FLEXURAL BEHAVIOUR OF REINFORCED CONCRETE BEAM
INCORPORATING COAL WASTE

SAFAA ABBAS SADEJ ALSAHN

UNIVERSITI TEKNOLOGI MALAY SIA



FLEXURAL BEHAVIOUR OF REINFORCED CONCRETE BEAM
INCORPORATING COAL WASTE

SAFAA ABBAS SADEJ ALSAHN

A project report submitted in partial fulfilmentof the
requirements for the award of the degree of

Master of Engineering (Structure)

School of Civil Engineering
Faculty of Engineering

Universiti Teknologi Malaysia

DECEMBER 2019



DEDICATION

This project report is dedicated to my father, who taught me that the best kind
of knowledge to have is that which is learned for its own sake. It is also dedicated to
my mother, who taught me that even the largest task can be accomplished if it is
done one step at a time. Finally, it is dedicated to my supervisor Dr.Nor Hasanah
Abdul Shukor Lim, my brothers, my sisters my wife and my children who support

me to move forward.

iv



ACKNOWLEDGEMENT

In preparing this project report, I was in contact with many people,
researchers, academicians, and practitioners. They have contributed towards my
understanding and thoughts. In particular, I wish to express my sincere appreciation
to my main thesis supervisor, Dr.Nor Hasanah Abdul Shukor Lim, for
encouragement, guidance, critics and friendship.. Without her continued support and

interest, this project report would not have been the same as presented here.

My fellow postgraduate student should also be recognised for their support.
My sincere appreciation also extends to all my colleagues and others who have
provided assistance at various occasions. Their views and tips are useful indeed.
Unfortunately, it is not possible to list all of them in this limited space. I am grateful

to all my family members.



ABSTRACT

This research deals with the study of coal waste in concrete. In this study, the
coarse and fine aggregates are completely replaced by coal bottom ash in blended
cement concrete. The physical properties of concrete are investigated by using coal
waste (fly ash and bottom ash). 30% of cement are replaced by fly ash as partial
replacement of cement, 100% of the fine and coarse aggregates are replaced by the
bottom ash. Before using the bottom ash as a replacement material of natural
aggregates, the sieve analysis test is done on the bottom ash to determine the gradient
curve of the aggregates. A number of tests are carried out to investigate the hardened
and fresh state properties of concrete including slump, compressive strength and
flexural behaviour of concrete beam tests. Test specimens with dimensions of 100x
100 x 100 mm are subjected to compressive strength test. In order to demonstrate the
structural application of coal wastes, two reinforced concrete beams with dimensions
of 2200 x 200 x 150 mm containing coal waste were casted and tested in flexure. The
ultimate load, deflection upon loading, cracking history and mode of failure of the
beams were investigated. From the sieve analysis result, it shows that the particles
distribution of coal bottom ash used in this research did follow the overall limit of
standard and can be used as aggregates replacement. The results showed that the
fresh and hardened properties of the conventional and coal waste concrete beams are
almost similar. For example, the difference in moment capacity between bottom ash
concrete and conventional concrete is 0.017%.In addition, the results of the flexural
performance of the reinforced concrete beams containing coal wastes indicated better
stiffness with comparable ultimate load and mode of failure to the control beam. The
overall results revealed that coal wastes can be used as cement and aggregates

replacement materials in concrete for construction application.

vi



ABSTRAK

Kajian ini membincangkan kajian sisa arang batu dalam konkrit. Dalam kajian ini,
agregat kasar dan halus telah digantikan sepenuhnya oleh abu bawah arang batu
dalam konkrit simen campuran. Ciri fizikal konkrit disiasat dengan menggunakan
sisa arang batu (abu terbang dan abu bawah). 30% daripada simen digantikan dengan
abu terbang sebagai penggantian simen separa, 100% daripada agregat halus dan
kasar digantikan dengan abu bawah. Sebelum menggunakan abu bawah sebagai
bahan gantian agregat semulajadi, ujian analisis ayak dilakukan pada abu bawah
untuk menentukan lengkung kecerunan agregat. Sejumlah ujian dijalankan untuk
mengkaji sifat-sifat konkrit yang keras dan segar termasuk kejatuhan, kekuatan
mampatan dan kelakuan lenturan ujian rasuk konkrit. Ujian spesimen dengan
dimensi 100 x 100 x 100 mm tertakluk kepada ujian kekuatan mampatan. Untuk
menunjukkan penggunaan struktur sisa arang batu, dua rasuk konkrit bertetulang
dengan dimensi 2200 x 200 x 150 mm yang mengandungi sisa arang batu telah
dilemparkan dan diuji dengan lekuk. Beban muktamad, pesongan semasa pemuatan,
sejarah retak dan cara kegagalan rasuk disiasat. Dari hasil analisis ayak, ia
menunjukkan bahawa pengedaran zarah abu bawah arang batu yang digunakan
dalam penyelidikan ini mengikuti ikatan keseluruhan standard dan boleh digunakan
sebagai pengganti agregat. Keputusan menunjukkan bahawa sifat-sifat yang segar
dan keras dari rasuk konkrit konvensional dan arang batu konkrit hampir sama.
Contohnya, perbezaan kapasiti momen antara konkrit abu bawah dan konkrit
konvensional ialah 0.017%. D1 samping itu, keputusan prestasi lenturan rasuk konkrit
bertetulang yang mengandungi sisa arang batu menunjukkan kekakuan yang lebih
baik dengan beban muktamad dan mod kegagalan yang sama dengan rasuk kawalan.
Hasil keseluruhan menunjukkan bahawa sisa arang batu boleh digunakan sebagai

simen dan agregat bahan gantian dalam konkrit untuk aplikasi pembinaan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In construction sector, concretes are the most famous construction materials
that are commonly used in construction for long time ago because of their flexibility
usage. In general, concrete mass is combined of, aggregates and, cement and water
but the concrete produced by traditional method are weak to aggressive environment
because it is porous. The porosity in concrete allows water and sulphates to enter the
concrete and attack the reinforcement. Pozzolanic materials like fly ash can be added
to the concrete mix to produce denser, high durable and strength concrete (Kimet al.,

2016).

Generally, fly ash is in the fine residue form. It is produced from combusted
powdered coal during generating electric processor from other resources. A
pozzolanic material is a aluminous or siliceous material that mixing with water and
lime to produce a cementations compound. Fly ash is one of the materials that has
pozzolanic characteristic. For this reason fly ash occupies a wide portion in
producing cement. Under the microscope, the fly ash grain is finer than cement
granular. Also it has almost a totally spherical in shape. If fly ash is presence in
concrete mixture, the finer granular of fly ashes will fill up many of the microscopic
spaces in concrete mass that make the hardened concrete more durable and stronger.
As a result, the amount of water which is required for the concrete mixture will be

reduced.



On the other hand, reuse of industrial waste like coal waste is an active way
to reduce costs and preserve the environment. Coal bottom ash is by product of
burning of coal and is considered as waste. These wastes can be used as alternative
material to natural aggregates in the concrete to obtain new properties of concrete
such as light weight and durability as well as low price. Besides that, this recycling
process will reduced the harmful waste to the environment that may and reduce the
depletion of natural resources such as natural aggregates. Finally, to revive the

economy, recycled materials are used instead of buried in landfills.

1.2 Problem Statement

In the growing demand for the construction sector, demand for concrete is
also increasing. High demand for conventional concrete means higher cost and more
consumption for natural resources such as natural aggregates. Besides that, natural
aggregates that used in conventional concrete contribute to high density of concrete
which lead to high demand of heavy machines and a lot of labours to mix, transfer

and placing the concrete.

Bottom ash is acceptable material to use as an alternative for natural
aggregates because it is cheap, light weight and abundant material. To produce high
strength and durable concrete, materials with pozzolanic characteristic should be add
in the concrete mix, which lead to produce high-density concrete that can prevent
sulphates to attack the concrete. Coal fly ash is one of these pozzolanic materials that

can be used.

Bottom ash which is collected from power plants will be used as a total

replacement of aggregates. The maximum size of the granules will be 10 mm for the



total replacement of aggregate. Exploring coal waste as cement and aggregates

replacement would create an advanced waste material.

1.3 Objectives

The main aim of this research is to use coal waste including fly ash as cement
replacement and bottom ash as fine and coarse aggregates replacement. Hence the
measurable objectives of this study were as follows:

i.  To investigate the characteristic of coal waste in concrete production.
ii.  To determine fresh and hardened state properties of concrete containing coal
waste as cement and aggregates replacement.
iii. ~To examine the structural performance of reinforced concrete beam

incorporating coal waste in term of flexural behaviour.

14 Scope of Research

This research investigates the structural performance of concrete
incorporating fly ash as a partial replacement of cement and bottom ash as a totally
substitute for fine aggregates and coarse aggregates. These characteristics were
compared with properties of conventional concrete (traditional concrete made of
cement and natural aggregates). In this research, ordinary Portland cement (OPC)
was used and the maximum coarse aggregate size was 10 mm. In addition, 30% of
the total amount of cement was replaced with fly ash as a partial replacement, but for
fine and coarse aggregates, were replaced by 100% coal bottom ash. A number of
tests are conducted to investigate fresh and hardened state properties like slump,

compressive strength, and flexural behaviour of reinforced concrete beam. Test



specimens comprising of 18 cubes with dimensions of 100x 100 x 100 mm. The tests
are done within three stages of concrete's life which are 7, 14 and 28 days. The test
results of two groups are compared to each other. Besides that, two beams with
dimensions of 2200 mm x 200 mm x 150 mm were casted and tested after 28 days of
curing. One of these beams was casted by using fly ash and bottom ash as
replacement materials and the other beam was casted with the same measurements
and the quantity of reinforcement, but by using normal concrete mixture. After 28
days curing, the two beams are subjected to the bending test and the results obtained
from the tests are compared to determine the flexural behaviour of the reinforced
concrete beams in term of ultimate load, deflection upon loading, cracking history

and mode of failure of the beams.

1.5 Importance of the study

There are a lot of important advantages can be obtained by using coal fly ash
as a partial replacement of cement and coal bottom ash as a total alternative to coarse
and fine aggregates. For example, coal waste will become a new type of resource that
can be widely used to produce a good and acceptable quality of concrete to solve the
problem of lack of building materials. Furthermore, recycling and reusing of coal
waste products can reduce the impact on the environment, thereby reducing the
problem of landfill and the impact of water and air pollution. On the other hand, we

can reduce the increasing demand for cement and natural aggregates.

Since the coal bottom Ash have lightweight comparing to the natural
aggregates weight, we can produce lightweight concrete compared to traditional
concrete weight. Because of coal fly ash have pozzolanic characteristics, coal waste
can contribute to product concrete with higher durability than the normal concrete
because fly ash can contribute to produce concrete free of harmful sulphates that

reduces the permanence of concrete.
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