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ABSTRACT

The main goal of sustainable construction can be greatly advanced by using waste
materials in the production of concrete. Ceramic materials are being used more frequently
in new projects as electrical insulators, sanitary fitting, and tiles, among other things.
However, ceramic materials produce a significant amount of waste during production,
transportation, and installation due to their fragility. As a result, this research outlines an
experimental investigation of utilization of crushed ceramic waste tiles in cement concrete
making by substituting the coarse aggregate. Before undergoing the ceramic wastes
through the fundamental physical tests, they were manually crushed with a Ball-peen

hammer and sieved.

As part of the research, concrete-making materials (coarse aggregate, fine aggregate and
crushed ceramic tiles) were tested in the material laboratories. Concrete mix designs for
the C-20 and C-25 grades of concrete were produced using the ACI 211.1 mix design
procedure. Each concrete grade’s natural coarse aggregate was replaced with crushed
waste ceramic tiles at weights of 10%, 20%, and 30%.To compare test results with those
obtained by partial substitution. A control mix of 0% crushed and sieved ceramic tiles was
made. For the C-20 and C-25 classes of concrete, a total of eight concrete mixes including
the control samples were produced.

Each grade of fresh concrete was subjected to a slump test and fresh concrete density.
Compressive strength, conducted on the seventh, fourteenth and twenty-eighth day,
whereas the flexural strength, and splitting tensile strength tests were done on the twenty-

eighth day.

The results of the partial replacement of ceramic waste tiles tests were obtained to be
marginally higher than those obtained by the control mix. After examining the results, it
was established that the percentage of residual ceramic tiles to incorporate into the concrete
mix that results the highest strength is 20% for C20 and C25 concrete classes. The overall
findings of the results showed that incorporating waste ceramic tiles partially as coarse

aggregate improved the compressive strength, split tensile strength and flexural strength.

Key words: sustainable, ceramic wastes, slump, compressive strength, split tensile

strength, and flexural strength.
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Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

CHAPTER 1 INTRODUCTION

1.1 General

Aggregates are one of non-renewable construction materials that are continuously being
prone to rapid depletion. In order to produce construction materials with the same level of
quality, strength, and durability engineers and researchers are forced to identify and come
up with alternatives. Given that it occupies about 70 — 80 % of the volume of concrete and
is one of the most crucial component, coarse aggregate has a significant influence on the
characteristics and qualities of concrete. But the demand for this specific building material
is difficult to provide because of urbanization and the rapid rise in population, especially
in a nation like Ethiopia. Semere [1] stated that the construction activities in Addis Ababa
and other cities of Ethiopia is growing from time to time .This shows the high demand of
construction materials ,which include lacks for the production of aggregate. The supply-
demand gap of aggregate is still imposing negative impact to the existing construction
activities. This shows the importance of identification of potential resources and future
planning. Hence, to overcome this problem one solution could be by using waste products

such as waste ceramics tiles [2, 3].

Ceramic industries and construction sites produce wastes in different amount. These
wastes in Ethiopia are not recycled in any form at the present. As the ceramic waste is
piling up every day, there is a pressure on ceramic industries to find a solution for its
disposal. Crushed ceramic aggregate can be used to produce concrete, without affecting
strength [2, 3].

1.2 Statement of the Problem

Concrete is the most commonly used construction material in the world. The prices of
cement and aggregate, which are the ingredients to make concrete, have increased as a
result of this continuous demand of concrete structures. The extensive use of concrete has
resulted in a high aggregate consumption rate .The depletion of natural aggregate for use

by the future generations would result from continued use of this non-renewable resource.

Every production system generates waste products and by-products, which have impact
on the environment. Despite the measures, the amount of industrial, construction, and

demolition waste generated in Ethiopia is growing, which is contributing to the problem’s
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expansion. The need to manage these wastes has emerged as one of pressing issues of our
time, necessitating specific measures intended to minimize waste production. During
manufacturing and construction, the production of ceramic waste tiles are inevitable.

The ceramic wastes have been dumped and stacked at manufacturing factories and various
construction sites, posing a significant problem for disposal, because they are piling up
every day in Addis Ababa and other parts of Ethiopia. Rather than just using it as chips to
decorate a floor or wall surfaces, these ceramic wastes could be used as coarse aggregate.
Therefore, there has to be done more research in Ethiopia on the use of ceramic tiles as
coarse aggregate to entirely or partially replace the conventional coarse aggregate for
concrete production. Using recycled ceramic materials as a coarse aggregate has several

benefits from sustainable and green concrete production perspectives.

In general, the following points serve as the primary drivers for the necessity to substitute

waste ceramic aggregate with coarse aggregate:-

e Eco-friendly nature of ceramic aggregate concrete for green concrete production.

e Lack of awareness of using ceramic waste as alternative substitution for aggregate
and ,

e The unbalance increase in price, supply and demand of aggregate in Ethiopian
construction sector.

1.3 Research Questions
Questions that need to be answered are:

i. Do ceramic tile waste coarse aggregate improve the strength of concrete?
ii.  What are the effects of ceramic tiles coarse aggregates on the physical and

mechanical properties of Concrete?
1.4 Objectives of the study
1.4.1 General objectives

The objective of this study is to explore the potential for using ceramic waste tiles as a
partial replacement of conventional coarse aggregate for cement concrete production.

1.4.2 Specific Objectives

The Specific objectives are:

AAIT, School of Civil and Environmental Engineering Page 2
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1. Evaluating the mechanical and physical characteristics of crushed waste ceramic

to be used as a coarse aggregate.

2. Investigating the influence of incorporating crushed ceramic waste tiles on fresh
concrete properties such as workability (determined using slump measures) and

fresh concrete density.

3. To determine how waste ceramic tile affects concrete's hardened properties
(hardened density, compression strength ,split tensile strength and flexural
strength) in different percentage of ceramic tiles substitution of ceramic waste
(10%, 20%, and 30%) for C20 and C25 concrete grade.

4. To make conclusion and recommendations based on the laboratory test results

when the crushed ceramics are partially used to substitute the coarse aggregate.
1.5 Scope of the research

The study is limited to a material lab-based investigation of workability, density,
compressive strength, and split tensile strength of concrete with increasing replacement
levels of ceramic waste coarse aggregate while lowering the natural coarse aggregate.

1.6 Limitations

The objective of this study is to evaluate the possibility of improving the physical and
mechanical characteristics of concrete both in its fresh state and hardened state, in
particular, density, compressive strength, flexural strength and split tensile strength by
partially substituting waste ceramic aggregate for conventional coarse aggregate at
replacement levels of 10%, 20% and 30%, and comparing the results with the reference
concrete. However, there was no appropriate equipment for crushing and screening
ceramic waste, so successive crushing and sieving is required to obtain a uniform ceramic
aggregate and produce the necessary amount of ceramic aggregate. Each pieces of ceramic
aggregates had to be crushed by hand, which was a back-breaking process. The tiles were
manually crushed with a Ball-peen hammer into a variety of fragments, mostly with coarse

aggregate sizes between 4.75 mm and 19mm.

To achieve a mix of tile fragments within the desired range, the ceramic tiles were crushed
using the aforementioned method. Each tile was broken with an average of about 150
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strikes using a Ball-peen hammer, creating other small wastes that are unusable for the
intended purpose. The resulting fragments differ from the natural aggregate in that they
are less cubical or spherical and more angular. Therefore, in order to produce a significant
amount of ceramic aggregates a crushing machine has to be considered for future studies.

Additionally, it was challenging to find the most recent information on the amount of waste

ceramics disposed of in and out of Addis Ababa and other regions of Ethiopia.
1.7 Significance of the study

Aside from the erratic nature of Ethiopia’s construction activities, the production of
concrete is crucial and a must. Because of this, which make up the majority of concrete,
aggregates are in high demand. Due to the rapid depletion of natural aggregates in nation
like Ethiopia, surface extractions disrupts the biological balance in addition to destroying
the landscape. In order to ensure the production of concrete in the future, a new source of
aggregates must be identified and used properly. The ceramics waste coarse aggregate
enables to achieve two main objectives, first, it could help preserve the environment by
reducing piles of wastes and second, it can assist the concrete attain the required strength.
The research help in the advancement of utilization of ceramic waste coarse aggregates as
a construction material for concrete production heading forward, because it is becoming

necessary for alternative sources of aggregates.
1.8 Research Methods

The research methods used are laid out in a way that it can address the general and specific
objectives of the project. The following methods have been employed in order to achieve

the objectives:-

i.  Literature review, which includes ceramic wastes, natural aggregates and concrete
both in fresh and hardened state. The review includes books, journals, and research

papers.

ii.  Preparation of ceramic waste samples in different percentage of natural coarse

aggregate replacement (Includes crushing, sieving and blending).
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iii.  Performing laboratory tests for the concrete making ingridents and the concrete
itself.Inorder to have better understanding of the study area intense desk study has

been conducted about properties of concrete and concrete making ingridients .

Iv.  Analyzing, discussion and interpretation of the test results in are made in graphical

and tabular form.

v. Finally, conclusion and recommendation based on the results obtained are

formulated.
1.9 Structure of the thesis

The research is organized into six main chapters and each chapter contains a number of
sections and further subsections. Chapter one gives a general introduction, briefly
describes the background of the project, statement of the problem, research questions,
objectives of the project, scope of the project, limitations and significance of the study. In
chapter two, a compressive review about previous relevant research works and effort on
the utilization of ceramic waste material in concrete making are presented. Chapter three
describe the methodology and properties of materials used. Chapter four explains about
the experimental program, the mix proportions, mixing, casting, curing, and procedures
used in the attempt to find out in a systematical and scientific study. Chapter five presents
the results and discussions in the form of graphs and tables associated with some photos.
Chapter six covers the conclusions of the study, recommendations for future studies, and
the contribution to the knowledge when crushed ceramic tiles are used as a partial

replacement of coarse aggregate in cement concrete making.
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CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

This chapter is based on an analysis of related research that has been conducted in the area
of producing concrete from ceramic wastes, both theoretically and empirically. In order to
support the research study's contribution to knowledge, a summary of the relevant
literature is also provided. This chapter provides an understanding of the research problem
by making references to earlier concepts, theories, and studies associated with this

particular field of study.

The use of sustainable building materials is spreading throughout the world as
environmental preservation becomes a major social concern. However, the use of
construction wastes in the production of new sustainable concrete is not a recent area of
research. According to historical evidence, Romans frequently used waste materials from

construction and demolition to build roads [2].

Utilizing waste materials from construction and demolition, like ceramic tiles has been
shown to benefit the environment both during production and use, offering a greener and
more long-lasting solution. Natural resources (such as gravel pits and rock quarries) can
be preserved by using various wastes as aggregate when creating new concrete, which can
eliminate other related manufacturing processes like excavation / blasting, transportation,
crushing, etc. The demolition waste that results from tearing down an old building must
also be dumped in landfills. Since Nie [4] noted, "For the resource extraction, manufacture,
application and disposal of materials, numerous resources and energy are consumed, and
environment deterioration occurs with the inputs and outputs of various raw materials,
energy, by-products, and wastes, " this process entails the cost of material handling,
dumping, and transportation. The amount of waste used for construction and demolition

will significantly reduce landfill usage.

Since concrete is a key component of many different structures, extensive research has
been done on it to improve its properties in every way possible and create a mass of
concrete that is sustainable. The only way to strengthen concrete is to swap out its existing
components for better ones. Environmentally friendly materials are also more appropriate

for construction when they are used in addition to replace the materials. The use of ceramic
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tile aggregate in concrete, a waste product directly from industry or indirectly from the
demolition of a structure in different countries, has been the subject of numerous studies

in this regard.
2.2 Concrete

One of the most important man-made building materials in the world is concrete.
Concretus, which means "to grow together" in Latin, is where the word "concrete"
originates. Concrete is a compound made of various components, including coarse
granular material (aggregate) embedded in a hard matrix of material (cement or
cementitious materials), which fills in the spaces and binds the aggregate particles
together. Concrete is also referred to as a building material that primarily consists of a
binder that contains fine or coarse aggregate particles or fragments. Sand serves as the fine

aggregate, hydrated cement serves as the binder, and the final product is concrete [5].

A variety of ground-breaking materials in the field of concrete technology have been
produced recently in response to the construction industries' ongoing need to meet
functional, strength, economic, and durability necessities. Concrete is the substance that is
used the most in the world. Construction of private buildings and infrastructure are both

significantly impacted [6].

A fresh concrete mix's consistency, or workability, is one of the fundamental
characteristics of concrete. It should be able to be compacted easily using the right
technique without requiring excessive effort. Workability is the ease with which concrete
can be compacted, but it would be oversimplifying to say that it also has an impact on
placement simplicity and resistance to segregation. Additionally, the available compaction
techniques would determine the desired workability in any given circumstance; similarly,
the workability required for mass concrete is not always adequate for thin, inaccessible, or
heavily reinforced parts. Workability of the concrete depends on a number of interrelating
factors, such as water content, aggregate properties, use of admixtures and fineness of

cement are some of the factors [5, 6].

Consolidation is necessary to arrive at such a definition. The process is fundamentally the
same whether the concrete is compacted by ramming or vibration: the air that has been
trapped in the mixture is released until the concrete has reached the configuration that is

optimal for the mix. The work done as a result is used to lessen friction between individual
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concrete particles as well as between the concrete and the surface of the mold or

reinforcement [5].

There are two types of friction: internal friction and surface friction. Additionally, some
of the effort goes into vibrating the mold, the shock, as well as the fully cured concrete.
The task was thus accomplished. Adequate strength and durability are the fundamental
requirements for hardened concrete. Concrete's strength is frequently considered to be its
most crucial characteristic and is used to judge its quality. As the final factor in structural
design, this is crucial [5].

2.2.1 Constituent Materials for Making Concrete

Concrete is made composed of cement, fine aggregates, coarse aggregates, water, and
occasionally admixtures. In order to create a solid, homogenous concrete, the components
are combined until a cement paste formed, filling in the majority of aggregate voids. Once
the plastic concrete has had enough time to cure, set, and gain sufficient strength, it is then
poured into a mold. For a better knowledge of the attributes and performance of concrete,
it is crucial to understand the properties of the basic ingredients of concrete mixtures, such

as aggregates, cementitious materials, admixtures, and water [6].
a) Cement

A material that is used to make concrete called cement is described as having components
that bind together to increase the strength and durability of the concrete. A material that
binds other substances while also setting and hardening independently is cement. The four
primary raw materials used to make cement are alumina, iron oxide, silica from shale, and
lime from limestone. Clinkering is the process of heating limestone to 1450 °C in a kiln
with trace amounts of other raw materials to create a clinker for cement manufacturing. In
order to create regular Portland cement, the product is then cooled and ground into a fine

powder. Portland cement is the most widely used type of cement [5].
b) Aggregates

About three-quarters of the volume of typical concrete is made up of aggregates, which
are the building blocks of concrete. A component that makes up such a large portion of the
mass is therefore bound to contribute important qualities to both the fresh and hardened
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product. Aggregate is regarded as an inert dispersion in cement paste. The performance of
concrete can be impacted by the physical, thermal, and chemical properties of aggregate,

so it is not completely inert [5].
c) Water

Because water is such a crucial component of concrete, a properly-constructed concrete
mixture, which normally comprises 15 to 25% water by volume, has the requisite
workability for fresh concrete as well as the necessary durability and strength for hardened
concrete. Hydration is one of water's key benefits. Two of the most important aspects in
the creation of top-notch concrete are the total amount of water in the concrete and the
water-to-cement ratio. Because too much water weakens concrete and too little water
renders concrete unworkable, the amount of water used in concrete mixing must be
balanced. Concrete must be both strong and workable, so the ratio of water to cement and

the overall volume of water must be carefully determined [5, 6].

2.2.2 Mechanical characteristics of concrete
a) Fresh concrete characteristics

Density of fresh concrete

Fresh concrete density, also referred to as unit mass or unit weight in air, can be calculated
experimentally using ASTM standard C138-09. By dividing the total mass of all the
materials used to make a batch of concrete by the volume that the concrete filled, the
density of the mixture is determined. On the other hand, you can calculate the yield per
batch by dividing the mass of all the components in a batch by the density of fresh concrete
if you know it [5].

Workability

Workability is defined as the ability of concrete to be easily compacted, but to simply state
that workability determines placement ease and resistance to segregation is insufficient to
describe this crucial concrete property. Furthermore, the desired workability in any given
situation would depend on the available methods of compaction; similarly, a workability
suitable for mass concrete is not necessarily acceptable for thin, inaccessible, or heavily
reinforced sections. Due to these factors, workability should be regarded as a concrete

property without consideration of the specifics of a particular type of construction [5].
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It is necessary to think about what occurs when concrete is being compacted in order to
arrive at such an explanation. Whether by vibration or by ramming, the process of
compaction essentially involves removing trapped air from the concrete until it has reached
the closest configuration possible for a particular mix. As a result, the work is used to
lessen resistance between the surface of the concrete and the surface of the mold or the
reinforcement as well as between the concrete and the concrete itself. These two have two
different names: internal friction and surface friction. In addition, some of the work done
is used in vibrating the mold or in shock and, indeed, in vibrating those parts of the concrete

which have already been completely consolidated [5].
b) Hardened concrete characteristics

Due to the fact that this experiment is engaged to check the concrete's strength for quality
assurance or acceptance, a standard test cylinder or cube is compressed to determine the
uniaxial compression strength of the concrete, which is referred to as concrete strength.
Other strength parameters, such as tensile and bond strength, are expressed relative to

compressive strength for convenience [5].
Compressive Strength and Split Tensile Strength

Hardened concrete testing verifies the concrete's quality and workmanship. The test
method should be simple, straightforward, and straightforward to carry out. To predict the
compressive strength of concrete, compression tests can be performed on cubes and
cylinders. It should be noted that a standard compression test specimen only specifies the
concrete's potential strength, not the concrete structure's strength. The recommended cube
specimen size for a 20 mm maximum aggregate size is 150x150x150 mm, and
compressive strength is determined by ultimate load per unit area. Typical failure of
specimens is represented in figure 2.1below [5].

)'v/ “M

\M

Figure 2.1 Typical compression failure of cube samples [5].
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The cylindrical specimen used to measure split tensile strength is 150x300 mm in size.
The cylindrical specimen will be properly capped before being tested. Cylindrical
compressive strength is typically 75-85% of cube strength. The cylinder, on the other hand,
appears to be less affected by the end of restraints caused by platens, and thus appears to

produce more uniform results than the cube specimen [5].

The split tensile method is a well-known indirect method for determining concrete tensile
strength. The test involves applying compressive line loads to the opposite generators of a
concrete cylinder placed between the platens with its axis horizontal. According to the
elastic analysis, the applied line loading induces a fairly uniform tensile stress over nearly

two-thirds of the loaded diameter. Tensile stress is computed using equation 2.1 below [5].

2p

Fct:ﬁ ................................................................. (Eq 21)

Where F¢ — tensile stress, P- is the compressive load, D - is diameter of the cylindrical

specimen and L- is the length of cylinder specimen.
Flexural Strength

Flexural strength, also known as bending strength, or transverse rupture strength, is a
material property, defined as the maximum stress in a material just before it yields in a
bending test. In this test, a bending moment is applied to the specimen, and a bending force
is applied downward on a member that is only supported at its two ends. Compressive
stresses are generally developed above the neutral axis, while tensile stresses are developed

below the neutral axis [5].

According to ASTM C 78, third point loading is used to test the flexural strength of
concrete beams, with half of the load applied at each third of the span length. The ends of
the concrete beams are supported, and their interior locations are loaded as shown in figure
2.2 below [5].
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Figure 2.2 Standard Test Method for Flexural Strength of Concrete [5].
2.3 Aggregates

The term "aggregate" refers to the group of mineral components, such as sand, gravel, and
crushed stone, that are combined with a binder (such as water, bitumen, Portland cement,
lime, etc.) to create compound materials (such as asphalt concrete and Portland cement
concrete). For both flexible and rigid pavements, aggregate is also used for base and sub
base courses. Natural or artificial aggregates are both acceptable. In general, larger rock
formations are excavated openly to obtain natural aggregates (quarry). Mechanical
crushing is typically used to reduce extracted rock to sizes that are usable. Aggregate that

has been manufactured is frequently a byproduct of other manufacturing sectors [5, 7].

Fine and coarse aggregates make up 65 to 75 percent of the volume of concrete and are
crucial ingredients in the production process. The two types of aggregates are fine and
coarse aggregates. Natural sand that has been graded from 4.75 mm to the smallest
particles and excludes dust is commonly referred to as fine aggregate. Coarse aggregate is

defined as natural gravel or crushed stone that is larger than 4.75 mm [8].
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2.3.1 Materials for Aggregates

The type, quantity, and bond between paste and aggregate, as well as the cement paste
properties affect the compressive strength of concrete. These, in turn, are influenced by
macro- and microscopic structural characteristics, such as overall porosity, pore size and
distribution, structure, and function of hydration products, and the connection between
different concrete specimens, all of which need to be taken into account [8]. Other concrete
properties, like durability and abrasion resistance, are also greatly influenced by the
aggregate, which is in turn influenced by the parent rock's strength, purity, surface
roughness, and other factors. In light of the aforementioned, aggregate materials are added
to concrete to improve its thermal properties, impact and sound absorption, chemical
resistance, strength, volume, and durability [7]. They are also used to decrease creep,

shrinkage, and overall cost.

A variety of materials are used as aggregate, including ceramic tiles, palm kennel shells,
pumice, crushed rock, recycled concrete, gravel, scrap iron, lead, iron shots, barites, and
crushed burnt bricks. Almost any material that is readily available and satisfies a few
minimal criteria can be used as aggregate for concrete. [7] Stated that when choosing
aggregate for typical structural concrete, it's important to take into account factors like
cleanliness, hardness, cost, chemical inertness, availability in required sizes and good
form, availability in required grading, and availability in good surface textures. Since they
have an impact on both the concrete and the mortar, the primary characteristics, such as

cost, workability, strength, and durability, are very important.
2.3.2 Functions of Aggregates

Aggregates serve three main purposes: (1) to provide a relatively inexpensive filler for the
cementing material; (2) to provide a mass of particles suitable for resisting the action of
applied loads, abrasion, moisture percolation, and weather action; and (3) to reduce the
volume changes brought on by the setting and hardening process as well as from moisture

changes in the cement-water paste [7].
2.3.3 Grading of Aggregates

Because the quantity of voids among aggregate particles demands the same amount of

cement paste to fill out in the concrete mixture, grading defines the paste needed for a
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practical concrete. Sieve analysis is required to obtain a grading curve for an aggregate.
Aggregate makes up around 75% of the volume of concrete. Aggregates come in two
forms: divided and all-in aggregates. Divided aggregate is the one that comes in different
sizes. All of the different sizes of particles are contained in one sample of aggregate, and

if the grading is good enough, it can be used to make concrete [5, 8].

a) Fine Aggregate Grading

Natural sand or broken stone with most particles less than 4.75 mm make up fine
aggregates. Table 2.1 displays the fine aggregate grading limit for various sieve opening
sizes according to Ethiopian standard (ES C.D3.201).

Table 2.1 Grading Requirement for Fine Aggregate (ES C.D3.201)

Percentage passing through test sieves having square openings
9.5mm [ 4.75mm | 236 mm | 1.18 mm | 600um | 300um 150 pm

100 95-100 | 80-100 | 50-85 25-60 10-30 2-10

b) Coarse Aggregate Grading

The Ethiopian standard (ES C.D3.201) for coarse aggregate grading as shown in table 2.2
below provide a range of grading and grading sizes. If the proportion of fine aggregate to
total aggregate creates concrete with adequate workability within a reasonable range, the
grading for a specific maximum size coarse aggregate can be changed not affecting the
cement and water requirements of a mixture. If the coarse aggregate grade varies greatly,
the quantities of the mixture should be modified to make workable concrete. Because
changes are difficult to predict, maintaining uniformity in the manufacturing and
processing of coarse aggregate is frequently more cost effective than reducing gradation
variations. The largest size of coarse aggregate accepted for use in concrete has an impact
on concrete economy [5].
Table 2.2 Grading Requirement for Coarse Aggregate (ES C.D3.201).

Nominal size of Percentage passing through test sieves having square openings

aggregate MM 75, T63mm | 37.5mm | 19mm | 13.2mm | 9.5mm | 4.75mm

38-5 100 - 95-100 | 30-70 - 10-35 | 0-5
19-5 - - 100 95-100 - 25-55 | 0-10
13-5 - - - 100 90-100 |40-85 |0-10
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2.3.4 Classification of Aggregate

In concrete, aggregate was employed as an inert filler. The aggregate is not an inert filler,
and its physical, thermal, and chemical qualities have a significant impact on the concrete’s
performance. Because aggregate is less expensive than cement, it is more cost effective to
use as much aggregate as possible and as little cement as possible, but cost is not the only
rationale for utilizing aggregate in concrete. Aggregates are classified based on the

following categories [7].

a) Based on Sources

i.  Natural Aggregate

These are acquired by crushing igneous, sedimentary, or metamorphic rocks in quarries.
Gravels and sand that have been decreased in size by natural forces also come into this
group. Igneous aggregates are the most commonly utilized aggregate. The majority of the
time, aggregates acquired from pits or dredged from a river, creek, or sea are not clean or
properly graded enough to meet the quality requirements [8]. There are various rock types

when crushed are suitable for used as aggregates. These include;

e Sedimentary rocks: The accumulation or deposition of mineral or organic
particles at the Earth's surface, followed by cementation, produces sedimentary
rocks like limestone. Sedimentation refers to the processes that lead to these
particles settling in one location. [6, 9].

e Igneous rocks: Magma, which is a molten rock, is the source of igneous rocks.
They are typically exceedingly difficult to break since they are primarily crystalline
(consisting of interlocking crystals). The most prevalent rock types are granites,
basalt palates, and gabbro. Because they are robust, thick, and granitic, they are
popular because they cling to cement nicely [6, 9].

e Metamorphic rocks: Metamorphic rocks began as another type of rock, but have
undergone significant transformations from their original igneous, sedimentary, or
metamorphic state. When rocks are exposed to intense heat, high pressure, hot
mineral-rich fluids, or a combination of these elements, metamorphic rocks form.
These kinds of conditions can be found deep within the Earth or where tectonic
plates collide. Marbles and quartzite are some of the example this kind of rocks
[7, 8].
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ii.  Artificial Aggregates:

These are made primarily from industrial trash, waste materials, and occasionally natural

resources. Artificial aggregate manufacturing plants, on the other hand, are presently in

operation. These aggregates are typically utilized in lightweight or heavy-weight concrete,
or where a useful use for an industrial by-product is desired. The majority of them are
lightweight aggregates. Some artificial aggregates, such as cinder, blast furnace slag,
sintered glass aggregate, and so on, are byproducts of unrelated industrial processes.

Avrtificial aggregates include broken bricks, blast furnace slag, and synthetic aggregates.

Brick bats, or broken bricks, are ideal for mass concreting, such as foundation base. They

are not employed in the construction of reinforced concrete structures. Blast furnace slag

aggregate is made by slowly cooling the slag and crushing it. Precast concrete products
are made from the dense and strong particles obtained. The specific gravity of these range
between 2.0 —2.8 and bulk density 1120-1300 kg/m*[9].

b) Based on Density

i.  Heavy Weight Aggregate: These are aggregates with specific gravity of 4.0 and
above, these include scrap iron, ball bearings, ilmenite magnetic and barites. They
are mainly used in concretes which require high density such as in radiation shielding
in nuclear power plants and for concrete weight. The density of heavy weight
concrete is more than 3600kg/m3. Steel shots can produce concrete of about 7000
Kg/m? density [9].

ii.  Light-Weight Aggregate: They are used to produce low density concretes which
are advantageous in reducing the self-weight (dead loads) of a structure. They have
better thermal insulation than normal weight aggregates. The reduced specific
gravity is obtained from air voids within the aggregate particles. These aggregates
have specific gravity usually less than 2.6 and an oven-dry density range between
500 to 2000kg/m3 (BS 812-101, 1990) these aggregate have high porosity, which
result in low apparent specific gravity. Most artificial aggregates, such as sintered
PFA and foamed slag, belong into this group. Pumice is an example of a natural
lightweight aggregate. It is a low-density volcanic rock that occurs naturally. It has
been around since the Roman era. They all result in a reduction in concrete strength
due to their decreased specific gravity and greater porosity. Because lightweight
particles are less stiff than regular aggregates, concretes with higher elastic modulus,
creep, and shrinkage are produced. Type, source, and whether lightweight fines or
natural sand are used all influence the strength properties of lightweight aggregates.
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iii.  Normal - Weight Aggregate: Many natural aggregates are from granites, gravels,
basalts, and limestone’s etc. fall under this category. All these aggregates have
specific gravities within the range of 2.55 to 2.75 and therefore they produce
concretes with similar densities, normally in the range of 2200 - 2450 Kg/m?
depending on the mix proportions. These are used for making normal structural

concrete. Normal weight aggregate should meet the requirement of BS 812- 2 (1995).

c) Based on Particle Size

Aggregate particles come in a variety of sizes, with the typical aggregate particle size being
20 mm. The maximum aggregate particle size used in concrete is almost between 10 mm
and 50 mm. Grading describes the distribution of particle sizes. Low-grade concrete may
be made with aggregate from deposits containing a whole range of sizes, from the larges
to the smallest, known as all-in or pit-run aggregate. When making high-quality concrete,
the option, which is much more prevalent and always used, is to purchase the aggregate in
at least two separate lots, with the main division being at the size of 4.75 mm or Number
4 ASTM sieve. This divides fine aggregate sand, from coarse aggregate [5].

e Coarse Aggregate: Coarse aggregates are those that are mostly retained on a No.
4 (4.75 mm) screen. The size of coarse aggregate typically ranges from 5 to
150mm.

The maximum size of coarse aggregate in typical concrete used for structural
components such as beams and columns is roughly 25 mm. The greatest size of
mass concrete used for dams or deep foundations might be as large as 150 mm.

e Fine Aggregate: Aggregates passing through a No. 4 (4.75 mm) sieve and
predominately retained on a No. 200 (75 pum) sieve are classified as fine aggregate.
River sand is the most commonly used fine aggregate. In addition, crushed rock
fines can be used as fine aggregate.

d) Based on Shape and Texture

The shape of aggregate is an important characteristic since it affects the workability of
concrete. The shape of the aggregate is very much influenced by the type of crusher and
the reduction ratio, i.e., the ratio of the size of material fed into crusher to the size of the

finished product. Particle shape and size distribution influence the water content
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necessary to obtain a mix of suitable resistance, and then by affecting the compressive

strength, drying shrinkage and durability of the resulting concrete [7].

The quality of aggregates known as surface texture is determined by how polished or dull,
smooth or rough the particle surfaces are relative to one another .The extent to which forces
acting on the particle surface have smoothened or roughened it varies on the hardness,
grain size, pore structure, rock structure, and surface texture .Additionally, tests have
demonstrated that rough — textured aggregate produces greater binding strength I tension

than smooth — textured aggregate [6, 7].

When it comes to the properties of fresh and cured concrete, the exterior characteristics of
the aggregate, particularly the shape and surface roughness, are critical. The properties of
freshly mixed concrete are influenced by particle shape and surface roughness more than
the qualities of cured concrete. Smooth, rounded, and compact aggregate require more
water to form workable concrete than rough-textured, angular, and elongated aggregate.
To maintain the water-cement ratio, the cement content must be raised as well. Flat and
elongated particles are often avoided or limited to roughly 15% of the total aggregate
weight. The most important criteria for a concrete aggregate is that it stay stable within the
concrete and in the specific environment throughout the duration of the concrete's design

life, without impacting the concrete's performance in either the fresh or hardened condition

[9].

In general, the shape influences the properties of fresh concrete more than when it is
hardened. Rounded aggregate are highly workable but yield low strength concrete. Same
is the case with irregular shaped aggregate. Flaky aggregate require more cement paste,
produce maximum voids and are not desirable. Angular shape is the best. Crushed and
uncrushed aggregates generally give essentially the same strength for the same cement
content. The shape and surface texture of fine aggregate govern its void ratio and
significantly affect the water requirement [9]. Table 2.3 below provides a suitable

technique of classifying particle shape [5].
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Table 2.3 Shape and texture of aggregates [5].

Classification Description Examples

Rounded Fully water worn or | River or seashore
completely shaped by | gravel ,desert, seashore
attrition and windblown sand

Irregular Naturally irregular , or | Other gravels ,land or

partly shaped by attrition | dug flint
and having rounded edges

Flaky Material of which the | Laminated rock
thickness is small relative
to other two dimensions
Angular Possessing well defined | Crushed rock of all
edges formed at the | types ,crushed slag
intersection of roughly
planar faces

Elongated Material usually angular ,
in which the length is
considerably larger than
the other two dimensions

Flaky Material having the length
and considerably larger than
elongated the width ,and width
considerably larger than
thickness

2.3.5 Mechanical characteristics of aggregates

Given that aggregate makes up 65 to 75 % of the volume of concrete, it's impossible to
overstate the importance of knowing its physical and chemical properties. Several typical
aggregate physical qualities are relevant to aggregate behavior in concrete and concrete

properties made with the particular aggregate [8].
a) Bond of aggregate

The nature of the link between aggregate and cement paste is a key aspect in concrete
strength, particularly flexural strength, but it is not well understood. The interlocking of
the hydrated cement paste and aggregate is partially a result of the surface properties of
the aggregates. Due to mechanical interlocking, a rougher surface, such as that of crushed

particles, produces a stronger bond; softer, porous, and mineralogical diversion of particles
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also usually result in a better bond. Texture qualities that prevent penetration of the particle

surface are often not favorable to successful bonding [5]

The evaluation of aggregate bond quality is challenging, because there are no standardized
tests. A crushed specimen of normal strength concrete should, in general, besides the more
abundantly ones that were pulled out, comprise some aggregate particles that were broken
through immediately of their sockets. However, an overabundance of fragmented particles

could indicate that the aggregate is excessively weak [5].
b) Strength of aggregate

Although it is difficult to determine the strength of individual particles, Concrete's
compressive strength cannot significantly exceed that of the majority of the aggregate it
contains. Consequently, evaluating each aggregate's ability to withstand crushing particles
is challenging, so the necessary information is typically determined through indirect tests,
such as the crushing value of bulk aggregate, the force needed to compact bulk aggregate,

and the performance of aggregate in concrete. [5].

When the concrete specimen is crushed, the aggregate strength will be lower than the
nominal compressive strength of the concrete mix if it reduces the compressive strength
of the concrete, particularly if numerous individual aggregate particles are visible fractured
in which the aggregate was incorporated. Clearly, such aggregate can only be used in low-

strength concrete [5].

2.3.6 Physical Properties of Aggregates
a) Specific gravity

The specific gravity of a material is the ratio of the substance's unit weight to that of water.
The word specific gravity, when applied to aggregates, usually refers to the density of the
individual particles rather than the aggregated mass as a whole. In order to calculate
concrete mix proportions, it is necessary to determine the spaces occupied by aggregate
particles within the relatively thick cement paste, independent of whether the particles
include pores or internal voids. As a result, the bulk specific gravity of the particles can be
calculated. The weight in air of a particular volume of a substance at standard temperature
divided by the weight in air of an equivalent amount of distilled water at standard
temperature is the bulk specific gravity. The bulk specific gravity of saturated surface dry
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aggregates is always measured for use in concrete mix calculations. A variety of regularly

used aggregates have specific gravities 2.6 — 2.7 that fall within this range [5, 7].
b) Bulk density

It is well known that a material's density in the metric system is mathematically equivalent
to its specific gravity, despite the fact that the specific gravity is a ratio whereas density is
described in kilograms per cubic meter. Because when aggregate is batched by volume, it
is necessary to know the bulk density, which is the actual mass that would fill a container
of unit volume. This density is used to convert quantities by volume because it is physically

impossible to pack these particles so tightly that there are no voids between them. [5].

The actual bulk density of aggregate is determined not only by the material's numerous
qualities, which influence the potential degree of packing, but also by the actual
compaction achieved in a particular case. The densest packing, for example, is attained
when the centers of spherical particles of the same size lie at the apexes of imaginary
tetrahedral [5].

c) Surface moisture ,Porosity and absorption of Aggregate

The different states in which an aggregate can exist in terms of moisture content are: (1)

oven dry (2) air dry (3) Saturated, dry surface and (4) Damp, or wet surface [7].

It's worth noting that if the aggregates are dry, if the aggregates possess surface moisture,
they add too much water to the mix, raising the water to cement ratio; otherwise, they take
up water from the mixing water, lowering workability. Both of these situations are
detrimental to concrete quality. Corrective steps for both absorption and free moisture
should be done while constructing quality concrete so that the water/cement ratio is kept

as close to the design as possible [5].

The entire water contained in the aggregate in the saturated surface-dry state is represented
by absorption, and the water in excess is represented by surface moisture (or free
moisture). The sum of absorption and surface moisture content determines the overall
water content of a damp or moist aggregate. The free moisture content of the surface or
free aggregates is usually expressed as a percentage of the weight of the saturated surface

dry aggregates [5].
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One of the most important elements influencing the qualities of both fresh and cured
concrete is the porosity of the particles. Porosity refers to the number of voids in a solid
particle. From 0% to 100%, it is expressed as a percentage of total volume. Concrete with
a higher porosity of aggregates has a poorer strength and durability. The porosity of
aggregate is crucial because it influences the bulk specific gravity, permeability, and
absorption of the aggregate, all of which influence the qualities of the final concrete.
Because of its viscosity, the surface pores are regarded impervious to cement paste unless

their apertures are very large [5].
2.4 Green Concrete

For more than 2000 years, concrete has been used in building. Concrete has gained
popularity in the construction industry due to its dependability and durability. Beyond
construction, concrete's role in advancing society, the economy, and the environment is

frequently overlooked.

It was discovered that concrete structures perform better in terms of energy than steel ones.
Concrete constructions are not only affordable but also flexible in their design. Concrete

constructions are also more environmentally friendly than steel or aluminum ones [10].

Researchers are constantly working to improve the sustainability and environmental
friendliness of the concrete industry, and they came up with the concept of green concrete
(recycled concrete). A sustainable type of concrete such as "green concrete™ and "recycled
concrete” are produced using substitute aggregates like recycled aggregate concrete,
rubber tires, ceramic waste tile, glass aggregate, etc. It might also be the result of waste
material admixtures, such as leftover latex paint, or Portland cement replacements like fly
ash, silica fume, and slag. Green concrete can therefore lower the cost of producing
concrete and has less of an impact on the environment in terms of energy use and emissions

during its manufacturing process [11].
2.5 Green concrete and sustainability

A sustainable material is frequently described as one that benefits the environment both
during production and use. However, there are other factors besides environmental
advantages that characterize a sustainable material. Before a material is deemed

sustainable, social and economic benefits must also be taken into account. As a result, the

AAIT, School of Civil and Environmental Engineering Page 22



Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

investigation of the green concrete's environmental, economic, and social benefits should

offer a sustainable solution for reducing industrial and construction wastes [12].

The environmental benefits of using green concrete can be seen primarily in two ways.
Firstly, the benefit of using any amount of ceramic waste aggregate would help limit the

amount of industrial and construction wastes heading to landfills.

Ceramic waste aggregates are difficult to degrade and will stay in a landfills for a long
time. This can keep the size of a landfills under control and lengthen their useful lives by
reducing these waste materials. Additionally, using green concrete would help reduce the
carbon footprint. The number of gravel pits and rock quarries can be decreased as well as
the significant amount of greenhouse gases produced during the excavation and extraction
of natural aggregates by using ceramic waste aggregates in new concrete. Our carbon-
neutralizing ecosystems can be preserved by reducing the number of gravel pits and rock
quarries [12].

The large costs associated with the extraction of natural aggregate (such as the stripping
and blasting) are not present with waste aggregate. The use of ceramic waste aggregate
from local landfills will also contribute to a reduction in high transportation costs currently

incurred on the use of natural aggregate [13].

In some areas, the social advantages of using green concrete might not be as obvious as
the economic or environmental advantages. Because of the potential for soil
contamination, odors, increased traffic, and loss of land value, it is not advisable to have a
landfill in a public area. Concrete can be made with waste ceramic as a coarse aggregate,
which could help save landfill space. Additionally, local governments typically operate
landfills and bear the associated costs. These savings could be invested in community
enhancing social programs. The size of gravel pits being reduced may also have positive

social effects.

Despite the fact that gravel pits frequently support local economies and create jobs, they
have a negative impact on the local truck traffic. Increased truck traffic has the potential
to harm communities by making roads more hazardous, shortening the lifespan of roads
not intended for heavy traffic, compromising privacy, and generating noise and air
pollution. As a result, communities may also see benefits from the elimination of gravel
pits [14].
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2.6 Ceramics

One of the oldest industries on the planet is the ceramics production sector. The Greek
word keramikos, which means "potters” clay, is where the word "ceramics” originates. The
majority of the natural materials used to create ceramic products are composed of clay
minerals. These minerals acquire the distinctive qualities of fired clay after a controlled
drying process and temperature firing between 700 °C and 1000 °C. An inorganic, non-
metallic solid known as a ceramic is one that has been heated and then cooled. Ceramic
materials can be amorphous, crystalline, or partially crystalline in structure (e.g. a glass).
The definition of ceramic is frequently limited to inorganic crystalline materials as
opposed to the non-crystalline glasses because the majority of common ceramics are
crystalline. Pottery items, including 27,000-year-old figurines, were the earliest ceramics
created by humans. They were made from clay, either by itself or when combined with
other materials, and were then hardened in fire [15]. Later ceramics were fired and coated
with glaze to produce a smooth, colored surface. Today, ceramics encompass a wide range
of ceramic artwork as well as domestic, industrial, and building products. New ceramic
materials were created in the 20th century for use in advanced ceramic engineering, such

as semiconductors [16].

The crystalline ceramics are found to be resistant to a variety of processing, so they are
created in the desired shape either by reacting on the spot or molding powders into the
desired shape and then heating them until they solidify. Non-crystalline ceramics, on the
other hand, are made from melts, and during this process, the glass is either formed when
it has a viscosity similar to toffee or when it is in a molten state. Large amounts of ceramic
waste are produced, particularly in large ceramic factories, ceramic product manufacturing

facilities, and regular construction activities [16].

Traditional ceramics, which include bricks, roof and floor tiles, other construction
materials, and technical ceramics like porcelain possess wide compositional range of the

natural clays used as raw materials and this makes them highly heterogeneous [17].
2.6.1 Manufacturing process of ceramics

To understand the significance of the qualities of ceramic materials in the production of
the ceramic article, it is necessary to take a brief look at the manufacturing processes.

These vary depending on the kind of product produced as well as the techniques that the
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intended shape and material's physical characteristics lend themselves to. The main steps
are shown in figure 2.3 below; some of these steps might be unnecessary in some situations

and necessary in others [16, 18].

However, products used at room temperature are frequently glazed, necessitating a second
or Glost fire to develop the glaze and make it glow over the surface of the ware and attach
to the body. For refractory items, firing is typically the end of the process. A second firing
may be necessary for fine ceramic ware after ornamentation. When heavy clayware is
coated in glaze, the intention is to make the surface impermeable rather than to enhance
the aesthetic, as is the case with fine ceramics. If glaze had not been added, the porous
material under the glaze in these products would easily absorb liquids, For instance,
sanitary equipment and sewer pipes show how unacceptable this is. In general, heavy clay
products are only burnt once. Either no glaze is applied as in the case of constructing bricks
or the glaze is added after the body has been shaped and dried, with the same fire acting
to mature both the body and the glaze [16,18].

Raw Material Preparation

2

Purification

¥

Size Adjustments

v

Materials Mixed In Required Proportions
L 2
Product Shaped

L 2

Dried

$

Product Fired

Figure 2.3 Ceramic manufacturing process [18].
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2.6.2 Ceramic raw materials

The American Ceramic Society asserts that the firing of slurry, a semi-liquid clayey
substance, marked the beginning of ceramic manufacturing. The glazing material was
found in Egypt 5000 BC, and the earliest manufactured ceramic tile was found in India
14,000 BC. Around 1550 GC, furnaces were introduced into the production process to
increase ceramics' resistance to high temperatures. Ceramic production advanced, leading

to the realization of a variety of forms, uses, and qualities [19].

Despite using the same basic components, ceramic tiles have differences from one another.
Each producer uses proportions that are nearly identical. All of these raw materials, which

include the following natural resources:

e Potash Feldspar /Soda Feldspar
e Quartz Powder (silica sand)
e Ball clay, kaolin

e Talc powder

Clay and feldspar make up the majority of ceramic materials. Contrarily, feldspar is a
crucial flux in the mixture because it has the ability to accelerate the melting of quartz.
The type and quantity of feldspar directly affects how low the melting point of quartz is.
Ceramic tiles' structural integrity is harmed by low temperatures, but is strengthened by
extremely high temperatures during hardening [19].

Depending on the manufacturer, different amounts of ceramic mixture are used. Ceramics
are generally easier to shape when there is a higher concentration of clay than feldspar,
which results in glassy ceramics. While potash feldspar is white, sodium feldspar has a
brownish hue. The choice of raw materials affects the color of the finished product after

firing. Clay and kaolin control the durability, makeup, and plasticity of ceramics [19].
2.6.3 Classification of ceramics

The volume of clay-based ceramics produced is far greater than that of non-clay ceramics,
and clay continues to be the most fundamental and significant of ceramic materials, despite
the expansion of the range of things that can be called "ceramic.” Ceramics are available
in a huge range of sizes and shapes. The first thing that likely comes to mind is tableware,

AAIT, School of Civil and Environmental Engineering Page 26



Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

like cups, saucers, and plates. Sanitary ware, on the other hand, is only a small portion of
the entire ceramic spectrum, which also includes sewer pipes, sanitary items, chemical
resistant, porcelain, acid resistant ware for chemical plants, all kinds of glass, earthenware,
bone china, and porcelain in addition to bricks, tiles, sanitary ware, and much more are

ceramic products that are used in the day to day life.

Refractories are a vital component of ceramic product because of their ability to withstand
high temperatures. Ceramics can be divided into two categories: those used at room
temperature and those used at high temperatures. These categorizations can then be further
divided into porous and non-porous products after firing, such a division is shown in Figure
2.4 below [18].

Ceramics
-
[ 1
Products used at elevated Products used at or slightly
temperatures above room temperature
|
|
[ 1
] ' Porous bod i
Porous body Vitreous body | Lo 20% Vilzeous body
Eg.
Eg
Eg. Speci E
pecial g. .
Aluninio silicate | refractories ___ Heavy clay ware F;S((:ehcgzyb\gvr?;e
refractories  such oy minjum such as bricks,tiles e
as fire clay ware , silcate teracotta porecelaine
nitride

Figure 2.4 Classification of ceramic products [18].
2.7 Ceramic production in Ethiopia

The main ceramic manufacturing factories in Ethiopia are Tabor Ceramics Products Share
Company in Hawassa, and in more recent years, new companies like Di Yuan Ceramics
Private Limited Company in the Oromia region in Dukem Eastern Industrial Zone have
begun to produce a variety of ceramic goods. Since the company produces a variety of
ceramic goods, the production process at Tabor Ceramics Products Share Company is

discussed below for this particular project.
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Tabor Ceramic Product share Company SC

In the past, Tabor Ceramic Products Share Company was Ethiopia's sole ceramics
manufacturing facility. It is located in Hawassa town, in the south nation's nationalities
and peoples region. The plant began producing in 1987 G.C. with a planned annual output
of 1041 tons of tableware, 938 tons of sanitary items, and 2813 tons of tiles. However, the

company's production capacity has recently been increased.

The oldest ceramic factory in Ethiopia, Tabor Ceramic Product Share Company, produces
a variety of ceramics. The factory is divided into three departments: one that produces
tiles, another produces sanitary items, and the third produces tableware. The company is
intended to produce 6,000 tons of ceramic products overall, but for a variety of reasons,
including electric power outages and ineffective manufacturing equipment, the factory was
unable to operate at its full capacity, as shown in Table 2.4. According to Tables 2.5 and
2.6 below, the Company manufactures those products using locally accessible raw
materials with various physical and chemical properties. According to table 2.7, the total
waste deposits within the factory compound, which are found to be occupying the free
spaces suggested for various factory operations, are represented by the ceramic scrap
generated from respective products that are found to be unsuitable for recycling [20].
These wastes have a significant negative impact on both the factory's operations and the

environment.

Table 2.4 Production Capacity of Tabor ceramic Factory.

Annual Design Annual Total Annual Production
Production Designed Capacity
Capacity Production (ton)
No | Plant Type (ton) Capacity
(ton)
Wall tile plant
L 3,000 65-70 % of
Sanitary ware 6,000 designed capacity
2| plant 1,000 (3,900-4,200)
Table  ware
3 | and Insulation 2,000
plant
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Table 2.5 Factory product ranges raw material.

Factory product Ranges

Sanitary ware Table ware Ceramic tile
Body Body Body
Quiartz/silica sand | Quartz SQal:]acljrtz/mea
Feldspar Feldspar Feldspar
Kaolin Kaolin Kaolin
Ball Clay Mugar Clay Ball Clay

Raw Materials | Glaze Glaze Glaze

Used Quartz Quartz Quartz

Feldspar Feldspar Feldspar
Lime stone Lime stone Limestone
Kaolin Kaolin Kaolin
Frit Glaze Frit Glaze Frit Glaze
Glaze Binder Glaze Binder | Glaze Binder

Table 2.6 Mineral composition of raw materials.

% by weight | Quartz | Feldspar | Kaolin (I\:/Illégar ggjr Limestone
SiO» 99.8 64.02 46.30 66.85 63.30 5.32
AlzO3 0.08 18.90 38.20 19.05 19.68 0.74
Fe203 0.01 0.07 0.94 5.72 3.00 0.86
TiO: 0.01 0.01 0.06 1.41 0.05 -
MgO 0.02 0.21 0.15 - 1.10 0.64
CaO 0.01 0.02 0.08 1.95 0.01 51.46
Na.O 0.03 1.24 0.05 3.01 0.30 0.12
K20 0.01 12.80 0.37 - 3.80 0.04
MnO - - 0.03 - 0.01 0.04
P20s - 0.22 0.04 - 0.04 0.12
BaO - 0.01 0.01 - - -
Rb.O - 0.88 - - - -
SrO - - 0.01 - - -
Others(L.O.l) | 0.14 0.95 13.80 8.40 6.45 40.70
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Table 2.7 Amount of Waste Generated at the Factory.

Designed Total Average Total Average annual
Plant Type Wastage annual design actual wastage
No (%/ton) wastage (%fton)
(%f/ton)

1 Wall tile plant 10/300

Sanitary ware
plant

Table ware and
3 Insulation plant 10/200

10/100 10/600 13/780

Ceramic Production in Tabor Ceramic Share Company
Ceramic Tiles manufacturing in Tabor ceramic products S.C

This departments covers more than 60 % of the designed manufacturing capacity of the
factory. The basic phases of tile production include raw material preparation, spry drying
and granulation, biscuit making by pressing drying, primary firing of biscuits, secondary
firing, inspection, packing, and shipping to customers as shown in Figure 2.5 below. The
Plastic clay, kaolin, quartz lime stone, and feldspar are raw materials utilized in this field
[21].

Raw material Spray drying and Biscuit forming
= =

preparation granulation by pressing
Glazing Biscuit firing Drying of
in biscuit kiln Biscuits
Secondary Inspection and |:> Packing and
firing in kiln Quality control delivering

Figure 2.5 Tiles manufacturing process in Tabor ceramic products SC [21].
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2.8 Ceramic wastes

Ceramic waste can be divided into two categories based on where the raw materials were
mined. All fired wastes generated by structural ceramic factories that only produce items
like brick, blocks, and roof tiles using red pastes fall under the first category. The second
category is all stoneware ceramic-fired waste, including bathroom and kitchenware. These
producers use both red and white paste, but white paste is used more frequently and in
greater quantities. The fired ceramic waste is divided into each category based on the

production process [15]. This classification is shown in the diagram below in Figure 2.6

Ceramic Waste‘
| |

Red Ceramics. White ‘

Ceralmics
Oﬁce Tw'ice OI’IICE TV\;ice
_Fired Fired _Fired I_Fired
. Porous
. Sanitary
— Bricks Porous | e Stone
P _

ware
— Blocks Stoneware Porous
— - stoneware tiles
Roof

\
—  Tiles stoneware
o tiles
| Porous
stoneware China stoneware ‘

tiles
—  Tiles

Figure 2.6 Ceramic Wastes classification based on type and production [15].

2.8.1 Recycling of waste ceramics

There are massive amounts referred to as rejects, produced when ceramic products are
manufactured in factories. These wastes come from final products that may be unsafe for
humans due to flaws that make them unfit for market sale, widely known imperfections in
the crafts include internal fractures ,daunting (cracking of pottery caused by stress and
pressure that occur after firing and cooling) ,and bloating. Even the Plaster of Paris,
ceramic manufacturing fabrication molds, typically lose their effectiveness after ninety

product casts, though some built to last considerably longer. Most of the time, molds that
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have expired are thrown away. These cracked ceramic objects and used Plaster of Paris
molds are environmental risk and cause aesthetically an unwanted detractions at open

dumpsites [21].

A common waste of building construction and demolition sites is ceramic junks from wall
and floor tiles, sanitary fixtures, table ware products, and electrical installation.
Reprocessing or reusing of these ceramics helps reduce the reliance on natural resources
by preventing large amounts of waste from going into dumpsites. Ceramic products can
be recycled or used again, which can assist in lowering emissions and the use of toxic
materials in glaze production. Redirecting wastes also reduces the necessity of paying
increasingly expensive landfill fees. Recycled ceramics can be also employed to produce
items like fine aggregate, coarse aggregates, rock bases for walkways, roads and drainage
structures [15].

2.8.2 Use of ceramic waste in concrete

Ceramic wastes can be utilized as cement, fine, and coarse aggregates as ingredient in the
concrete composite for both structural and non-structural concrete. Industrial wastes, like
ceramics, piqued the interest of numerous researchers, because it seriously pollutes the
environments when it accumulates. Tiles, sanitary products, insulators, and brick pots are
just a few of the ceramic industries that produce significant amounts of industrial waste.
Many characteristics of ceramics, such as the brittleness and composition, leads it to wastes
[15].

According to the materials used in their production, ceramic waste can be broadly
classified into two major groups as shown in figure 2.6. Group one products include bricks,
structural walls and floor tiles made up of red clays ,and group two products include
technical ceramics (ceramic electrical insulators ),sanitary ceramics made of white clay
(washbasins ,lavatory pans ,bidets, and bathtubs),and laboratory-use containers for

medical and surgical supplies[15].

An overview of the literature on the various types of waste ceramics, Table 2.8 below lists
the sources, type of substitution (such as fine aggregate, coarse aggregate, or both as fine
aggregate and coarse aggregate and as a cement), type of concrete made, and properties of
fresh and hardened concrete, such as its physical, mechanical and durability characteristics

of concrete incorporating waste ceramics.
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Table 2.8 Summary of previous experiments using ceramic wastes in concrete.

Reference No [22] | [23] | [24] | [25] | [26]
Electrical Insulators
Red ceramic (floor tiles /wall tiles) 4 v 4
Sanitary wares
Type of ["Bricks v
waste  "Roof tiles
ceramic oo
White ceramics (floor tiles /wall tiles) v
Earthen ware
Waste | Coarse aggregate v v v v
ceramic | Fine aggregate
replaced | Cement v
as Both fine and coarse aggregate v
Type of | Conventional concrete v v | v
concrete | Ultra high/high strength concrete v v
made | Conventional Mortar
Self-compacted /Alkali activated concrete
Slump / Flow table 4 v v
Fresh Consistency
concrete | Setting time
Properties | Fresh density v
Air content v v
Compressive strength v vV I vV | V| Vv
Splitting tensile strength 4 vV i v Vv |V
Flexural strength v vV v |V
Tested Modulus of elasticity v v
properties Dry density v v
Con((n:l;ete Hardened 5\7;:3 (;Elstz)r:ds permeability \\: _
concrete ption
Properties | SOrpitivity v
(Mechanical | Water Permeability v 4
and Ultra pulse velocity v
Durability) | Electrical /thermal conductivity 4
Acid /Sulphate resistance
Drying shrinkage
Abrasion resistance
Volume of voids v
Alkali silica /lime reactivity
Mineral Admixture applied v 4
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Table 2.8 Summary of previous experiments using ceramic wastes in concrete

(continued).

Author (Reference No) [27] | [28] | [29] | [30] | [31]
Electrical Insulators
Red ceramic (floor tiles /wall tiles)
Sanitary wares v v v
Type of ["Bricks
waste  "Roof tiles v
ceramic oo
White ceramics (floor tiles /wall tiles) v
Earthen ware
Waste | Coarse aggregate 4 v 4 v
ceramic | Fine aggregate v
replaced Cement
as Both fine and coarse aggregate
Type of | Conventional concrete v vV | v | v
concrete | Ultra high/high strength concrete v
made | Conventional Mortar
Self-compacted /Alkali activated concrete
Slump cone / Flow table 4 v | v v
Fresh Consistency
concrete | Setting time v
Properties | Fresh density v
Air content
Compressive strength v V|V | Vv |V
Splitting tensile strength 4 v v | v
Flexural strength v v
Tested Modulus of elasticity/rupture v
properties Dry density v v
Con(();‘rete Hardened \Ij\;i;ledr (;E!stz)r:dﬁ permeability .
concrete I absorption
Properties | SOrpitivity
Water Permeability 4
Ultra pulse velocity
Electrical/thermal 4
conductivity
Acid /Sulphate resistance
Drying shrinkage
Abrasion /frost resistance v v v
Volume of voids
Alkali silica / lime reactivity
Mineral admixture 4 v
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Table 2.8 Summary of previous experiments using ceramic wastes in concrete

(continued).

Author (Reference No) [32] | [33] | [34] | [35] | [36]
Electrical Insulators
Red ceramic (floor tiles /wall tiles) 4 4
Sanitary wares v
Type of ["Bricks v v
waste  "Roof tiles
ceramic oo
White ceramics (floor tiles /wall tiles) v
Earthen ware v
Waste | Coarse aggregate v v | v v
ceramic | Fine aggregate
replaced Cement
as Both fine and coarse aggregate
Type of | Conventional concrete v vV | v | vV |V
concrete | Ultra high/high strength concrete
made | Conventional Mortar
Self-compacted /Alkali activated concrete
Slump cone / Flow table v | v v
Fresh Consistency
concrete | Setting time
Properties | Fresh density v v
Air content v v
Compressive strength v V|V | Vv |V
Tested Splitting tensile strength 4 v | v
properties Flexural strength v v
of Modulus of elasticity/rupture
concrete Dry density v
Hardened Rapid chlorldg permeability v
concrete Wate_r_at_)sorptlon 4 v
Properties | SOrpitivity
Water Permeability
Ultra pulse velocity
Electrical/thermal
conductivity
Acid /Sulphate resistance
Drying Shrinkage v
Abrasion resistance
Volume of voids
Alkali silica / lime reactivity
Mineral admixture v
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Table 2.8 Summary of previous experiments using ceramic wastes in concrete

(continued).

Author (Reference No) [37] | [38] | [39] | [40] | [41]
Electrical Insulators
Red ceramic (floor tiles /wall tiles) v 4
Sanitary wares /bone china ceramics v vV v |V
Type of ["Bricks v
waste  FRoof tiles
ceramic |5, o
White ceramics (floor tiles /wall tiles)
Earthen ware
Waste | Coarse aggregate v
ceramic | Fine aggregate VIV V|V
replaced Cement
as Both fine and coarse aggregate
Type of | Conventional concrete v vV | v | vV |V
concrete | Ultra high/high strength concrete v
made | Flow able sand concrete v
Self-compacted /Alkali activated concrete
Slump cone / Flow table 4 vV i v Vv |V
Fresh Consistency v
concrete | Setting time
Properties | Fresh density v | v |V
Air content v v
Compressive strength v V|V | Vv |V
Splitting tensile strength v v
Flexural strength v
Tested Modulus of elasticity/rupture v | v
properties Dry density v v
Con(();‘rete Hardened \Ij\;i;ledr (;E!stz)r:dﬁ permeability _
concrete I absorption
Properties | SOrpitivity
Water Permeability
Ultra pulse velocity
Thermal conductivity v
Acid /Sulphate resistance
Drying shrinkage 4
Abrasion /Fire resistance vV i v |V
Volume of voids
Alkali silica / lime reactivity
Mineral admixture v
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2.9 Characterstics of waste ceramics aggregate

Various researchers from all over the world tested the physical and mechanical
characteristics of concrete that contained ceramic wastes in the form of fine and coarse
aggregate at varies substitution levels. It is obvious that the component ceramic aggregates,
regardless of whether used as fine or coarse aggregate, determines all of the concretes

properties [22].
2.9.1 Specific gravity of waste ceramic aggregates

The weight of a substance is compared to the weight of equivalent volume of water to
compute its specific gravity. According to this description, the material is wholly solid.
Although aggregate pores can be permeable or impermeable ,their structure (size, number,
and continuity pattern )affects the aggregates’ permeability, specific gravity ,and ability
to absorb water[42].Typically ,when the term “specific gravity” is used to describe
aggregates ,it tends to refer to the density of individual particles rather than the aggregate

mass as a whole [7].

The range of coarse ceramic aggregate’s specific gravities is 1.87 to 2.64
[24,25,26,27,30,31,32,33,34,35,36,41,43,44,45,46,53] and that of fine ceramic aggregate
is 2.26 to 2.97 [29,37,38,39,40,43,44,45,47].

Alves A. [39] managed to show that ceramic waste from sanitary ware had the maximum
specific gravity value, 2.97, for fine aggregate. Additionally, Zegardlo et al. [31] used
ceramic waste from sanitary ware while still displaying the highest value of 2.64 for coarse
ceramic aggregate. According to Bikash et al. [26], the lowest specific gravity value for
coarse ceramic aggregates was 1.87, and P.O.Awoera et al. [49] reported a value of 2.26
for fine ceramic aggregate. Ceramics have a lower specific gravity than natural aggregates.
Although there are satisfactory materials for which the specific gravity falls outside of this
range, the specific gravity of commonly used aggregates typically falls between 2.6 and
2.7[7].

2.9.2 Size, thickness, shape, texture and color of waste ceramics aggregates

To reduce ceramic waste from different sources into smaller pieces, hammering is

frequently used. Waste structural or stoneware ceramics are obtained from building sites
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or directly from the disposal area of ceramic manufacturing facilities. These smaller pieces
are crushed to produce the required aggregate size for the intended work, either using a

laboratory jaw crusher or a hammer [22, 25, 50].

A maximum size of 10 mm was advised for ceramic tile aggregates because ceramic tile
thicknesses are frequently in the 3-10 mm range [22, 27].The majority of researchers
favored a maximum ceramic aggregate size of 12.5mm [44,46,48,50],regardless of the
source of the ceramic waste. On the other hand, a number of researchers have claimed to
use a maximum ceramic aggregate size of 20 mm [23, 25, 30, 43, 51] and a size of 25 mm
[26].

When choosing the right aggregate size ,the ceramic’s thickness must be taken into account
[25].The largest sieve that at least ninety percent of the aggregate can pass through is

typically used to calculate an aggregate’s maximum size based on its sieve analysis [7].

Numerous sources produce irregular ,angular ,flat ,and flaky ceramic aggregates
[22,25,26,27,30,31,32,33,34,35,36,41,43,44,45,46].However ,floor and wall tiles are the
ones that frequently crate flaky, flat , and elongated shaped aggregates [51,53].Sharpe
edges are usually visible in the crushed ceramic aggregates [46].

Depending on the type of ceramic, reddish or white colored ceramic aggregates are
typically used. The reddish color of ceramic wastes has reportedly been attributed to the

presence of a substantial portion of iron oxide (Fe203) [54].

Likewise ,the surface of ceramic aggregates can be either smooth or rough [43,46,49,51].A
glazed smooth surface is typically present on the side of sanitary ware and tile aggregates
[22,25,26,27,30,31,32,33,34,35,36,41,43,45,46].The ceramic aggregate’s smooth surface

do not offer cement paste good adhesion [26].

On the other hand, P.O. Awera et al. [49] indicated that the crushing of ceramic wastes
resulted in a much rougher surface ceramic tile and sanitary ware aggregates compared to

that of natural aggregate.
2.9.3 Bulk Density of waste ceramics

Researchers reported that the bulk densities of fine and coarse ceramic aggregate ranged
from 1010 to 2969 kg /m? and 966 to 2401 kg/m?3, respectively [22 -59].Most searchers
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discovered that ceramic fine and coarse aggregates had lower bulk densities than
equivalent natural fine and coarse aggregates. It has been discovered that ceramic
aggregates made from sanitary ware ceramic have higher bulk density value (greater than
2000 kg/m®).

2.9.4 Moisture content and water absorption

If the aggregates have surface moisture, they add additional waster to the mix, increasing
the waster to cement ratio .On the other hand, if the aggregates are dry, they absorb water
from the mixing water and change the workability. These two circumstances are bad for
concrete’s quality. As aresult, it is essential to comprehend the state in which the aggregate

is used when calculating or measuring the quantities of concrete [7].

The results of multiple studies indicate that ceramic aggregates can absorb more water
than natural aggregates [22-59].For fine aggregate and coarse ceramic aggregates, the
highest water absorption values are 14.37 % [24] and 17.82% [35], respectively. The
higher the porosity of ceramic aggregates the higher it contributes to their strong water
absorption capacity. Aggregates water absorption has an impact on the consistency and
workability of concrete. Therefore, in order to minimize the negative effects, it is essential

to understand the moisture content and water absorption of ceramic aggregates [7].
2.9.5 Porosity of waste ceramics

The qualities of the final concrete are affected by the bulk specific gravity, permeability,
and water absorption of the aggregates, all of which are impacted by its porosity. Surface
pores are thought to be impervious to cement paste unless their apertures are very large

due to cement paste’s viscosity [7].

According to Guendouz [38], the porosity of the sanitary ceramic wastes used has a
porosity of fifty percent, which is higher than the porosity of the natural aggregates. Due
to their high porosity, ceramic aggregates can absorb water into their pores, causing
internal curing, and improving cement hydration in concrete [55].Long-span structures can
be constructed as the apparent density of recycled ceramic concrete and as a result, the

self-weight of the building, decreases as the porosity of ceramic aggregate increases [52].

AAIT, School of Civil and Environmental Engineering Page 39



Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

2.10 Physical characteristics of ceramic aggregate concrete
2.10.1 Workability

Freshly mixed concrete needs to be workable because it affects how easily it can be mixed,
transported, placed, and finished without segregating. The slump test is typically used to
evaluate the consistency or workability of concrete. In the majority of tests ,using ceramic
waste as an aggregate reduced the slump value of the finished concrete, because of the
high porosity and water absorption ,angular shape , and rough surface of the ceramic

aggregate [22,49].

In concrete mixes containing zero to hundred percent fine ceramic aggregate content and
zero to seventy five percent ceramic tile coarse aggregate content ,Awoera et al. [49]
achieved medium to high workability. However, they did note very little workability in
concrete with slump height of 40 mm and hundred percent ceramic coarse aggregate .In
addition Tavakoli et al. [56] found that adding ceramic tile aggregate as a replacement for
coarse aggregate with a partial replacement of zero to forty percent and sand with a
substitution of zero to hundred percent resulted in a modest decrease in slump values. This
behavior was brought on by the aggregate’s glazed surface, which may result in inadequate

adhesion with other components in the mix [49].

Daniel and Ahmad [53] also attributed the decrease of slump value to the fact that ceramic
tile aggregate are more angular and absorb more water than natural aggregates. As the
proportion of coarse ceramic tile particles in the concrete increased, they also observed a
decline in slump value. However, the researchers observed an increase in slump value with

rising water to cement ratio at all replacements.

In conclusion, when using ceramic wastes as natural aggregate replacement in concrete,
slump height generally decreases as ceramic aggregate quantity rises from 50% to 100%

substitution, with a few notable exceptions [22, 49, 53, 56].
2.10.2 Compression strength

In-depth research into compressive strength, the most important fundamental
characteristics of structural and non-structural concrete, has been done using ceramic

waste aggregate. Researchers experimented at various ceramic coarse and fine aggregate
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percentages, various curing times, temperatures, and different test conditions to produce

different classes of concrete strength [22- 49].

In accordance with Medina et al.[57] ,as the amount of coarse ceramic sanitary ware
aggregate in the concrete mixes increased ,so did the concrete’s compressive strength. The
average 28 day compression strength of concrete with zero, fifteen, twenty and twenty-
five percent coarse sanitary ware aggregate content was 35.87 MPa, 37.24 MPa, 38.53
MPa, and 39.83 MPa, respectively. According to the author, the coarse sanitary ware
aggregate’s irregular shape provides superior specific surface area when compared to
natural aggregates ,resulting in a strong bond between the ceramic aggregate and cement

paste and enhanced mechanical strength in ceramic aggregate concrete.

In place of natural coarse aggregates, Anderson et al [51] evaluated the mechanical
strength of concrete using aggregate from floor tile, wall tile, and waste tiles. When
compared to the reference concrete, they discovered that CA concrete has greater
compressive strength up to a twenty percent substitution ratio for floor tile and up to fifty
percent ratio for wall and waste tile aggregates. However they found that, when compared
to the control concrete samples, the compression strength of the floor tile, wall tile, and
waste tile aggregate concrete decreased by 4.3%, 5.6% and 28.3% respectively, with a
100% substitution ratio. They claim that the surface texture of the tile aggregates was to
blame for the significantly weaker aggregate — paste binding in the Interfacial Transition
Zone (ITZ) of the tile aggregate concrete compared to the control samples, which resulted

in the strength loss.

The characteristics of concrete made with floor and wall tile aggregates as a complete
substitution for natural fine and coarse aggregates were experimented by Hakan Elci
[50].The 28 day compression strength of the floor tile concrete was higher than that of the
wall tile concrete when compared to concrete with limestone aggregate. The author claims
that the relative higher density and lower water absorption of floor tile aggregates were
what led to the difference in mechanical performance between concrete with floor and wall

tile aggregates.

According to the reviewed experimental studies, the following are the factors that cause a

rise in compression strength:-
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e Ceramic aggregate has a high specific surface area for a solid bonding with cement
paste due to its irregular shape and rough surface.

e Because ceramic aggregate has a high porosity level, which promotes internal
curing and ensures cement hydration.

e The pozzolanic properties and hardness of ceramic aggregates.

e Ceramic particles have a higher water absorption rate, which increases the potential
for additional hydration.

e Ceramics aggregates have a uniform homogeneous structure.

However, the following causes can be used to explain why ceramic aggregate concrete‘s

compression strength has decreased:-
e Because ceramic aggregates are so brittle and flaky.

e Poor aggregate-paste bonding results from the flat, smooth surface texture of

ceramic aggregates.
e Ceramic aggregates have lower bulk density than natural aggregate.
2.10.3 Splitting tensile strength

The splitting tensile strength of concrete is a method for inferring the progressive cracking
pattern of concrete under tensile load as well as the amount of force that causes a crack to
formin it [5].

The splitting tensile strength of concrete using 15% -25% coarse sanitary ware aggregates
increased by 15% -25% in comparison to control mixes. It was claimed that the specific
surface area of ceramic aggregate’s and irregular shape leads to a stronger aggregate-paste
bond, which increases the high strength of CA concrete [57].However, Garca-gonzalez
etal. [46], found that the splitting tensile strength of 100% coarse sanitary ware aggregate

concrete was almost identical to the reference sample concrete.

According to Hunchate et al. [47], adding coarser ceramic insulator aggregate to concrete
decreased the splitting tensile strength throughout the entire curing process. The 28 day
splitting tensile strength of ceramic aggregate concrete decreased by 30% in comparison

to the control concrete when 100% replacement was used. They claimed that the increased
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water absorption of ceramic aggregates caused poor aggregate-paste bonding, which in

turn decreased the final concrete’s splitting tensile strength.

Ceramic insulator aggregate concrete had a lower splitting tensile strength than the
reference concrete, according to Senthamarai and Manoharan [43].The splitting tensile
strength of ceramic aggregate and natural aggregate concrete ranged from 4.5 to 3.2 MPa
and 5.5 to 3.9 Mpa, respectively, when the wi/c ratio changed from 0.35 to 0.6.Additionally,
they found that the tensile to compressive strength ratio of ceramic aggregate concrete was
lower than that of control concrete.

2.10.4 Flexural Strength

A concrete’s capacity to withstand deformation when subjected to flexural load is
measured as flexural strength. The highest stress that is applied to the concrete at the time
of failure is represented by it [5].

The majority of the researchers found that CA concrete had lower flexural strength than

conventional concrete except in few cases.

When the amount ceramic tile waste substituted for natural aggregates increases, Anderson
et al.[51] found that the flexural strength of the concrete decreased. In comparison to
concrete made with natural aggregate ,they found that concrete made of entirely coarse
floor and wall tile had strength loss of 17.9%.The flexural strength loss for waste tile
aggregates ,however ,was estimated to be 25% when using a 100% replacement ratio.
Daniyal and Ahmad [53],on the other hand ,found that using ceramic tile as the coarse
aggregate increased the flexural strength of concrete by 32.2% when compared to the
reference concrete .The flexural strength of tile aggregate concrete was higher than the
control concrete (5.2 Mpa),ranging from (5.66 to 6.95 MPa) [58].

According to Tabak et al. [59], ceramic aggregate concrete had less flexural strength than
the control concrete when the natural coarse and fine aggregate were entirely replaced by
floor tile aggregates.The highest results were obtained when 30% ceramic tile was used as
the coarse aggregate , which increased the flexural strength of CA concrete by 33.7% in
comparison to control concrete [58].However, the flexural strength of CA concrete was
lower than the reference concrete when the fine and coarse tile aggregate arel00 %
replaced with natural aggregates [50,59].
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2.11 Literature Summary

This chapter has provided a detailed review of recent information on the physical and
mechanical characteristics of concrete that contains ceramic waste as an aggregate. It
includes various experimental studies that have been conducted around the world, along
with their properties and findings. The literature’s information and findings indicate that
finding new eco-materials is necessary in order to minimize the environmental impact of
synthetic materials. Additionally, it gives a glimpse into the ongoing studies and
applications pertaining to the creation of green concrete using waste ceramic .The use of
ceramic wastes in commercial projects are not common due to the wide variation in
mechanical characteristics discovered from various experimental studies. Since its
inception, researchers have examined the characteristics of ceramic aggregate based
concrete by adjusting the substitution levels, mix proportions, and other elements. Earlier
research has generally attempted to demonstrate that crushed and sieved waste tiles can be
used to replace both coarse and fine aggregate .Using the literature reviews as a foundation

, the following conclusions are reached :-

i.  Depending on their source, ceramic aggregates can have a smooth surface texture,
porous, uneven, angular, flat, or flaky in shape, and are frequently reddish or white
in color.

Ii.  Ceramic aggregate’s specific gravities range from 2.26 to 2.97 for fine aggregates
and from 1.87 to 2.64 for coarse aggregates, respectively. The bulk densities for
fine and coarse ceramic aggregates are typically (1010 -2969) kg/m® and (966 -
2401) kg/m3respectively.

iii.  Ceramic aggregates are remarkably water absorbing because they have a higher
porosity than the natural aggregates. Depending on the source, ceramic aggregate
water absorption varies greatly.

iv.  Due to the high porosity, high water absorption, angular size, and rough surface of
ceramic aggregates, ceramic aggregate concrete is frequently claimed to have low
slump values for almost all types of ceramic aggregates.

v.  Due to the lower bulk density, using ceramic wastes as aggregate reduces the fresh
and dry density of the finished concrete regardless of the type, source, or

substitution ratios used.
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vi.  Based on the reviewed literatures, adding coarse tile and sanitary ware to concrete
increases its compression strength. The irregular shape and rough surface of these
ceramic aggregates provide a high specific surface area of strong bonding with
cement paste. The standard compressive strength for structural concrete specified
by the ACI code is typically met by CA aggregate.

vii.  Coarse tile and sanitary aggregates both outperformed other substitute ceramic
wastes in terms of the splitting tensile strength of CA concrete.
viii.  The flexural strength of ceramic aggregates concrete increased by the addition of

coarse tile, sanitary wares, and insulator aggregates, except in few exceptions.

Even though there have been a few recent reported works using other waste materials like
glass and bricks , very little works have been done on the use of waste materials in concrete
in Ethiopia. In light of this, the purpose of this study is to ascertain the advantages of
ceramic waste when it is used as coarse aggregate in concrete. In this experimental study,
the workability, compressive strength, split tensile strength, and flexural strength of
concrete with various percentages of waste ceramics as coarse aggregate are taken into

consideration.
2.12 Research Gap Statement

The usage of crushed and sieved ceramic waste tile replacement for coarse aggregate in
concrete production is not common in Ethiopia. As a result, there is a gap in the use of this
material for concrete work that makes a contribution. Almost all waste ceramic tiles are
not recycled for useful purposes rather it’s being disposed as a waste. Additionally, it is
not common practice in the construction sector to use ceramic waste in concrete projects.
It is the author’s believe that, it might be due to lack of awareness and experimental
research regarding the use of ceramic waste as a component of concrete. Waste ceramic
tiles are dumped as waste and in some places it is used as a ceramic chips for decorating
floor and walls. Therefore, the study's goal is to produce concrete using this inexpensive
but valuable material as one of its main ingredients in specified percentage.
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CHAPTER 3 METHDOLOGY AND PROPERTIES OF
MATERIALS

3.1 Introduction

Concrete mixture with partial replacement of coarse aggregate with crushed waste ceramic
was prepared. A maximum aggregate size of 19mm was used.The materials used for the
test are natural coarse aggregate with maximum size of 19mm ,crushed ceramic waste with

maximum size of 19mm ,fine aggregate (sand) ,cement (Dangote OPC) and water.

All laboratory examinations on the ingredients used for concrete making were done in
Addis Ababa Institution of Technology Construction Material Laboratory; whereas the
chemical composition of ceramic waste was carrird out at Geological Survey of Ethiopia,

Geosciences Laboratory.
3.2 Methodology

The methodology devised to carry out the exiperiments was prearranged and excuted by
using laboratory test for the concrete making ingridents and the concrete itself.Inorder to
have better understanding of the study area different literature review has been carried out
about properties of fresh and hardened concrete , concrete making materials ,waste

ceramic aggregate and ceramic containing concrete.
3.3 Steps followed to carry out the experiment
The steps followed to conduct the experiments are as shown below :-
1. Ceramic waste was collected from building sites in Addis Ababa.

2. The collected ceramic wastes were crushed with hammer (ball-peen) by hand ,due
to inavailabity of ceramic crushing machine during the time of the experiment ,to

maximum size of 19mm and sieved accordingly.

3. Both coarse and fine aggregate were bought from the local market in Addis ababa

and were washed and sived properly.

4. Cement (Dangote OPC 42.5N) was purchased from the local market .
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5.

10.

11.

12.

Laboratory tests were conducted at AAIT Material Testing Laboratory for:

e Fine aggregate (sand) :particle size distribution,unit weight,specific
gravity(bulk ,apparent and SSD) ,water absorption,moisture content ,silt

content and finess modulus.

e Coarse aggregate : particle size distribution,unit weight,specific
gravity(bulk ,apparent and SSD) ,water absorption and moisture content.

e Crushed waste ceramic : sieve analysis,unit weight,specific gravity(bulk

,apparent and SSD) ,water absorption and moisture content.

The cement, fine aggregate (sand), coarse aggregate, crushed ceramic waste and
water were mechanically using pan type mixer and batch-ordered according to their
proportions. The coarse aggregate was replaced partially with crushed ceramic
waste 10%, 20%, and 30% by weight .In addition to this the control mix without
ceramic waste aggregate was prepared. The mix design was done using ACI mix

design manual for C20 and C25 grades of concrete.

Workability tests was taken for all freshly mixed concrete.

Concrete cube samples of size 150mmx150mmx150mm were taken from each mix
and compression strength tests for 71", 14" and 28" day were conducted (72

samples ,each samples has a dimension of 15cm x 15¢cm x 15¢cm).

Splitting tensile strength test was conducted at 28" day for each concrete mix using

cylindrical samples (24 samples having 15cm diameter and 30cm height).

Flexural strength test was conducted at 28" day for each concrete mix using beam

samples (24 samples, each samples has a dimension of 10cm x 10cm x 50cm).

All the tests conducted (for 10%, 20%, and 30% replacement) above were analyzed
by comparing them with the control mix.

Finally conclusions and recommendations are forwarded.

The ceramic waste materials used in this study were unused ceramic floor tiles, sourced

from construction sites in Addis Ababa. All the tiles used are manufactured from Tabor

Ceramics products Share Company. They were bought from the local store. In order to

AAIT, School of Civil and Environmental Engineering Page 47



Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

provide a ceramic material that have consistent physical properties the ceramic tiles used

have no attached adhesives on its surfaces.

The collected ceramic tiles were first broken manually using a ball-peen hammer into a
variety of sizes using standard sieves so that to keep the uniformity with an effort given to
produce ceramic pieces within 4.75-12.5mm coarse aggregate range. Using this method,
each tiles were broken with an average of approximately 150 strikes using the hammer to
achieve an aggregate of tile within the desired range. The crushed ceramic aggregate are
more angular and less cubical or spherical than the natural aggregate.

The angularity of the ceramic tiles cannot be controlled to attain similar angularity to that
of the natural coarse aggregate, as the tiles used in this study had a maximum thickness of
6mm. The only way to reduce the angularity of the ceramic tiles is to use thicker ceramic
source, however Tabor ceramics Factory Share Company tiles are rarely thicker than

6mm.Therfore it is needed to reduce the nominal size of the ceramic to 12.5mm.

Upon completion of crushing procedure the ceramic wastes, the broken tiles were stored
into different size ranges to be weighed and added separately in proportion matching the
grading curve of the natural coarse aggregate that was partially being replaced .All ceramic
materials retained on 19mm sieve are removed and crushed again, and all ceramic
aggregate passing 4.75 are totally rejected. Figure 3.1 below shows ceramic wastes

collected from construction sites and crushed using peen-hammer.

Figure 3.1 Crushed ceramic waste tiles collected from construction sites.
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3.4 Properties of concrete making materials used for the experiment
3.4.1 Cement

The cement used for the research is Dangote OPC 42.5N.

3.4.2 Fine aggregate

The sand was bought from the neighborhood local market. In order to remove the silt and
debris it was thoroughly washed with clean water. The physical tests conducted in the
laboratory were sieve analysis, unit weight, specific gravity (bulk, apparent and SSD),
water absorption, moisture content, silt content, and fineness modulus. All fine aggregates

retained on 9.5mm sieve size were rejected.
a) Silt content

Since the sand used was river sand, it does not offer clean sand .They frequently hold other
materials such as dust, loam and clay that are finer than sand. The existence of such things
in the sand makes the bond between cement and aggregate less strong. The finer particles
do not only reduce the strength but also the quality of the concrete made causing fast
weakening. Therefore, it is essential that we make a test on the silt content and checks
against allowable limits [42]. From the test result gotten, the silt amount of the sand used
for this specific experiment before washing was 7.05 %, which is above the maximum
requirement of Ethiopian standard. For this reason, the sand was cleansed exhaustively up
until it was 2.04 %, which is acceptable [Appendix - Al.1].

b) Sieve Analysis

Sieve analysis is a procedure for the determination of the particle size distribution of the
aggregate using a series of square or round openings. It is used to determine the grading
of aggregate and the fineness modulus, an index to the fineness and coarseness and
uniformity of aggregates [42].The grading requirements for the fine aggregates according
to ES C.D3.201 is shown below in Table 3.1 and the particle size distribution is shown in
the Table 3.1 below [Appendix -Al.1].
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Table 3.1 Grading Requirement for Fine Aggregate.

Percentage passing through test sieves having square openings
Sieve 9.5mm | 4.75mm | 2.36 mm | 1.18 mm | 600pm 300pm | 150 um
size
% 100 95-100 | 80-100 | 50-85 25-60 10-30 | 2-10

Table 3.2 Sieve analysis fine aggregate.

Sieve Wt. of | Wt. of sieve | Wt.  of | Percentage | Cumul. | Cumul.
size sieve | & Retained Retained | retained Coarser | Passing
(mm) | (gm) | (gm) (gm) (%) (%) (%)
9.5 0 0 100
4.75 431.3 439.6 8.3 1.66 1.66 98.3
2.36 387.2 439.0 51.8 10.36 12.02 88.0
1.18 373.0 485.1 112.1 22.42 34.44 65.6
600um | 324.8 457.7 132.9 26.58 61.02 39
300pm | 302.8 428.7 125.9 25.18 86.20 13.8
150um | 283.1 310.0 26.9 5.38 91.51 8.4
pan 240.4 282.50 42.1 8.42 100.0

Total 500 280.0

Y, Cummulative Coarser) _ 280 _

Fineness Modulus (FM) = 00 m =2.8

Depending on the size of the sand, when the fineness modulus of the sand is within the
range of 2.6-2.9 the sand is classified as coarse sand. From the above computation, the

sand has a fineness modulus of 2.80, which is coarse sand.

The sieve analysis of the sand is depicted in the figure 3.2 below, which shows that the
sand satisfy, and is within the region of specified limits.
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Figure 3.2 Particle size distribution curve of fine aggregate
c) Specific gravity and absorption capacity

Sand aggregates have pores that are both permeable and impermeable, hence it needs to
be considered when computing the specific gravity. There are three types of specific
gravity: bulk specific gravity, bulk specific gravity (SSD basis) and apparent specific
gravity. When the aggregate is treated as solid material and pores are excluded it is called
apparent specific gravity, whereas when the pores are considered and referring to the total
volume it is called bulk specific gravity [42] .The following results were computed in the
laboratory as follow [Appendix-Al.1]:

Bulk specific gravity =2.28
Bulk specific gravity (SSD Basis) =2.40
Apparent Bulk specific gravity =2.60

Absorption capacity =2%
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d) Moisture content

The workability and strength of concrete is highly affected by the water to cement ratio.
The water to cement ratio is specified based on the assumption that aggregates are inert
(neither absorb nor give water to the mixture). But this not the case because aggregates
sourced from different quarries don not comply with this i.e. ,wet aggregate give water to
the mix and drier aggregates (those with below saturation level moisture content ) take

water from the mix affecting both workability and strength [42].

The moisture content of fine aggregate sand is computed by drying 500grams of sample
sand in the oven for 14 hours with temperature of 110°C and letting it cool for one hour.
Then, subtracting the oven dry weight from the sample weight dividing the result with
oven dry weight and multiplying it by hundred gives the moisture content of the sand. The
sand used for the project has a moisture content of 8 % [Appendix - Al.1].

e) Unit weight (bulk density)

Unit weight of the aggregate is defined as the weight of a given volume of graded
aggregate. It is thus a density measurement and is also known as bulk density. The unit
weight effectively measures the volume that the graded aggregate will occupy in concrete
and includes both the solid aggregate particles and the void between them. The unit weight
is simply measured by filing a container of known volume and weighing it. The sand used
is in the oven- dry state and was compacted according to the standard [42]The unit weight
of the sand used for this project is 1490 kg/m? [Appendix - Al1.1].Table 3.3 below shows

the summarized laboratory test results of fine aggregate.

Table 3.3 Outlined test results of fine aggregate .

No | Types of Tests Test Result

1 Silt Content Before washed 7.05%
After washed 2.04%

2 Fineness Modulus 2.80

3 Moisture content 8 %

4 Unit Weight 1490 kg/m?®

5 Absorption capacity 5.48 %

6 Specific Gravity | Bulk specifig gravity 2.28
Bulk specifig gravity(SSD) 2.40
Apparent specifig gravity 2.60
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3.4.3 Coarse aggregate

The coarse aggregate used for the study was basaltic crushed rock purchased from one of
crusher plant from Goro area. Since the coarse aggregate was full of dust, it was cleansed
with tap water thoroughly and was dried in an open air at the back yard of the laboratory.
The nominal maximum size of 12.5mm diameter aggregate was used throughout the study.
The types of laboratory tests conducted were sieve analysis (gradation), unit weight, and
specific gravity (bulk, apparent and SSD), moisture content and water absorption
[Appendix—A2.2]. The grading requirmentts for the coarse aggregates according to ASTM
is shown below in Table 3.4 and the particle size distribution is shown in the Table 3.5

and in Figure 3.3 below.

Table 3.4 Grading Requirement for coarse aggregate.

Nominal size of | Percentage passing through test sieves having square openings
aggregate ,mm

75mm | 63mm | 37.5mm | 19mm | 13.2mm | 9.5mm | 4.75mm
38-5 100 - 95-100 |30-70 |- 10-35 | 0-5
19-5 - - 100 95-100 | - 25-55 | 0-10
13-5 - - - 100 90-100 |40-85 |0-10

Table 3.5 Sieve analysis of coarse aggregate.

Sieve | Wt. of | Wt.  of | Wt.  of | Percentage | Cumul. | Cumul. | Standard
size sieve |sieve & | Retained | retained Coarser | Passing | Limit
(mm) | (gm) | Retained | (gm) (%) (%) (%) (%)
(gm)
19 0 0 0 100 100
12.5 1158 | 1258 100 5 5 95 90-100
9.5 1163 | 1962 799.99 40 45 55 40-85
4.75 1260 | 2359.99 |1099.99 |55 100 0 0-10
Total 1999.98
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Figure 3.3 Particle size distribution curve of coarse aggregate.

In the same way as fine aggregate, the laboratory tests carried out to compute the physical

properties of coarse aggregate is summarized as shown in Table 3.6.

Table 3.6 Outlined test results of natural coarse aggregate.

No Types of Tests Test Result

1 Nominal maximum size 12.5mm

2 Moisture content 4.4 %

3 Unit Weight 1662 kg/m?®

4 Absorption capacity 0.91%
Bulk specifig gravity 2.66

5 Specific Gravity Bulk specifig gravity(SSD) 2.68
Apparent specifig gravity 2.72
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3.4.4 Ceramic coarse aggregate

a) Physical properties of coarse ceramic aggregate

The ceramic waste tile used for the study was collected from construction site in Addis
Ababa around Mekannisa. The collected ceramic wastes were crushed using ball-peen
hammer and sieved accordingly as that of natural coarse aggregate. The nominal maximum
aggregate size of ceramic waste was 12.5mm.The crushed and sieved ceramic coarse

aggregate is shown in Figure 3.4 below.

Figure 3.4 coarse ceramic aggregate.

The types of laboratory tests conducted were the same as that on natural coarse aggregate:
sieve analysis (gradation), unit weight, specific gravity (bulk, apparent and SSD), moisture
content, and water absorption.

The physical property tests conducted for the crushed ceramic coarse aggregate are
summarized in the Table 3.7 below [Appendix — A3.3]. The tests result shows that ceramic
aggregate has unit weight and specific gravity less than the natural coarse aggregate, which
shows that the crushed ceramic aggregate is less dense than the natural coarse aggregate
.In addition; the ceramic aggregate has higher absorption capacity than natural coarse
aggregate, indicating that the ceramic is porous.
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Table 3.7 Outlined test results of ceramic coarse aggregate.

No | Types of Tests Test Result

1 Nominal maximum size 12.5mm

2 Moisture content 0.32 %

3 Unit Weight 1214 kg/m?®

4 Absorption capacity 4.50 %
Bulk specifig gravity 2.32

5 | Specific Gravity Bulk specifig gravity(SSD) 2.35
Apparent specifig gravity 2.39

Sieve analysis test result of ceramic coarse aggregate is shown below in Table3.8 below.

The result shows that the cumulative percent passing on each sieve complies with ASTM

standard. In addition, Figure 3.5 shows the graphical representation of the gradation test

result of ceramic coarse aggregate.

Table 3.8 Sieve analysis of ceramic coarse aggregate.

Sieve | Wt. | Wt. of | Wt. of | Percentage | Cumul. | Cumul. | Standard
size of sieve & | Retained | retained Coarser | Passing | Limit

(mm) | sieve | Retained | (gm) (%) (%) (%) (%)

(gm) | (gm)

19 0 0 0 100 100

125 | 1158 | 1258 100 5 5 95 90-100

9.5 1163 | 1962 799.99 |40 45 55 40-85

475 | 1260 | 2359.99 |1099.99 |55 100 0 0-10

Total 1999.98
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Figure 3.5 Particle size distribution curve of coarse ceramic aggregate.

b) Chemical properties of coarse ceramic aggregate

The chemical analysis of the crushed coarse ceramic aggregate samples were carried out
in order to identify their chemical composition such as oxide composition, alkali content,
lose on ignition and moisture content of the ceramic samples .The chemical composition

of the two ceramic samples of CCS01 and CCS02 are shown in Appendix F6.1 and F6.2.

I.  Major oxide composition

The result of the major oxides composition is similar to the chemical composition of
basaltic rock with relatively higher SiO, and lower Fe>Os contents. The oxide composition
shows that SiO> content of the first ceramic sample (CCS001) is 66.26 % and that of the
second ceramic sample CCS02 is 69.64 %.

SiO2 + Al,O3+ Fe2O3 = 66.26 + 18.56 +7.44 =92.26 % for CCS01

SiO2 + Al,O3+ Fe203 = 69.64 + 18.21 +5.14 =92.99 % for CCS02

ASTM C618 (Standard specification for coal fly ash and raw or calcined natural Pozzolana
for use as a mineral admixture in concrete) recommends the materials in order to be
classified as Class N Pozzolana the SiOz + Al20s+ Fe2O3 content should be above 70%[60].
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Therefor according to ASTM C 618 specification, the two samples CCS01 and CCS02
satisfy the requirement and can be classified as raw Class N Pozzolana based on their
chemical composition. The test result for major oxides compositions are shown in

Appendix F.

i.  Alkali and Moisture Content
Alkali in natural Pozzolanas may cause alkali silica reactions, which are potentially
damaging only if they cause substantial expansion and thus breaking of concrete, resulting
in strength loss. Controlling the creation of such responses according to ASTM C 618 in
Table 3.9 below, the maximum alkali level in terms of equivalent Na,O percent is 1.5 %
[60]. The equivalent Na2O content of natural Pozzolana is determined using ASTM C 311,
in equation 3.1 below [61].

Equivalent Na;O (%) = Na20 (%) + 0.658 X K2O (%)]..cvvveviniininiinnnn. [Eq 3.1]

For this particular study the Na;O and KO content of CCS01 are 0.48% and 0.01%
respectively, and for sample CCS02 are 0.18% and 2.02 % respectively.

Equivalent Na;O (%) for CCS01 = 0.48% + 0.658x 0.01% =0.49%
Equivalent Na,O (%) for CCS02= 0.18% + 0.658x 2.02% = 1.5%

From the results above it shows that both samples CCS01 and CCS02 have alkali content
of 0.49% and 1.5% respectively, therefore since the two samples have alkali content which
is less than that of ASTM C618, the ceramic sample has Class N Pozzolana characteristics

from chemical requirements point of view.

The moisture content of natural Pozzolana is specified by ASTM C 618 to be no more than
3% by weight of natural Pozzolanas. The moisture content of CCS01 and CCS02 was
examined in this study and found to be 0.1 % and 0.37 %, respectively, which is less than

the maximum stipulated value, satisfying the requirement.

iii.  Lose on Ignition
The recommended maximum content for class N Pozzolana is 10%, according to ASTM
C618. The LOI for CCS01 and CCSO02 in this investigation was 0.43 % and 0.55 %,
respectively. As a result, CCS01 and CCS02 meet the ASTM C 618 standard.
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Table 3.9 ASTM C618 chemical requirement for Pozzolanas.

Chemicals Pozzolana Class

N F S
SiOz + Al203+ Fe203 (min %) 70 70 70
MgO (max %) 5 5
Fe203 (max %) 4 5 4
Moisture content (max %) 3 3 3
Loss on ignition (max %) 10 12 10
Available alkalis as Na2O (max %) 1.5 15

3.45 Water

The water used for mixing the concrete is this research was pure tap water supplied by
Addis Ababa Water and Sewerage Authority found in the material laboratory of Addis
Ababa Institute of Technology.
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CHAPTER 4 EXPERIMENTAL PROGRAM

4.1 Introduction
The mix proportion selection is process of selecting suitable concrete materials and
determining their relative quantities with the goal of creating as economically as feasible

concrete with specific minimum qualities.
4.2 Concrete mixes preparation

In this experimental study two types of grades of concrete, C20 and C25 were prepared to
test. A total of 8 types of mixes were produced for the two grades of concrete. The natural
coarse aggregate was partially replaced with crushed ceramic tiles aggregate at 10%, 20%,
and 30% by weight. In addition, a control mixes were produced for the two grades of
concrete, for the purpose of comparing the test results with the samples prepared by
partially replacing the coarse aggregate with the crushed ceramic. The mix design was
done according to ACI method.

The proportions of the basic ingredients (cement, fine aggregate, and water) in the control
mix and the concrete produced by partially replacing crushed ceramic were the same, with
the exception of replacing the coarse aggregate with adjusted weight of recycled ceramic.
The experiment prepared C20 and C25 grades of concrete; these grades were chosen
because they are commonly used grades of concrete in Ethiopian construction industry,

especially C25 grade concrete.

The study used 72 concrete test cubes for compressive strength testing, 24 concrete
cylinders for splitting tensile strength testing, and 24 beams for flexural strength testing
for both C20 and C25 grades of concrete.

Each concrete mix was subjected to the following tests:-

1. Slump test (workability test)

2. Unit weight

3. Compressive strength test at 71", 14™, and 28" days.
4. Splitting tensile strength test at the 28" day and
5

Flexural strength test at the 28" day were tested.

AAIT, School of Civil and Environmental Engineering Page 60



Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

4.3 Laboratory Test Procedures
4.3.1 Mixing and Casting

Concrete is mixed in the laboratory using either a hand or a machine mixer in accordance
with the ASTM C192 standard. Under controlled room temperature and humidity, freshly
mixed concrete takes about 10 minutes to mix. In this study, concrete ingredients are

tested, supplied separately, and mixed using a mixer machine.

It is critical that the mix ingredients are properly mixed so that fresh concrete is produced
with the surface of all aggregate particles coated with cement paste, is homogeneous on
the macro scale, and thus has uniform properties. Thorough mixing is required for the
complete blending of the materials needed to produce homogeneous, uniform concrete.
The type of mixer used is a pan type mixer, as shown in Figure 4.1 below, which can be
found at Addis Ababa University Institute of Technology material Laboratory.

Figure 4.1 Pan Type Concrete mixer
4.3.2 Curing of concrete specimen

Curing is primarily intended to keep concrete moist by preventing moisture loss from the
concrete while it is gaining the intended strength. After 24 hours of casting, the casted
specimens were demolded and cured inside a water tanker according to ASTM C 192/C
192M until the respective testing dates of 7, 14 and 28 days.
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4.3.3 Workability Test

The replacement of coarse aggregate with crushed ceramic waste aggregate was done at
10%, 20%, and 30% for both C20 and C25 concrete grade. The procedure followed to test
is according to ASTM C 181 .The slump cone was washed with water. Holding the slump
cone down firmly the cone was filled one third with concrete and compacted 25 times with
metal tapping rod. Two additional layers were added to fill the cone; each compacted 25
times as previous layer. The extra concrete are removed using a steel float. Finally, the
cone is lifted vertically and the slump is measured vertically using a measuring tape as
shown the figure 4.2 below [42].

Figure 4.2 Workability test of concrete.

4.3.4 Compressive strength test

Compressive strength test was performed in accordance with procedure according to
ASTM C39/C39M as described in Construction materials laboratory manual [42].For the
tests ,150x150x150 mm cube specimen were used .This test was performed to confirm
wether the targeted 7" 14" and 28" day compressive strength for both normal and
concrete having ceramic waste aggregate concrete were achived.The strength
charactherstics of each cube were determined on Universal Testing Machine a loading rate
of 120 kn/min.Three specimens for each mix were tested at each curing age and the values
of the crushing load were averaged and used to evaluate the mean strength for each batch.A
total of 36 cube samples for C20 grade concrete and 36 cube samples for C25 grade

concrete were prepared.
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The concrete sample cubes were loaded to failure using a digital compressive strength
testing machine as show in the figure 4.3 below and the failure load is recorded .The stress

is computed by dividing the failure load by surface area of the sample cube concrete.

Figure 4.3 Universal Testing Machine setup for Compression Strength Test.
4.3.5 Tensile Strength Test

Inorde to asses the tensile strength charactrestis of concrete samples produced with coarse
aggregate partiallly replaced with ceramic waste aggregtae , the spliting tensile strength
test was conducted on 150x300mm concrete cylinder specimens in accordance with the
provision of ASTM C496.The splitting strengths were determined on Universal Testing
Machine at a loading rate of 120 kn /min until failure.The spliting tensile strength (Ts) was

then calculated as follows :

In the equation above, Ts is the splitting tensile stress (Kn/m?), P is the maximum applied
load by the testing machine (Kn), I is the length of the cylinder specimen (m), and d is the
diameter of the cylinder specimen (m).The splitting tensile strength is shown in the figure
4.4 below.
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Figure 4.4 Universal Testing Machine setup for Splitting Tensile Strength Test.

4.3.6 Flexural Strength of Concrete

The Flexural strength is the measurement of the capacity of the concrete to withhold
deformation under flexural load .It signifies the maximum stress experienced within the
concrete at collapse load. In this test, the sample concrete beam is subjected to a bending

force applied downward on a member supported at its two ends.

The corresponding concrete beam samples of size 50cm *10cm*10cm were made for each
percentage of coarse aggregate replacement including the control mix. The concrete was
poured into the molds and placed on electric plate vibrator to remove the air bubbles. The
concrete sample was removed from the mold after 24 hours and cured inside a water tank
for 28 days. The specimen was loaded according to ASTM C 78 (third —point loading) as
shown in the figure 4.5 below until it failed. The failure load for each concrete grade was

recorded and the stress at failure is calculated.

Figure 4.5 Universal Testing Machine setup for Flexural Strength Test.
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4.4 Quantities of materials

The quantities of the concrete-making ingredients (cement, water, and aggregates) were
measured by weight, as was the partial replacement of coarse aggregate with recycled
crushed ceramic. The volume of test specimens were first calculated as shown in the Table

4.1 below in order to compute the volume of single concrete mix.

Table 4.1 Total volume of concrete for single concrete mix.

Type of concrete sample Calculations
Cubes (compressive strength) 9*(0.15*0.15*0.15) m® =0.03 m®
Cylinder (splitting tensile strength) 3*(3.14*%0.075°*0.3) =0.016 m®
Beams (flexural strength) 3*(0.5%0.1%0.1) m® =0.015 m®
Total volume of concrete (0.03 +0.016+0.015) m® = 0.061 m*
Total volume of concrete + 10% wastage | (0.061 +10% *0.061m3) = 0.067 m3

An additional 10% was calculated to account for the compaction factor and any waste that
may occur during the mixing and casting processes. Finally, the volume of concrete
required for each concrete mix was 0.067 m® as computed above. Tables 4.2 and 4.3 below

show the material proportions for 0.067 m® of C20 and C25 grade concrete, respectively.

To reduce the number of variables that would be impacted by the replacement of coarse
aggregate with ceramic waste, precautions were taken. New, unmixed ceramic floor and
wall tiles were used to study the effects of material replacement with single material. By
measuring the proportions of the material from different sizes and adhering to the plan to
minimize variables, the natural aggregate grading curve was matched with the substituted

ceramics.

The ceramic waste used have a bulk density of 1214 kg/m? as computed in the laboratory,
which is lower by 29.95% than the density of natural coarse aggregate, which is 1662
kg/m3.1n order to have a better match the total aggregate volume and number of aggregate
particles (including natural voids) as the natural aggregate being replaced, a proportioning
adjustments was made by multiplying the aggregate mass replaced by a factor. This is done
to keep the ratio of cement paste to aggregate uniform and the aggregates evenly coated

with paste. The density adjustment factors were calculated by dividing the density of the
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replacement aggregate by the density of the natural aggregate, as shown in equation 4.3

and equation 4.4 below [62].

Where:-

_ pc
=

Mc=Rc *Ma*F

F = density adjustment factor used compute weight of replaced ceramic (unit less)

pc = density of ceramic coarse aggregate (kg /m?)

pn = density of natural coarse aggregate (kg /m®)

Mc = mass of ceramic coarse aggregate to be added (kg)

Rc =ratio of ceramic aggregate replacement (%)

Ma = mass of natural coarse aggregate required in the original mix design (kg)

4.2 a) Amount of ingredients for 1m? concrete.

Table 4.2 Amount of ingredients for C20 concrete [Appendix B2.1].

Code Concrete | w/c | Water | Cement | Fineagg. | Coarse Ceramic
grade (kg) (kg) (kg) | agg. (kg) | agg (kg)
(Mpa)
C20C00 20 0.64 | 194 303 878 949 0
C20C10 20 0.64 | 194 303 878 854.10 69.32
C20C20 20 0.64 | 194 303 878 759.20 138.64
C20C30 20 0.64 | 194 303 878 664.30 207.96
4.2 b) Amount of ingredients for 0.067 m® concrete.
Code Concrete | w/c | Cement | Water | Fineagg. | Coarse Ceramic
grade (Mpa) (kg) | (kg) (kg) agg. (kg) | Agg (kg)
C20C00 20 0.64 | 13.00 | 20.30 58.83 63.58 0
C20C10 20 0.64 | 13.00 | 20.30 58.83 57.22 4.64
C20C20 20 0.64 | 13.00 | 20.30 58.83 50.87 9.29
C20C30 20 0.64 | 13.00 | 20.30 58.83 4451 13.93
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Table 4.3 Amount of ingredients for C25concrete [AppendixB2.2].

4.3 a) Amount of ingredients for 1m? concrete.

Code Concrete | w/ic | Water | Cement | Fineagg. | Coarse Ceramic
grade (kg) (kg) (kg) | agg. (kg) | agg (ko)
(Mpa)
C25C00 25 0.58 | 206 355 844 954 0
C25C10 25 0.58 | 206 355 844 858.60 69.68
C25C20 25 0.58 | 206 355 844 763.20 139.37
C25C30 25 0.58 | 206 355 844 667.80 209.05
4.3 b) Quantities of material for 0.067 m® concrete.
Code Concrete | w/c | Water | Cement | Fineagg. | Coarse Ceramic
grade (kg) (kg) (kg) | agg. (kg) | agg (kg)
(Mpa)
C25C00 25 0.58 | 13.80 | 23.78 56.55 63.92 0
C25C10 25 0.58 | 13.80 | 23.78 56.55 57.53 4.67
C25C20 25 0.58 | 13.80 | 23.78 56.55 51.13 9.34
C25C30 25 0.58 | 13.80 | 23.78 56.55 44.74 14.01

In all mixes the same quantity of cement, sand, and water has been used in concrete
composition except coarse aggregate quantity. The quantity of coarse aggregates was
changed according to the percentage replacement of coarse aggregate with ceramic waste
aggregate. The nomenclatures (codes) used in Table 4.2 and Table 4.2 above are presented
below:-

C20C00 = C20 concrete with cement, sand, 100 % coarse aggregate and 0% ceramic
C20C10 = C20 concrete with cement, sand, 90 % coarse aggregate and 10% ceramic
C20C20 = C20 concrete with cement, sand, 80 % coarse aggregate and 20% ceramic
C20C30 = C20 concrete with cement, sand, 70 % coarse aggregate and 30% ceramic
C25C00 = C25 concrete with cement, sand, 100 % coarse aggregate and 0% ceramic
C25C10 = C25 concrete with cement, sand, 90 % coarse aggregate and 10% ceramic
C25C20 = C25 concrete with cement, sand, 80 % coarse aggregate and 20% ceramic

C25C30 = C25 concrete with cement, sand, 70 % coarse aggregate and 30% ceramic

Note: - In the above nomenclatures both C20C00 and C25CQ0 are the reference (control

mixes) for the respective concrete grades.
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CHAPTER S TEST RESULTS AND DISCUSSIONS

5.1 Introduction

This section discusses the laboratory test results of experiment conducted to investigate
the fresh and hardened characteristics of concrete made by partly substituting coarse
aggregate with crushed waste ceramic tiles and comparing the outcomes to a reference
sample. The findings of slump, compressive strength, splitting tensile strength, and
flexural strength tests for C20 and C25 concrete grades are presented in this section of the

study. Furthermore, economic investigation is carried out for the two grades of concrete.
5.2 Concrete Test Results

5.2.1 Fresh Concrete Test Results

a) Workability

The quantity of useful internal effort required to create full compaction is referred to as
workability. The effort or power needed to control the internal friction amongst the discrete
units in the concrete is a physical feature of concrete alone. Workable concrete has less
internal friction between the particles or overcomes the frictional resistance provided by
the formwork surface or reinforcement incorporated in the concrete with a minimal amount
of compacting effort.

The fresh concrete qualities, slump test, and fresh concrete density tests are evaluated for
each concrete mixture containing 0%, 10%, 20%, and 30% addition of crushed waste
ceramic coarse aggregate by weight of concrete. Table 5.1 below shows slump and fresh

concrete densities of each concrete mix.

Table 5.1 Slump and fresh concrete density test result

No | Code | Grade of Concrete % Slump | Fresh concrete
(Mpa) of (mm) density
Ceramic (kg /Im3)
1 | C20C00 20 0 40 2305.00
2 | C20C10 20 10 35 2300.16
3 | C20C20 20 20 30 2292.78
4 | C20C30 20 30 27 2274.80
1 | C25C00 25 0 40 2310.00
2 | C25C10 25 10 38 2305.52
3 | C25C20 25 20 34 2287.59
4 | C25C30 25 30 30 2284.36
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According to ACI, all of the mixes used in this study were designed to have slump ranging
from 25mm to 75mm. The slump test findings for both concrete grades were greater than
25mm and less than 75mm, putting them within the standard's permitted range. Hence,

don’t cause workability problem with the amount of ceramic waste used in the experiment.

Slump test results for mixes C20C10 (mix with 10% ceramic), C20C20 (mix with 20%
ceramic), C20C30 (mix with 30% ceramic) from Table 5.1 and on figure 5.1 shows 12.5%,
25% and 32.5 % reduction in slump value for C20 concrete grade respectively. On the
other hand for C25 concrete grade mixes C25C10 (mix with 10% ceramic), C25C20 (mix
with 20% ceramic), C25C30 (mix with 30% ceramic) the slump value reduced 5%, 15%
and 25 % respectively as shown below in figure 5.1.These decrease in slump values for
both grades of concrete can be attributed to higher water absorption capacity and the
angular shape of the ceramic waste.

C-20 Concrete
= 3888 0% 12.509%
c . . 0
£ 2000 25.00% 32 50%
£ 20.00
>
o 10.00
0.00
C20C00 C20C10 C20C20 C20C30
Concrete Mix
5.1(a)
C-25 Concrete
50.00 0%
0 5.00%
‘= 40.00 .009
£ .00% 25.00%
< 30.00
o
€ 20.00
=)
“ 10.00
0.00
C25C00 C25C10 C25C20 C25C30
Concrete Mix

5.1 (b)
Figure 5.1 Slump test results
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b) fresh concrete density

Fresh concrete density for C20 concrete grade mixes C20C10 (mix with 10% ceramic),
C20C20 (mix with 20% ceramic), C20C30 (mix with 30% ceramic) when compared to the
control mix, it reduced 0.21%, 0.53 % and 1.31 % respectively .On the other hand, for C25
concrete grade mixes of C25C10 (mix with 10% ceramic), C25C20 (mix with 20%
ceramic), C25C30 (mix with 30% ceramic) the fresh density decreased 0.41%, 0.97% and
1.11 % respectively as shown in figure 5.2 below.

C-20 Concrete
o?é\ 2310.00 0%
S 0.21%
¥ 2300.00 0.53%
£ 2290.00
S
T 2280.00 1.31%
b
S 2270.00
c
8
2 2260.00
3
L 2250.00
C20C00 C20C10 C20C20 C20C30
Concrete Mix
5.2 (a)
= C-25 Concrete
% 2320.00
3 0%
> 2310.00 0.19%
'S
T 2300.00
©
[<5]
© 2290.00 0-97% 1.11%
(&)
S 2280.00
5
g 2270.00
L C25C00 C25C10 C25C20 C25C30
Concrete Mix

5.2 (b)
Figure 5.2 Fresh concrete test result
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5.2.2 Hardened Concrete Test Results

In order to investigate the hardened properties of concrete, the tests conducted for this
experiment are hardened density, compressive strength, splitting strength and flexural
strength.

a) Density of Concrete

Concrete's properties change as it strengthens with days. The unit weights of the hardened
concrete samples are described in this section. Prior to the compressive strength test, the
concrete cubes' sizes, and weights were determined. These examinations were conducted
after 7, 14, and 28 days. The attached appendix C3 contains the detailed findings for weight
and dimensions. The outcomes of the concrete samples unit weight calculations in this
section, however, were only computed using the 28-day weight and dimension. The
findings of unit weight and percent reduction for various percent substitutions of natural
coarse aggregate with crushed waste ceramic tiles are shown in Table 5.2 and Figure 5.3

below.

Table 5.2 Unit weights of concrete with and without waste ceramic aggregate.

.No. Code Ceramic Unit weight Unit weight
Substitution (gm/cm?®) reduction

(%) (%)
1 C20C00 0 2.30 0.00
2 C20C10 10 2.28 0.87
3 C20C20 20 2.25 2.17
4 C20C30 30 2.23 3.04
1 C25C00 0 2.32 0.00
2 C25C10 10 2.30 0.86
3 C25C20 20 2.26 2.59
4 C25C30 30 2.25 3.02
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5.3 (b)
Figure 5.3 Unit weight of concrete mixes (gm/cm?).
Table 5.2 and Figure 5.3 above presents the density of concrete mixes with and without
ceramic tiles after 28 days. The experimental outcomes indicated that the density of the
concrete with the introduction of 10%, 20% and 30 % ceramic tiles achieved 0.87 %, 2.17
% and 3.04 % reduction in concrete density for C20 grade concrete respectively and on
the other hand for C25 grade concrete the density reduced 0.86 %, 2.59 % and 3.02 %, for
10%, 20% and 30 % replacement respectively .It was detected that density is reduced as
the quantity of ceramic tiles increases in concrete. This happens due to low specific gravity

of ceramic waste aggregate as compared to with natural coarse aggregate.

b) Compressive Strength Test Result
I. C20 Concrete Grade

Compressive strength tests were performed on the 7", 14" and 28" days. The compressive
strength test results at the 7", 14", and 28t" days are shown in Table 5.3 below [Appendix
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C3.1, C3.2, C3.3, and C3.4]. The compressive strength of C20 concrete improved as the
amount of crushed waste ceramic increased. The results of the tests indicated that the
addition of crushed waste ceramic at 10%, 20% and 30%. The compressive strength
increased when compared to the control mix. The results reveal that replacing 20% of the
coarse aggregate with sieved and graded waste ceramic gains the maximum compressive
strength at the 71", 14" and 28" days.

Table 5.3 Compression strength of C20 concrete with ceramic waste aggregate

Ceramic Compressive Strength
No | Code (%) (Mpa) % Strength increase
7Mday | 14" day | 28" day | 7" day | 14" day | 28" day
1 | C20C00 0 14.83 | 17.05 28.11 0.00 0.00 0.00
2 | C20C10 10 1522 | 17.90 28.98 2.63 4.98 3.09
3 C20C20 20 16.83 18.90 29.54 13.49 10.85 5.09
4 C20C30 30 14.99 17.59 28.59 1.08 3.17 1.71

The experiment result which is depicted below in Figure 5.2 shows that the compressive
strength of the concrete specimen at the 28™ days for 10%, 20 %, and 30 % coarse
aggregate replacement, it increased by 3.09 %, 5.09 % and 1.71 % respectively. However,
at 30% replacement the compressive strength dropped by 1.34 % and 3.21 % at the 28"
days when compared to 10% and 20 % replacement respectively. The maximum strength
increase is obtained by concrete specimen produced by 20% partial replacement at 7%",
14" and 28" days.

The result show that the concrete mixes containing crushed ceramic waste aggregates
achieve the compressive strength levels between 10 to 30 % compared to the conventional
concrete. This indicates that the crushed ceramic waste has a potentially to be used as

coarse aggregates for concrete.
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Figure 5.4 Compression strength of C20 Concrete with ceramic waste aggregate
Il. C25 Concrete Grade

Compressive strength tests were performed on the 71", 14", and 28" days. The compressive
strength test results at the 7", 14", and 28" days are shown in Table 5.4 below [Appendix
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C3.5, C3.6, C3.7, and C3.8]. The compressive strength of C25 concrete improved as the
amount of crushed waste ceramic increased. The results of the tests demonstrated that the
addition of crushed waste ceramic at 10% .20% and 30% the compressive strength
increased when compared to the control mix. The results reveal that replacing 20% of the
coarse aggregate with crushed waste ceramic results the highest compressive strength at
the 71", 14" and 28" days.

Table 5.4 Compression strength of C25 concrete with ceramic waste aggregate

Ceramic Compressive Strength
No | Code (%) (Mpa) % Strength increment
7" day | 14" day | 28" day | 7" day | 14" day | 28" day
1 | C25C00 0 2047 | 27.75 33.20 0.00 0.00 0.00
2 C25C10 10 24.41 31.14 35.99 19.25 12.22 8.40
3 | C25C20 20 26.26 | 32.35 38.04 | 28.28 | 16.58 14.58
4 C25C30 30 21.44 30.38 34.21 4.74 9.48 3.04

The test outcome which is depicted below in Figure 5.5 shows that the compressive
strength of the concrete specimen at the 28™ days for 10%, 20 %, and 30 % coarse
aggregate replacement, it increased by 8.40 %, 14.58 % and 3.04 % respectively. However,
at 30% replacement the compressive strength starts to decrease when compared to 10%
and 20 % replacement. The maximum strength result is obtained by concrete samples made

at 20% partial replacement at 7", 14", and 28" days.
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Figure 5.5 Compression strength of C25 Concrete with ceramic waste aggregate.

c) Flexural Strength Test Result
I. C 20 Concrete

At the 28th day, the flexural strength test was performed. As dipicted in Table 5.5 below
[Appendix D4.1], all of the outcomes of the test samples produced by partly substituting
coarse aggregate with waste ceramic tiles are greater than the strength of the reference
mix. As the percentage of recycled waste ceramic increases, so did the flexural strength.
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Table 5.5 Flexural strength of C20 concrete with ceramic waste aggregate

Code Ceramic Flexural Strength % strength increase
(%) (Mpa) compared to reference mix
C20C00 0 3.22 0.0
C20C10 10 4.21 30.74
C20C20 20 4.68 45.34
C20C30 30 3.45 7.14

The graphical representation in Figure 5.6 below demonstrates that the samples made with
20 % partial substitution attains the highest value, while the mixes made with 0% partial
replacement achieves the smallest value. The samples with 10%, 20%, and 30% partial
substitution raises the flexural strength by 30.74%, 45.34%, and 7.14 %, respectively.

C20 Concrete Flexural Strength Test Result
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Figure 5.6 Flexural strength of C20 Concrete with ceramic waste aggregate

Il. C 25Concrete

At the 28th day, the flexural strength test for C25 concrete was also performed. As revealed
in Table 5.6 [Appendix D4.2], all of the outcomes of the samples produced by partly
substituting coarse aggregate with crushed waste ceramic tiles are more than the strength
of the reference samples. As the percentage of crushed waste ceramic increase, so did the
flexural strength. However, at 30% replacement the strength starts to decrease as compared

to 20 % replacement.

Table 5.6 Flexural strength of C25 concrete with ceramic waste aggregate.

Code Ceramic Flexural Strength % strength increase
(%) (Mpa) compared to reference mix
C25C00 0 4.44 0.0
C25C10 10 5.01 12.84
C25C20 20 5.25 18.24
C25C30 30 4.95 11.49
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The specimen prepared with 20% partial replacement achieves the greatest value of 5.25
MPa, while the sample prepared with 0% partial replacement achieves the lowest value of
4.44 MPa. As demonstrated in figure 5.7 below, the specimen with 10%, 20%, and 30%
partial replacement increases the strength by 12.84%, 18.24 %, and 11.49 %, respectively
as compared to the control mix.

Flexural Strength of C25 Concrete
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Increment in flexural strength for C-25 concrete with
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Figure 5.7 Flexural strength of C25 Concrete with ceramic waste aggregate
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d) Splitting Tensile Strength Test Result
I. C 20 Concrete

The splitting tensile strength test for C20 concrete was also performed at the 28th day. All
of the test specimen results obtained by partially replacing coarse aggregate with crushed
waste ceramic tiles are greater than the strength of the control mix. As depicted in Table
5.7 below [Appendix E5.1], the splitting tensile strength improved somewhat as the

percentage of crushed waste ceramic tiles increased.

Table 5.7 Splitting Tensile Strength of C20 concrete with ceramic waste aggregate

Code Ceramic | Tensile Strength % strength increment
(%) (Mpa) compared to reference mix
C20C00 0 2.50 0.0
C20C10 10 2.53 1.2
C20C20 20 2.66 6.4
C20C30 30 2.56 24

The specimen created with 20% partial replacement has the greatest value of 2.66 MPa,
while the sample prepared with 0% partial replacement has the lowest value of 2.50 MPa.
As demonstrated in Figure 5.8 below, the specimen with 10%, 20%, and 30% partial

replacement increases in strength by 1.2% , 6.4%, and 2.4%, respectively.

Splitting Tensile Strength of C20 Concrete
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S 265
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= 2.6 556
E 255 2.53
£ 2.5
(7] 2.5
)
.g) 2'45 l I
= 2.4
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Figure 5.8 Splitting tensile strength of C20 Concrete with ceramic waste aggregate

1. C 25 Concrete

At the 28th day, the splitting tensile strength test for C 25 concrete was also carry out. The
strength of the experiment samples made by partly substituting coarse aggregate with
crushed waste ceramic tiles is more than the strength of the reference mixes in all cases.
Table 5.8 [Appendix E5.2] exhibits that as the amount of waste crushed ceramic increases,

the splitting tensile strength improved significantly.

Table 5.8 Splitting Tensile Strength of C20 concrete with ceramic waste aggregate.

Code Ceramic | Tensile Strength % strength increment
% (Mpa) compared to reference mix
C25C00 0 2.60 0.0
C25C10 10 2.89 11.15
C25C20 20 3.49 34.23
C25C30 30 3.03 16.54

The specimen prepared with 20% substitution has the maximum result of 3.49 MPa, while
the sample prepared with 0% partial replacement has the lowest value of 2.60 MPa. As
shown in Figure 5.9, the specimen with 10%, 20%, and 30% partial replacement increases
in strength by 11.15 %, 34.23 %, and 16.54 %, respectively.
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Figure 5.9 Splitting tensile strength of C25 Concrete with ceramic waste aggregate
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CHAPTER 6 CONCLUSIONS AND RECCOMENDATIONS

This experiment's main objective is to investigate the characteristics of freshly-mixed and
hardened concrete when coarse aggregate is partially replaced with crushed waste ceramic
coarse aggregate in the making of concrete. The results of the reference specimen were
evaluated by comparing to the substitution results. As a result of the findings of the
research, it has been determined that the following conclusions and recommendations are

made:

6.1 Conclusions
1. The results of this investigation have demonstrated that ceramic waste aggregate
has the ability to partially substitute the natural coarse aggregate in concrete since
its physical characteristics are fit the standard. As a result, the ceramic waste

aggregate can be employed partially in the concrete mixture.

2. The workability of ceramic waste aggregate concrete drops as the proportion of
natural coarse aggregate substituted with ceramic waste aggregate rises for the two
classes of concrete. This is owing mostly to the increased water absorption of

ceramic waste aggregate, which results in a lower water content in the mix.

3. The fresh and hardened concrete density of ceramic waste aggregate concrete
decreases as the percentage of ceramic waste coarse aggregate increases. This is
because ceramic waste aggregate has a lower specific gravity than the natural

aggregate.

4. The experiment results indicated that for 10%, 20 %, and 30 % replacement of the
natural coarse aggregate with crushed waste ceramic aggregate resulted improved
compressive strength, split tensile strength and flexural strength for C20 and C25
classes of concrete. The maximum result was obtained at 20% replacement.
However, the aforementioned strength tests starts to decrease at 30 % replacement
when compared to the 10% and 20 % replacement. Therefore the increase in
compressive strength ,split tensile strength and flexural strength for both grades of

concrete can be attributed to the following factors:-

e The irregular shape and rough surface of ceramic aggregate, which provide
superior specific surface area to bond strongly with cement paste.
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e The high porosity and water absorption of ceramic aggregate, which
provides guaranteed cement hydration through internal curing.
e Due to high aggregate — paste bonding provided by the increased surface

area of rough ceramic aggregate.

6.2 Recommendations for future studies

1.

The influence of larger size waste ceramic tiles (size such as 19m or 20 mm) on

the characteristics of fresh and hardened concrete should be investigated.

A comparison study of concrete made with ceramic waste tiles, sanitary wares,
table wares and electrical insulators from various types of ceramic waste industries

should be conducted.

The structural performance of concrete members made with ceramic aggregates

should be rigorously studied for flexure and shear.

More researches should be done to determine the durability of ceramic waste tile
concrete in an aggressive environment, such as freeze and thawing, fire resistance,
acid resistance, sorptivity test and abrasion test of different type of ceramic waste

tile concrete.
The use of crushed ceramic products as fine aggregate could also be investigated.

Research should be carried out on the possibility of producing a machine capable

of crushing ceramic wastes.

6.3 Contributions to knowledge

1.

2.

Within the limited scope of the experiments carried out in this investigation,
concrete made with crushed ceramic as a partial replacement for the natural coarse
aggregates can be considered a suitable alternative for normal cement concrete
production.

The usage of these ceramic wastes in concrete as a partial substitute for coarse

aggregate could be one solution in the waste removal process.
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APPENDIX — A1 TESTS FOR CONCRETE INGRIDIENTS

Al.1: Tests for Fine aggregates
1. Silt Content

The objective of the test is to determine the silt (finer than N0.200 sieve) content in a sand.

Formula:-

A
Silt content :E*lOO Where: A: amount of silt deposited above the sand = 6 ml

B: amount of clean sand =294ml

Calculation:-

19.75
280.25

Before washing: - Silt content (%) = =7.05% > 6 % is not ok!

6
After washing: - Silt content (%) :2—94*100: 2.04 % < 6% is not ok!
According to the Ethiopian standard, if the sand contains over 6% silt, it shall not be used
for construction. The sand used for this research has silt content of less than 6%, therefore

it is suitable for construction.

2. Sieve analysis

The objective of the test is to determine the particle size distribution of fine aggregate.
Table 1 shows the grading requirment of sand and Table 2 below shows the particle size
distribution as per ASTM standard. As it is depicted in, the figure 1 below the sample sand

satisfies the graduation requirement of ASTM standard.

Table 1: Grading requirement for fine aggregate.

Percentage passing through test sieves having square openings
9.5mm | 475 mm | 236 mm | 1.18 mm | 600um 300pm 150 pm
100 95-100 | 80-100 | 50-85 25-60 10-30 2-10
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Table.2: Sieve analysis test result of fine aggregate

Sieve | Wt. of Wt. of Wt. of | Percentage | Cumul. | Cumul.
size sieve sieve & Retained | retained | Coarser | Passing
(mm) (gm) Retained (gm) (%) (%) (%)
(9m)
9.5 0 0 100
4.75 431.3 439.6 8.3 1.66 1.66 98.3
2.36 387.2 439.0 51.8 10.36 12.02 88.0
1.18 373.0 485.1 112.1 22.42 34.44 65.6
600pm | 324.8 457.7 132.9 26.58 61.02 39
300pm | 302.8 428.7 125.9 25.18 86.20 13.8
150um | 283.1 310.0 26.9 5.38 91.51 8.4
Pan 240.4 282.50 42.1 8.42 100.0
Total 500 280

> Cummulative Coarser

Fineness modulus (FM) = 100 *100=280/100 =2.80
Fine aggregate
110 100 100 100
100 #9873 1 Mm—100
90 858
(@) ) Sl
.g 80 =~ 80
g 70
i 60 b(i'%S.G / —o—Result
§ 8 / /m =H=min
= 50 E-50
§ 40 W?‘%/ A—max
30 /% /
20 10 ;/. =
10 gg 4235870
0 -
150pum 300pm 600pm 1.18 236 4.75 95
mm mm mm mm
Sieve size

Figure 1 Graphical representation of sieve analysis of fine aggregate
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3. Specific gravity and absorption capacity

The objective of this test is to determine bulk and apparent specific gravity, and absorption

of fine aggregate.
Formula: -

C =0.9976 Va+500+W
B=0.9976 V +W

A

Bulk specific gravity = B+500-C

500

Bulk specific Gravity (SSD basis) = B+500-C

A
Apparent Specific Gravity = BrA-C

5
Absorption Capacity (%) = *100

Where: -

C: weight of pycnometer filled with sample plus water, [g]

Va: volume of water added to pycnometer, [cm?]

V: Volume of flask, [cm?]

W: weight of the pycnometer empty, [g]

A: weight of oven-dry sample in air, [g]

B: weight of pycnometer filled with water, [g] and

C: weight of pycnometer with sample and water to calibration, [g]
Test result: -

Weight of sample = 500 gm
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W= 320 gm

V=976.5 cm®

VA =768 cm3

A =474 gm

Calculation: -

C =0.9976*768+500+320 =1586.16 gm

B =0.9976*976.5+320 =1294.16 gm

A 474

B+500-C _ 129416+500-1586.16 220

Bulk specific gravity =

500 500

B+500-C _ 12904167500-1586.16 > %0

Bulk specific Gravity (SSD basis) =

. . A 474 _
Apparent Specific Gravity = BrA-C - 1294167474—1586.16 ~ 2.60
Absorption Capacity (%) = SOOT_A x100 = 502;:74 x100 =5.48 %

Note: When computing the quantities for concrete mixes using ACI mix design the specific

gravity of saturated surface dry (SSD) aggregate value is used

4. Moisture content

The objective of this test is to determine the moisture content of fine aggregate.

Formula: -
W(%) = £=2x 100
Where: -
W: Moisture content (%)

A: weight of original sample [gm] and
B: weight of oven dry sample, [gm]
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Test result: -
A=500 gm.
B =462.96gm

Calculation: -

(500 — 462.96)
W(%) = 16296 * 100 = 8%

5. Unit weight of fine aggregates (sand)

The weight of a specific volume of graded aggregate is known as a unit weight. Therefore,
it is a density measurement also referred to as bulk density. It is determined by filling a

bucket with a predetermined volume and weighing it using rodding procedure.

The test results:

Weight of measuring apparatus = 4842 gm
Weight of sample and measuring apparatus =25702 gm
Formula: -

2
. 7D“h
Volume of measuring apparatus = i

Where:-
D: inside diameter of measuring apparatus =253mm

h: height of measuring apparatus = 275mm

n=23.14
Calculation: -

_ 3.14*0.253° *0.275 ;
Volume of measuring apparatus = 2 =0.014m
Unit weight of coarse aggregate = 25'7%20—ij =1490 kg/ m®
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Al.2: Tests for Coarse Aggregates
1. Sieve analysis

A sieve analysis is an analytical technique used to determine the particle size distribution
of a granular material with macroscopic granular sizes. The sieve analysis technique
involves several layers of sieves with different grades of sieve opening sizes. The finest
sized sieve lies on the bottom of the stack with each layered sieve stacked above in order
of increasing sieve size.

The requirement from ASTM standard for grading coarse aggregate regarding of
percentage of passing through each sieves are presented in Table 3 as depicted below.

Table 3 Grading requirement for coarse aggregate

Nominal size of Percentage passing through test sieves having square openings
aggregate ,mm

75mm | 63mm | 37.5mm | 19mm 13.2mm | 9.5mm | 4.75mm
38-5 100 - 95-100 | 30-70 - 10-35 | 0-5
19-5 - - 100 95-100 - 25-55 | 0-10
13-5 - - - 100 90-100 |40-85 |0-10

The test results:

Table 4: Sieve analysis test result of crushed ceramic aggregates

Sieve | Wt. of Wt. of Wt. of | Percentage | Cumul. | Cumul. | Standard
size sieve sieve & | Retained | retained | Coarser | Passing | Limit
(mm) | (gm) | Retained | (gm) (%) (%) (%) (%)
(gm)
19 0 0 0 100 100
12.5 1158 1258 100 5 5 95 90-100
9.5 1163 1962 799.99 40 45 55 40-85
4.75 1260 2359.99 | 1099.99 55 100 0 0-10
1999.98

Table 4 above displays particle size distribution of coarse aggregate is within the allowable
range. The cumulative percent passing of each sieve number fulfils with ASTM

requirements as it is shown graphically in Figure 2.
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Figure 2. Graphical representation of sieve analysis of coarse aggregate

2. Specific gravity and water absorption

Specific gravity, also called relative density, ratio of the density of a substance to that of a
standard substance. The usual standard of comparison for solids and liquids is water. An
approximate aggregate sample of 5kg was required, by using quartering from the sample.

All aggregates passing No. 4(4.75mm) sieve were rejected.

Formula: -

A
Bulk specific gravity = ——
p g y B_C

e : , B
Bulk specific Gravity (SSD basis) = B_C

Apparent Specific Gravity = A—AC

Absorption Capacity (%) = B;AA *100
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Where: -

A: weight of oven-dry sample in air, [g]

B: weight of saturated-surface-dry sample in air, [g] and
C: weight of saturated sample in water, [g]

Calculation: -

4958

Bulk specific gravity = ——=2.
P g y 5003-3138

5003
5003-3138

4958
4958-3138
5003-4958

Absorption Capacity (%) :W *100=0.91%

Bulk specific Gravity (SSD basis) =

Apparent Specific Gravity =

3. Moisture content

The objective of this test is to determine the moisture content of coarse aggregate.

Formula: -
= %*100
Where: -
W: Moisture content (%)
A: weight of original sample [gm] and
B: weight of oven dry sample, [gm]
The test results:
A =2000gm
B=1915.6gm

Calculation: -

~ 2000-1915.6
19156

*100=4.4%
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4. Unit weight of aggregates

The weight of a specific volume of graded aggregate is known as a unit weight. Therefore,
it is a density measurement also referred to as bulk density. It is determined by filling a
bucket with a predetermined volume and weighing it using rodding procedure. This
method is applicable to aggregates of 40mm maximum size. For this project, an oven-dry

aggregate sample is used.

The test results:

Weight of measuring apparatus = 4842 gm
Weight of sample and measuring apparatus =28110 gm
Formula: -

2
. zD“h
Volume of measuring apparatus = i

Where:-
D: inside diameter of measuring apparatus =253mm

h: height of measuring apparatus = 275mm

n=3.14

Calculation: -

Volume of measuring apparatus = 3'14*0'2332 0275 _ 0.014 m®
28.11—4.842

Unit weight of coarse aggregate = =1662 kg/ m®

0.014
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Al.3: Tests for Ceramic Coarse Aggregates

1. Sieve analysis

A sieve analysis is an analytical technique used to determine the particle size distribution
of a granular material with macroscopic granular sizes. The sieve analysis technique
involves several layers of sieves with different grades of sieve opening sizes. The finest
sized sieve lies on the bottom of the stack with each layered sieve stacked above in order

of increasing sieve size.

The requirement from ASTM standard for grading coarse aggregate regarding of
percentage of passing through each sieves are presented in Table 5 as depicted below.

Table 5. Grading requirement for coarse aggregate.

Nominal size | Percentage passing through test sieves having square openings

of aggregate

mm 75mm | 63mm | 37.5mm | 19mm 13.2mm | 9.5mm | 4.75mm

38-5 100 - 95-100 | 30-70 - 10-35 | 0-5

19-5 - - 100 95-100 - 25-55 | 0-10

13-5 - - - 100 90-100 | 40-85 |0-10

Table 6. Sieve analysis test result of crushed ceramic aggregates

Sieve | Wit. of Wt. of Wt. of | Percentage | Cumul. | Cumul. | Standard
size sieve sieve & | Retained | retained | Coarser | Passing | Limit
(mm) | (gm) | Retained | (gm) (%) (%) (%) (%)

(9m)

19 0 0 0 100 100
12.5 1159 1257 97 4.9 4.9 95.1 90-100
9.5 1162 1963 801 40.07 44.97 55 40-85
4.75 1259 2359 1100 55.03 100 0 0-10

1999.88

Table 6 above shows that sieve analysis test result of coarse ceramic aggregate is within
the standard limit. The cumulative percent passing of each sieve number complies with

ASTM standard as shown in Figure 3 below.

AAIT, School of Civil and Environmental Engineering Page 99



Utilization of crushed ceramic waste tiles as a partial replacement of coarse aggregate in cement
concrete making

Waste ceramic aggregate

100 100

50 // == Result
550 ¢ / S——"

#r=max

Percentage passing
(8]
o
N

AR
N\

NG
N

o

—0.0-m-0
4.75 mm 9.5 mm 12.5 mm 19 mm

Sieve size

Figure 3. Graphical representation of sieve analysis of coarse aggregate

2. Specific gravity and water absorption

The specific gravity of a substance is the ratio between the weight of the substance and
that of the same volume of water. An approximate aggregate sample of 5kg was required,
by using quartering from the sample. All aggregates passing No. 4(4.75mm) sieve were

rejected.

Formula: -

A
Bulk specific gravity = ——
p g y B_C

- . ) B
Bulk specific Gravity (SSD basis) = _C
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Apparent Specific Gravity :ﬁ

Absorption Capacity (%) = B;AA *100

Where: -

A: weight of oven-dry sample in air, [gm]

B: weight of saturated-surface-dry sample in air, [gm] and
C: weight of saturated sample in water, [gm]

The test results:

A=4946 gm

B=5010gm

C=2878gm

Calculation: -

Bulk specific gravity :B/_*C = 501‘:)9_;‘278 =2.32

- . .n_ B 5010 _
Bulk specific Gravity (SSD basis) = 5 C = Toioa58 —2-35
. Lo A 4946
Apparent Specific Gravity = T = Toaeass = 239
Absorption Capacity (%) = BA;A*IOO = 501‘092‘6946 *100=4.5%

3. Moisture content

The objective of this test is to determine the moisture content of coarse aggregate.
Formula: -

W:ﬂ*loo
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Where: -

W: Moisture content (%)

A: weight of original sample [g] and
B: weight of oven dry sample, [g]

The test results:

A=2000gm

B=1993.62gm

Calculation: -

W AR o (2000-1993.62) 100-0.327%
B 1993.62

4. Unit weight of crushed ceramic aggregates

The weight of a specific volume of graded aggregate is known as a unit weight. Therefore,
it is a density measurement also referred to as bulk density. It is determined by filling a
bucket with a predetermined volume and weighing it using rodding procedure. This
method is applicable to aggregates of 40mm maximum size. For this project, an oven-dry

aggregate sample is used.

The test results:-

Weight of measuring apparatus = 4842 gm
Weight of sample and measuring apparatus =21838 gm
Formula: -

mxD%xh
4

Volume of measuring apparatus =

Where:-

D: inside diameter of measuring apparatus =253mm
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h: height of measuring apparatus = 275mm
n=23.14
Calculation: -

3.14%0.253%%0.275

—_ 3
2 = 0.014m

VVolume of measuring apparatus =

21.838 -4.842

= 1214 kg/ m?
0.014

Unit weight of coarse aggregate =
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APPENDIX - B2 MIX DESIGN (AMERICAN CONCRETE INSTITUTE)

B2.1: C 20 Concrete Mix Design
The quantity of water, cement, and fine aggregate and coarse aggregate was proportioned

as per ACI 211.1 ““ Proportions for normal, heavyweight, and mass concrete. ”
Replacement of coarse aggregate with 0 % crushed ceramic tiles.

Grade of Concrete- C-20

Properties of cement:-

Specific gravity: 3.15

Cement: Dangote OPC 42.5N

The specified 28day 150mm cubic specimen compressive strength (f'c) is 20MPa, the
equivalent cylindrical (150 mm dia. x 300 mm) compressive strength was calculated based
on the conversion factor given in the researches related to ACI founds a conversion factor
of 1.15 to 1.25 to convert 150x150x150mm cube strength to cylindrical strength. Whereas,
EBCS 2 table 2.2 or Euro Code EN-206 recommends a conversion factor of 1.25 in order

to convert 150mm cube strength to cylindrical 300x150mm.
Therefore, the required compressive strength was calculated as:
f’c (cylindrical) = f’c (cube)/1.25=20/1.25 =16 MPa (' which is less than 21 MPa)

f'cr=1'c+7 =16+7 = 23 Mpa

Where: f ' ¢ — is the specified compressive strength &

f " cr—is the required compressive strength

Mix Design Procedure

Step 1 - Choosing slump height

The slump being fixed as 40mm, according to ACI table A1.5.3.1 for pavements and slabs,

Step 2 - Choosing nominal maximum size of aggregate
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The aggregate to be used has a nominal maximum size of 12.5 mm.
Step 3 — Computing quantity of mixing water

According to ACI 211.1 on Table A1.5.3.3, for nominal maximum size of 12.5mm coarse

aggregate and for 25-50 mm slump, the estimated water content is 199 kg / m 3.

Step 4 —water to cement ratio (w/c)

From ACI 211.1 on Table A1.5.3.4 (a): by interpolation the water to cement ratio is 0.64.
Step 5 — Quantity of cement

For 23 Mpa concrete the cement content is (199 kg / m3) /0.64 =311 kg/ m?

Step 6 — Quantity of coarse aggregate

From ACI 211.1 on Table Al1.5.3.6, for nominal maximum size of 12.5 mm coarse
aggregate and fineness modulus of sand of 2.80, the volume of dry-rodded coarse

aggregate per a unit volume of concrete equals to 0.55 m®.

Therefore, the weight of coarse aggregate = 0.55 m** 1662 kg/ m® = 914 kg

Step 7 — Quantity of sand

Vol. of water = 199 / (1*1000) =0.199 m 3

Vol. of Cement = 311/ (3.15*1000) = 0.099 m 3

Vol. of coarse aggregate = 914 / (2.68 *1000) = 0.311 m 3

Vol. of entrapped air = 0.025 * 1 = 0.025 m 3 (From ACI 211.1, Table A1.5.3.3)
Total Vol. = (0.199 m 3+0.099 m 3+0.311 m 3+0.025 m ®) = 0.634m 3

Therefore, the volume of sand (fine aggregate) =1 m 3- 0.634 m 3=0.366 m * and
The mass of fine aggregate is = (0.366*2.40*1000) = 878 kg

Weight of ingredients for 1 m 3 of fresh concrete:
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Materials Quantity (Kg)
Water (net mixing ) 199
Cement 311
Fine aggregate 878
Coarse aggregate 914
Crushed ceramic tiles 0
Total 2302

Step 8 — Adjustment for moisture aggregate

But the moisture content is worth of consideration, the masses of the aggregates shall be
adjusted. Thus, due to the moisture contents determined in the lab test,

Coarse aggregate (wet) = 914+ (914*4.4%) = 954 kg

Fine aggregate (wet) = 878+ (878*8 %) = 948 kg

Then, the surface water contained in the wet aggregate excluding the absorbed water
should be reduced from the added water adjustment. Thus, the estimated requirement for

added water becomes:-
Added water = mixing water — (moisture —absorbed water)
Added water = 199 - [(914 * (4.4% -0.91%)) + (878*(8%- 5.48 0%))] =145 kg

Therefore the estimated batch masses per cubic meter of concrete after adjustment for

moisture and absorption are:

Materials Quantity (Kg)
Water 145
Cement 311
Fine aggregate (wet ) 948
Coarse aggregate (wet) 954
Crushed ceramic tiles 0
Total 2358
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Step 9 — Trial mix

For the laboratory trial batch, it is found convenient to scale the masses down to produce

0.02 m® of concrete as below:-

Materials Quantity (Kg)
Water 2.90
Cement 6.22
Fine aggregate (wet ) 18.96
Coarse aggregate (wet) 19.08
Crushed ceramic tiles 0
Total 47.16

Step 10 — Trial batch adjustment
1st adjustment for Slump of the trial batch,

If there is need of either adding or reducing of mixing water, the quantity of the ingredients
can be re-estimated by adding or reducing kg of water for any unit of slump to be increased
or decreased. For any 10 mm slump to be increased or decreased, add or reduce 2kg water
per m3 of concrete; (ACI 211 Section A1.5.3.9.1).

The amount actually used in the effort to obtain the desired slump of 40 mm is 2.80 kg.
The batch as mixed, therefore, consists of:-

Materials Quantity (Kg)
Water 2.80
Cement 6.22
Fine aggregate 18.96
Coarse aggregate 19.08
Crushed ceramic tiles 0
Total 47.06

The concrete has a measured slump of 40 mm and unit mass of 2253 kg /m 3
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Step 10.1 - Yield of trial mix

Mixing water content:-

Materials Quantity (Kg)
Water 2.80
From Fine aggregate 0.44
From Coarse aggregate 0.64
Total 3.88

The mixing water required for a cubic meter of concrete with the slump of 40 mm slump

as the trial batch is 194 kg:-

Step 10.2 — Cement quantity adjustment

Since the water content has changed the amount of cement is computed to be 303 kg.

Step 10.3 — Quantities of ingredients after adjustment

Quantity per 1 m?
Materials In terms of dry mass of In terms of wet mass of
aggregates (Kg) aggregates (Kg)
Mixing water 194 194
Cement 303 303
Fine aggregate 878 948
Coarse aggregate 949 954
Total 2324 2399
Quantity per 0.02 m®
Ingredients In terms of dry mass of In terms of wet mass of
aggregates (Kg). aggregates (Kg).
Mixing water 3.88 3.88
Cement 6.06 6.06
Fine aggregate 17.56 18.96
Coarse aggregate 18.98 19.08
Total 46.48 47.98
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B2.2: C25 Concrete Mix Design
The quantity of water, cement, and fine aggregate and coarse aggregate was proportioned
as per ACI 211.1 “* Proportions for normal, heavyweight, and mass concrete. ”

Replacement of coarse aggregate with 0 % crushed ceramic tiles.
Grade of Concrete- C-25

Properties of cement:-

Specific gravity: 3.15

Cement: Dangote OPC 42.5N

The specified 28day 150mm cubic specimen compressive strength (f'c) is 25MPa, the
equivalent cylindrical (150 mm dia. x 300 mm) compressive strength was calculated based
on the conversion factor given in the researches related to ACI founds a conversion factor
of 1.15 to 1.25 to convert 150x150x150mm cube strength to cylindrical strength. Whereas,
EBCS 2 table 2.2 or Euro Code EN-206 recommends a conversion factor of 1.25 in order

to convert 150mm cube strength to cylindrical 300x150mm.
Therefore, the required compressive strength was calculated as:
f'c (cylindrical) = f'c (cube)/ 1.25 =25/1.25 =20 MPa ( which is less than 21 MPa)
f'er="f'ct7 =20+7 =27 Mpa
Where: f ' ¢ — is the specified compressive strength &
f " cr —is the required compressive strength
Mix Design Procedure
Step 1 - Choosing slump height
The slump being fixed as 40mm, according to ACI table A1.5.3.1 for pavements and slabs,
Step 2 - Choosing nominal maximum size of aggregate

The aggregate to be used has a nominal maximum size of 12.5 mm.
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Step 3 — Computing quantity of mixing water

According to ACI 211.1 on Table A1.5.3.3, for nominal maximum size of 12.5mm coarse

aggregate and for 25-50 mm slump, the estimated water content is 199 kg / m 3.

Step 4 — water to cement ratio (w/c)

From ACI 211.1 on Table A1.5.3.4 (a): by interpolation the water to cement ratio is 0.58.
Step 5 — Quantity of cement

For 27 Mpa concrete the cement content is (199 kg / m ) /0.58 =343 kg / m?

Step 6 — Quantity of coarse aggregate

From ACI 211.1 on Table Al1.5.3.6, for nominal maximum size of 12.5 mm coarse
aggregate and fineness modulus of sand of 2.80, the volume of dry- rodded coarse

aggregate per a unit volume of concrete equals to 0.55 m®.

Therefore, the weight of coarse aggregate = 0.55 m** 1662 kg/ m® = 914 kg

Step 7 — Quantity of sand

Vol. of water = 199 / (1*1000) =0.199 m 3

Vol. of Cement = 343 / (3.15*1000) = 0.109 m 3

Vol. of coarse aggregate = 914 / (2.68 *1000) = 0.341 m 3

Vol. of entrapped air = 0.025 * 1 = 0.025 m 3 (From ACI 211.1, Table A1.5.3.3)
Total Vol. = (0.199 m 3+0.109 m 3+0.341 m 3+0.025 m %) = 0.674m 3

Therefore, the volume of sand (fine aggregate) =1 m 3- 0.674 m 3=0.326 m * and
The mass of fine aggregate is = (0.326*2.40*1000) = 782 kg

Weight of ingredients for 1 m 2 of fresh concrete:
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Materials Quantity (Kg)
Water (net mixing ) 199
Cement 343
Fine aggregate 782
Coarse aggregate 914
Crushed ceramic tiles 0
Total 2238

Step 8 — Adjustment for moisture aggregate

But the moisture content is worth of consideration, the masses of the aggregates shall be
adjusted. Thus, due to the moisture contents determined in the lab test,

Coarse aggregate (wet) = 914+ (914*4.4%) = 954 kg

Fine aggregate (wet) = 782+ (782*8 %) = 844 kg

Then, the surface water contained in the wet aggregate excluding the absorbed water
should be reduced from the added water adjustment. Thus, the estimated requirement for

added water becomes:-
Added water = mixing water — (moisture —absorbed water)
Added water = 199 - [(914 * (4.4% -0.91%)) + (782*(8.0%-5.48%))] =147 kg

Therefore the estimated batch masses per cubic meter of concrete after adjustment for

moisture and absorption are:

Materials Quantity (Kg)
Water (to be added) 147
Cement 343
Fine aggregate (wet ) 844
Coarse aggregate (wet) 954
Crushed ceramic tiles 0
Total 2288
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Step 9 — Trial mix

For the laboratory trial batch, it is found convenient to scale the masses down to produce

0.02 m® of concrete as below:-

Materials Quantity (Kg)
Water (added ) 2.94
Cement 6.86
Fine aggregate (wet ) 16.88
Coarse aggregate (wet) 19.08
Crushed ceramic tiles 0
Total 45.76

Step 10 — Trial batch adjustment
1st adjustment for Slump of the trial batch,

If there is need of either adding or reducing of mixing water, the quantity of the ingredients
can be re-estimated by adding or reducing kg of water for any unit of slump to be increased
or decreased. For any 10 mm slump to be increased or decreased, add or reduce 2kg water
per m3 of concrete; (ACI 211 Section A1.5.3.9.1).

The amount actually used in the effort to obtain the desired slump of 40 mm is 2.60 kg.
The batch as mixed, therefore, consists of:-

Materials Quantity (Kg)
Water (to be added) 3.89
Cement 6.86
Fine aggregate 16.88
Coarse aggregate 19.08
Crushed ceramic tiles 0
Total 46.71

The concrete has a measured slump of 40 mm and unit mass of 2335 kg /m 3
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Step 10.1 - Yield of trial mix

Mixing water content:-

Materials Quantity (Kg)
Water 3.09
From Fine aggregate 0.39
From Coarse aggregate 0.64
Total 4.12

The mixing water required for a cubic meter of concrete with the slump of 40 mm slump
as the trial batch is 206 kg:-

Step 10.2 — Cement quantity adjustment

Since the water content has changed the amount of cement is computed to be 355 kg.

Step 10.3 — Quantities of ingredients after adjustment

Quantity per 1 m?
Materials In terms of dry mass of In terms of wet mass of
aggregates (Kg) aggregates (Kg)
Mixing water 206 206
Cement 355 355
Fine aggregate 782 844
Coarse aggregate 914 954
Total 2257 2359
Quantity per 0.02 m®
Materials In terms of dry mass of In terms of wet mass of
aggregates (Kg) aggregates (Kg)
Mixing water 4.12 4.12
Cement 7.10 7.10
Fine aggregate 15.64 16.88
Coarse aggregate 18.28 19.08
Total 45.14 47.18
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APPENDIX - C3 COMPRESSIVE STRENGTH TEST RESULT

C3.1: C20 Compression Strength for zero percent ceramic substitution.

Strength C20

Mix Designation C20C00

Ceramic substitution 0%
No | Age | Ceramic Size of Wt. | Vol. | Failure | Comp. Unit

(days) | waste specimen (gm) | (cm® | Load | Strength Wi.
(%) (cm) (Kn) | (Mpa) | (gm/cm?)
LIW| H

1 0 15| 15 | 15.3 | 7987 | 34425 | 330.75 | 14.70 2.32
2 7 0 15| 15 | 15.1 | 7950 | 3397.5 | 337.10 | 14.98 2.34
3 0 15| 15 | 15.2 | 8037 | 3420.0 | 333.00 | 14.80 2.35
Mean 14.83 2.34
1 0 15| 15 | 15.1 | 7882 | 3397.5 | 382.73 | 17.01 2.32
2 14 0 15| 15 | 15.2 | 7934 | 3420.0 | 384.98 | 17.11 2.32
3 0 15| 15 | 15.3 | 7952 | 34425 | 382.95 | 17.02 2.31
Mean 17.05 2.32
1 0 15| 15 | 15.2 | 7832 | 3420.0 | 632.48 | 28.11 2.29
2 28 0 15| 15 | 15.1 | 7814 | 3397.5 | 636.98 | 28.31 2.30
3 0 15| 15 | 15.3 | 7918 | 34425 | 628.20 | 27.92 2.30
Mean 28.11 2.30
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C3.2: C20 Compression Strength for ten percent ceramic substitution.

Strength C20
Mix Designation C20C10
Ceramic substitution 10%
No | Age | Ceramic Size of Wt. | Vol. | Failure | Comp. Unit
(days) | waste specimen (gm) | (cm® | Load | Strength Wit.
(%) (cm) (Kn) | (Mpa) | (gm/cm?)
L|{wW| H
1 10 15| 15 | 15.2 | 7866 | 3442.0 | 342.00 | 15.20 2.30
2 7 10 15| 15 | 15.1 | 7882 | 3397.5 | 347.40 | 15.44 2.32
3 10 15| 15 | 15.2 | 7832 | 3420.0 | 337.73 | 15.01 2.29
Mean 15.22 2.30
1 10 15| 15 | 15.2 | 7729 | 3420.0 | 414.00 | 18.40 2.26
2 14 10 15| 15 | 15.1 | 7780 | 3397.5 | 392.40 | 17.44 2.29
3 10 15| 15 | 15.3 | 7952 | 34425 | 402.08 | 17.87 2.31
Mean 17.90 2.29
1 10 15| 15 | 15.2 | 7763 | 3420.0 | 654.98 | 29.11 2.27
2 28 10 15| 15 | 15.1 | 7746 | 3397.5 | 652.05 | 28.98 2.28
3 10 15| 15 | 15.1 | 7780 | 3397.5 | 649.35 | 28.86 2.29
Mean 28.98 2.28
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C3.3: C20 Compression Strength for twenty percent ceramic substitution.

Strength C20
Mix Designation C20C20
Ceramic substitution 20%
No | Age | Ceramic Size of Wt. | Vol. | Failure | Comp. Unit
(days) | waste specimen (gm) | (cm® | Load | Strength Wit.
(%) (cm) (Kn) | (Mpa) | (gm/cm?)
L|{wW| H
1 10 15| 15 | 15.3 | 7849 | 34425 | 374.85 | 16.66 2.28
2 7 10 15| 15 | 15.1 | 7780 | 3397.5 | 359.33 | 15.97 2.29
3 10 15| 15 | 15.1 | 7848 | 3397.5 | 401.85 | 17.86 2.31
Mean 16.83 2.29
1 10 15| 15 | 15.2 | 7695 | 3420.0 | 445.95 | 19.82 2.25
2 14 10 15| 15 | 15.3 | 7746 | 34425 | 425.70 | 18.92 2.25
3 10 15| 15 | 15.3 | 7814 | 34425 | 404.10 | 17.96 2.27
Mean 18.90 2.26
1 10 15| 15 | 15.1 | 7610 | 3397.5 | 678.38 | 30.15 2.24
2 28 10 15| 15 | 15.1 | 7712 | 3397.5 | 663.53 | 29.49 2.27
3 10 15| 15 | 15.2 | 7695 | 3420.0 | 652.28 | 28.99 2.25
Mean 29.54 2.25
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C3.4: C20 Compression Strength for thirty percent ceramic substitution.

Strength C20
Mix Designation C20C30
Ceramic substitution 30%
No | Age | Ceramic Size of Wt. | Vol. | Failure | Comp. Unit
(days) | waste specimen (gm) | (cm® | Load | Strength Wit.
(%) (cm) (Kn) | (Mpa) | (gm/cm?)
L|W H
1 10 15| 15 | 15.1 | 7644 | 3397.5 | 337.30 | 14.99 2.25
2 7 10 15| 15 | 15.0 | 7661 | 3375.0 | 337.73 | 15.01 2.27
3 10 15|15 | 15.1 | 7678 | 3397.5 | 337.05 | 14.98 2.26
Mean 14.99 2.26
1 10 15| 15 | 15.2 | 7627 | 3420.0 | 396.90 | 17.64 2.23
2 14 10 15| 15 | 15.2 | 7729 | 3420.0 | 394.88 | 17.55 2.26
3 10 15| 15 | 15.1 | 7610 | 3397.5 | 395.78 | 17.59 2.24
Mean 17.59 2.24
1 10 15| 15 | 15.2 | 7661 | 3420.0 | 647.33 | 28.77 2.24
2 28 10 15| 15 | 15.1 | 7508 | 3397.5 | 649.35 | 28.86 2.21
3 10 15| 15 | 15.1 | 7576 | 3397.5 | 643.28 | 28.59 2.23
Mean 28.59 2.23
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C3.5: C25 Compression Strength for zero percent ceramic substitution.

Strength C25
Mix Designation C25C30
Ceramic substitution 0%
No | Age | Ceramic Size of W, Vol. | Failure | Comp. Unit
(days) | waste specimen (gm) | (cm®) | Load | Strength Wit.
(%) (cm) (Kn) | (Mpa) | (gm/cm?)
L|W]|H
1 0 15| 15 | 15 | 7882.2 | 3397.5 | 470.03 | 20.89 2.36
2 ! 0 15| 15 | 15 | 8105.4 | 3420.0 | 461.48 | 20.51 2.37
3 0 15| 15 | 15 | 8018.1 | 3397.5 | 450.00 | 20.00 2.36
Mean 20.47 2.36
1 0 15| 15 | 15 | 7729.2 | 3420.0 | 648.90 | 28.84 2.26
2 14 0 15| 15 | 15 | 8403.1 | 34425 | 617.85 | 27.46 2.44
3 0 15| 15 | 15 | 8018.1 | 3397.5 | 606.38 | 26.95 2.36
Mean 27.75 2.35
1 0 15| 15 | 15 | 7952.2 | 34425 | 765.23 | 34.01 2.31
2 28 0 15| 15 | 15 | 7968.6 | 3420.0 | 728.78 | 32.39 2.33
3 0 15| 15 | 15 | 7934.4 | 3420.0 | 746.78 | 33.19 2.32
Mean 33.20 2.32
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C3.6: C25 Compression Strength for ten percent ceramic substitution.

Strength C25
Mix Designation C25C10
Ceramic substitution 10%
No | Age | Ceramic Size of W, Vol. | Failure | Comp. Unit
(days) | waste specimen (gm) | (cm®) | Load | Strength Wi.
(%) (cm) (Kn) | (Mpa) | (gm/m°)
L W| H
1 10 15| 15 | 15 | 8002.8 | 3420.0 | 560.48 | 24.91 2.34
2 7 10 15| 15 | 15 | 7882.2 | 3397.5 | 540.23 | 24.01 2.32
3 10 15|15 | 15 | 7916.2 | 3397.5 | 546.98 | 24.31 2.33
Mean 24.41 2.33
1 10 15| 15 | 15 | 7934.4 | 3420.0 | 699.98 | 31.11 2.32
2 14 10 15| 15 | 15 | 7968.2 | 3420.0 | 702.00 | 31.20 2.33
3 10 15|15 | 15 | 7848.2 | 3397.5|699.98 | 31.11 2.31
Mean 31.14 2.32
1 10 15|15 | 15 | 7814.2 | 3397.5 | 816.08 | 36.27 2.30
2 28 10 15| 15 | 15 | 7900.2 | 3420.0 | 803.70 | 35.72 2.31
3 10 15|15 | 15 | 7780.3 | 3397.5 | 809.33 | 35.97 2.29
Mean 35.99 2.30
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C3.7: C25 Compression Strength for twenty percent ceramic substitution.

Strength C25
Mix Designation C25C20
Ceramic substitution 20%
No | Age | Ceramic Size of W, Vol. | Failure | Comp. Unit
(days) | waste specimen (gm) | (cm®) | Load | Strength Wit.
(%) (cm (Kn) | (Mpa) | (gm/m°)
L|{W| H
1 20 15|15 | 15 | 7695.0 | 3375.0 | 598.95 | 26.62 2.28
2 7 20 15|15 | 15 | 7848.2 | 3397.5 | 588.38 | 26.15 2.31
3 20 15| 15 | 15 | 7831.8 | 3420.0 | 585.23 | 26.01 2.29
Mean 26.26 2.29
1 20 15|15 | 15 | 7848.2 | 3397.5 | 742.73 | 33.01 2.31
2 14 20 15|15 | 15 | 7946.2 | 3397.5 | 720.45 | 32.02 2.33
3 20 15| 15 | 15 | 7883.3 | 34425 | 720.23 | 32.01 2.29
Mean 32.35 2.31
1 20 15|15 | 15 | 7712.3 | 3397.5 | 852.53 | 37.89 2.27
2 28 20 15|15 | 15 | 7644.4 | 3397.5 | 855.45 | 38.02 2.25
3 20 15|15 | 15 | 7678.4 | 3397.5 | 859.50 | 38.20 2.26
Mean 38.04 2.26
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C3.8: C25 Compression Strength for thirty percent ceramic substitution.

Strength C25

Mix Designation C25C30

Ceramic substitution 30%
No | Age | Ceramic Size of W, Vol. | Failure | Comp. Unit

(days) | waste specimen (gm) | (cm®) | Load | Strength W.
(%) (cm) (Kn) | (Mpa) | (gm/m°)
L | W| H

1 30 15| 15| 15 | 78145 | 34425 | 480.15 | 21.34 2.27
2 7 30 15| 15 | 15 | 7797.6 | 3420.0 | 484.20 | 21.52 2.28
3 30 15| 15| 15 | 7831.8 | 3420.0 | 482.85 | 21.46 2.29
Mean 21.44 2.28
1 30 15 | 15| 15 | 7729.2 | 3420.0 | 677.48 | 30.11 2.26
2 14 30 15| 15 | 15 |7678.4 | 3397.5 | 697.73 | 31.01 2.26
3 30 15| 15| 15 | 7780.3 | 3397.5 | 675.23 | 30.01 2.29
Mean 30.38 2.27
1 30 15| 15 | 15 | 7711.2 | 34425 | 762.98 | 33.91 2.24
2 28 30 [15|15| 15 |7746.3 (33975 | 767.25 | 34.10 2.28
3 30 15| 15 | 15 | 7660.8 | 3420.0 | 778.73 | 34.61 2.24
Mean 34.21 2.25
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APPENDIX - D4 FLEXURAL STRENGTH EXPERIMENT RESULT

D4.1: C20 Concrete Flexural strength Experiment Result

Age of testing — Twenty eighth day

% Dimension (cm) Failure Flexural
No Code | Ceramic L H W load strength
(KN) (MPa)
1 | C20C00 0 50 10 10 7.221 3.25
2 | C20C00 0 50 10 10 7.243 3.26
3 | C20C00 0 50 10 10 6.977 3.14
Mean 3.22
1 | C20C10 10 50 10 10 8.843 3.98
2 | C20C10 10 50 10 10 9.532 4.29
3 | C20C10 10 50 10 10 9.666 4.35
Mean 4.21
1 | C20C20 20 50 10 10 8.843 3.98
2 | C20C20 20 50 10 10 12.487 5.62
3 | C20C20 20 50 10 10 9.865 4.44
Mean 4.68
1 | C20C30 30 50 10 10 7.110 3.20
2 | C20C30 30 50 10 10 8.880 4.00
3 | C20C30 30 50 10 10 6.999 3.15
Mean 3.45
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D4.2: C25 Concrete Flexural strength Experiment Result

Age of testing — Twenty eighth day

% Dimension (cm) Failure Flexural
No Code Ceramic 3 v W (Ilg?\(lj) strength
(MPa)
1 | C25C00 0 50 10 10 8.888 4.00
2 | C25C00 0 50 10 10 10.910 491
3 | C25C00 0 50 10 10 9.799 4.41
Mean 4.44
1 | C25C10 10 50 10 10 11.356 511
2 | C25C10 10 50 10 10 10.911 491
3 | C25C10 10 50 10 10 11.133 5.01
Mean 5.01
1 | C25C20 20 50 10 10 9.422 4.24
2 | C25C20 20 50 10 10 15.533 6.99
3 | C25C20 20 50 10 10 10.044 4.52
Mean 5.25
1 | C25C30 30 50 10 10 11.222 5.05
2 | C25C30 30 50 10 10 10.422 4.69
3 | C25C30 30 50 10 10 11.378 5.12
Mean 4.95
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E5.1: C20 Concrete Splitting Tensile strength Experiment Result
Age of testing — Twenty eighth day

APPENDIX - ES TENSILE STRENGTH EXPERIMENT RESULT

No Code % Dimension (cm) Failure Splitting

Ceramic Load Tensile

D H (KN) Strength

(MPa)
1 C20C00 0 15 30 160.375 2.27
2 C20C00 0 15 30 156.843 2.22
3 C20C00 0 15 30 213.363 3.02
Mean 2.50
1 C20C10 10 15 30 187.222 2.65
2 C20C10 10 15 30 182.983 2.59
3 C20C10 10 15 30 166.734 2.36
Mean 2.53
1 C20C20 20 15 30 204.885 2.90
2 C20C20 20 15 30 170.266 2.41
3 C20C20 20 15 30 187.929 2.66
Mean 2.66
1 C20C30 30 15 30 177.332 2.51
2 C20C30 30 15 30 184.397 2.61
3 C20C30 30 15 30 180.864 2.56
Mean 2.56
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E5.2: C25 concrete Splitting Tensile strength Experiment Result

Age of testing at the 28" day

No Mix % Dimension (cm) Failure Splitting

Ceramic D H Load Tensile

(KN) Strength

(MPa)
1 C25C00 0 15 30 254.34 3.60
2 C25C00 0 15 30 296.73 4.20
3 C25C00 0 15 30 212.66 3.01
Mean 2.60
1 C25C10 10 15 30 180.86 2.56
2 C25C10 10 15 30 227.49 3.22
3 C25C10 10 15 30 204.18 2.89
Mean 2.89
1 C25C20 20 15 30 218.31 3.09
2 C25C20 20 15 30 300.97 4.26
3 C25C20 20 15 30 219.72 3.11
Mean 3.49
1 C25C30 30 15 30 213.363 3.02
2 C25C30 30 15 30 220.428 3.12
3 C25C30 30 15 30 207.711 2.94
Mean 3.03
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APPENDIX — F6 CHEMICAL COMPOSITION OF CRUSHED CERAMIC

F6.1: Chemical Composition of Crushed Ceramic Sample One (CCS01)
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F6.2:Chemical Composition of Crushed Ceramic Sample Two (CCS02)
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APPENDIX — G7 SAMPLE PHOTOS TAKEN DURING THE EXPERIMENT

T T

Photo 2. Sieves (left) and Ball-peen Hammer (right) used to crush waste ceramic.
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Photo 4. Concrete ingredients before mixed (left) and after mixed (right)
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Photo 6. Oiled concrete molds.
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Photo 8. Concrete specimens inside curing tank.
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Photo 10. Flexural Strength test (left) and Splitting Tensile Strength test (right)

AAIT, School of Civil and Environmental Engineering Page 132



