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Abstract - Concrete is one of the important construction
materials widely used around the world to develop
infrastructures and it is also one of the major factor
affecting economies. Infrastructural development is at its
peak all over the world and is a symbol of growth for any
country. The production of concrete consumes lots of natural
resources, which releases CO; into the atmosphere and thus
leads to global warming. Due to the day-by-day innovations
and development in construction field, the use of natural
coarse aggregates is very high as well as production of solid
wastes from the demolitions of constructions is also very
high. Because of these reasons the reuse of demolished
wastes came to reduce the solid waste and to reduce the
depletion of natural aggregates. Ceramic is industrially
processed by being cut, polished, and used for decorative
purposes, and thus, economically valuable. During the
cutting process, 20 - 30% of ceramic get wasted. Ceramic
waste leads to a serious environmental problem as well.
Therefore, the use of ceramic waste in the concrete
production has increasingly become an important issue.
Ceramic tile waste, which is obtained from construction
sites, demolition sites, and manufacturing industries, has a
negative impact on the environment. Recycling these
ceramic tiles to produce concrete could be a useful strategy
for preserving the environment and enhancing the
concrete's inherent qualities. Ceramic waste concrete has
economical and environmental advantages. It also makes
concrete sustainable, but precaution needs to be required,
especially for higher replacements that may influence the
compressive strength and thus partial replacement is
suggested.
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1. INTRODUCTION

Concrete is the most extensively used construction
material, concrete made from blending coarse aggregate,
fine aggregate, cement and water. Because of its high
compressive strength and flexibility in structural forms,
this blended material can be placed and moulded into any
shape and size. Coarse aggregate is a prime material used
for preparation of concrete and which plays a major role in

mix design. It is mostly obtained from the underground
mining and extensive mining of rocks has reportedly
causing damages to the environment. We also see that
dependency on this source has led to high material costs
also.

Economical and Environmental Impact the evolution in the
construction industry introduces several concerns
regarding availability of natural coarse aggregate
resources, as they are being rapidly depleted. Recent
statistics showed the increasing demand of construction
aggregate to reach 48.3 billion metric tons by the year
2015 with the highest consumption being in Asia and
Pacific as shown in Fig. 1 (The Freedonia Group 2012).
This increasing demand is accompanied by an increase of
construction waste. As per survey, construction waste
from European Union countries represents about 31 % of
the global waste generation per year. Similarly, in Hong
Kong, the waste production was nearly 20 million tons in
the year 2011, which constitutes about 50 % of the global
waste generation. Disposal in landfills is the common
method to manage the construction waste, which creates
large deposits of construction and demolition waste near
the sites. After demolition of old infrastructure and
buildings, the wastage is often considered worthless and
disposed of as demolition waste.

Fig. 1 - Demand of Construction Aggregates Worldwide
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Waste materials specifically ceramic industry wastes
represent a major environmental issue. Growing
construction sector and demolition of buildings creates
huge quantities of waste causing a serious environmental
issue. Producing concrete containing waste materials like
ceramic waste seems to be a good partial solution to
reduce the effect of this environmental issue. Many
researchers have used waste materials in concrete mostly
as partial replacement for the fine or coarse aggregate
depending on the type or size of the waste materials. By
collecting the used ceramic waste tiles and breaking it up,
ceramic waste aggregate (CWA) is created.

This paper focused on the use of ceramic waste as a coarse
aggregate to form green concrete. The use of CWA in new
construction applications is still a relatively new
technique. The use of CWA on a large scale may help to
reduce the effects of the construction on these factors by
reusing waste materials and preventing more natural
aggregate from being harvested.

2. CERAMIC MATERIALS

The word “Ceramic” is traced back to the Greek term
Keramos, meaning “a potter” or “pottery”. Since the infancy
of ceramics, up to this day, the process is still very much
same for the manufacturing of all the ceramic materials,
they need to bake the mixture of clays at very high
temperature. Ceramic products are manufactured at
extremely high temperatures between 1000°C - 1250°C
which results in very hard, highly resistant to chemical,
freezing and thermal shock.

In India the reported Ceramic Industry approximate worth
of Rs. 21,000 crores, the Indian Ceramic Tiles industry
grew by around 11% in 2013-14 and expected to reach
worth of Rs. 310 billion by 2025. As in a present report of
Global Ceramic Tiles Market of February 2016, the global
ceramic tiles market will grow at a CAGR (Compound
Annual Growth Rate) of 9.59% during the period of 2016-
2020. Globally India is ranked 3 and responsible for over
6% of total global production.

Even with an enormous growth in the ceramic production
there is an unseemly consumption. Thus, resulting to a
huge wastage which is reported to be around 15% - 30%
annually generated from the total production. Considering
the properties of ceramics their waste such as broken tiles
should be included in concrete as a substitute to
conventional construction material. This will help to solve
problems like cost, scarcity as well as other environmental
issues that may arise due to improper dumping of such
waste. The chemical composition of ceramic shows a
higher percentage of silica, alumina and calcium oxide.
Iron, magnesium and alkali oxides are also present in
small amount. Ceramic waste contains silica and alumina
which are responsible for pozzolanic reactivity and

cementitious property, making it a suitable substitution
material for the production of concrete. The specific
gravity of the ceramic materials ranges from 2.30 to 2.80.

3. ADVANTAGE OF USING CERAMIC WASTE

e  Waste Management Technique

e Reduction of emission of COz in the environment using
as a cement replacement

e Helps in attaining sustainable development of society

e Improved strength at certain replacement limit

e Reduced cost in construction due to the use of waste

4. LITERATURE SURVEY

R.M. Senthamarai et al. (2005), substituted conventional
crushed stone aggregate with ceramic electrical insulator.
Different water cement ratio of 0.35, 0.40, 0.45, 0.50, 0.55
and 0.60 were adopted. Compressive strength, split tensile
strength, flexural strength and Modulus of elasticity were
found out. It is found that the compressive, split tensile
and flexure strength of ceramic coarse aggregate are lower
by 3.8%, 18.2% and 6% respectively when compared to
conventional concrete.

A. Mohd Mustafa et al. (2008), studied on various types
of ceramic waste like flower pots, tiles and clay bricks.
Different water cement ratios were adopted such as 0.4,
0.5 and 0.7 with concrete of characteristics strength of 20
MPa. Flower pots gave the best results for compressive
strength of about 2.50% lesser than that of conventional
concrete.

Torkittikul et al. (2010), conducted a study to get
compressive strength of mortar mixes and concrete mixes
with the use of ceramic waste as a fine aggregate
substitution at the age of 7, 14 and 28 days. A higher
amount of compressive strength was found for concrete
containing ceramic waste (up to 100% substitution) with
respect to reference concrete. For 10% ceramic waste
replacement, compressive strength was 42.2 MPa and for
50% replacement, compressive strength was 50.2 MPa at
28 days, so it was concluded compressive strength
improved with rising in CWA replacement. This increase in
strength could be due to the bonding between paste and
aggregate and the rougher texture of aggregate used in the
study.

R.M. Senthamarai et al. (2011), studied the durability
properties of ceramic industry waste as coarse aggregate
in concrete. Water cement ratios from 0.35- 0.60 were
used and properties such as volume of voids, water
absorption, chloride penetration and sorption were
studied. Water absorption ranges from 3.74-7.21%
whereas that of conventional concrete from 3.1 - 6.52%.
Concrete with Ceramic shows higher results in all tests.
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Senthamarai et al. (2011), performed water absorption
test on ceramic ware insulator waste coarse aggregate
concrete and normal concrete at 28 days curing period.
The results showed a similar pattern of increasing water
absorption value with increment in water-cement ratio. It
was also concluded that water absorption is not the
measure of the quality of concrete whereas, good quality
concrete water absorption should be below 10%. In this
study water absorption for ceramic ware insulator waste
coarse aggregate concrete for different water-cement
ratios is between 3.74 and 7.21 % and for normal concrete
is lie between 3.1 and 6.25% for respective W/C ratios.

D. Tavakoli et al. (2013), investigated on the possibility of
using ceramic tile in concrete. Coarse aggregate is replaced
in the range of 0-40%. There is an increase in compressive
strength by 5.13% whereas there is a decrease in slump,
water absorption and unit weight by 10%, 0.1% and
2.29% respectively with 10% substitution.

Sudarsana et al. (2013), investigated on the influence of
water absorption of ceramic waste aggregate on strength
properties of ceramic aggregate concrete. M20 concrete is
used with 0.48 water cement ratio. Ceramic waste water
absorption is 0.08% more than conventional aggregate.
Compressive strength is best at 20% replacement reaching
93.45%, 98.84% to that of conventional concrete at 7 and
28 days. There is decrease in density with increase of
percentage replacement; at 100% replacement density is
4.43% less when compared to conventional concrete.

Medina et al. (2013), investigated the water absorption
and porosity for concrete containing ceramic waste as
coarse aggregate replacement in the amount of 0%, 20%
and 25%. An increase in water absorption value was
noticed by 36% and 46% for 20% and 25% ceramic
aggregate replacement respectively with respect to the
reference concrete. Since the values found are under 4%
and normally considered by different authors it should fall
under 10%, so it is concluded concrete falls under good
quality. A slight decrease in porosity was also identified
and this might be because of the greater porosity of
ceramic aggregate.

Alves et al. (2014), reported split tensile strength values
of concrete after 28 days with fine aggregate replacement
by the recycled fine sanitary ware aggregate in the ratio of
0%, 20%, 50% and 100%. Reduction in split tensile
strength value was observed and this could be due to
increment in the porosity of paste with the rise in
replacement ratios. The modulus of elasticity of concrete
also falls with an increase in substitution ratio. This
elasticity reduction is mainly due to recycled fine sanitary
ware aggregate has lower stiffness than fine natural
aggregate.

Maya et al. (2014), studied the mechanical properties of
roof tiles as coarse aggregate with different ratios of 0.40,
0.45 and 0.50, subjected to elevated temperature. There is
a decrease in compressive strength and Split Tensile with
increase in water cement ratio and temperature.

Amir Javed et al. (2015), analysed the compressive and
flexural strength of concrete with stone dust as natural
sand at 20%, 40%, 60%, 80% and 100% along with
ceramic waste as stone aggregate at 20% replacement. It is
found that at 40% stone dust and 20% ceramic waste
compressive strength reaches upto 77.32% of that of
conventional concrete whereas there is an increased in
flexure strength by 25.62%.

Aruna et al. (2015), experimented on clay roof tile in
concrete, pervious concrete and another combination of
fly ash as cement and tile as coarse aggregate. Tile is
replaced at 0%, 5%, 10%, 15%, 20% and 25% as TO, T5,
T10, T15, T20 and T25. In pervious concrete, as 0%, 10%,
20% and 30% as PO, P10, P20 and P30. Similarly TOFO,
T5F10, T10F20, T15F30, T20F40 and T25F50 for fly ash
and tile combination. Water cement ratio adopted is 0.41.
Density and slump is least at T25 as 4.59% and 75mm
respectively. In pervious concrete at P30 density is less by
8.68% than conventional concrete. And also at T25F50 by
6.27% and slump as 75mm. Maximum compression is
attained at T15F30 as 81.26% to that of conventional
concrete.

J. Swathi et al. (2015), partially replaced fine aggregate
with copper slag as 20%, 40% and 60% and coarse
aggregate with waste ceramic tiles as 10%, 20% and
30%.M40 grade of concrete was used. Compressive
strength increased by 7.59N/mm2 at a combination of
40% copper slag with 10% waste ceramic tiles and also
Flexure increased by 4.07%.

V. Giridhar et al. (2015), experimented on concrete with
ceramic waste as natural coarse aggreagate at 0%, 20%,
40%, 60%, 80% and 100%. M20 concrete is adopted.
Maximum compression attained at 20% replacement
reached 93.45% and 98.84% to that of conventional
concrete. Similarly split tensile strength reaches 97.38%
and 93.78% to that of conventional concrete at 7 and 28
days respectively.

T. Subramani et al. (2015), focused on the production of
light weight concrete by replacing conventional coarse
aggregate with waste ceramic tiles at 20%, 25% and 30%.
M30 grade concrete is adopted with water-cement ratio of
0.43. There is increase of 16.33%, 76.76% and 37.07% in
Compressive strength, Split tensile strength and Flexure
strength at 30% replacement.
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Medina et al. (2016), examined compressive strength test
of concrete prepared with ceramic coarse aggregate
replacing coarse aggregate up to 20%. Results showed a
rise in compressive strength value by 12% compared to
the control mixture.

Kannan et al. (2017), examined the fresh properties of
concrete containing CWP as cement substitution with the
amount of replacement 10% - 40%. Initial and final slump
values were noted. Initial slump value was found higher
for 20% and 30% replacement level in comparison to all
other replacement levels including the control mix. This
was due to the high specific surface area of the CWP as a
comparison to cement and hydration of cement. The
compressive strength values of concrete after 28 days and
90 days curing made with ceramic waste powder replacing
cement up to 40%. As the amount of CWP replacement
increased compressive strength value reduced by 15%,
17%, 18% and 20% on addition of CWP 10%, 20%, 30%
and 40% respectively. The marginal increase in
compressive strength was observed for all concrete
mixtures at the age of 90 days. All the results obtained
show that CWP can be acts as filler rather than pozzolanic
material. The decrement in strength could be due to a
decrease in cement binder content.

Subasi et al. (2017), used ceramic waste as filler in SCC at
different amount of cement replacement (0%, 5%, 10%,
15% and 20%). Fresh properties were investigated and it
was found that the flowability properties increased up to
15% replacement and decreased with 20% waste ceramic
replacement. It was observed that slump flow varies in the
range of 760-850 mm.

Nayana et al. (2018), calculated water absorption of
mortar mix after 28 days curing period having ceramic
waste as fine aggregate replacement in the amount of 0%,
15%, 30% and 50%. It was found that the percentage of
water absorption for 15% replacement decreased by
1.17% with respect to the control mixture. Reduction in
pores is the main reason for a decrease in water
absorption. The compressive strength of mortar mixtures
made using ceramic waste as the replacement of fine
aggregate at 0%, 15%, 30% and 50% by weight with and
silica fume addition of 0%, 5% and 10% by weight of
cement. The addition of silica fume showed an increase in
strength. Results show higher strength with 15%
replacement of ceramic waste with sand and decreased
strength was observed with further addition. This increase
in strength could be due to the filling effect and the
pozzolanic effect of ceramic waste. It was also reported a
noticeable rise in compressive strength with the addition
of silica fume which is replaced by cement

Siddhique et al. (2018), examined the compressive and
split tensile strength results of concrete made by fine

aggregate replacement to BCCFA (Bone China Ceramic Fine
Aggregate) in ratio of 0%, 20%, 40%, 60%, 80% and 100%
by weight. An increase in both compressive and split
tensile strength was observed for concrete containing
BCCFA replacement with respect to the control mixture.
This could be possible due to formation of denser CSH
(calcium silicate hydrate) gel which was produced due to
the presence of extra water in the fresh mix which is
further released by BCCFA which provides better bonding
property to the mix and gives an internal curing effect.

Nepomuceno et al. (2018), prepared concrete by
replacing natural coarse aggregate with recycled coarse
ceramic aggregates in a complete volume percentage of
0%, 10%, 30%, 50% and 75%. Properties of fresh concrete
were found by slump test, degree of compatibility and air
content test. Workability value in a similar range of 50-70
mm was found for different concrete mixtures. The
compressive and split tensile strength was observed at 28
days curing period. It was noticed that compressive
strength falls with a rise in recycled coarse ceramic
aggregate replacement. Also the replacement up to 30%,
tensile strength decreases at a lower rate and maximum
reduction found was 6.4% as compared to control mixture.
The maximum reduction observed was 22.2% for 75%
replacement.

El-Dieb et al. (2018), conducted a compressive strength
test on concrete cubes having ceramic waste in
replacement to cement up to 40%. The addition of ceramic
waste increased compressive strength up to 20%
replacement. The replacement beyond 20% showed a
reduction in compressive strength. This can be due to the
replacement of hydraulic binding material to non-
hydraulic ones. The increase in compressive strength was
noticed with the increase in curing period. This higher
strength could be because of the presence of the
pozzolanic property of ceramic waste powder.

Awoyera et al. (2019), conducted a slump flow test on
concrete containing ceramic waste 0%, 25%, 50%, 75%
and 100% as fine and coarse aggregate replacement.
Increased slump value with the range of 80 mm to 120 mm
was found with an increase in replacement ratio, whereas
the slump value of 40 mm was observed for 100% coarse
aggregate replacement. The Compressive and split tensile
strength test on concrete was observed at different age 3,
7, 14 and 28 days. Result showed 36.1% strength
increment in concrete with 100% coarse aggregate
replacement in comparison to the control mix. Also the
split tensile strength increases with an increase in the
content of ceramic coarse aggregate. Split tensile strength
results ranged between 2.8 N/mm? and 3.6 N/mm?2. It
could be due to the irregular shape and rough surface of
ceramic coarse aggregate that gives the proper bonding
between aggregates and hardened cement paste. The
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compressive strength was increased by 22.1% for 100%
ceramic fine aggregate replacement. The better result
could be because of the higher water absorption property
of ceramics and also because of the pozzolanic activity of
ceramic particles.

Zareei et al. (2019), conducted the compressive and split
tensile strength test on concrete at the age of 7, 28 and 90
days of curing period which is made by recycled waste
ceramic aggregate replacing with natural coarse aggregate
in the amount of 0%, 20%, 40% and 60% by weight.
Incorporation of recycled waste ceramic aggregate
enhanced the compressive and split tensile strength of
concrete than of the samples without recycled waste
ceramic aggregate. Compressive strength increased by
(6%, 16% and 4%) and split tensile increased by (5%,
11% and 8%) on the addition of recycled waste ceramic
aggregate by 20%, 40% and 60% respectively in
replacement of natural coarse aggregate for 28 curing
days. This increment in strength could be due to enhanced
interlocking between the coarse aggregate and the paste
which occur due to the rough and angular surface texture
of RWCA. The modulus of elasticity on cylindrical
specimens shows better performance of concrete when its
natural coarse aggregate is interchanged with RWCA. An
increment of 3% was observed when the replacement
amount of NCA is 40% by RWCA.

Huseien et al. (2020), conducted a compressive strength
test on self-compacting concrete specimens made with
CWP up to 80% Granulated blast furnace slag
replacement. GBFS was used as a complete cement
replacement. The result shows that increment in the
amount of CWP replacement reduced the compressive
strength. The best result of compressive strength of 52.6
MPa was noticed for the control mixture at the age of 3
days (i.e. 100% GBFS) and at 10% CWP replacement
compressive strength reduced to 47 MPa. The least
compressive strength value was observed 18.6 MPa with
80% CWP replacement at the age of 3 days. This loss in
compressive strength due to the reduction in CaO content
which follows the increment in silicate to calcium ratio
(Si02: Ca0) and gives the adverse impact in compressive
strength and lower strength.

4. SUMMARY AND CONCLUSION

The research paper summarizes the use of ceramic waste
for the production of green construction concrete. On the
basis of results attained from the published literature
following conclusion can be drawn -

e The ceramic waste can be utilized as an alternative to
cement replacement in concrete due to presence of
high alumina and silica. This high alumina and silica
reacts with present calcium in cement and produces C-
S-H gel.

e Utilization of ceramic waste as cement, fine and coarse
aggregate replacement reduces cost of construction
and sustainable concrete can be produced.

e (Ceramic waste powder exhibits very good pozzolanic
reactivity and can be useful material as a cement
replacement.

e Increase in percentage of water absorption was
observed by many researchers for increasing ceramic
waste replacement level. However, the values were less
than 10%, therefore, it can be used as a good
construction material.

e Low compressive strength at early ages was found by
many researchers. However, with increasing ages,
higher strength was observed. Most of the researchers
used 10% - 40% and up-to 100% of ceramic waste as a
replacement of cement and aggregate respectively. The
decrease in strength at earlier stage could be because
of lower pozzolanic activity at initial stages.

e Increase in durability properties were observed with
the inclusion of ceramic waste in concrete by many
authors. The finer size of particles is the most suitable
reason for increasing the durability performance.

e The optimum level of ceramic waste replacement
should be between 5% to 30% in order to obtain
maximum strength of the concrete.

e Research should be made with low grade concrete like
M15 and M20 as this type of concrete only is commonly
adopted, after which research can be carried with high
strength concrete.

e The ceramic tiles waste to be used should be deglazed
and lower water - cement ratio should be adopted to
achieve the desired targeted strength.
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