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Abstract

The construction industry seeks sustainable materials to reduce environmental impact, and recycled
ceramic waste tiles offer a promising solution. Ceramic tiles, widely used in flooring and walls,
generate large amounts of waste through breakage and removal. Typically landfilled, these tiles can
instead be recycled into concrete by partially replacing natural coarse and fine aggregates. This study
explores the effects of various replacement ratios on concrete’s workability, compressive strength, and
durability. Ceramic tiles, due to their hardness and low water absorption, can enhance concrete
strength, although mix design adjustments are necessary. Results indicate that incorporating ceramic
waste in concrete not only conserves natural resources but also offers a cost-effective waste
management strategy. When properly processed and evaluated, waste ceramic tiles contribute
positively to concrete performance and sustainability. This approach supports circular economy
principles, reducing raw material consumption and environmental footprint. The study demonstrates

that ceramic tile waste is a viable, eco-friendly alternative in green concrete production.

Keywords: Waste Ceramic Tiles, Sustainable Construction, Recycled Aggregates, Waste Management, High-

Strength Concrete
1. Introduction

The growing interest in building materials that are sustainable has been raised over the past few
years, with different industries demanding non-destructive practices of their ecological footprint. In
this regard concrete will come out to be a very basic construction material, which depends largely on
natural resources namely sand and gravel which is used as course and fine aggregate. Nonetheless,

their mining causes serious ecological problgrggmdern of destroying habitats, soil erosion and
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wastage of essential natural resources. [1]

One of the possible solutions to these environmental problems is the use of left over ceramic tiles as
alternative aggregates in a concrete cover. Highly durable and attractive ceramic tiles have a wide
application in residential, commercial as well as industrial construction efforts. However, they are
manufactured, cut and mostly, demolished at the expense of a large amount of waste that usually
ends up in the landfills, thus making a bigger problem out of the dilemmas of the environmental
problem and consuming precious landfill space.[2] Employing waste ceramic tile as a tactical
commodity in concrete is not only making a decision with regards the burden on waste materials but
it is also contributing towards the maintenance of natural resources hence providing an
environmentally conscious approach of utilizing tools and materials in the construction. Empirical
studies have indicated that substituting traditional aggregates with ceramic tile waste yields
encouraging outcomes. The physical attributes of ceramic tiles, which include high hardness, low
water absorption, and chemical stability, render them suitable for replacements in both coarse and
fine aggregates. Research has demonstrated that the integration of ceramic waste into concrete can
result in improvements in certain mechanical properties, most notably compressive strength, when
implemented correctly. This innovative strategy is consonant with the principles of a circular
economy, as it facilitates the transformation of waste materials into valuable resources for new
construction endeavors.

And, besides the fact that the use of ceramic waste can promote sustainable approaches to
construction, this is also an effective method of waste management. Replacing traditional aggregates
with ceramic waste in part or entirely, the construction industry can make a vast contribution to the
efforts of environmental protection, reduce their need to use virgin materials, and support the
principles of a circular economy, thus opening the way towards the creation of a more

environmentally friendly infrastructure [3]
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Figure 1 Waste Ceramic Tile

Batriti Monhun R. Marwein (2016): The study used M20 grade of concrete containing ceramic
waste in broken tiles at substitution proportions of 0 percentage, 15 percentages, 20 percentages, 25
percentages and 30 percentages. Mixes had the same ratio of water to cement of 0.48. During the
study, the research focused on the workability, compressive strength, and split tensile strength at 3,
7, and 28 days curing periods. It hints that the aggregate of the ceramic waste tiles replacement can
be 5-30%, and it can be used in such a mixture as M 15 or M20. [4]

N. Naveen Prasad (2016): This study investigated using crushed waste tiles and granite powder as
replacements for CA and FA. Different mixes were prepared by replacing CA and FA at 10%, 20%,
30%, and 40% levels for both materials without altering the mix design. The M25 grade of concrete
was used, and findings indicated that concrete workability increased with more granite powder, with
maximum compressive strength observed at 30% CA replacement. [5]

N. Sivachandan and A. Mogesh (2018): The study observed that CTA replacement levels between
20% and 30% produced a compacted structure with a lower water absorption rate. Maximum
compressive and split tensile strengths were achieved with an 80% CTA replacement, suggesting
that high CTA content can enhance concrete properties. [6]

P. Rajalakshmi (2016) emphasized that incorporation of ceramic waste in concrete enhances
strength, durability, and sustainability of the environment. The percentage of ceramics that turn out
to be waste is about 30. The addition of ceramic tiles as an alternative to fine and coarse aggregates
in 10 and 60 percent respectively in M30 concrete demonstrated the best strength, indicating that
ceramic waste can be used as an alternative aggregate. [7]

Paul O. Awoyera (2016): The present paper has discussed ceramic tile waste concrete usage.

Ceramic waste which was derived out of the gonstrugiion sites in Ota, Lagos, and Nigeria replaced
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both FA and CA at different levels. It was discovered that the strength of concrete was enhanced
when ceramic waste was used rather than the conventional mixes. [8]
E.E. Ikponmwosa and S.O. Ehikhuenmeu (2017): This research evaluated compressive strength
over a 90-day curing period. Compressive strength of the control sample was 24.67 N/mm?, whereas
compressive strength of 25 agricultural wastes, 50 agricultural wastes and 75 agricultural wastes
replaced the 50, 50 and 75 CTA respectively 21.78 N/mm?, 19.85 N/mm? and 17.85 N/mm?
respectively. The reduced strength was attributed to the lower density and higher porosity of ceramic
waste compared to conventional aggregates. [9]
M. Rohit Varma and M. Manoj Pravarly (2021): examined the substitution of natural coarse, as
well as fine aggregate, by ceramic tile and marble dust aggregate, respectively. The best outcomes
were 20% CTA and 10% MD higher compressive, tensile, and flexural strength, although the
workability declined with increased marble dust. It is recommended that deglazing and cement
reduction be done. [10]
2. Materials and Methods
2.1 Materials
This paper discusses the idea of using waste ceramic tiles as a green alternative to the classic
aggregates in concrete. It analyzes the impact on strength, workability, durability and density by the
means of controlled testing. According to the literature, ceramic wastes can also improve
performance. These assumptions will be confirmed by the results, which will help in sustainable
concrete development.
2.1.1 Cement

Common Portland cement (OPC), which is commonly employed in concrete, mortar and grout, is
a product of limestone based clinker that has been ground into fine powder. The 53 Grade OPC is
tough with a minimum strength of 53 Mpa within 28 days according to the BIS standards. It is
generally grey in color though it may be white without ferrous oxide.

Table 1 - Physical Property of Cement

SI. No Test name Result Permissible limit Is code
1 Fineness of Cement 3.73% Less than 10% IS: 4031-1-1988
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2 Specific gravity 3 3.15 IS: 4031-2-1988
3 | Consistencyof Cement | 35, 331035 % IS: 4031-4-1988
5 Initial Setting Time 70 min Not Less than 30min|  1S:4031-5-1988
6 Final Setting Time 520 min | Lessthan 600 min IS:4031-5-1988

2.1.2 Mortar Strength Test
Standard mortar cubes (70.6 mm 3) with cement-to-sand ratio of 1:3 are tested using OPC 53 grade

according to IS 4031 (Part 6): 1988. Strength is tested at 3, 7 and 28 days of curing taking into

consideration water-cement ratio to determine early and long term performance.

Table 2 Mortar Strength Test of OPC 53 Grade Cement

Mortar Strength Test Results (N/mm?)
SI. No. 3 Days 7 Days 28 Days
1 27.5 39.2 54.8

2.1.3 Fine Aggregate

In the present study, fine aggregate was the locally sourced river sand, which was mainly made of
stable and hard silica (Si02) in quartz form, which had undergone tests according to IS: 2386-1963,
including surface drying and tests of gradation, fineness modulus, and specific gravity, were found
to be effective in strengthening and increasing the duration of concrete.

2.1.4 Coarse Aggregate

The grading and testing of concrete aggregates is controlled by Indian Standards, namely IS
383:2016 and IS 2386:1963. IS 383:2016 defines specifications of coarse aggregates with the size of
4.75 mm and above with emphasis on size, shape, durability, and strength. These standards provide
structural stability, performance and life of concrete in construction projects.

2.1.5 Ceramic tiles Aggregate

This study involved use of waste ceramic tiles on the BCET campus that had been used as alternative
sources of sustainability to regular aggregates used in concrete. The tiles, which were originally
viewed as waste of construction, were rinsed down, and then rammed down into smaller size. Those
fragments were then sieved to secure ceramic tile coarse aggregate (1020 mm) and fine aggregate (less
than 4.75 mm). This was categorized based on common aggregate size. Mechanical property tests

were performed to determine their suitability under construction use, such as strength and durability
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parameter. The results that were analyzed assisted in ascertaining whether the recycled ceramic
aggregates could meet the required performance standards to be put into useful use in preparing

concrete.

3. Methodology

1. Material ) T 3. Concrete Mix
. 2. Characterization .
Collection and — ; — Design and
P : of Materials -
reparation Proportioning
4. Concrete & " ”
i . 5. Testing and 6. Data Analysis
Mizxing, Casting, |— Analviis | and Compal‘i)son
and Curing ! '

7. Documentation
and Conclusion

Figure 2 Methodology Flow Chart
4. Experimental Program

4.1 Mix design

Dry weights of all materials were taken according to the mix designation and mix design. Dry mixing of all

materials is done uniformly to obtain a homogeneous matrix. A pond is formed with dry mix and then water
is added and then mixed uniformly to obtain a proper mix within 5 minutes.

5. Result and Discussion

In this part the results of the experimental works are unveiled and gives a clear explanation on what
their implications are in regard to the study objectives. The outcomes obtained systematically are analysed to

determine how important parameters affect the overall performance and behaviour of the material or structure

under review.
5.1 Fresh Concrete Property Slump Test
Workability of the concrete is measured through the slump value as per the IS 1199-1959, which is called the

slump cone test. Pouring is carried out in three layers into a cone, 25 times tamped per layer. This cone is

then lifted up suddenly with the vertical drop of the concrete signifying the consistency of concrete and its

quality.
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Figure 3 - Slump Cone Test of Concrete for Casting

Table 3 Slump Test of Concrete Mix

Mix Designations |Slump Values (In mm)
MO 102
Ml 99
M2 96
M3 91
M4 89
M5 86
Slump Value

P

§ 90

‘E: 85

—&—Slump Value (mm) 102 99 9% 91 89 86

Figure 4 Results of Slump Test

5.2 Compressive Strength Test

™
| = :

Figure 5 Failure of clinder épecimen

Table 4 Compressive Test of Cube
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Compressive Strength Test Value
Mix Designations 7 Days (N/mm?2) 28 Days (N/mm2)
MO 29.58 44.38
M1 30.26 44.64
M2 31.58 45.61
M3 32.35 46.72
M4 31.43 45.33
M5 30.67 44.95
33
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Figure 6 - Compressive Strength Performance at the Age of 7 Days

The graph demonstrates the compressive strength in the 7 days of various concrete mixes with the
conventional mix MO having the compressive strength of 29.58 N/mm?. Altered mixes M1 to M5, all show
enhanced strength with the maximum at M3 of 32.35 N/mm 2 - 9.36 percent higher. M4 and M5 show slight
decreases in strength so that M3 provides the best performance.
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@
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Figure 7 - Compressive Strength Performance at the age of 28 days

The figure shows a 28-day compressive strength of the different concrete mixes where M0 (conventional mix)
is 44.38 N/mm 2. Strength rises through all modified mixes, but M3 is the best at 46.72 N/mm 2, or 5.27

percent better. After M3 M4 M5 experience minimal reductions, which means that M3 is the most successful
mix in general.
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Figure 8 Compressive Strength Performance at different ages

The compressive strength of the control mix (MO0) is 29.58 N/mm 2 at 7 days and 44.38 N/mm 2 at 28 days
and M1 has a slight improvement of 0.58%. Mixes M2 and M3 exhibit additional gains with the strongest
being M3 and moderate gains of 2% and 1.27 with mixes M4 and M5 respectively.

5.3 Split Tensile Strength Test

The split tensile strength of concrete, according to IS: 5816-1999, is determined by placing cured cylindrical
specimens in a horizontal position in a compression testing machine, loading it at the curved surface, until it
fails, and calculating the tensile strength by the maximum load applied in testing and using the usual
equation.

Split tensile strength = 2P/aDL

Where P= Peak load in Newton, D= Diameter of cylinder (150mm), L= Length of cylinder (300mm)

Figure 9 Split Tensile Strength Test Cylinder

Table 5 Split Tensile Strength of Cylinder

Split Tensile Test Value
Mix Designations "7 ,yvs (N/mm2) | 28 Days (N/mm2)

MO 1.967 2.83
M1 2.34 3.497
M2 2.805 3.635
M3 2.445 3.775
M4 2.374 3.39
M35 2.24 3.66
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Mix Designations

Split Tensile Strength Results 7 Days

Figure 10 The result of Split Tensile Strength Test at 7 days of age
The line graph indicates 7-day split tensile strength of mixes of concreteness M0-M5, where MO
(1.967 N/mm 2) was used as the reference. All the modified mixes show higher strength with a
maximum in M3 of 2.805 N/mm2 a 42.58% improve on MO. In M4 and M5 tensile strength

decreases slightly after M3, but remains higher than MO.
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Figure 11 The result of Split Tensile Strength Test at 28 days of age
The chart gives the split tensile strength of 28-day concrete mixes MO to M5 whose MO is the

reference point that stands at 2.83 N/mm with a value of 2.83 N/mm. The mix-strengths rise in all
mixes with the highest strength of 3.775 N/mm 2 at the M3 mix-strength-a 33.35 percent increase.
Although there are minor drops in M4 and MS5, they still perform better in comparison with the

control, which proves the optimal work of M3.

Split Tensile Strength Results
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Figure 12 Split Tensile Strength Performance at different ages
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Control mix (MO) of the split tensile strength is 1.967 N/mm 2 at 7 days and 2.83 N/mm 2 at 28
days. Adjusted mixes M1 to M5 all show better results, the longest strengths being 2.805 N/mm? at 7
days and 3.775 N/mm? at 28 days, which is an increase of 33.4 percent over M0. Although M4
experiences least improvement in modified mixes, M5 exhibits specific 29.32% improvement at 28

days, proving that all the variations show higher tensile strength than the control mix.

5.4 Flexural Strength Test

Flexural Strength Test: This is a test method specified in the IS: 516-1959 where 100 x 100 x 500
mm cured concrete prisms are marked and loaded on a compressive testing machine within a span of
400 mm and the mean load which causes failure is recorded and averaged or the mean of the three
failure loads.Strength or Modulus of Rupture Flexural (fb) is expressed as tb =Pl/bd 2 (when a >
13.3cm ) tb = 3Pa/bd 2 ( when a 6 13.3cm ) where, a = distance between the line of the fracture and
nearest support measured on the center of the tensile side of the specimen (cm) , b= width of the

specimen (cm) , d = point at which the specimen fails (cm) 1= supported length (cm) P = maximum
load taken

Figure 13 Flexural Strength of Prism

Table 6 Flexural Strength Performance at the age of 7 days

Mix Designations Flexural Test Value
7 Days (N/mm2) 28 Days (N/mm?2)

MO 4.766 6.329
M1 5.487 7.875
M2 5.82 7.075
M3 6.325 8
M4 4.45 5.7
M5 4.425 5.59

=7 6.325

él 6 5.487 B2

{; 5 2766 4.45 4.425

3

o0

MO

M1

M2 M3 M4
Mix Designations

7 Days

M5

Figure 14 Flexural Strength Performance at the age of 7 days

The 7 days flexural strength presents mix MO at 4.766 N/mm. M1 to M3 increase in strength to the

highest of 6.325 N/mm2 (32.67% increase). Nonetheless, both M4 and M5 fall below MO, reducing
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by 6.63 percent and 7.15, which means that the strength does not rise until M3.
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B 28 Days
Figure 15 Flexural Strength Performance at the age of 28 days
The chart displays the 28-day flexural strength of various concrete mixes, with M0 at 6.329 N/mm?
as the reference. Mixes M1, M2, and M3 show significant improvements, peaking at M3 with 8.0

N/mm?, a 26.37% increase. However, M4 and M5 demonstrate a notable decline in strength,
dropping below the control mix.

Flexural Strength Results
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Figure 16 Flexural Strength Performance at different ages
Flexural strengths of the control mix (MO0) at 7 days and 28 days are 4.766 N/mm 2 and 6.329 N/mm
2 respectively. Mixes M1, M2 and M3 are increasing compared to MO where Mix M3 is the most
increasing by 26.40 at 28 days. Nonetheless, M4 and M5 experience declines of 9.9 and 11.67,
respectively, as compared to the control mix.

5.5 Rebound Hammer Test Results

The rebound hammer test was conducted as per IS: 13311(2)-1992 and the results obtained are as
follows. Only horizontal probing was done.

Figure 16 Rebound Hammer

Table 7 Rebound Hammer Test Results of Concrete by Ceramic tile Aggregate Replacement

Mix Designations | Rebound Hammer Value at 28 days of curring

MO 29
Ml 27.4
M2 30.8

M3 312
Z
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M4 31.1
M5 30.3

Rebound Hammer Test Results
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Figure 17 Rebound Hammer Test Results of Concrete by Ceramic Tile Aggregate
Replacement

Table 8 Classification of Concrete Quality Rating Based On Rebound Hammer Test

SI. | Average Rebound No. Quality Of Concrete
No.
1 >4() Very good hard layer
2 30 to 40 Good layer
3 20 to 30 Fair
4 <20 Poor concrete
5 0 Delaminated

We can compare the quality of concrete from the above table. M1 shows the lowest rebound value,
suggesting it may have the least surface hardness or issues with the mix design. M3 shows the
highest rebound value, indicating it potentially has the best surface strength among all. M2, M4, M5
all outperform the control mix M0, meaning these altered designations improved the concrete's
surface hardness.

5.5 Ultrasonic Pulse Velocity Test Results (Direct)

Ultrasonic pulse Velocity Test was carried out as per IS: 516:2018 (part 5/sec-1) on concrete

specimens and their results were discussed in the following table. The results of direct probing were
considered.

Figure 18 UPV Machine & Testing
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Table 9 UPV Results of Concrete by Ceramic Tile Aggregate Replacement

Mix UPYV Value at 28 days of curring(Direct) in Km/sec
Designations

MO 5

M1 4.93

M2 4.82

M3 5.2

M4 4.9

M5 5.32

Ultrasonic Pulse Velocity Test Results in
Km/sec

- 5.32
5.2
493 489 4.9

o

MO M1 M2 M3 M4 M5
Mix Designation

Figure 19 UPV Results (Direct) of Concrete by Ceramic Tile Aggregate Replacement
The test results of the Ultrasonic Pulse Velocity (UPV) of six concrete mixes (MO up to M5) have a

range of 4.82 Km/sec (M2) to 5.32 Km/sec (M5), which shows some differences in the quality and
the density of concrete. The highest UPV is also achieved in M5 indicating the best quality whereas
the lowest is in M2 although, in general, most mixes demonstrated a consistent quality with small
enhancements in M3 and M5.

5.6 Ultrasonic Pulse Velocity Test Results (Indirect)

Ultrasonic pulse velocity test was carried out according to IS: 516:2018 (part 5/ sec-1) on concrete
specimens and their results were discussed in the following table. The results of direct probing were

considered.
Table 10 UPV Results of Concrete by Ceramic Tile Aggregate Replacement

Mix UPYV Value at 28 days of curring(Indirect) in Km/sec
Designations
MO 5.89
M1 6.13
M2 5.84
M3 6.04
M4 6.1
MS5 5.92
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Table 11 Velocity Criterion for Concrete Quality Grading (IS 516:2018 part 5/sec-1)

SI1. No Pulse Velocity Concrete
(Km/sec) Quality
Grading
1 Above 4.40 Excellent
2 3.75 to 4.40 Good
3 3.00 to 3.75 Doubtful
4 Below 3.00 Poor

Ultrasonic Pulse Velocity Test Results in
Km/sec

i 6.13 5.84 6.04 6.1 5.92

alue

(=T I S -

MO M1 M2 M3 M4 M5

Mix Designations

Figure 20 - UPV Results (Indirect) of Concrete by Ceramic Tile Aggregate Replacement

This bar graph shows the Ultrasonic Pulse Velocity (UPV) test values of six concrete mixes (Mo-Ms)
ranging between 5.84 Km/sec to 6.13 Km/sec (M2 and M1) which shows a high level of consistency
in the quality of concrete. M1 has the best UPV that indicates better internal bonding and all mixes
have high structural integrity with a remaining value of over 5.8 Km/sec.

6. Conclusion

It is observed that Compressive strength, split tensile strength is maximum at 15% and flexural
strength is maximum at 10% ceramic tile replaced proportion from the study.

* So according to the test presence of ceramic tile aggregate (fine & coarse) increases the strengths in
lower percentage but it decreases at higher percentage of ceramic tile aggregates.

* The replacement of natural aggregates with ceramic tile waste not only preserves natural resources
but also helps in reducing environmental pollution caused by waste disposal.

« It reduces material costs by partially replacing expensive natural aggregates with waste materials.

* The non-destructive test result came satisfactory according to IS 516: 2018 part 5.

6.1 Future Scope

e Optimization of Replacement Levels - Further experiments can be conducted with smaller
incremental replacement percentages (e.g., 2%, 7%, 12%) to find the most efficient ceramic
waste content for maximizing strength and durability.

e Long-Term Durability Studies- Our project focused mostly on 7, 28 days. Future research
could include testing at 90 days, 180 days, 1 year, or more to assess long-term durability under
different environmental conditions (e.g., freeze-thaw, chemical attack).

e Microstructural Analysis (SEM, XRD) - Investigating the microstructure of concrete
containing ceramic aggregates using The Scanning Electron Microscopy (SEM) and X-ray
Diffraction (XRD) would show how ceramic waste affects hydration products and internal
bonding.

e Behavior Under Extreme Conditions - Studying performance under elevated temperatures,
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marine environments, or acidic exposure to check resistance to harsh conditions could be highly
valuable.

e Combination with Other Wastes - Investigating the combined use of ceramic waste with other
construction and demolition wastes (e.g., marble dust, fly ash, crushed concrete) could open new
sustainable material options.
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