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ABSTRACT

There is a growing interest in using waste materials such as ceramics as alternative aggregate materials
for construction. The current study focuses on the mechanical properties of waste ceramic floor tiles
aggregate concrete. Ceramic wastes sourced from construction and demolition wastes were separated
from other debris and crushed using a quarry metal hammer. Ceramic tiles were sieved into coarse
aggregates in line with standards. Other materials used were gravel, river sand, cement and portable
water. Workability of the fresh concrete was checked through slump test, and concrete cubes of 150
mm dimensions and cylinders of 100mm were cast in the laboratory. After 24 hr of casting, the concrete
samples were demoulded and were cured by immersion in water tank at temperature of 22 °C. The
compressive and split-tensile strengths of the hardened concrete samples were determined after curing
them for 7 and 28 days. Results showed that both the compressive strength and split tensile strength
increased appreciably with the curing age than the conventional concrete.

Keywords: Ceramic Tile Aggregate (CTA), Normal aggregate, Water-cement ratio, Compressive strength,
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INTRODUCTION weight than normal stone aggregates. Using
ceramic tiles as aggregate in concrete not only will

be cost effective but also will be good from
environmental point of view. This project intends
to use of Ceramic tile aggregate having 20mm
maximum size of coarse aggregate. Ordinary
Portland cement (OPC) 53 grade and sand were
used. Compressive tests were carried out, by
replacing crushed tile as a coarse aggregate in
concrete with partial replacement of 30%, 60%,
90% of conventional aggregate. The Mechanical
and Physical tests were carried out. In this
experiment, the reuse of solid wastes and
aggregates from construction and demolition waste
is showing a prospective application in
construction and as alternative to primary and
natural aggregates. It conserves natural resources

Rapid industrial development causes serious
problems all over the world such as depletion of
natural aggregates and creates enormous amount of
waste material from construction and demolition
activities. One of the ways to reduce this problem
is to utilize the waste. A large quantity of wastages
produced annually in all countries, in particular
construction and demolition waste contribute the
highest percentage of wastes worldwide about
Furthermore, ceramic materials contribute the
highest percentage of wastes within the
construction and demolition wastes about 54%.
Ceramic waste is durable, hard and highly resistant
to Biological, Chemical and Physical degradation
forces. Ceramic tile aggregate are hard having
considered value of specific gravity, rough surface
on one side and smooth on other side, are lighter in
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and reduces the space required for land fill
disposal. [1-4]

MATERIALS
Cement

The ordinary Portland cement of 53 grade
whose specific gravity of cement is 3.14, normal
consistency of the cement was found as 28% and
the initial and final setting times were found as 120
min and 238 min respectively was used. [5-10]

Coarse aggregate

The coarse aggregate with 20 mm nominal size
having specific gravity 2.72 was used. The impact
value is 20.44%. And the water absorption of the
coarse aggregate is 0.38%.

Fine aggregate

Locally available river sand is used. As per IS
383:1970, sand is confirming to Zone Ill. Specific
gravity of the sand used is 2.69. And the water
absorption value is 0.45%.

Crushed Tiles

Broken tiles were collected from the solid
waste of ceramic manufacturing unit. Crushed
them into small pieces by manually and separated.
the coarse material to use them as partial
replacement to the natural coarse aggregate.
Specific gravity of the crushed waste tiles is2.39.
Impact value of these crushed tiles is 25.81%.

Table-1: Comparison of properties of ceramictile aggregates and normal aggregates

S No. Particulars

Normal Aggregate  Ceramic Tile Aggregate

1 Shape Angular Flaky
2 Texture Rough All sides rough except top
face
3 Specific gravity 2.72 2.39
4 Impact value 20.44% 25.%
5 Water absorption 0.38% 14.4%
METHODOLOGY
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Figure — 1: Hierarchy of processes
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Fig (3.1) indicates the flowchart of the whole
process which consists of selection of materials
such as cement, fine aggregate, coarse aggregate
and ceramic tile aggregate. Concrete is prepared
for M20 mix designed for plain concrete. Ceramic
tile aggregate is used as partial replacement with
coarse aggregate. Materials are mixed by considering
the proportions as per the mix design. The mould of
dimension 150x150x150 mm. In each layer
compaction is done by using tamping rod/shake table.
Moulds are prepared for different proportions as

per the design IS: 10262 — 2009. The cubes are
cured for 07 & 28 days under no dry condition
.The concrete cube specimens are tested at the age
of 7 & 28 days of curing period. Concrete cubes
are placed on compression test machine & the
maximum load applied to the cube, at which the
resistance of the specimen to the increasing load
breaks & no greater load can be sustained is
recorded. Similarly split tensile tests are carried
out and the values are recorded.

Table -2: Mix proportion of samples
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MIX DESIGN

M20 grade of concrete was designed by
following the specification given in the 1S 10262:
2009. Water — Cement ratio (w/c) was selected as
0.45 based on conducting slump tests for different
design trails. Mix proportion obtained for M20 mix
is 1:1.45:2.61

EXPERIMENTAL PROGRAM
Compressive strength

Compressive strength of the hardened concrete
was determined in (0%, 30%, 60%, 90%) for 7, 28
days. As shown in compressive strength increased
with increasing CCA substitution. There was about
36.1%strength gain in concrete with 100% CCA
when compared with the control mix at 28 days. At
all testing ages, CCA mixes yielded higher
strength.

Table-3: Compressive strength values
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Graph 5.1 showing M,grde concrete and CTA concrete compressive strength for7, 28days

Split tensile test

The split tensile strength is another method
for determining performance of concrete under
tensile stress and also gives its progressive
cracking pattern. The test was conducted in
accordance with the provision of BS EN 12390-
Similar to on compressive strengths, show
parallel graphs for split tensile strengths. The
graphs show similar patterns, only smaller in
nature.The split tensile strength results of
concrete mixes with ceramic coarse aggregate
substitution and ceramic fine aggregate
substitution are shown in respectively. For the

CCA concrete, split tensile strength increased with
increasing CCA. This result is synonymous with
other findings. Med ina et al. obtained similar
results with concretes made by replacing natural
aggregates with ceramic sanitary ware aggregates.
It can be seen that the control concrete developed
early and 7 days split tensile strength than the
CCA concrete. On the other hand, for concrete
with CFA, split tensile strength was adequately
developed and 28 days of curing age, which
yielded results between 2.8 N/mm? and 3.6 N/

mm?.

Table-4: Split tensile strength values
e 7 28
g Days Days
[&]
(58]
S 58
A X s
X6
1 0% 262 321
2 30% 2.83  3.63
3 60% 2.31 3.36
4  90% 241 354
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Graph 5.2 showing Mygrde concrete and CTA concrete Split tensile strength for7, 28days.

CONCLUSION

Research on the usage of waste construction
materials is very important since material waste
is gradually increasing with the increase in
population and increasing of urban development.
The main aim of this investigation was the
utilization of tiles collected from the tile
industries. The use of these tile aggregates as
partial replacement in coarse aggregate in
concrete has positive effect on the environment
and obtaining lower costs since the tile
aggregates are easy to obtain. Their cost is
cheaper than the natural aggregates. The ceramic
tile aggregate are partial replaced with coarse
aggregate because their cost is cheaper than the
natural aggregate.

After completions of all experimental,
programs are conducted that ceramic tile
aggregate can be used in place of coarse
aggregate with certain percentage of replacement,
Based on the compression strength test, split
tensile strength test. The following are the
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