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ABSTRACT

Bricks remain one of the most fundamental materials in the construction industry, primarily
used for building houses and infrastructure. However, the increasing demand for construction
materials has put pressure on natural resources, requiring engineers to explore sustainable and
durable alternatives beyond conventional brick production. This study investigates the
feasibility of using ceramic tile waste as a partial replacement for coarse aggregate and quarry
dust as a fine aggregate substitute in the production of concrete bricks. By incorporating these
waste materials, the research aims to develop an eco-friendly and cost-effective alternative
while maintaining structural integrity. For this experimental study, M10-grade concrete was
used to manufacture concrete bricks. The mix design involved replacing natural coarse
aggregate with ceramic tile waste at varying proportions of 10%, 20%, 30%, 40%, and 50%,
while quarry dust was kept constant at 50% replacement of fine aggregate. Brick specimens
of 100mm x 100mm x 100mm were cast and subjected to various tests to assess their
mechanical and physical properties. These tests included shape and size verification,
compressive strength analysis, water absorption test, fire resistance test, soundness test, drop
test, efflorescence test, color assessment, and structural integrity evaluation. The
experimental results indicate that incorporating tile waste and quarry dust in concrete bricks
significantly enhances their strength and durability. The compressive strength of the bricks
showed an increasing trend up to an optimal percentage of tile waste replacement before
experiencing a slight decline at higher replacement levels. Water absorption rates remained
within permissible limits, suggesting good density and compactness. Additionally, fire
resistance and soundness tests demonstrated improved thermal and acoustic insulation
properties, making these bricks suitable for wvarious construction applications. The
efflorescence and drop tests confirmed the durability and weathering resistance of the
alternative bricks, further supporting their potential for practical use. Utilizing ceramic tile
waste and quarry dust in concrete brick production not only reduces reliance on natural
aggregates but also addresses the growing issue of construction waste disposal. This approach
promotes sustainable construction practices by minimizing environmental impact and
providing a cost-effective solution for affordable housing. Future research can focus on
optimizing mix proportions, assessing long-term durability, and exploring large-scale
implementation. The study concludes that concrete bricks incorporating tile waste and quarry
dust offer a promising alternative to conventional bricks, ensuring a balance between
environmental sustainability, economic feasibility, and structural performance.

Volume 12 Issue 08 Aug 2023 ISSN 2456 — 5083 Page 689



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

www.ijiemr.org

Keywords: M10 grade of concrete, Quarry dust, ceramic tile waste, Shape and size test,
Compression test, water absorption test, fire ignition, Soundness test, Drop test, Efflorescence
test, Color test, Structure test.

1. INTRODUCTION

1.1 General

Shelter is a basic human need and owing a house becomes a life long struggle as majority of
Indians find housing costs prohibitively expensive. This problem becomes even more acute
when considering the low - income families who accounts for about 60-70% of Indian
population. This brings out the need to reduce the cost of the housing and make it affordable
for the booming population. Burnt clay bricks are being used extensively and the most
important building material is the construction industry. In India the building industry
consumes about 20000 million bricks and 27% of the total natural energy consumption for
their production. The higher water absorption, high efflorescence, etc. which have forced
engineers to look for better materials capable of reducing the cost of construction. In this
contest search for an alternative building material to clay bricks, various government
agencies and research institutions have repeatedly recommended the use of waste materials
such as Fly Ash, Red Soil, Quarry Dust etc., as an alternative building material in making
bricks, blocks and tiles etc. Logically the unlimited use of clay is harmful to the society, as all
the conventional clay bricks depend on good quality clay available from agriculture fields.
Presuming a weight of 2kg per brick, the total clay is taken out from agriculture lands per
year for such brick works out to over 300 million tons.

2. LITERATURE SURVEY

Venkatarishnaian and Rajkumar, (2013) studied the properties of waste plastic fiber
reinforced concrete when quarry dust is used to replace natural sand. The maximum
workability and strength values were recorded when 30% of quarry dust used to replace sand.
Meanwhile, after 30% replacement of quarry dust the strength values decreased. Therefore,
by 50% and 30% replacement of sand by quarry dust is the optimum percentage for hollow
concrete blocks and waste plastic fiber concrete respectively.

Suresh Chandra et al., (2014) studied the effect of replacement of sand by quarry dust in
hollow concrete block for different mix proportions. The objective of the study is to indicate
the properties of hollow concrete blocks produced by the quarry dust as sand replacement.
The results showed the hollow concrete blocks sand production can be replaced partially by
50% by quarry dust instead of complete replacement. It seemed that the blocks with 50%
replacement performs better than blocks which are conventionally prepared using natural
sand. Moreover, the hollow concrete blocks can be used in load bearing masonry structures as
other option in construction industry.

Shruti et al., (2016) the mechanical behaviour of M20 grade concrete was studied with
quarry dust as sand replacement by 25%, 50%, 75% and 100%, ground granulated blast
furnace slag (GGBS) as cement replacement by 20%, 30%, 40%, 50% and 60% with plain
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cement concrete. The optimum replacement of sand by quarry dust recorded from the
findings was at 50%. The split tensile strength carried out on specimen with 50% quarry dust
replacement on sand and 60% GGBS replacement of cement gave an increase value linearly.
Besides, the flexural strength conducted with the same proportion showed an increase value
but it did not show the linear value of increased. From the outcome, the 50% or quarry dust
and 60% of GGBS by replacement were selected to be incorporated in the concrete in order
to achieve maximum mechanical properties.

Gonzalez and Etxeberria prepared high performance concrete mixes using mixed recycled
aggregate from construction and demolition treatment plant as partial substitution of gravel
with replacement levels 20%, 50%, and 100%, in addition to preparing mixes incorporating
fine ceramic aggregate as partial replacement of sand with levels 15%, and 30%. They
reported that concrete mixes with fine ceramic aggregate have higher compressive and
flexural strengths than conventional concrete. While concrete mixes incorporating ceramic
mixed aggregates with replacement levels higher than 20% have lower compressive and
flexural strengths than conventional concrete.

Paulo cachim experimented on use of waste ceramic tile aggregates, collected from ceramic
industrial waste from different sources water absorption was 15.81 and 18.91 percent
respectively. The more value of water absorption influenced the workability of concrete. In
first 2 minutes 75 percent of total absorption takes place and after 5 minutes at least 91
percent of the total absorption occurred. Medina et al concluded that use of ceramic tile
wastes with 4 mm and lower size as fine aggregates in concrete and density of concrete was
2.41 g/cm3 and compressive strength and split tensile strength were increased due to lower
fraction of ceramic waste usage in to the concrete composition.

Pancheco-Torgail and said jalali experimented the strength and durability of ceramic tile
waste concrete as compared to natural aggregate ceramic aggregates have higher value of
water absorption. Medina concluded on utilization of ceramic tile waste as an alternative
material of coarse aggregates. It was produced by crushing of sanitary ware and shape curve
is same as that of natural aggregates. Irregular shape provided that superior surface area and
better bonding was observed in experimentation.

Atul Uniyal et al. They replaced the aggregates with tile powder by 5%,10%,15% and 20.
From there tests they concluded the following: They found the most optimal percentage for
the replacement of ceramic tile powder with cement was 15 %. Above this percentage the
compressive strength of their concrete decreases.

Parminder Singh et al. They prepared three different concrete mix designs M 20, M 25 &
M30 to find the effect of tile aggregates on strength of concrete and they replaced it with
natural aggregates by proportion of 0%,5%, 10% & 20%. They found limited use of tile
aggregate in concrete due to its flaky nature. After performing various tests they concluded
that: Tile aggregate shows similar mechanical properties to that of normal aggregates but not
completely same. They found out that the water absorption, crushing value and impact value,
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were higher than natural coarse aggregate without compromising the strength we can
substitute 20% of normal 20mm aggregates in M20 grade concrete.

The literature review shows that a lot of work has been carried out on the mechanical
properties of concrete with the partial replacement of quarry dust and Cermaic tile waste with
different percentages ratios individually. The literature survey reveals that very little work
has been carried out on the M10 grade based concrete bricks with tile waste as coarse
aggregates and quarry dust as fine aggregates replacement in the possible extent. The
performance of the concrete is increased when it is added with the optimum percentage of
ceramic tile waste and quarry dust.

3. PROPOSED SYSTEM

3.1 Aim
The aim of study is to evaluate the performance and suitability of replacement of Tile waste
with coarse aggregate and fine aggregate with quarry dust in concrete bricks manufacturing.

3.2 Objective
The objectives of experimental study are:
e Study on strength characteristics of M10 grade concrete bricks with replacement of
50% fine aggregate by quarry dust and replacement of 10%, 20%, 30%, 40%, and
50% coarse aggregate by Tile waste.
e To determine the Shape and size test, Compression test, water absorption test, fire
ignition, Soundness test, Drop test, Efflorescence test, Color test and Structure test for
concrete bricks.

3.3 Methodology
The present study requires preliminary investigations in a systematic manner
e Selection of type of grade of mix, mix design by an appropriate method, trial mixes,
final mix proportions.
e Estimating total quantity of concrete required for the whole project work.
e Estimating quantity of cement, fine aggregate, coarse aggregate, tile waste, quarry
dust required for the project work.
e Preparing the concrete bricks with partial replacement of fine aggregate by quarry
dust, coarse aggregates by tile waste and cement, water-cement ratio kept constants.
e Prepared bricks cure for 7days by sprinkling of water daily 2times.
Concrete bricks tested and concluded optimum dosage of waste material replacement.

4. RESULTS AND DISCUSSIONS

As per experimental programmed results for different experiments were obtained. They are
shown in table format or graph, which is to be presented in this chapter.

4.1 Brick Test Results
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4.1.1 Compression Test

Table 4.1 Compression test results

Mix No QD-TW Compressive
(%) strength
(Mpa)
Ml 0-0 7.8
M2 50-0 9.8
M3 50-10 9.6
M4 50-20 94
M5 50-30 9.0
M6 50—-40 8.5
M7 50-50 8.0

The compressive strength is decreasing with increasing in the tile waste as coarse aggregate
replacement in the concrete brick’s preparation. The replacement of sand with quarry dust

(50%) and coarse aggregate with tile waste (Up to 50%), the incremental concrete
compressive strength comparison is mentioned below:

Compression Test results
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Fig 4.1 Compressive strength test results graph

Table 4.2 Compression test results comparison

Mix No QD-TW Compressive Increment /
(%) strength Decrement (%)

(Mpa)
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Ml 0-0 7.8 0 (control mix)
M2 50-0 9.8 +25.64
M3 50-10 9.6 +23.07
M4 50 -20 9.4 +20.51
M5 50-30 9.0 +15.38
M6 50-40 8.5 + 8.97
M7 50 - 50 8.0 +2.56

The compressive strength is higher for all different mixes from M2 to M7 as compare to the
control mix of M1. The optimum dosage of QD — TW (%) is 50 — 10 (%).

4.1.2 Efflorescence test

No efflorescence visible on all bricks. All the bricks are good quality bricks.

4.1.3 Shape and Size Test

For all bricks are rectangular shape and size 10 cm x 10 cm x 10 cm. Proper shaped or
uniformly shaped all the casted and cured concrete bricks. Then these bricks are good quality
bricks.

4.1.4 Fire Resistance Test

There is no change in the structural properties of bricks up to 200°C above which visible
cracks are seen and the bricks deteriorate with increase in temperature

4.1.5 Water Resistance Test

Table 5.3 Water Resistance Test results

Mix No QD -TW Water
(%) absorption

(%)
M1 0-0 22
M2 50-0 2.0
M3 50-10 2.6
M4 50 -20 2.8
M5 50-30 3.0
M6 50-40 33
M7 50-50 3.8
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Fig 4.2 Water absorption test results graph

The water absorption value is going to increases with increasing the tile waste content in the
preparation of concrete bricks.

4.1.6 Color Test

All the bricks having the uniform color for entire structure. Then these concrete bricks are
good quality bricks.

4.1.7 Soundness test

For all the bricks ringing sound produced and bricks are un-broken. Then the bricks are good
quality bricks.

4.1.8 Drop test

For all the bricks un-broken while performed drop test, then the bricks are good quality
bricks.

4.1.9 Structure of Bricks

There are no flaws, cracks or holes present on that broken face then that is a good quality
brick.

4.1.10 Hardness test

Little bit scratch visible on all bricks concrete bricks.

5. CONCLUSIONS

Aggregates play a crucial role in the production of concrete bricks. However, the excessive
extraction of natural aggregates, including river sand and crushed stone, has led to severe
environmental issues such as deforestation, pollution, noise, dust, blasting vibrations, and the
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destabilization of hills, resulting in landslides. The depletion of natural resources has become
a growing concern, making it necessary to explore alternative materials that can reduce
environmental damage while maintaining structural integrity. Additionally, the disposal of
construction and demolition (C&D) waste, particularly tile waste and quarry dust, poses a
significant challenge. Utilizing these materials in concrete brick manufacturing not only
provides a solution for waste disposal but also enhances the mechanical properties of bricks.
This study investigates the partial replacement of coarse aggregate with tile waste to create an
economical and durable concrete structure. By integrating waste materials, this approach
contributes to low-cost housing solutions while addressing the issue of C&D waste
management. The research findings indicate that replacing up to 10% of coarse aggregate
with tile waste and 50% of sand with quarry dust results in improved strength and cost
efficiency. In fact, the compressive strength of bricks with this mix proportion is higher than
that of conventional concrete bricks.
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