Self-Consolidating High-Strength Concrete Incorporating Palm
Oil Fuel Ash’, Sustainability, 10(2345), pp. 1-16.

Salami, B. A., Megat Johari, M. A., Ahmad, Z. A. and Maslehuddin, M. (2016)
‘Impact of added water and superplasticizer on early compressive strength of
selected mixtures of palm oil fuel ash-based engineered geopolymer
composites’, Construction and Building Materials, 109, pp. 198-206.

Salih, M. A., Abang Ali, A. A. and Farzadnia, N. (2014) ‘Characterization of
mechanical and microstructural properties of palm oil fuel ash geopolymer
cement paste’, Construction and Building Materials, 65, pp. 592—603.

Saridemir, M., Severcan, M. H., Ciflikli, M., Celikten, S., Ozcan, F. and Atis, C. D.
(2016) ‘The influence of elevated temperature on strength and microstructure
of high strength concrete containing ground pumice and metakaolin’,
Construction and Building Materials, 124, pp. 244-257.

Sarker, P. K., Kelly, S. and Yao, Z. (2014) ‘Effect of fire exposure on cracking ,
spalling and residual strength of fly ash geopolymer concrete’, Materials and
Design, 63, pp. 584-592.

Sasanipour, H., Aslani, F. and Taherinezhad, J. (2019) ‘Effect of silica fume on
durability of self-compacting concrete made with waste recycled concrete

aggregates’, Construction and Building Materials. Elsevier Ltd, 227, p.

291



116598.

Sata, V., Jaturapitakkul, C. and Kiattikomol, K. (2004) ‘Utilization of Palm Oil Fuel
Ash in High-Strenght Concrete’, Journal of Materials in Civil Engineering,
16(6), pp. 623—628.

Sata, V., Jaturapitakkul, C. and Kiattikomol, K. (2007) ‘Influence of pozzolan from
various by-product materials on mechanical properties of high-strength
concrete’, Construction and Building Materials, 21, pp. 1589-1598.

Sata, V., Jaturapitakkul, C. and Rattanashotinunt, C. (2010) ‘Compressive Strength
and Heat Evolution of Concretes Containing Palm Oil Fuel Ash’, Journal of
Materials in Civil Engineering, 22(10), pp. 1033—1038.

Savva, A., Manita, P. and Sideris, K. K. (2005) ‘Influence of elevated temperatures on
the mechanical properties of blended cement concretes prepared with
limestone and siliceous aggregates’, Cement and Concrete Composites, 27(2),
pp. 239-248.

Schmidt, W., Brouwers, H. J. H., Kiihne, H. C. and Meng, B. (2014) ‘Influences of
superplasticizer modification and mixture composition on the performance of
self-compacting concrete at varied ambient temperatures’, Cement and
Concrete Composites, 49, pp. 111-126.

De Schutter, G., Bartos, P. J. M., Domone, P. and Gibbs, J. (2008) ‘Self-Compacting
Concrete’, Scotland, UK: Whittles Publishing,

Schwartzentruber, L. D. A., Roy, R. Le and Cordin, J. (2006) ‘Rheological behaviour
of fresh cement pastes formulated from a Self Compacting Concrete ( SCC )’,
Cement and Concrete Research, 36, pp. 1203—1213.

Sebaibi, N., Benzerzour, M., Sebaibi, Y. and Abriak, N. (2013) ‘Composition of self
compacting concrete (SCC) using the compressible packing model, the
Chinese method and the European standard’, Construction and Building
Materials, 43, pp. 382—-388.

Seleem, H. E. D. H., Rashad, A. M. and Elsokary, T. (2011) ‘Effect of elevated
temperature on physico-mechanical properties of blended cement concrete’,
Construction and Building Materials, 25(2), pp. 1009-1017.

Shah, A. H. and Sharma, U. K. (2017) ‘Fire resistance and spalling performance of
confined concrete columns’, Construction and Building Materials, 156, pp.
161-174.

Shah, S. P. (1991) ‘Do fibers increase the tensile strength of cement - based matrix?’,

292



ACI Materials Journal, 88(6), pp. 595-602.

Shannag, M. J. (2000) ‘High strength concrete containing natural pozzolan and silica
fume’, Cement & Concrete Composites, 22, pp. 399—-406.

Shetty, M. S. (2005) ‘Concrete Technology, Theory and Practice’, Ram Nagar, New
Delhi - 110055, India: S. Chand and Company Ltd;.

Shi, C., Wu, Z., Lv, K. and Wu, L. (2015) ‘A review on mixture design methods for
self-compacting concrete’, Construction and Building Materials, 84, pp. 387—
398.

Shilstone, S. J. M. and Shilstone, J. J. M. (2002) ‘Performance-based concrete mixtures
andspecifications for today’, Concrete International, 24(2), pp. 80-83.

Shin, K., Kim, S., Kim, J. and Chung, M. (2002) ‘Thermo-physical properties and
transient heat transfer of concrete at elevated temperatures’, Nuclear
Engineering and Design, 212, pp. 233-241.

Shindoh, T. and Matsuoka, Y. (2003) ‘Development of Combination-Type Self-
Compacting Concrete and Evaluation Test Methods’, Journal of Advanced
Concrete Technology, 1(1), pp. 26-36.

Shoaib, M. M., Ahmed, S. A. and Balaha, M. M. (2003) ‘Effect of fire and cooling
mode on the properties of slag mortars’, Cement and Concrete Research, 31,
pp. 1533-1538.

Siddique, R. and Kaur, D. (2012) ‘Properties of concrete containing ground granulated
blast furnace slag ( GGBFS ) at elevated temperatures’, Journal of Advanced
Research. Cairo University, 3, pp. 45-51.

Siddique, R. and Khan, M. 1. (2011) ‘Supplementary Cementing Materials.’, Velag,
Berlin, Germany: Springer.

Sideris, K. K. (2007) ‘Mechanical Characteristics of Self-Consolidating Concretes
Exposed to Elevated Temperatures’, Journal of Materials in Civil Engineering,
19, pp. 648-654.

Sideris, K. K. and Manita, P. (2013) ‘Residual mechanical characteristics and spalling
resistance of fiber reinforced self-compacting concretes exposed to elevated
temperatures’, Construction and Building Materials, 41, pp. 296-302.

Snellings, R., Mertens, G. and Elsen, J. (2012) ‘Supplementary Cementitious
Materials’, Reviews in Mineralogy and Geochemistry, T4(1), pp. 211-278.

Soleymani Ashtiani, M., Scott, A. N. and Dhakal, R. P. (2013) ‘Mechanical and fresh

properties of high-strength self-compacting concrete containing class C fly

293



ash’, Construction and Building Materials, 47, pp. 1217-1224.

Sonebi, M. (2004) ‘Medium strength self-compacting concrete containing fly ash:
Modelling using factorial experimental plans’, Cement and Concrete research,
34, pp. 1199-1208.

Sonebi, M. and Bartos, P. J. M. (2001) ‘Performance of Reinforced Columns Cast with
Self-Compacting Concrete’. Proceedings of the Fifth CANMET/ACI
International Conference. Symposium Paper, 200, pp. 415-432.

Sy, J. K., Cho, S. W., Yang, C. C. and Huang, R. (2002) ‘Effect of sand ratio on the
elastic modulus of self-compacting concrete’, Journal of Marine Science and
Technology, 10(1), pp. 8—13.

Su, N., Hsu, K. and Chai, H. (2001) ‘A simple mix design method for self-compacting
concrete’, Cement and Concrete Research, 31, pp. 1799-1807.

Sukumar, B., Nagamani, K. and Raghavan, R. S. (2008) ‘Evaluation of strength at
early ages of self-compacting concrete with high volume fly ash’, Construction
and Building Materials, 22, pp. 1394-1401.

Sunayana, S. and Barai, S. V (2018) ‘Flexural performance and tension-stiffening
evaluation of reinforced concrete beam incorporating recycled aggregate and
fly ash’, Construction and Building Materials, 174, pp. 210-223.

Sunayana, S. and Barai, S. V (2019) ‘Performance of fly ash incorporated recycled
aggregates concrete column under axial compression: Experimental and
numerical study’, Engineering Structures, 196, p. 109258.

Tangchirapat, W. and Jaturapitakkul, C. (2010) ‘Strength, drying shrinkage, and water
permeability of concrete incorporating ground palm oil fuel ash’, Cement and
Concrete Composites, 32(10), pp. 767-774.

Tangchirapat, W., Jaturapitakkul, C. and Chindaprasirt, P. (2009) ‘Use of palm oil fuel
ash as a supplementary cementitious material for producing high-strength
concrete’, Construction and Building Materials, 23(7), pp. 2641-2646.

Tangchirapat, W., Tangpagasit, J., Waew-kum, S. and Jaturapitakkul, C. (2003) ‘A
new pozzolanic material from palm oil fuel’, KMUTT Research and
Development Journal, 26, pp. 459-473.

Tanyildizi, H. (2008) ‘Effect of temperature, carbon fibers, and silica fume on the
mechanical properties of lightweight concretes’, New Carbon Materials.
Institute of Coal Chemistry, Chinese Academy of Sciences, 23(4), pp. 339—
344.

294



Tanyildizi, H. and Coskun, A. (2008) ‘The effect of high temperature on compressive
strength and splitting tensile strength of structural lightweight concrete
containing fly ash’, Construction and Building Materials, 22, pp. 2269-2275.

Tao, J., Yuan, Y. and Taerwe, L. (2010) ‘Compressive Strength of Self-Compacting
Concrete during High-Temperature Exposure’, Journal of Materials in Civil
Engineering, 22(10), pp. 1005-1011.

Tasi, C. T., Li, L. S. and Hwang, C. L. (2006) ‘The Effect of Aggregate Gradation on
Engineering Properties of High Performance Concrete’, Journal of ASTM
International, 3(3), pp. 1-12.

Tay, J.-H. (1990) ‘Ash from oil - palm waste as concrete material’, Journal of
Materials in Civil Engineering, 2(2), pp. 94-105.

Tay, J. H. and Show, K. Y. (1995) ‘Use of ash derived from oil-palm waste incineration
as a cement replacement material’, Resources, Conservation and Recycling,
13(1), pp. 27-36.

Taylor, H. F. W. (1997) ‘Cement Chemistry’. 2™ ed., Heron Quay, London: Thomas
Telford Publishing.

Taylor, M. R., Lydon, F. D. and Barr, B. I. G. (1996) ‘Mix proportions for high strength
concrete’, Construction and Building Materials, 10(6), pp. 445-450.

The Constructor (2020a) ‘The Constructor Civil Engineering Home [online]’,
Available at: the constructor.org/concrete/why-we-test-concrete-strength-
after-28-days/6060 (Accessed:01 April 2020).

The Constructor (2020b) ‘The Constructor Civil Engineering Home [online]’,
Available at: the constructor.org/practical-guide/fineness-modulus-of-coarse
aggregates-and-its-calculation (Accessed:28 April 2020).

Thomas, B. S., Kumar, S. and Arel, H. S. (2017) ‘Sustainable concrete containing palm
oil fuel ash as a supplementary cementitious material — A review’, Renewable
and Sustainable Energy Reviews, 80, pp. 550-561.

Tiirkel, S. and Kandemir, A. (2010) ‘Fresh and Hardened Properties of SCC Made
with Different Aggregate and Mineral Admixtures’, Journal of Materials in
Civil Engineering, 22(10), pp. 1025-1032.

Unliioglu, E., Topeu, I. B. and Yalaman, B. (2007) ‘Concrete cover effect on
reinforced concrete bars exposed to high temperatures’, Construction and
Building Materials, 21, pp. 1155-1160.

Uysal, M., Yilmaz, K. and Ipek, M. (2012) ‘Properties and behavior of self-

295



compacting concrete produced with GBFS and FA additives subjected to high
temperatures’, Construction and Building Materials, 28(1), pp. 321-326.

Vaidevi, C., Kala, T. F. and Kalaiyarrasi, A. R. R. (2020) ‘Mechanical and durability
properties of self-compacting concrete with marble fine aggregate’, Materials
Today: Proceedings, 22, pp. 829-835.

Wang, C., Chen, X., Wei, X. and Wang, R. (2017) ‘Can nanosilica sol prevent oil well
cement from strength retrogression under high temperature ?°, Construction
and Building Materials, 144, pp. 574-585.

Wi, K., Lee, H., Lim, S., Song, H., Hussin, M. W. and Ismail, M. A. (2018) ‘Use of an
agricultural by- product, nano sized Palm Oil Fuel Ash as a supplementary
cementitious material’, Construction and Building Materials, 183, pp. 139—
149.

Wu, X., Wu, Z., Zheng, J., Ueda, T. and Yi, S. (2013) ‘An experimental study on the
performance of self-compacting lightweight concrete exposed to elevated
temperature’, Magazine of Concrete Research, 65(13), pp. 780—-786.

Xiao, J., Xie, M. and Zhang, C. (2006) ‘Residual compressive behaviour of pre-heated
high-performance concrete with blast — furnace — slag’, Fire Safety Journal,
41, pp. 91-98.

Yamada, K., Takahashi, T., Hanehara, S. and Matsuhisa, M. (2000) ‘Effects of the
chemical structure on the properties of polycarboxylate-type superplasticizer’,
Cement and Concrete Research, 30, pp. 197-207.

Yang, H., Liu, F. and Gardner, L. (2015) ‘Post-fire behaviour of slender reinforced
concrete columns confined by circular steel tubes’, Thin Walled Structures, 87,
pp. 12-29.

Yaqub, M. and Bailey, C. G. (2011) ‘Cross sectional shape effects on the performance
of post-heated reinforced concrete columns wrapped with FRP composites’,
Composite Structures, 93(3), pp. 1103—-1117.

Yaqub, M. and Bailey, C. G. (2016) ‘Non-destructive evaluation of residual
compressive strength of post-heated reinforced concrete columns’,
Construction and Building Materials, 120, pp. 482—493.

Youssef, M. A. and Moftah, M. (2007) ‘General stress-strain relationship for concrete
at elevated temperatures’, Engineering Structures, 29, pp. 2618-2634.

Yusuf, M. O., Megat Johari, M. A., Ahmad, Z. A. and Maslehuddin, M. (2014a)

‘Evolution of alkaline activated ground blast furnace slag — ultrafine palm oil

296



fuel ash based concrete’, Materials and Design, 55, pp. 387-393.

Yusuf, M. O., Megat Johari, M. A., Ahmad, Z. A. and Maslehuddin, M. (2014b)
‘Effects of addition of AI(OH); on the strength of alkaline activated ground
blast furnace slag-ultrafine palm oil fuel ash (AAGU) based binder’,
Construction and Building Materials, 50, pp. 361-367.

Yusuf, M. O., Megat Johari, M. A., Ahmad, Z. A. and Maslehuddin, M. (2015)
‘Impacts of silica modulus on the early strength of alkaline activated ground
slag/ultrafine palm oil fuel ash based concrete’, Materials and Structures,
48(3), pp. 733-741.

Yiizer, N., Akdz, F. and Oztiirk, L. D. (2004) ‘Compressive strength — color change
relation in mortars at high temperature’, Cement and Concrete Research, 34(3),
pp. 1803-1807.

Zain, M. F. M., Safiuddin, M. and Yusof, K. M. (1999) ‘A study on the properties of
freshly mixed high performance concrete’, Cement and Concrete Research, 29,
pp. 1427-1432.

Zeyad, A. M., Megat Johari, M. A., Tayeh, B. A. and Yusuf, M. O. (2016) ‘Efficiency
of treated and untreated palm oil fuel ash as a supplementary binder on
engineering and fluid transport properties of high-strength concrete’,
Construction and Building Materials, 125, pp. 1066—-1079.

Zeyad, A. M., Megat Johari, M. A., Tayeh, B. A. and Yusuf, M. O. (2017) ‘Pozzolanic
reactivity of ultra fine palm oil fuel ash waste on strength and durability
performances of high strength concrete’, Journal of Cleaner Production, 144,
pp. 511-522.

Zeyad, A. M., Tayeh, B. A., Saba, A. M. and Megat Johari, M. A. (2018) ‘Workability,
Setting Time and Strength of High-Strength Concrete Containing High
Volume of Palm Oil Fuel Ash’, The Open Civil Engineering Journal, 12, pp.
35-4e.

Zhai, C., Chen, L., Xiang, H. and Fang, Q. (2016) ‘Experimental and numerical
investigation into RC beams subjected to blast after exposure to fire’,
International Journal of Impact Engineering, 97, pp. 29-45.

Zhang, Q. and Ye, G. (2013) ‘Quantitative analysis of phase transition of heated
Portland cement paste’, Journal of Thermal Analysis and Calorimetry, 112,
pp. 629-636.

Zhang, W., Min, H., Gu, X., Xi, Y. and Xing, Y. (2015) ‘Mesoscale model for thermal

297



conductivity of concrete’, Construction and Building Materials, 98, pp. 8-16.
Zhu, W., Gibbs, J. C. and Bartos, P. J. M. (2001) ‘Uniformity of in situ properties of
self-compacting concrete in full-scale structural elements’, Cement & Concrete

Composites, 23, pp. 57-64.

298



LIST OF PUBLICATIONS

Journal with Impact Factor

1. Mujedu, K. A., Ab-kadir, M. A. and Ismail, M. (2020) ‘A review on self-
compacting concrete incorporating palm oil fuel ash as a cement
replacement’, Construction and Building Materials, 258, p. 119541.
https://doi.org/10.1016/j.conbuildmat.2020.119541. (Q1, IF: 4.419)

2. Mujedu, K. A., Ab-kadir, M. A., Sarbini, N. N. and Ismail, M. (2021)
‘Microstructure and compressive strength of self-compacting concrete
incorporating palm oil fuel ash exposed to elevated temperatures’,
Construction and Building Materials, 274, p. 122025.
https://doi.org/10.1016/j.conbuildmat.2020.122025. (Q1, IF: 4.419)

Indexed Conference Proceedings

1. Mujedu, K. A., Ab-kadir, M. A. and Ismail, M. (2020) ‘Effect of high
temperatures on physical and compressive strength properties of self-
compacting concrete incorporating palm oil fuel ash’, IOP Conference

Series: Materials Science and Engineering, 849, pp. 1-11.
https://doi.org/10.1088/1757-899X/849/1/012040. (Indexed by SCOPUS)

2. Mujedu, K. A., Ab-kadir, M. A., Ismail, M., Mohamad Ali Mastor, M. N.,
Zuhan, N., Aluko, O. G. and Abou Sif, M. T. M. (2021) ‘Structural
Performance of Reinforced Self-compacting Concrete Columns Produced with
Palm Oil Fuel Ash’, IOP Conference Series: Materials Science and
Engineering. 1153, pp. 1-9.
https://doi.org/10.1088/1757-899X/1153/1/012006. (Indexed by SCOPUS)

311


https://doi.org/10.1016/j.conbuildmat.2020.119541
https://doi.org/10.1016/j.conbuildmat.2020.1
https://doi.org/10.1088/1757-899X/849/1/012040
https://doi.org/10.1088/1757-899X/849/1/012040

	Template Tesis UTM v2.0
	Template Tesis UTM v2.0
	Template Tesis UTM v2.0



