EFFECT OF FLY ASH AS PARTIAL CEMENT
REPLACEMENT ON WORKABILITY AND
STRENGTH ON WATER CURED
LIGHTWEIGHT CONCRETE

NUR FAZLIANA BINTI MUHAMAD RAZALI

B. ENG (HONS.) CIVIL ENGINEERING

UNIVERSITI MALAYSIA PAHANG



UNIVERSITI MALAYSIA PAHANG

DECLARATION OF THESIS AND COPYRIGHT

Author’s Full Name  : NUR FAZLIANA BINTI MUHAMAD RAZALLI

Date of Birth : 24 SEPTEMBER 1995

Title : EFFECT OF FLY ASH AS PARTIAL CEMENT
REPLACEMENT ON WORKABILITY AND STRENGTH
ON WATER CURED LIGHTWEIGHT CONCRETE

Academic Session :2017/2018

| declare that this thesis is classified as:

00 CONFIDENTIAL (Contains confidential information under the Official
Secret Act 1997)*

O RESTRICTED (Contains restricted information as specified by the
organization where research was done)*

M OPEN ACCESS | agree that my thesis to be published as online open access
(Full Text)

I acknowledge that Universiti Malaysia Pahang reserves the following rights:

1. The Thesis is the Property of Universiti Malaysia Pahang

2. The Library of Universiti Malaysia Pahang has the right to make copies of the thesis for
the purpose of research only.

3. The Library has the right to make copies of the thesis for academic exchange.

Certified by:

(Student’s Signature) (Supervisor’s Signature)

950924065680 DR. KHAIRUNISA BINTI MUTHUSAMY
New IC/Passport Number Name of Supervisor
Date: 13 JUNE 2018 Date: 13 JUNE 2018

NOTE : * If the thesis is CONFIDENTIAL or RESTRICTED, please attach a thesis declaration letter.



THESIS DECLARATION LETTER (OPTIONAL)

Librarian,

Perpustakaan Universiti Malaysia Pahang,
Universiti Malaysia Pahang,

Lebuhraya Tun Razak,

26300, Gambang, Kuantan.

Dear Sir,
CLASSIFICATION OF THESIS AS RESTRICTED

Please be informed that the following thesis is classified as RESTRICTED for a period of three
(3) years from the date of this letter. The reasons for this classification are as listed below.

Author’s Name

Thesis Title
Reasons ()
(i)
(iii)
Thank you.

Yours faithfully,

(Supervisor’s Signature)
Date:

Stamp:

Note: This letter should be written by the supervisor, addressed to the Librarian, Perpustakaan
Universiti Malaysia Pahang with its copy attached to the thesis.



Universiti
Malaysia
PAHANG

Engineering = Technology * Creativity

SUPERVISOR’S DECLARATION

I hereby declare that | have checked this thesis and in my opinion, this thesis is adequate
in terms of scope and quality for the award of the degree of B. Eng (Hons) Civil

Engineering

(Supervisor’s Signature)
Full Name : DR. KHAIRUNISA BINTI MUTHUSAMY
Position : SENIOR LECTURER
Date : 13 JUNE 2018



Universiti
Malaysia
PAHANG

Engineering = Technology * Creatlvity

STUDENT’S DECLARATION

I hereby declare that the work in this thesis is based on my original work except for
quotations and citations which have been duly acknowledged. | also declare that it has
not been previously or concurrently submitted for any other degree at Universiti Malaysia

Pahang or any other institutions.

(Student’s Signature)
Full Name - NUR FAZLIANA BINTI MUHAMAD RAZALI
ID Number : AA14194
Date : 13 JUNE 2018



EFFECT OF FLY ASH AS PARTIAL CEMENT
REPLACEMENT ON WORKABILITY AND
STRENGTH ON WATER CURED
LIGHTWEIGHT CONCRETE

NUR FAZLIANA BT MUHAMAD RAZALI

Thesis submitted in fulfillment of the requirements
for the award of the
Bachelor Degree in Civil Engineering

Faculty of Civil Engineering and Earth Resources

UNIVERSITI MALAYSIA PAHANG

JUNE 2018



ACKNOWLEDGEMENTS

In the name of Almighty Allah SW.T., the Most Merciful and the Most Gracious,
blessings and peace upon the prophet Muhammad S.A.W. Without health and help have
given by Allah, 1 would not be able to complete my project at the given duration.
Alhamdulillah and thanks for giving me this precious opportunity to accomplish my
project successfully for my bachelor degree award requirement.

The completion of this thesis would not be possible without the guidance and support of
many individuals and benefactors. First, | would like to give my highest appreciation to
my supervisor, Dr. Khairunisa bt Muthusamy for the continuous encouragement,
guidance, criticism, and advice throughout my final year project progress. | also would
like to express my very special thanks to post-graduate students, Mrs. Nor Azzimah bt
Zamri for her tolerant and kind assistance on my laboratory work.

My sincere appreciation also goes to all my laboratory mates Intan Suraya bt A. Rahim,
Izzati bt Mohd Khalid, and Nur Arifah Najihah bt Arifen. Many special thanks dedicated
to all staff of the Faculty of Civil of Engineering and Earth Resources, for their excellent
co-operation, inspirations and supports while engaging with this project.

Last but not least, my greatest gratitude to both my parents Mr. Muhamad Razali bin
Salleh and Mrs. Zarina bt Abdullah for their care, strength, encouragement and most
importantly the love that they gave to accompany me for the whole journey of my life.
May Allah always put His blessing and love to all of us.



ABSTRAK

Abu terbang yang dihasilkan dari loji kuasa arang batu dilupuskan sebagai sisa
pencemaran alam sekitar. Penggunaan simen dalam pembinaan menyebabkan pelepasan
gas rumah hijau yang dihasilkan daripada pengeluaran simen. la juga bukan persekitaran
yang mesra alam dan mahal untuk pembinaan di era ini. Di samping itu, batu dandang
minyak kelapa sawit merupakan hasil sampingan sampah pengilangan minyak sawit yang
menyebabkan peningkatan kawasan pembuangan sampah. Dalam kajian ini, kajian ini
menyiasat kesan abu terbang sebagai penggantian simen separa pada kebolehkerjaan,
kekuatan mampatan dan lentur pada air konkrit ringan sembuh. Lima jenis campuran
dengan pelbagai peratusan abu terbang sebagai kandungan penggantian simen separa
digunakan. Campuran pertama ialah 0% daripada tindakan abu terbang sebagai spesimen
kawalan dan yang lain mengandungi 10%, 20%, 30% dan 40% kandungan abu terbang.
Kekuatan mampatan dan kekuatan lentur ditentukan pada 7, 14 dan 28 hari. Penemuan
menunjukkan kekuatan meningkat apabila peratusan abu terbang meningkat. Kekuatan
mampatan tertinggi ialah 10% abu terbang yang digunakan dalam konkrit. Trend yang
sama diperhatikan dalam keputusan lenturan. Abu terbang menjadi bahan pozzolanic
menyebabkan reaksi pozzolanic dalam campuran konkrit yang meningkatkan jumlah C-
S-H gel. Akibatnya, konkrit menjadi lebih padat dan lebih kuat.



ABSTRACT

Fly ash generated from coal power plant is disposed as environmental polluting waste.
The use of cement in construction cause the greenhouse gas emission that produces from
the cement production. It is also not eco-friendly environment and costly for construction
in this era. In addition, palm oil boiler stone is a waste by-product of palm oil milling that
causes the increasing of dumping area. In this study, this research investigates the effect
of fly ash as partial cement replacement on workability, compressive strength and flexural
on water cured lightweight concrete. Five types of mixes with various percentage of fly
ash as partial cement replacement content were used. The first mixes are 0% of fly ash
act as control specimen and the others contains 10%, 20%, 30% and 40% of fly ash
content. The compressive strength and flexural strength were determined at 7, 14 and 28
days. Findings show that strength is increasing as a percentage of fly ash used increase.
The highest compressive strength is 10% of fly ash used in concrete. Similar trend were
observed in flexural strength result. Fly ash being a pozzolanic material causes pozzolanic
reaction in concrete mix which increases amount of total C-S-H gel. As a result, the
concrete become denser and stronger.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Lightweight concrete (LWC) is a special concrete which weigh lighter than
conventional concrete. There are three types of LWC, which are lightweight aggregate
concrete, aerated concrete, and no-fines concrete. LWC has a lower modulus of elasticity,
higher inelastic strains and lower coefficient of thermal expansion. In addition, LWC has
more continuous contact zone between the aggregate and the paste, and more water in the
pores of aggregate for continued internal curing when compared to normal weight
concrete. LWC has lower thermal expansion than ordinary concrete and can reduce the

cost of material used for construction.

Malaysia is one of the largest producers and exporters of palm oil products to
various corners of the world (Kanadasan, 2014). One of the top product is Palm Oil Boiler
Stone (POBS) act as LWC. The processing phase of palm oil products accumulate too
much causes the disposal site to be limited. POBS was obtained from the by-product of
palm oil milling (Bashar, 2014) and a waste by-product from the incineration process of
oil palm shells and fibers (Mohammed, 2011). The waste product such as POBS causes
pollutions such as air pollution during the milling stage of palm oil production and land
pollution where the dumping of palm oil boiler stone has increase the degradation of land.
Utilization of POBS in concrete production did not only solves the problem of solid waste

disposal but also helps to conserve natural resources (Bashar, 2014).

Another waste product that comes from coal industry is fly ash which is a fine
powder that is a by-product of burned pulverized coal in the electric generation power
plant. The ash contains aluminous and siliceous materials will form the same compound

with Portland cement if added with water and lime. Improve workability, contribute to



strength development and hence consider an effective cementitious component of
concrete found in fly ash (Islam, 2010). The use of fly ash as an eco-friendly product as
a by-product produces low energy. The benefits of using fly ash are to reduce the
problems of cracking, permeability and bleeding. It also can be a cost-effective
replacement for Portland cement because it may reduce the amount of cement when fly

ash added to concrete. Finally, it gives benefits for our environment.
1.2 Problem Statement

Due to the growing of economy with fast development in this era, the usage of
cement is increasing. Increasing usage of large quantities of cement may cause problems
to the consumers. Cement is a broad energy commodity industry and leads to the release
of large amounts of greenhouse gases (Chowdhury, 2015). Fly ash is also a waste product
that produces from coal industry that causes air pollution. In addition, palm oil boiler
stone (POBS) is also a waste from palm oil mill industry. The dumping of palm oil boiler

stone has increased the degradation of land and affecting groundwater sources.
1.3 Objective of Study
The objective of the study is as follow:

a) To investigate the effect of fly ash as partial cement replacement on the

workability of Palm Oil Boiler Stone lightweight aggregate concrete.

b) To investigate the effect of fly ash as partial cement replacement on
compressive strength of Palm Oil Boiler Stone lightweight aggregate

concrete.

c) To investigate the effect of using the different percentage of fly ash as partial
cement replacement towards the flexural strength of Palm Oil Boiler Stone

lightweight aggregate concrete.

1.4 Scope of Research

This test is conducted to determine the effect of fly ash as partial cement

replacement towards workability and strength of lightweight concrete. In this thesis, there

2



are five samples of mix that were casted, which were 0% that act as a control concrete
specimen, 10%, 20%, 30% and 40% of fly ash as a substitute for the cement. The
difference percentage of fly ash as partial cement replacement was to investigate the
strength of concrete. There is two type of specimens conducted for curing regime namely
beam that was conducted to test flexural strength and cube that was conducted to test
compressive strength of concrete. In addition, slump test was conducted to test the
workability of the concrete. To get the accurate result, the test will be repeated three times
and within 28 days.

1.5  Significance of Research

Utilization of fly ash as partial cement replacement has many significant
environmental benefits. Fly ash use conserves natural resources and materials. Use of fly
ash can avoid landfill disposal. The use of fly ash as a substitute for cement also reduces
air pollution. Meanwhile, the use of palm oil boiler stone (POBS) can also help to reduce
the use of landfill that affects the groundwater sources. This can keep the groundwater

sources safe.
1.6  Layout of Thesis

This report consists of five chapters. Chapter one introduces the issue investigated
in this research highlighting problem statements and outlining objective to be achieved.
The scope of research and contribution of the study is also included in this section. The
chapter ends with the layout of the thesis. Chapter two discusses the utilization of POBS
and fly ash in concrete production. This includes the review of basic properties and
application of LWAC. Define the workability and strength of concrete and the review of

these issues presented in this chapter.

Chapter three discusses the methodologies used in this study. In this section
reported the preparation of mix ingredients and the apparatus used in conducting the
experiment. The detail explanation about design mix of the concrete will present in this
chapter. In chapter three also discuss the testing procedure adopted. Chapter four mainly
presents and discusses the laboratory results of POBS lightweight aggregate concrete
incorporated with fly ash. Data that has been analysing and form of graph for workability
and strength test result are present in this chapter.



Chapter five concludes the whole study. Based on the result obtained from the
testing the respective objectives listed are drawn in this conclusion. The

recommendations for future study have been the list in this chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Concrete is one of the most important materials that contribute to construction in
the world. To produce concrete, natural resources such as cement, sand, stone, water and
so on were used, which is high in demand in the concrete industry. According to Saha
(2017), almost 7% of greenhouse gas emission produced from the cement production
because the process makes the cement produce a large amount of carbon dioxide.
Conventional concrete using Ordinary Portland Cement (OPC) causes a lot of problems
especially to the mass concrete (Ahmad et al., 2014). From this problem, substitution of
waste material is the best alternatives way to achieve sustainable development in the

concrete industry.

Malaysia industry produces many by-products. Malaysia coal industry generate
waste material name fly ash that can be used as a partial cement replacement. They
generate millions of tons of waste and produces waste material such as fly ash that is
produced in Tanjung Bin Power Plant, Johor. Another waste product that is added to the
concrete is Palm Oil Boiler Stone (POBS) that is from palm oil industry. Palm oil boiler
stone is produced from burning of solid wastes in boiler combustion process that come

from Palm Oil Industry Lepar Hilir, Pahang.
2.2 Fly Ash

Coal fly ash is a material that is being mainly composed of nearly perfect spheres
of Al-silicate glass that disserves applications making use of such properties, rather than
to be used as an inert filler (Nugteren, 2007). Fly ash comprised of the non-combustible
mineral portion of coal and it is generated from the coal combustion process. Efficient



recycling and resource recovery from coal fly ash has been a major topic of current
international research interest that aimed at achieving sustainable development of human
society from the viewpoints of energy, economy, and environmental strategy (Hui et al.,
2009). These particles solidify as microscopic, glassy spheres that are collected from the
power plants exhaust before they can fly away hence the products name fly ash (Islam,
2010).

Fly ash is known to be a good pozzolanic material for use in concrete.
Additionally, it can increases strength development, and later ages, reducing corrosion of
reinforcing steel and generally improves resistance to chemical attack. The successful
application of fly ash will not only reduce the cement consumption but also eliminate the
waste disposal costs (Saha, 2017). Utilization of waste material like fly ash gives more

benefit and helps to conserve natural resources.
2.2.1 Fly Ash from Malaysia Coal Industry

Fly ash is a waste material derived from the burning of coal in power generating
plants. It generates problems of discarding as well as environmental degradation, due to
its nature of causing air and water pollution on a large scale (Nadesan & Dinakar, 2017).
Many coal industries like TNB Kapar in Selangor, Tanjung Bin Power Plant in Johor, Sri
Ulu Langat Palm Qil in Selangor generate a large amount of fly ash. Generation of fly
ash was the increase from year to year and such waste would contribute to environmental

pollution if left unmanaged.
2.2.2 Characteristic of Fly Ash

Fly ash sample enriched predominantly in silica, alumina and iron oxides fall
under the category of F. The major mineral crystalline phase identified in the ash sample
is quartz and mullite (Kaushal, 2017). Due to pozzolanic activity, low water demand
reduced bleeding in the concrete, hence, fly ash has been adopting widely in the
construction industry. Pozzolanic materials are known as the cementitious material that
commonly silica or alumina and silica that was classified by their chemical and
mineralogical composition and particle characteristic (Bayuaji, et al., 2016). It has the

ability to convert calcium hydroxide to calcium silicate hydrate gel (C-S-H).



Fly ash also can improve the workability and compressive strength of the
concrete. The strength development of fly ash depends on its chemical and physical
properties. The chemical characteristics of fly ash are secondary, although the post-
compaction cementation provided by some high-calcium fly ash is likely to prove
beneficial (Ahmaruzzaman, 2010). Fly ash composed of fine particle size distribution
exhibits compressive strength comparing to the ordinary fly ash and have the positive
impact on shrinkage mitigation (Saha, 2017). It also was shown to reduce the heat of
hydration and the risk of thermal cracking. Table 2.1 shows the chemical composition of
cement and fly ash (Saha, 2017).

Table 2.1 The chemical composition of cement and fly ash

Parameter OPC (%) Fly Ash (%)
SiO; 20.29 76.34
Al;,O3 5.48 14.72
Fe203 2.85 3.69
MgO 1.24 0.54
SOs3 2.49 0.11
CaO 63.11 0.6
Na20 0.29 0.19
K20 0.45 0.96
Cr203 0.02 -
P20s5 0.17 0.1
SrO 0.05 -
TiO2 0.27 0.61
Mn20s3 0.08 0.07
ZnO 0.04 -
LOI 3.39 0.53

Source: Saha (2017)
2.2.3 Utilization of Fly Ash

Coal based thermal plants generating a large amount of fly ash as a by-product
from its combustion. With increasing the environmental awareness, utilization of fly ash
has become an attractive alternative to disposal (Kaushal, 2017). Shrinkage of concrete
that applies to fly ash depends on its fineness and water requirements. In addition, fly ash
concrete showed higher permeable void and the void content increased with the
increment of the fly ash. The use of fly ash in concrete also increases the porosity of the
concrete. Besides that, fly ash can reduce the heat of hydration and the risk of thermal
cracking due to its pozzolanic activity. The reaction of fly ash gives a great contribution
to the properties development of concrete. This is because fly ash particle is finer



comparing to Portland cement as the fly ash had a higher specific surface area than
portland cement. The use of fly ash in replacing the cement greatly contributes to the
reduction of environmental pollution that has been the cause of pollution especially air
pollution. Table 2.2 shows the utilization of fly ash as a replacement in concrete.

Table 2.2 The utilization of fly ash as a replacement in concrete

SOURCES RESEARCH AREA
Toniolo and Boccaccini (2017) Fly ash (FA) is the most used and suitable waste
material in geopolymerization
Rafieizonooz, Mirza, Salim, Fly ash as the replacement for sand and cement
Hussin, and Khankhaje (2016)
Abbasa, Saleema, Kazmib, and Production of sustainable clay bricks using waste
Munirb (2017) fly ash.

From the properties of fly ash, it can be as the additive agent in a soil that improves
nutrients. This will leads to moderate the environment and economic impacts disposal fly
ash by creating new probabilities for its more utilization (Kaushal, 2017). The results
demonstrate that the strength of fly ash containing concrete improves more slowly but
more strongly with aging than their fly ash free counterparts. An optimum fly ash
replacement ratio exists where the maximum compressive strength of fly ash containing
concrete can be achieved, and the maximum strength for the specimens aged 28 days and
above is higher than of fly ash free concrete (Kaushal, 2017). Use fly ash can also
decrease the corrosion by hindering chloride penetration as well as decreasing the content

of free chloride.

In addition, fly ash is an environmentally friendly alternative to ordinary Portland
cement as it is an industrial by-product (Moffatt et al., 2017). The use of fly ash can help
to reduce air pollution because it easily carries by the wind. The use of fly ash as
replacement of cement give more advantage which are can save the environmental
problem and to keep the natural resources . This is because the production of cement
emitted a massive carbon dioxide and it is a continuous increase in its use all over the
world. Figure 2.1 shows the comparison of the environmental impact of all scenarios
(Huang and Lo, 2017).
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Figure 2.1 Environmental impact distributions for all scenarios
Source: Huang and Lo (2017).

2.3  Waste from Malaysia Palm Oil Industry

The Palm Oil Tree in Malaysia originated from West Africa that is growing wild
and later developed into an agricultural crop. Palm oil industry becomes one of the main
Malaysian commodities as indicated in Ninth Malaysian Plan (RMK9) (Ahmad et al.,
2014). Under this plan, Malaysia's focus on the biotechnology industry is to generate a
large number of agricultural products to be export to overseas. The main commodities
listed are industrial palm oil. The rapidly expanding palm oil production will produce by-
products that are usually considered as rising waste disposal. Among the by-products is
the palm oil boiler stone produced from the combustion of fiber and husk in the boiler
under very high temperatures and produces enzyme steam for oil extraction. By recycling
the waste, it not only saves the landfill but also maintains the green environment (Ahmad
etal., 2014).



2.3.1 Type of Waste

The agroindustry has been the backbone of Malaysia for a few decades. Products
from this industry generate a huge amount of waste. Palm oil factories generate various
types of waste, which include Palm Qil Boiler Stone (POBS), oil palm shell (OPS), QOil
Palm empty fruit bunches (OPEFB) and others. Palm Qil Boiler Stone (POBS) produced
from the combustion of fiber, husk in the boiler under high temperatures, and produce
enzyme steam for oil extraction. The use of POBS in concrete can overcome the problem
of waste disposal and can save the use of landfill. Oil palm shell (OPS) is an agricultural
solid waste that generates from the palm oil industry. Oil Palm Shell (OPS) is an
agricultural solid waste lightweight aggregate for making lightweight concrete (Shafigh
et al., 2013). The use of OPS as an aggregate in concrete reduces the needs for finite

resources such as stone and gravel.

Last but not least, the waste material that produced by Palm Qil Industry is oil
palm empty fruit bunch (OPEFB) is used as the burning fuel in boilers to supply
electricity for the plantation mills. Due to its disposal, OPEFB also causes the
environmental problem. Incorporation of these waste products would also help to sustain
those natural resources that are rapidly depleting and support the global push towards
“green” production (Kanadasan et al., 2015). Figure 2.2 shows the oil palm bio products

in Malaysia that produced millions tons per year (Hosseini and Wahid, 2014).
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Figure 2.2 Oil palm bio products in Malaysia (millions tons per year)

Source: Hosseini and Wahid (2014).

Figure 2.3 Palm oil boiler stone (POBS)

Source: Abutaha et al., (2016)
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Figure 2.4 Oil palm shell (OPS)
Source: Aslam et al., (2016)

Figure 2.5 Oil palm empty fruit bunch (OPEFB)
Source: Or, Putra and Selamat (2017)
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2.3.2 Palm Oil Boiler Stone (POBS) as Waste

The agricultural industry increasing rapidly over the year. Palm Oil Boiler Stone
was produced from the combustion of fiber and husk in the boiler under high temperature
and produces enzyme steam for oil extraction. These wastes are disposed to dumping
sites, causing environmental pollution and problems (Abutaha et al., 2016).One of the
by-product obtained from palm oil industry is palm oil boiler stone (POBS) that is
potential as recycle materials for sustaining the green environment. POBS were
incorporated as a replacement material for aggregates and their engineering

characteristics were ascertain.
2.3.3 Utilization of POBS in Concrete

The use of waste materials such as palm oil clinker from the palm oil industry
provides substantial benefits to the construction industry. The use of these wastes into
industrial buildings can promote sustainability, overcome the problem of garbage
disposal and can prevent environmental pollution. In this study, palm oil boiler stone was
used as a coarse aggregate of lightweight concrete. Besides that, POBS also can be the
aggregate replacement in lightweight concrete production and can be used as a
replacement for sand. The basic strategies to decrease solid waste problems is to reuse
the materials from waste because it can ensure the preservation of our natural resources
by mitigating the use of rock outcrops that are usually quarried and crushed to be used as
aggregate for construction work. Lastly, the inclusion of these wastes can benefit a certain

industry with the cost and the energy consumption of the products can be reduced.
2.4 Lightweight Aggregate Concrete (LWAC)
2.4.1 Production

Lightweight concrete is a popular choice in the construction. The use of
lightweight concrete (LWC) has many advantages over normal concrete, such as a
reduction in the size of the structural elements, increase in building height and a greater
span-depth ratio for beams in pre-stressed concrete construction (Huda et al., 2016).
Many materials can be use as lightweight aggregate concrete consist of oil palm shell,
coconut shell, and others. Usually, the material that will be use as lightweight aggregate

concrete is waste material from palm oil industry. This is because there are millions of
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tons of waste material that is produce from palm oil industry that cause the environmental
problem. By using this waste material as lightweight aggregate, environmental pollution
can be reduce and will be more sustainable in the construction industry. The lightweight
concrete has its obvious advantages of high strength water ratio, good tensile strength,
low coefficient of thermal expansion, and superior heat and sound insulation

characteristic due to air voids in lightweight aggregates (Zulkarnain and Ramli, 2008).
2.4.2 Characteristic

In general, a correlation between the compressive strength and permeability of
concrete depends on the denser of the concrete matrix. The denser the concrete, the harder
the bond between concrete matrix, therefore the compressive strength increased (Ahmad
et al., 2014). Water-cement ratios and compressive strength of concrete are related to
each other. According to this relation, the strength of the concrete is inversely
proportional to the water-cement ratio (Nadesan and Dinakar, 2017). In addition,
lightweight aggregate concrete may present the low modulus of elasticity that may cause
excessive deflection in flexural strength. However, it may be beneficial for reducing the

internal stress concentrations in concretes and consequently reducing the micro-cracks.

Lightweight concrete has no special resistance as it is generally more porous than
the more conventional concrete, it is if anything, more vulnerable (Zulkarnain and Ramli,
2008). The use of lightweight aggregate concrete has superior advantages as using natural
materials, lightness and easy workability. Laboratory tests had been shown that for the
majority of aggregate types both in the pre-soaked and air-dry condition non-air-entrained
lightweight aggregate concrete is potentially more durable under freeze/thaw condition
that equivalent strength non-air-entrained normal weight concrete, particularly when

natural fines are used (Zulkarnain and Ramli, 2008).
2.4.3 Advantage and Application

Lightweight concrete has more advantage which are reduction in manpower, fast
for simple construction and reduction in weight that can result in reducing structural
frame, footing or pile. There are several options of lightweight concrete that are structural
full-lightweight, semi-lightweight, non-structural lightweight concrete fill, non-structural
polystyrene lightweight fill. The structural full-lightweight is made with lightweight

porous ceramic material produced by expanding and vitrifying select shale in a rotary
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kiln. Semi-lightweight concrete produced by using aggregate made from slag. Cellular
concrete/grout is used to produce a non-structural lightweight fill. This lightweight
concrete is created by adding air bubbles and foaming to the concrete, resulting in a
lighter density product. Polystyrene-based concrete is essentially a concrete/grout that
has styrofoam beads introduced into the mix to make the product lighter. It is mostly used

as fill.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In this methodology section, the material used in design the concrete that used fly
ash as partial cement replacement. In the beginning, the preparation of water, sand,
cement, fly ash, POBS and superplasticizer are present. Then, followed by detail
elaboration on the material used to design the mixed concrete, which includes the process
of mixing, casting and curing until it ready to be tested. It consists of water curing method
to achieve the objective of the study that is to investigate the strength of concrete.
Otherwise, this study also will be explained in detail about three type of test that has been

conducted which are slump test, compressive strength test, and flexural strength test.
3.2  Material Used

The production of concrete specimen consists of water, sand, cement, fly ash,
palm oil boiler stone, and superplasticizer.

3.2.1 Water

In this study, tap water has been used in mixing, curing and in another purpose.
Enough water to be added is important to make the mix workable. Mixing water should
not contain undesirable organic substance and inorganic constituent in excessive

proportion. Figure 3.2 shows the water.
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Figure 3.1 Water

3.2.2 Sand

River sand is the type of sand used throughout this testing. Sand is left in air-dries
before kept in container protecting it from getting wet due to rain or moisture from the

surrounding. Figure 3.2 shows the fine aggregate used in this testing.

Figure 3.2 Sand

3.2.3 Cement

An Ordinary Portland Cement (OPC) produced by YTL cement Sdn Bhd is in use
throughout this research. This type of cement is identified as type 1 according to ASTM
C 150-05 (2005) which is suitable for general concrete work. To protect the cement from

damage, cement bags are stored away from damp floors and stacked close together in a
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well-aired, clean and dry place. Figure 3.3 shows the cement that has been choosing for

this testing.

Figure 3.3 Ordinary portland cement

3.24 Fly Ash

Fly ash is used as the partial cement replacement. Fly ash has been taken from
Tanjung Bin Power Plant, Johor. Fly ash is a byproduct from burning pulverized coal in

electric power generating plants. Figure 3.4 shows the fly ash.

.....
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Figure 3.4 Fly ash

3.2.5 Palm Oil Boiler Stone (POBS)

Palm oil boiler stone has been used in this testing as the coarse aggregate.

Preparation for POBC has many steps. Firstly, wash the clinker and dry. Then, crush the
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clinker using the hammer to get a small size. Then, put the POBC in the crushing
machine. After crush, the aggregate was sieve to obtain the required size of aggregate.
Figure 3.5 shows the Palm Oil Boiler Stone (POBC).

Figure 3.5 Palm QOil Boiler Stone (POBC).

3.2.6 Superplasticizer

Superplasticizer is an agent to help the concrete mixing easy to mix and to
increase the workability of the concrete mixing. Superplasticizer was an admixture based
on modified polycarboxylic ether. It is free of chloride and low alkali. Figure 3.6 shows
the Sika ViscoCrete 2088PC of superplasticizer that has been used in this testing.

19



Figure 3.6 Sika ViscoCrete 2088PC of superplasticizer

3.3 Design Mix

In this study, there are five differences percentage of fly ash as partial cement
replacement for structural concrete. Five set of samples was cast, a control mix with no
fly ash and four mixtures consist of 10%, 20%, 30% and 40% of fly ash as a partial
replacement for cement. All the mixed was used POBC as lightweight aggregate
concrete. The specimen was prepared for the slump test, compressive strength test, and
flexural strength test. Water-cement ratio for this test is fixed with 0.40. The compressive
strength and flexural strength were determined at 7, 14 and 28 days. The details of the

concrete mixes with the proportions of ingredients are shown in Table 3.1 and Table 3.2.

Table 3.1 Concrete mix proportion for cube

% | CEMENT SAND | POBS |[FLYASH | wic | SP
(kg) (kg) (kg) (kg) (%)
0 4.536 7.088 5.339 0 0.40 1
10 4.082 7.088 5.339 0454 | 0.0 1
20 3.629 7.088 5.339 0.907 | 0.40 1
30 3.175 7.088 5.339 1361 | 0.0 1
40 2.722 7.088 5.339 1814 | 0.40 1
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Table 3.2 Concrete mix proportion for beam

% CEMENT SAND POBS | FLYASH | wic SP
(kg) (kg) (kg) (kg) (%)
0 23.760 37.125 27.968 0 0.40 1
10 21.492 37.125 27.968 2.268 0.40 1
20 19.008 37.125 27.968 4.752 0.40 1
30 16.632 37.125 27.968 7.128 0.40 1
40 14.256 37.125 27.968 9.504 0.40 1

3.4 Specimen Preparation

The material of structural concrete was weight and mix with the mixer. In the
concrete making process, water, sand, cement, fly ash, POBC and superplasticizer are
mixed until all the materials are well mixed and workable. After all the materials are well
mixed, cast into the mold for three layers to ensure the concrete well cast. Then, the
specimen is vibrate using the vibrating table so that the mixture will compact perfectly.
After vibrating process was finished, the specimen is leveled and finished using hand
trowel. Three specimens from each category were prepared for obtaining the average
value. Remove the specimen from the mold after 24 hours and ready for curing process
that is a cure for water. Lastly, test the concrete specimens for 7, 14 and 28 days to

evaluate the compressive strength and flexural strength.
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Figure 3.7 Preparation of concrete samples

3.5  Slump Test

In this study, the test conducted is slump test that is important to show the mix is
sufficiently workable to enable good compaction and carried out for detecting changes in
workability. Slump test for all mixes of this study is conducted in accordance with BS
1881: Part 102: 1993. In addition, there are three forms of the slump, which are the true

slump, shear slump, and collapse slump.

At the beginning of the test, ensure that the internal surface of the mold is clean
and damp but free from superfluous moisture before commencing the test. Place the mold
on a smooth, horizontal, rigid and non-absorbent surface free from vibration and shock.
Hold the mold firmly against the surface below with the funnel, if used, in position at the
top whilst it is filled in three layers, each approximately one-third of the height of the
mold when tamped. Tamp each layer with 25 strokes of the tamping rod, the strokes being
distributed uniformly over the cross-section of the layer. Tamp each layer to its full depth,
ensuring that the tamping rod does not forcibly strike the surface below when tamping
the first layer and just passes through the second and top layers into the layers

immediately below.

Heap the concrete above the mold before the top layer is tamped. If necessary,

add further concrete to maintain an excess above the top of the mold throughout the
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tamping operation. After the top layer already tamps, remove the funnel, if fitted, and
strike off the concrete level with the top of the mold with a sawing and rolling motion of
the tamping rod. With the mold still held down, clean from the surface below any
concrete, which may have fallen onto it or leaked from the lower edge of the mold.
Remove the mold from the concrete by raising it vertically, slowly and carefully, in 5s to
10s, in such a manner as to impart minimum lateral or torsional movement to the concrete.
The entire operation from the start of filling to the removal of the mold shall be carried
out without interruption and shall be complete within 150s. Immediately after the mold
is removed, measure the slump to the nearest 5 mm by using the rule to determine the
difference between the height of the mold and of the highest point of the specimen that
being tested. Figure 3.8 shows the slump test apparatus.

Figure 3.8 The slump test apparatus

3.6  Compressive Strength Test

Compressive strength test determines the behaviour of materials under crushing
loads. It is the method for determining the compressive strength of concrete cubes. The
compressive strength has been follow the procedure conducted specified BS 1881-
116:1983. The cube is test for 7, 14 and 28 days of water cured. Firstly, remove the cubes
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from curing or density water tank and test while they are still wet. Next, placed the cube
in the testing machine. Ensure that all testing-machine bearing surfaces are wipe clean
and that any loose grit or extraneous material is remove from the surface of the cube,
which will be in contact with the platens. Use no packing between the cube and platens,
and the spacing blocks if used. Carefully centre the cube on the lower platen and ensure
that the load will be apply to two opposite cast faces of the cube. If auxiliary platens are
being used, align the top auxiliary platen with the cube. Without shock, apply and
increase the load continuously at a nominal rate within the range 0.2N/(mm2s) to
0.4N/(mm2s) until no greater load can be sustained. On manually controlled machines as
failure is approached the loading rate will decrease at this stage operate the controls to
maintain as far as possible the specified loading rate. Lastly, record any unusual features
in the type of failure and record the data. Figure 3.9 shows the machine to test

compression strength.

Figure 3.9 Comprressive strength testing machine
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3.7  Flexural Strength Test

The procedure of flexural strength test was conduct according to BS 1881: Part
118: 1983. The arrangement of loading for flexural strength test is two-point loading. The
beam is tested for 7, 14 and 28 days of water cured. The specimens stored in water shall
be tested immediately upon removal from the water whilst they are still wet. Specimens
for testing at 24hours shall be tested in the moist condition. Specimens previously used
for non-destructive tests shall not remain out of water for more than 15 min and shall be
returned to water storage at least 15 minutes before testing for flexural strength. If out of
the water more than 15 minutes, the specimen shall be tested after a minimum of 12 hours
immersion in water. Wipe clean the bearing surfaces of the supporting and loading rollers,

wipe surface water, and grit off the specimen.

Place the test specimen in the machine, correctly centered with the longitudinal
axis of the specimen at right angles to the rollers. For molded specimens, the mold-filling
direction shall be normal to the direction of loading. Place sawn specimens in the machine
so that the original finished surface is in tension. The original surface may not, therefore,
be oriented to its position in the structure. Do not use packing between the specimen and
the rollers. Do not begin to apply the load until all loading and supporting rollers are in
even contact with the test specimen. Apply the load steadily and without shock at such a
rate as to increase the stress at a rate of 0.06+£0.04 N/(mm2.s). Choose the lower loading
rates for low strength concretes and the higher loading rates for high strength concrete.
Once adjusted, maintain the rate of loading without change until failure occurs. Record
the maximum load read on the scale as the breaking load. Figure 3.10 shows the
arrangement of loading of the test piece (two-point loading) and Figure 3.11 shows the

flexural machine.
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Figure 3.10  Arrangement of loading of test piece (two-point loading)

The calculation is according to BS 1881: Part 118: 1983. The f flexural strength
Fer (in N/mm?) is given by the equation:

Fxl
~di1t x d22

Fcf

where:
F is the breaking loan (in N)
d: and d> are the lateral dimensons of the cross-section (in mm)
I is the distance between the supporting rollers (in mm)

Express the flexural strength to the nearest 0.1 N/mm?.
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Figure 3.11  Flexural strength testing machine
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

In this chapter, all the data collected from the laboratory for this research have
been analysed and discusses. The effect of different fly ash as partial cement replacement
on workability, compressive and flexural strength properties towards water cured is
observed and discuss in this chapter. Method and test carried out as described in chapter
3 of this thesis.

4.2  Effect of Fly Ash Content on Concrete Workability

Figure 4.1 shows slump result of lightweight concrete containing the different
percentage of fly ash as partial cement replacement. From the result that has been
observed, concrete that contained 40% of fly ash shows the highest workability with the
result of 195mm. The control specimen that shows the lowest workability with the result
of 65mm. The workability increased as the fly ash content in concrete specimen increases.
From the result that has been observed, the slump of concrete containing 0% of fly ash
shows the true slump pattern. It is different to another slump result that contains fly ash,
which shows the shear slump for 10%, 20% and 30% of fly ash respectively and collapses

slump for 40% of fly ash respectively.

From the test, the concrete workability increased as the fly ash content increased.
This is because the particles of fly ash are hard and round shape, hence, concrete’s
workability increases without adding extra water (Kocak and Nas, 2014). The
improvement in the fluidity of fresh mixtures with the inclusion of fly ash is one
advantage of improving workability. The improvement in the fluidity of fresh mixtures
with the inclusion of fly ash could be attributed to the fine particle size and smooth glassy
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texture as well as the spherical shape of fly ash could act as the plasticizer (Rashad, 2015).
It is possible to use fly ash to produce high-performance concrete according to high

workability is required. The variation of slump pattern is shown in Figure 4.2.
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Figure 4.1 Effect of fly ash as partial cement replacement on slump value

29



Figure 4.2 Slump of concrete containing of fly ash as partial cement replacement
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4.3  Effect of Fly Ash Content on Compressive Strength of Concrete

Figure 4.3 shows the compressive strength of concrete containing fly ash as
partial cement replacement at 7, 14 and 28 days. All the specimens containing the
different percentage of fly ash shows the strength of the curing day. It can be seen that
the use of different percentage of fly ash as partial cement replacement causes variation
in the compressive strength performance of concrete. The figure shows that in all cases
was relatively highest than the control during the interval 7 to 28 days and probably due
to the presence of fly ash in concrete. The compressive strength that contains 10% of fly
ash as partial cement replacement is showed a sharp improvement than other specimens
that containing fly ash. The compressive strength that 0% of fly ash as partial cement
replacement that acts as the control of concrete specimens is the lowest than other

specimens.

According to the result that has been analysing, the difference of concrete
specimens that contain 10% of fly ash is 10.88% compared to the control specimens. The
minimum compressive strength of concrete that contains fly ash is 40% with 47.56 MPa
compared to other fly ash content with 58.29 MPa, 57.34 MPa and 50.54 MPa for 10%,
20% and 30% of fly ash content respectively. On the other hand, all the fly ash content
in the concrete specimen is higher than control specimen result. Golewski (2017) and
Mohamed (2011) stated that the result with 10% of fly ash is better in relation to concrete
with additives that greater increase of compressive strength. This happens because of the
pozzolanic materials content in the concrete mixture has the ability to convert calcium
hydroxide to calcium silicate hydrate (C-S-H) as strength product. This concept gives an
opportunity for concrete technology, to reduce cement and automatically reduce energy
and resource that to produce cement. The physical appearance of concrete made of fly

ash as partial cement replacement can be seen in Figures 4.9.
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Figure 4.5 Compressive strength of
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Figure 4.9 Effect of fly ash content towards compressive strength
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4.4  Effect of Fly Ash Content on Flexural Strength of Concrete

Figure 4.10 shows the flexural strength of concrete containing fly ash as partial
cement replacement at 7, 14 and 28 days. From the result, all the specimens containing
the different percentage of fly ash shows the increment on strength as the curing day than
control specimen. It can be seen that the use of different percentage of fly ash causes the
variation in the flexural strength performance of concrete. The specimen with 10% of fly
ash shows the highest effect of flexural strength than others. Barbuta, et al. (2017)
reported that the maximum value obtained for 10% fly ash and was bigger than another

concrete specimen result.

From the observation, the flexural strength was increase as compressive strength
increase. This is due to pozzolanic reaction that has ability to produce the product with
more strength. Kabir, et al., (2017) reported that as seen from the compressive and
flexural strength result, the higher the compressive strength, the higher the flexural
strength. The relation between compressive strength and flexural strength is reported with
the square root of the compressive strength with the corresponding flexural strength.
According to Nath and Sarker (2017), the flexural strength mostly followed similar

development trend as that of compressive strength.

35



6

5
=
o
sS4
'*cS» m0% Fly Ash
23 m10% Fly Ash
T‘g m20% Fly Ash
2 2 m 30% Fly Ash
o  40% Fly Ash

1

0

7 14
Curing Age (days)

Figure 4.10  Effect of fly ash as partial cement replacement on flexural strength

36



—_ < 6
g 0 £
25 5
£4 5 4
S 5 4
5 Z
= 2 B 2
> >
s 1 31
[ 0 L 09
7 14 28 7 14 28
Curing Age (days) Curing Age (days)
Figure 4.11 Flexural strength of Figure 4.12 Flexural strength of
concrete with 0% of fly ash concrete with 10% of fly ash
=5 S 5
s 4 g 4
T 3 S 3
2 &
EK s 2
51 21
"0 T 0
7 14 28 7 14 28
Curing Age (days) Curing Age (days)
Figure 4.13 Flexural strength of Figure 4.14 Flexural strength of
concrete with 20% of fly ash concrete with 30% of fly ash
~ 6
o
=5
s 4
{@)]
& 3
n
e 2
21
0
7 14 28
Curing Age (days)

Figure 4.15 Flexural strength of
concrete with 40% of fly ash

37



CHAPTER 5

CONCLUSION

51 Introduction

The conclusion of the research that needs to achieve the objectives has been a
highlight of this chapter. All the analysis of the research is summarized and all the
important information of the research has been a note in this section. In addition, some

recommendations were suggested for further study.
5.2  Brief Conclusion

There are three objectives for the research that effect on water curing of fly ash
as partial cement replacement on lightweight concrete. The workability, compressive
strength and flexural strength of the concrete specimen that containing fly ash as partial

cement replacement are present in subsection 5.2.1 until 5.2.3.

5.2.1 Effect of Fly Ash Content as Partial Cement Replacement on Workability

of Concrete

Workability of the concrete increases as more of fly ash as partial cement
replacement is used. The workability test is conducted to enable good compaction. The
highest workability happens in concrete that contained 40% of fly ash with 195mm. The
lowest workability occurs in concrete that contained 0% of fly ash that acts as control

specimen with 65mm.

5.2.2 Effect of Fly Ash Content as Partial Cement Replacement on Compressive

Strength of Concrete

Lightweight concrete that containing 10% of fly ash showed better strength than
another concrete specimen. It increases about 11% from control specimen and can be
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classified the as good quality of concrete. The increases are because it has more ability

to convert calcium hydroxide in fly ash to calcium silicate hydrate as strength product.

5.2.3 Effect of Fly Ash Content as Partial Cement Replacement on Flexural
Strength of Concrete

From the observation, the concrete specimen of 10% that containing fly ash has
higher flexural strength result in compressive strength. The increases of the concrete are
about 23% from control specimen. The increases in flexural strength are because the
material that is contained in fly ash have higher ability to produce the product with more
strength.

5.3  Recommendations
The following are the recommendation made for future study:
a) The mechanical properties lightweight concrete containing high volume fly ash.

b) The fire resistance of lightweight aggregate concrete containing fly ash is also one

of the topic that should be investigated.
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