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Abstract: The present study is to understand the behavior and performance of the concrete when partial replacement of
metakaolin and waste ceramic is used as the cement - and fine aggregate. In these study two Mix's was carried out where Mix-
1 was partial replacement of fine aggregate by ceramic waste as 10%, 15% and 20%. And Mix-2 was said to be the combined
partial replacement of ceramic waste (C.W) as fine aggregate and metakaolin as the partial replacement of cement by 5%,
10%, 15%, 20% and 25% and fine aggregate will be considered which optimum at Mix-1 is. For analyzing the suitability of
these waste ceramic powder and metakaolin in concrete of M30 mix. The compressive strength test, split tensile strength test,
and flexural strength tests for 7 and 28 days has conducted for all mixes.In this research, the effect of combined replacement of
metakaolin and ceramic wasteon concrete which has boosted the Compressive, Flexural and Split tensile strength of concrete.
Based on the laboratory experiment cube, beam and cylindrical specimens have been designed. The optimum percentage of
cement replacing with metakaolin and fine aggregate with ceramic waste was determined to be 20% and 15% for compressive
strength, tensile and flexural strength

Index Terms — Metakaolin, ceramic waste, Compressive Strength, Split TensileStrength,Flexural Strength.

. INTRODUCTION

Cement both in mortar and concrete, is the most important element of the infrastructure and can be a durable
construction material. Generally in design of concrete mix, cement , fine aggregates and coarse aggregates are using from
long back, which plays a crucial role in designing of a particular grade of concrete. But now a days there is a scarcity in
aggregates. So, some new materials which are locally available for low cost have to introduced for replacing the fine
aggregates, coarse aggregates and as well as cement to get the same strength. Cement is widely noted to be most expensive
constituents of concrete. The entire construction industry is in search of a suitable and effective waste product that would
considerably minimize the use of cements and ultimately reduces the construction cost. However, the environmental
aspect of cement has become a growing concern, as cement manufacturing is responsible for about 2.5% of total
worldwide waste emissions from industrial sources. One effective way to reduce the environmental impact is to use
mineral admixtures, as a partial cement and river sand additive and replacement both in concrete and mortar, which will
have the potential to reduce costs, conserve energy and minimizes the waste emissions.In present world, huge amount of
solid wastes are obtaining from manufacturing units and demolitions of construction from human daily habitats. Some
researchers are working on solid waste as partial replacing substances based on the locally available industrial wastes
such as Fly ash, Sugarcane bagasse ash, Blast furnace slag, Rice husk ash, Palm oil fuel ash, Wheat straw ash, Silica
fumes, Metakaolin, waste Ceramic material, glass powder, over burnt bricks, coconut shells, etc are being used as
supplementary cement and fine aggregate additive and replacement materials.When these pozzolanic materials are added
to cement, the silica present in these materials reacts with free lime released during the hydration of cement and forms
additional calcium silicate hydrate as new hydration products, which improve the mechanical properties of concrete
formulation. Use of cheaper material without loss of performance is very crucial to the growth of developing countries.The
present study is to understand the behavior and performance of the waste ceramic material is used as the partial
replacement of fine aggregate by 10%, 15% and20% say M1, M2 and M3 respectively. Combined partial replacement of
ceramic waste as fine aggregate where maximum strength obtained in above three mixes will be taken as constant
replacement and metakaolin as the partial replacement of cement by5%, 10%, 15%, 20%, 25% say M4, M5, M6,M7 and
M8 respectively. For analyzing the suitability of these waste ceramic material and metakaolin in concrete mix M30 the
compressive strength test, split tensile strength test and flexural strength tests for 7 and 28 days are conducted for all
mixes. And durability test will be conducted for optimum mix.
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Metakaolin is one of recently developed mineral admixture used to replace a part of cement in the manufacture of cement of
HPC. Metakaolin is a manufactured bypozzolanic material. The production of Portland cement is not only costly and energy
intensive, but it also produces large amount of carbon emission.The production of one to of Portland cement produces
approximately one ton of CO2 in the atmosphere. Limestone is a raw material available in nature; it is primary need for
production of cement material. Earlier it was used directly to form silica flume mortar as a binding material in
construction.Supplementary cementitious materials are often used to reduce cement contents and improve the workability

of fresh concrete, increase strength and enhance durability of hardened concrete.

Ceramic Waste Material

The ceramic waste is one of the mineral admixtures used as a partial replacement of cement and aggregates. It is available
in different sizes and shapes. The ceramic waste is durable, hard and highly resistant to biological, chemical and physical
degradation forces. Due to the pozzolanic property of ceramic waste the durability is increased.Indian ceramic production
is 100 Million ton per year. In the ceramic industry,about 15%- 30% waste material generated from the total production.
This waste is notrecycled in any form at present. However, the ceramic waste is durable, hard and highly resistant to
biological, chemical, and physical degradation forces.The Ceramic industries are dumping the powder in any nearby pit or
vacant spaces, near their unit although notified areas have been marked for dumping. This leads to serious environmental
and dust pollution and occupation of a vast area of land, especially after the powder dries up so it is necessary to dispose
the Ceramic waste quickly and use in the construction industry.As the ceramic waste is piling up every day, there is a
pressure on ceramic industries to find a solution for its disposal. The advancement of concrete technology can reduce the
consumption of natural resources. They have forced to focus on recovery, reuse of natural resources and find other
alternatives.The use of the replacement materials offer cost reduction, energy savings, arguably superior products, and
fewer hazards in the environment.

Objectives of the work
The following objectives have to identify:

e To identify the compressive strength, split tensile strength and flexural strength of M30 for 7 and 28 days with waste

ceramic material replacement infine aggregate by 10%, 15% and 20% say as Mix-1.

e To identify the compressive strength, split tensile strength, flexural strength and Durability characteristic of M30 grade
for 7 and 28 days with combination of waste ceramic material partially replaced in fine aggregate where maximum
strength obtained by above mix and metakaolin in cementby 10%, 15%, 20%, and 25% respectively say as Mix-2

Mix Design:
Table — 1: Different percentages of Metakaolin & Ceramic waste powder

S.NO MIX Percentage Percentage
Desi ; replacementof replacement
psignarag cement with ofFineaggregate
Metakaoli with Ceramic
etakaolin e
1 MO 0% 0%
2 M1 0% 10%
3 M2 0% 15%
4 M3 0% 20%
5 M4 5% 15%
6 M5 10% 15%
7 M6 15% 15%
8 M7 20% 15%
9 M8 25% 15%
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Table -2: Mix Proportions by WEIGHT

Cement Fine aggregate Coarse aggregate wi/c ratio
Kg Kg Kg
386.36 678.01 1277.55 170
1 1.75 3.31 0.44

Results and discussions:

Compressive strength is obtained by applying crushing load on the cube surface. So it is also called as Crushing
strength. Compressive strength of concrete is calculated by casting 150mm x 150mm x 150mm cubes. The test results are
presentedhere for the Compressive strength of 7 days, 28 days and of testing.

Table-3: Compressive strength results for M1X-1

Percentage Compressive
replacement Strength
MIX in Fine aggregate N/mm?
Designation
MIX-1

F.A Cc.w 7 days 28 days
MO 100% 0% 28.58 39.24
M1 90% 10% 31.86 40.11
M2 85% 15% 33.65 41.43
M3 80% 20% 31.58 39.45

ON UUN OW UTw O b

M1
percentege replacement with ceramic

MO M2

Fig-1: : Compressive strength at 7 days and 28 days for nominal mix and partialreplacement with Ceramic waste for
MIX-1
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Discussion on Compressive strength results of M1X-1:
e The 7 and 28 days compressive strength of concrete with different percentagesof ceramic waste are given in
Table 7.1.
e It was observed that strength has been increased when compared with conventional mix. And now by using the
MIX-1 results the optimum strength at M2.
o Where the partial replacement of fine aggregate with ceramic waste was 15% these percentage was taken as
constant and used in M1X-2.

Table-4: Test result for Compressive strength by using ceramic waste andmetakaolin for M1X-2

Compressive
Percentage Percentage
MIX Strength
replacement in replacementin N/mm?
Designation
cement F.A
MIX-2
Cement Metakaolin F.A Cc.w 7 days | 28 days
M4 95% 5% 85% 15% 32.05 | 3941
M5 90% 10% 85% 15% 33.24 | 40.65
M6 85% 15% 85% 15% 35.32 | 41.85
M7 80% 20% 85% 15% 36.48 43.72
M8 75% 25% 85% 15% 34.71 | 42.36

Fig-2:Compressive strength at 7 and 28 days Vs % replacement with Metakaolin& Ceramic waste for M1X-2

__ B 7DAYS
W 28 DAYS
M4 M5 M6 M7 M8

Percentage replacement with metakolin and ceramic waste

Discussion on Compressive strength of above results
1 Now the 7 and 28 days compressive strength of concrete with differentpercentages of
Metakaolin and ceramic waste are given in Table 7.2.

1At M7 the optimum strength has been observed when compared with MOcontrol concrete
mix.
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Table-4:Split Tensile strength test result for 7 and 28 days for MI1X-1

Percentage Split Tensile
replacement Strength
MIX in Fine aggregate N/mm?
Designation
MIX-1

F.A C.w 7 days 28 days
MO 100% 0% 2.55 3.84
M1 90% 10% 2.67 3.86
M2 85% 15% 2.78 4.12
M3 80% 20% 2.52 3.89

Fig-3: split tensile strength for 7 and 28 days replacement with ceramic waste

B 7 DAYS
H 28 DAYS
|

MO M1 M2 M3
percentege replacement with ceramic waste

Discussion on Split Tensile strength of above results:

e The 7 and 28 days split tensile strength of concrete with different percentages of ceramic waste are given in
Table 7.3.

e It was observed that strength has been increased when compared with conventional mix. And now by using
the MIX-1 results the optimum strength at M2.

o  Where the partial replacement of fine aggregate with ceramic waste was 15% these percentage was taken as
constant and used in MIX-2
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Table-5: Split Tensile strength at 7 and 28 days replacement with Metakaolin &Ceramic waste for M1X-2

Percentage Percentage Split Tensile
replacementin replacementin Strength
MIX cement F.A N/mm?
Designation
MIX-2
Cement Metakaolin F.A C.w 7 days 28 days
M4 95% 5% 85% 15% 2.58 3.87
M5 90% 10% 85% 15% 2.71 3.92
M6 85% 15% 85% 15% 2.78 4.18
M7 80% 20% 85% 15% 2.86 421
M8 75% 25% 85% 15% 2.71 3.98

Fig-4: Split Tensile strength at 7 and 28 days replacement with Metakaolin &Ceramic waste for M1X-2.

4.5
4

M4

M5

M6
Percentage replacement with metakolin and ceramic waste

M7

B 7DAYS
m 28 DAYS

M8

Discussion on Split Tensile strength
o Now the 7 and 28 days split tensile strength of concrete with differentpercentages of Metakaolin and

ceramic waste are given in Table 7.4.

e At M7 the optimum strength has been observed when compared withMOcontrol concrete mix.
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Table-5: Flexural strength test result at age of 7 and 28 days for MIX-1

Percentage flexural
MIX replacement Strength
in Fi N/mm?
Designation in Fine aggregate
MIX-1

F.A Cc.w 7 days 28 days
MO 100% 0% 2.55 3.83
M1 90% 10% 2.67 3.86
M2 85% 15% 2.78 4.23
M3 80% 20% 2.52 3.89

Fig-6:Flexural strength at 7 and 28 days Ceramic waste

H 7 DAYS
H 28 DAYS

MO M1 M2 M3
Percentege replacement with ceramic waste

Discussion on Flexural strength results for MIX-1:
The 7 and 28 days flexural strength of concrete with different percentages of ceramic waste are given in Table
7.5. 1t was observed that strength has been increasedwhen compared with conventional mix. And now by using the M1X-1
results the optimum strength at M2. Where the partial replacement of fine aggregate with ceramic waste was 15% these

percentage was taken as constant and used in M1X-2
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Table-6 :Flexural strength at 28 days Vs %replacement with Metakaolin & Ceramicwaste

Percentage Percentage Flexural
MIX . .
replacement in replacementin Strength
Designation
cement F.A N/mm?
MIX-2
Cement Metakaolin F.A C.w 7 days 28
days
M4 95% 5% 85% 15% 2.58 3.87
M5 90% 10% 85% 15% 2.71 3.92
M6 85% 15% 85% 15% 2.78 4.18
M7 80% 20% 85% 15% 2.86 4.26
M8 75% 25% 85% 15% 2.71 3.98

Fig-7: Flexural strength at 28 days Vs %replacement with Metakaolin & Ceramicwaste

4.5

4

3.5

3

2.5

B 7 DAYS
m 28 DAYS

2

15

1

0.5

M4 M5 M6 M7 M8
Percentage replacement with metakolin and ceramic waste

Discussion on Flexural strength for M1X-2:

e Now the 7 and 28 days flexural strength of concrete with different percentagesof Metakaolin and
ceramic waste are given in Table 7.6.
e At M7 the optimum strength has been observed when compared withMOcontrol concrete mix.
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Conclusions:
e The compressive strength at the age of 7 days and 28 days was increased at mix M7 of about 11.41% than the conventional
mix MO.

e The split tensile strength at the age of 7 days and 28 days was more at mix M7 of about 9.63% when compared to
conventional mix MO.

e The flexural strength at the age of 7 days and 28 days has increased at mix M7 of about 10.22% when compared to
conventional mix MO.
e  From the experimental investigations we found a possible alternative solution of safe disposal of ceramic waste.
e By this experimental study we can reduce the cost of concrete. Now a day’s river sand price is gradually increasing by
replacing it with ceramic waste there will be economical benefit and the natural resource (River sand) is also saved.
References:
[1] Abdullah Anwarl , Sabih Ahmad2 (2015)”Replacement Of Cement By Marble Dust And Ceramic Waste In Concrete
For Sustainable Development”.
[2]  Aiswarya S, Prince Arulraj G, Dilip C (2013). “A REVIEW ON USE OF METAKAOLIN IN CONCRETE”.
[3]  Amitkumar D. Ravall , Dr.Indrajit N etal (2013) “Ceramic Waste : Effective Replacement Of Cement For Establishing
Sustainable Concrete “.
[4] A.V.S.Sai. Kumarl , Krishna Rao B2 (2014) “A Study on Strength of Concrete With Partial Replacement Of Cement
With Quarry Dust And Metakaolin”.
[5] Beulah M. Asst Professor, Prahallada M. C. Professor (2012) “Effect Of Replacement Of Cement By Metakalion On
The Properties Of High Performance Concrete Subjected To Hydrochloric Acid Attack”
[6] Dr. B. Krishna Rao, Manthena. Sri Lakshmi (2013) “Use of Tile Dust as Partial Replacemnt for Cement in Concrete”.
[7] Dhavamani Doss Sa and D. Gobinatha (2013) “Chemical Resistance of Concrete with Ceramic Waste Aggregate.
[8]  Er. AmritpalKaur, Er. Rajwinder Singh (2015) “Strength and Duriabilty Properties of Concrete with Partial
Replacement of Cement with Metakaolin and Marble Dust”.
[9] Fernando Pacheco-Torgal , Said Jalali (2010) “Compressive strength and durability properties of ceramic wastes based
concrete”.
[10] Hemanth Kumar Chl ,Ananda Ramakrishna K 2 , etal (2015) “Effect of Waste Ceramic Tiles in Partial Replacement
of Coarse and Fine Aggregate of Concrete”.
[11] Hitesh Kumar Mandavi, VikasSrivastava, V.C. Agarwal (2015).”Durability of Concrete with Ceramic Waste as Fine
Aggregate Replacement”.
[12] Jean Ambroise, Sandrine Maximilien, Jean Pera (2013). “Properties of Metakaolin blended cements”
[13] Nikhil KishorKulkarni,Ajay A. Hamane (2015). “Evaluation of Strength of Plain Cement Concrete with Partial
Replacement of Cement by Meta Kaolin & Fly Ash”
[14] O. Zimbili, W. Salim, M. Ndambuki (2014) “A Review on the Usage of Ceramic Wastes in Concrete Production”.
[15] P. Dinakar, Pradosh K., G. Sriram (2013) “Effect of Metakaolin Content on the Properties of High Strength Concrete”.
[16] Patel2 , Prof. Jayeshkumar Pitroda3 etal (2013) “RE-USE OF CERAMIC INDUSTRY WASTES FOR THE
ELABORATION OF ECO-EFFICIENT CONCRETE”.
[17] Ponnapati. Manognal, M. Sri Lakshmi2 (2015).”TILE POWDER ASPARTIAL REPLACEMENT OF CEMENT IN
CONCRETE”.
[18] satyendraDubey, Rajiv Chandak , R.K. Yadav (2015) “Experimental Study of Concrete withMetakaolin as Partial
Replacement of OPC”.
[19] VenkataSai Ram Kumar N. (2014) “A Review on Use of Metakaolin inCement Mortar and Concrete”
[20] VikasSrivastava 1 , Rakesh Kumar 2 and V.C. Agarwal 1 (2012).” Metakaolin inclusion: Effect on mechanical
properties of concrete”.

JETIR2207651 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ g361


http://www.jetir.org/
http://www.sciencedirect.com/science/article/pii/1065735594900078
http://www.sciencedirect.com/science/article/pii/1065735594900078
http://www.sciencedirect.com/science/article/pii/1065735594900078
mailto:pdinakar@rediffmail.com

