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ABSTRACT

Abstract: - Use of hazardous waste in concrete will lead to green environment. The concrete made so is called
sustainable concrete which can also be called as Green concrete. Production of by-products and waste are increasing
rapidly which need proper disposal , it’s recycling and reuse is necessary for protection of environment, reduction in
dependency on natural materials, reduction in CO2 and making concrete efficient and economical. The significance of
feasible cement has gotten impressive for the scholarly world and businesses. Fired industry in India has developed to
around 750 million meter2 creation. During assembling cycle and happening loads of ceramic item brake and
earthenware squander produced each year. Artistic items made of coatings, stains and mud which contains poisonous
metals like Antimony, vanadium, cadmium, copper, cobalt, lead, manganese, chromium, selenium and barium.
Ceramic squanders is for the most part utilized for landfilling which makes adjoining land unfertile and taint
groundwater. The target of this examination is to study and assessment of the impacts of the reused earthenware as
fine, coarse total and ceramic smoke as swap for ordinary material on the properties of cement and concrete lattice. In
this examination the impact of the supplanting of traditional material with clay squander on the properties of cement
like functionality, Compressive strength, flexural strength, modulus of flexibility, split Tensile strength, Adhesive
strength are concentrated top to bottom.
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1. Introduction

Construction industry assume imperative part being developed of framework of any area. Concrete is being utilized as
prime material for development which makes concrete most devoured artificial material on earth. Substantial
comprise regular totals (Fine and Coarse) and fastener (generally concrete). Utilization of normal assets expanding
proportionately to human advancement improvement and lopsided utilization of regular assets will prompt their
fatigue. Concrete industry is one of the biggest maker of ozone depleting substances like CO2. Concrete industry
contribute about 6% of Global CO2 discharge. For the creation of per ton concrete 1.57 huge loads of clinker
devoured which contain mostly Limestone, mud and shale and so forth and its source is nature [3]. Mechanical
squanders have kept on expanding because of the nonstop interest of assets use by people for various exercises. A
portion of these squanders are unsafe. A few squanders or side-effect have been effectively used as elective
development material. Ceramic waste can possibly be used as an incomplete substitution of development materials.
The earthenware business has a long history, the principal occasion of practical stoneware vessels being utilized for
putting away water and food, to be around since 9,000 or 10,000 BC. In 2008 India was the 24th bigger artistic
exchanging country the world and India imports earthenware of worth US$ 317.5 million [4]. India delivered approx.
600 million square meters ceramic in 2011-12 [4] which increment to approx. 750 million square meters in 2015-16
[1].A artistic is an inorganic, non-metallic, strong material it's crude material contains mud minerals like kaolinite and
alumina, current earthenware materials contains silicon carbide and tungsten carbide. Earthenware materials have
been utilized for quite a while for various utilizations like making merchandise like silverware (ceramics, cutlery and
so forth), clean product and high voltage electric covers. Earthenware production are typically utilized as a structure
materials as well. Fired floor, tiles and different earth building block are illustration of it. This paper introduced an
audit of the utilization of clay materials in development industry as fractional substitution of ordinary materials and
concrete spotlight on substantial making.
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2. Literature review

The general features of a few selected experiments tests investigates identified with the properties of reused
earthenware totals are examined here in after.

Alves et al. [6] examined the substitution of 0%,20%,50% and 100 % of all out normal total volume with reused total
(reuse block and clean product total) for assurance of its mechanical properties for example usefulness, Fresh
thickness, compressive strength , split rigidity, modulus of versatility, scraped area opposition and impact of super
plasticizers.

Wioletta et al. [7] Studied about the properties of concrete framework altered with ceramic waste by the expansion of
earthenware filler (10%, 15% and 20% of concrete mass) with Mortar and tried its consistency maintenance,
usefulness maintenance, shrinkage test, freeze-defrost opposition test, flexural and compressive test (2,7,14,28 and 56
days).

Jiménez et al. [8] tried the supplanting of normal fine total with earthenware squander in brick work mortar with the
substitution of fine total (0%, 5%, 10%, 20% and 40%) of regular sand with ceramic reused fine total in a proportion
of 1:7 volumetric concrete to-total.

Katzer [9] did the strength execution examination of mortar made with squander fine total and earthenware rage with
trade of concrete by clay rage (0%,10%,20%,30%,40% and half ) alongside w/c proportion equivalent to 0.50, 0.55
and 0.60 for each % gathering of concrete and tried consistency of new blend, thickness, compressive strength and
flexural strength.

Medina et al [10] tried clean earthenware squanders as coarse total in eco-effective cements as halfway supplanting of
regular coarse total with fired coarse total (15%, 20% and 25%) and performed consistency test and Hardened
substantial properties (Mechanics and microstructures) like Compressive strength, X-beam Diffraction (XRD) and X-
beam microanalyses (EDX).

Hunchate et.al [11] tried the Compressive strength and split elasticity of cement with earthenware squander total as a
substitution of normal coarse total by clay squander total at 0%, 20%, 40%, 60%, 80% and 100%.

Raval et al. [12] examined the substitution of OPC concrete supplanted by ceramic waste 0%, 10%, 20%, 30% 40%,
and half by weight for M-30 grade concrete.

Tavakoli et al. [13] tried the properties of cement made with artistic waste as the substitute for coarse totals with 0 to
40 percent and for sand with 0 to 100% of substation.

Anderson et.al [14] tried the 20%, 25%, 35%, half, 65%,75%,80%, and 100% supplanting of normal total with
ceramic coarse total in 40 Mpa substantial blend.

Mandavi et.al.[15] tried the 10%, 20%, 30%, 40% and half supplanting of normal sand with squander ceramic tiles and
arranged M25 grade concrete.

3. Aggregates’ properties

Jiménez et al. [8] examined the properties of normal siliceous sand and rubble segment dividers made out of red fired
block. It's accounted for that water retention 0.79% for regular total and 9% for reused earthenware total and dry
thickness 2.14 gm/cm3 of artistic waste which was lower than normal fine total (2.63 gm/cm3). Medina et al [10]
tracked down that the regular coarse total has lower water ingestion than coarse clean product total. Mass thickness is
higher for coarse regular total (2630 kg/m3) than for coarse reused artistic total (2390 kg/m3). Hunchate et.al [11]
considered the properties of regular fine total and earthenware squander total got from electric transformers which was
utilized as cover. It's accounted for that water retention earthenware squander 0.18% and that of normal total was
0.10%. Higher water ingestion for ceramic total is a direct result of pore design and mud content. It's accounted for
that thickness of coarse clay total 1188 kg/m3 and normal squashed coarse total 1425 kg/m3. It's accounted for that
particular gravity of coarse ceramic total 2.50 and regular squashed coarse total 2.68. Tavakoli et al ¥ studied the
properties of natural sand and natural coarse aggregate for reference concrete and Ceramic aggregate and ceramic sand
as replacement material. It’s reported that density of ceramic sand and aggregate 2.35 g/cm® and 2.33 g/cm?®
respectively which is lower than natural sand and aggregate 2.6 g/cm? and 2.55 g/cm?® respectively. Water absorption
of ceramic sand and aggregate is 7 and 4.8 respectively which is higher than natural sand and aggregate 2 and 0.2
respectively. Anderson et.al 4! studied the properties of floor tiles obtained from demolition site as ceramic waste for
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the replacement of coarse aggregate. It’s reported that some properties of studied material like Density 2278 kg/m?,
Water absorption 1.4 and Crushing value 11.9%. Mandavi et.al'*®! studied the properties of crushed vitrified ceramic
tiles and find water absorption 0.08% and bulk density 2.35 gm/cc.

4. Properties of ceramic waste Concrete

The results of the tests performed to determine the properties of concrete made with recycled ceramic waste aggregate
and ceramic fume are discussed next.

5. Workability

Functionality of cement is the capacity to work with substantial that can be taken care of without isolation, put without
loss of homogeneity and can be compacted with indicated exertion. Wioletta et al.[7] track down that the most
elevated fluid consistency was accomplished for the reference mortar fuse of an expanding measure of artistic filler
brings about a lower mortar consistency and pliancy. The consistency and versatility test results show that as the fired
filler content in mortar expanded the hour of usefulness maintenance expanded, as well. This is a result of bigger water
retention of clean ceramic filler. Indeed, even fractional supplanting of coarse total with 4/12.5 mm squashed fired
total required additional blending water to accomplish the ideal consistency. Katzer P find the linear relation for all
w/c (0.5, 0.55 and 0.60) ratio and the characterized by very good correlation. Hunchate et.al % find that slump
value decreased when replacement of coarse natural aggregate by recycled coarse ceramic aggregate increased at
constant w/c ratio for all mixes but at 20% , 40% and 60%,80% slump value comes same i.e. 110mm and 100 mm
respectively. Tavakoli et al. % observed that the slump value decreases as ceramic sand replacement percentage
increases up to 50 percentage after that start increasing. Anderson et.al ™ reported that slump value increased up
to 35% replacement then start decreasing and finally at 100% replacement it achieve higher slump value. Mandavi
et.al™ reported that slump value decreases as replacement percentage increases. At 10% replacement slump value is
75 and at 50% replacementslum value decreases to 31.
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Fig.1. Representation of slump value reported by Tavakoli et al.

Value of coefficient of correlation (R?) of data reported by Tavakoli et al. % are 0.9205 and 0.9509. R? value of data
reported by Anderson et.al 41 is 0.4371 which does not apparent be a good correlation. R? value of Hunchate et.al ',
Jiménez et al. ¥ and Katzer ©! comes in range of 0.87 to 0.98 which apparent be a good correlation.

6. Density

Katzer P! found that density of ceramic is 1.8 g/cm® which is so less than density of cement (3.18 g/cm?®) that’s way
more the cement replacement by ceramic fume smaller the density of the mortar. Hunchate et.al ™ found that density
of fresh concrete decreases with increase in replacement of ceramic coarse aggregate i.e. 2436 kg/m® to 2328 kg/m?
with 0 % and 100% respectively replacement of ceramic coarse aggregate. Tavakoli et al. [13] tracked down that the
thickness of new substantial abatements as substitution of earthenware sand builds which is 2441 kg/m3 to 2385
kg/m3 with 0 % and 100% separately. In this section trend line equation and value of coefficient of correlation are
presented
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Fig.2. Representation of fresh concrete density reported by Tavakoli et al. [**]
Value of coefficient of correlation (R?) of data reported by Tavakoli et al. ™ is 0.9937. R? value of Wioletta et al. ["],
Jiménez et al (81, Katzer P and Mandavi et.al*®1 comes in range of 0.91 to 0.95 which apparent be a good correlation.

7. Compressive strength

Wioletta et al. 1 found that after incorporation of ceramic waste aggregate, at multi day, compressive strength
increment up to 42%, the impact become less critical with time following 56 days 11% increment were found. Jiménez
et al. [8] tracked down that the utilization of up to 40% substitution from earthenware squander by volume somewhat
worked on the mechanical properties of the workmanship mortar. Mean compressive strength for the five substitution
levels at different restoring time are approx. same for each age aside from 180 days. Katzer [9] tracked down that the
compressive strength of concrete mortar was diminishing with expanding ceramic smoke. Medina et al.[10] revealed
an increment in the compressive strength with expansion in the substitution proportion which is a direct result of
smaller, more reduced and less porosity for blends in with clay joining than for ordinary cement. Hunchate et.al
found that Compressive strength of concrete made of ceramic waste aggregate 32.15 MPa at 100% replacement level
and 37.03 Mpa when using natural aggregate. Raval et al. [*?1 found that compressive strength decreases with increase
in replacement of cement with ceramic waste for M 30 grade concrete average 28 days compressive strength for 10%,
20%, 30%, 40% and 50%. Replacement is 37.08, 36.08, 36.08, 3.23, 31.83, and 29.30 respectively. Mandavi et.al.[*"]
reported that 28days compressive strength increasesas replacement up to 30% thereafter start decreasing.
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Fig. 3. Representation of Compressive Strength reported by Raval et al. [12]

R? value of data reported by Raval et al- [l is equal to 0.9963 and 0.9906 for 7 days and 28 days. R? value of Wioletta
et al. [, Jiménez et al. ], Medina et al %, Hunchate et al. ™Y, Katzer P! and Mandavi et.al®® comes in range of 0.97
to 0.99 which apparent be a good correlation.
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8. Flexural Strength

Wioletta et al. [’ found that after incorporation of ceramic waste aggregate, at 2 day, flexural strength increase up to
50%, the influence become less significant with time after 56 days 12% increase were found. Jiménez et al. ! find
that flexural strength for the five replacement levels at various curing times and all the mean values of flexural
strength of 7, 28, 90 and 180 day curing time are approx. same. Katzer [ found that in 10% volume replacement of
cement with ceramic fume at w/c 0.55 the highest flexural strength was reached then after flexural strength was
decreasing. Anderson et.al 4! find that the flexural strength decreases 25% with 100% replacement of ceramic tile
waste. Thedecreased adhesive property of cement to the ceramic tile aggregate leads to the overall weaker concrete.
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Fig. 4. Representation of Split tensile Strength reported by Andersonet.al 4
R? value of data reported by Anderson et.al M is equal to 0.3995. R? which does not apparent be a good correlation.

9. Split Tensile Strength

Medina et al % found the increase in split tensile strength with increase in replacement ratio due to narrower, more
compact and less porosity for mixes with ceramic content than for conventional concrete. Anderson et.al ™! reported
that incorporation of ceramic tile waste increase the tensile strength in concrete except 100% replacement which show

maximum 6.5% decay in tensile strength.
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Fig.5. Representation of Flexural Strength reported by Anderson et.al [14]

R? value of data reported by Anderson et.al 4! is equal to 0.7205. R? value of Wioletta et al.["), Jiménez et al. © and
Katzer ! comes in range of 0.69 to 0.84 which apparent be an average correlation.

10. Conclusion

The result of this investigation indicates that the use of recycled ceramic aggregate and ceramic fume as a partial
replacement of conventional aggregate and binder material is certainly feasible. The studied properties of recycled
ceramic concrete exhibited fairly nominal positive and negative responses with respect to replacement ratio, which is
suitable for use in practice. The workability of fresh concrete decreases as replacement ratio increases. The
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compressive strength, split tensile and flexural strength decreases as replacement ratio increases. In conclusion, it is
shown that water absorption is high in ceramic aggregate due to high porosity which also reduces the workability so
presoaking is necessary. 40% replacement by volume of natural sand with recycled ceramic fine aggregate does not
significantly affect the concrete properties. 25% replacement by volume of natural coarse aggregate with recycled
coarse ceramic aggregate does not significantly affect the concrete properties. Replacement of ceramic fume with
binder material added with the ceramic fine up to 10% does not significantly affect the concrete. The utilization of
ceramic waste in concrete as binder, fine and coarse aggregate can be used easily without affecting the mechanical
properties of concrete.

10.

11.

12.

13.

14.

11. References

Ceramic tiles industry insights, Indian Council of Ceramic Tiles and Sanitaryware, http://www.icctas.com/fired
tiles-industry-statistics.htm

Local Hazardous Waste Management Program in King County, Washington,
http://www.hazwastehelp.org/ArtHazards/ceramics.aspx

Ing. Miroslav Stajanca, doc. RNDr. Adriana EsStokova, ENVIRONMENTAL IMPACTS OF CEMENT
PRODUCTION, Stajan¢a M., Estokova A., 2012

Indian Council of Ceramic Tiles and Sanitaryware, http://www.icctas.com/ceramic tiles-industry-in-india.htm
A.V. Alves, T.F. Vieira, J. de Brito, J.R. Correia, Mechanical properties of primary cement with fine reused fired
totals, In Construction and Building Materials, Volume 64, 2014, Pages 103-113, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2014.04.037.

Wioletta Jackiewicz-Reka , Kamil Zategowskia , Andrzej Garbacza , Benoit Bissonnetteb "Properties of concrete
mortars adjusted with fired waste fillers" In Procedia Engineering 108 ( 2015 ) 681 - 687 doi:
10.1016/j.proeng.2015.06.199

J.R. Jiménez, J. Ayuso, M. Lépez, J.M. Fernandez, J. de Brito, Use of fine reused totals from ceramic waste in
stone work mortar fabricating, In Construction and Building Materials, Volume 40, 2013, Pages679-690,ISSN
0950-061 https://doi.org/10.1016/j.conbuildmat.2012.11.036.

Jacek Katzer, Strength execution examination of mortars made with squander fine total and fired smoke, In
Construction and  Building  Materials, Volume 47, 2013, Pages 1-6, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2013.04.039.

Martinez Medina, César and Rojas, M and Frias, Moisés. (2012). Reuse of Sanitary Ceramic Wastes as Coarse
Aggregate in eco-Efficient Concretes. Concrete and Concrete Composites.34.48-54.
10.1016/j.cemconcomp.2011.08.015.

Sudarsana Rao Hunchate, Giridhar Valikala, Vaishali. G. Ghorpade "Impact of Water Absorption of the Ceramic
Aggregate on Strength Properties of Ceramic Aggregate Concrete" in International Journal of Innovative Research
in Science, Engineering and Technology Vol. 2, Issue 11, November 2013

Amitkumar D. Raval, Dr.Indrajit N. Patel, Prof. Jayeshkumar Pitroda, "RE-USE OF CERAMIC INDUSTRY
WASTES FOR THE ELABORATION OF ECO-EFFICIENT CONCRETE" in International Journal of Advanced
Engineering Research and Studies E-ISSN2249-8974

D.Tavakoli, A.Heidari and M.Karimian "Properties of Concrete Produced with Waste Ceramic Tile Aggregate",
Asian Journal Of Civil Engineering, VVol. 14 No.3, Pp. 369-382, 2013.

Derrick j. Anderson, Scott T. Smith, Francis T.K. Au, "Mechanical properties of cement using waste pottery as
coarse total", in Construction and building materials 117(2016) 20-28

Hitesh Kumar Mandavi, Vikas Srivastava, V.C. Agarwal, "Toughness of Concrete with Ceramic Waste as Fine
Aggregate Replacement” in International Journal of Engineering and Technical Research (IJETR) ISSN: 2321-
0869 (0) 2454-4698 (P), Volume-3, Issue-8, August 2015

JETIR2108179 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b390


http://www.jetir.org/

