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Abstract. Porous concrete may perform worse when subjected to high rates of settling and
shrinkage. The objective of this study was to use Metakaolin and rock sand to reduce voids in
concrete and enhance performance. As an additional cementitious ingredient, metakaolin has
been shown to be a good addition to cement concrete. The most often utilised concrete additives
are those that have metakaolin as a component. Due to its widespread accessibility in our
country, using metakaolin in cement concrete may have financial benefits. Metakaolin was to be
substituted at a rate of 5 percent, 10 percent, 15 percent, 20 percent, and 25 percent by weight of
cement. Concrete's strength and durability are evaluated using cubes and cylinders that have been
cast. In 15 percent MK-based concrete, an increase in compressive strength of 47.55 percent,
27.88 percent, and 47.52 percent was recorded over 7, 28, and 90 days, respectively.

INTRODUCTION

The most common building material used worldwide is concrete [1], [2]. It is only second to
water as the most frequently used material, producing about six billion tonnes annually [3]-[5].
This is because there are many raw materials used in cement manufacture, cement has a
relatively low value, and concrete is malleable and adaptable in terms of producing the shapes
needed for structural components. The use of additional materials to reduce the need for cement
has been resisted because to environmental effects, including harm from CO2 emissions and
material extraction during cement production [6]-[9]. These resources could include industrial
waste, byproducts, and less-energetic materials. A rise in the incidences of major concrete
building degradation are additional factors that contribute to these stresses [10]—[12]. In order to
address these challenges, other environmental issues relating to the disposal of waste industrial
by-products, as well as economic issues, mixtures of Portland cement (PC) and pozzolans are
increasingly being used in structural concrete [13], [14]. Pozzolana is a name that was previously
used to characterise naturally occurring calcined earths and volcanic ashes that react with lime in
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the presence of water at room temperature [12], [15]— [17]. Any aluminous or siliceous materials
that, when roughly separated and exposed to water, chemically react with calcium hydroxide to
generate cementitious materials are now included in the term. Fly ash, rice husk ash, and silica
fumes are all considered to be pozzolana. Pozzolan utilisation results in effective reporting of
advantages such reduced temperature rise, increased durability, and increased strength. Although
this number is rarely higher than 20% in completely developed concrete, Portland cement
releases CH at a rate of about 28 percent of its own volume when fully hydrated[18]. The
Portlandite reacts with the extra pozzolan to produce more calcium silicate hydrates. The
portlandite created by the hydration of PC offers little in the way of strength and may shorten the
life of the concrete. Its removal through pozzolan interaction may result in a greater
improvement in the concrete's toughness and durability. The amount of industrial by-products
with pozzolanic properties that are released globally far outweighs the amount that is now used,
and it is generally believed that use will increase as more people become aware of the
environmental benefits of utilising it. It will assist in addressing upcoming maintenance and
environmental protection concerns. In the long run, there are compelling arguments for
continuing to partially replace cement in concrete and mortar with waste and other less energy-
intensive processed materials having pozzolanic properties. The use of calcined clay in the
context of metakaolin (MKk) as a pozzolanic addition for concrete and mortar has received a lot of
interest in recent years. Much focus has been given to the removal of CH, which is produced
during the hydration process and is associated with decreased durability. Eliminating CH
increases strength due to the extra cementing phases created by CH's interaction with MK, which
also improves alkali silica reactivity and sulphate resistance. High-purity kaolin clay is calcined
at temperatures between 600°C and 800°C to create MK. Direct forms of alumina and silica are
involved, and they will interact with the CH. The use of clay-based pozzolans in concrete and
mortar has mostly been motivated by improved material availability and durability. Additionally,
depending on the type of clay and the calcining temperature, strength can be increased,
particularly in the early stages of curing.

MATERIALS USED

Brick Cement

According to IS: 8112- 2013[19], metakaolin-based cement concrete with a specific gravity of
3.14 and initial and final setting periods of 65 and 288 minutes, respectively, was created in this
experiment using grade 43 OPC. a wish to use Pozzolans in a specific amount to replace cement
in order to improve the quality of cement concrete examples. 6.51 percent was discovered to be
the cement's fineness.

Metakaolin

CO2 emissions are reduced when Metakaolin is used as a weight substitute for cement in
concrete sample. Metakaolin is a white clay made of calcium-rich lime stone and dolomite. In
comparison to cement, metakaolin has a finer particle size dispersion. The physical analysis of
metakaolin powder is displayed in Table 1. The chemical make-up of metakaolin and Ordinary
Portland Cement (OPC) is displayed in Table 2. Metakaolin's use in concrete greatly lessens the
harmful effects of carbon emissions on the environment. It not only enhances the micro
properties of the concrete but also lowers carbon dioxide emissions and aids in garbage disposal.
Additionally, by limiting the porosity of the structures, its use in cement concrete aids in
reducing the effects from outside sources.CO2 emissions are reduced when Metakaolin is used as
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a weight substitute for cement in concrete sample. Metakaolin is a white clay made of calcium-
rich lime stone and dolomite. In comparison to cement, metakaolin has a finer particle size
dispersion. The physical analysis of metakaolin powder is displayed in Table 1. The chemical
make-up of metakaolin and Ordinary Portland Cement (OPC) is displayed in Table 2.
Metakaolin's use in concrete greatly lessens the harmful effects of carbon emissions on the
environment. It not only enhances the micro properties of the concrete but also lowers carbon
dioxide emissions and aids in garbage disposal. Additionally, by limiting the porosity of the
structures, its use in cement concrete aids in reducing the effects from outside sources.CO2
emissions are reduced when Metakaolin is used as a weight substitute for cement in concrete
sample. Metakaolin is a white clay made of calcium-rich lime stone and dolomite. In comparison
to cement, metakaolin has a finer particle size dispersion. The physical analysis of metakaolin
powder is displayed in Table 1. The chemical make-up of metakaolin and Ordinary Portland
Cement (OPC) is displayed in Table 2. Metakaolin's use in concrete greatly lessens the harmful
effects of carbon emissions on the environment. It not only enhances the micro properties of the
concrete but also lowers carbon dioxide emissions and aids in garbage disposal. Additionally, by
limiting the porosity of the structures, its use in cement concrete aids in reducing the effects from
outside sources.

Table 1: Chemical Composition of Cement and Metakaolin

Chemical Si0» ALO; Ca0 Fe05|  MgO Na,0| K.0| LOI
composition
OPC (%) 26.95 851 45 452 112 0.16 003|263
Metakaoli 52 46 0.09 0.6 0.03 0.14 0.03| 050
n (%)

Fine and Coarse Aggregate

According to 1S383: 2016[20], the fine aggregate used in the current experiment was angular
natural sand from a river in zone 3 with a specific gravity of 2.59. 10- and 20-mm coarse
aggregates were used in this experiment in proportions of 2:3 of the total quantity of coarse
aggregate, respectively.

Rock Sand

Rock sand minerals (P) LTD in Andhra Pradesh provided the rock sand for purchase. Rock sand
has been acknowledged as a superior alternative to river sand for a variety of significant reasons.
Due to the homogenous size and shape of the sand particles, the building has less porosity and is
more rigid and strong. There are no organic or inorganic pollutants in the sand, making it more
weather-resistant and durable. The cubic shape of the sand particles minimises the amount of
cement and water used by 4 to 5 percent each. Currently, a mix of 50 percent rock sand and 50
percent river sand has been used in the current study. This method is used to examine the change
in compressive and split tensile strength.
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MIX DESIGN AND WATER TO CEMENT RATIO

In the current investigation, an M20 mix design was adopted. For all concrete samples, the water
to binder ratio was held constant at 0.04. Table 2 displays the concrete mix design in detail.

Table2: Mix Design of
Precursor(kg/m3) 0% MK 5% MK 10% MK 15% MK 20% MK 25% MK
Cement 492.9 468.25 443.61 418.96 394.32 369.67
Metakaolin - 24.65 49.29 73.94 98.58 123.23
Fine Aggregate 568.38 568.38 568.38 568.38 568.38 568.38
Coarse Aggregate 1055.55 1055.55 1055.55 1055.55 1055.55 1055.55
Water 197.16 197.16 197.16 197.16 197.16 197.16

CompressiveStrength

Using a compression testing machine, the concrete sample's compressive strength was evaluated
on a 150x150x150 mm cube specimen. The specimen was initially cured for 7, 28, and 56 days
in the deep pond. The samples were sun dried prior to testing at the appropriate curing times.

Split Tensile Strength

Using a compression testing equipment, a specimen measuring 150 mm by 300 mm was used to
test the cylinder's split tensile strength. The cylinder's projection was modified in accordance
with IS:456 requirements.

RESULTS & DISCUSSION

Compressive Strength

The compressive strength graph is depicted in Figure 1. For 7, 28, and 90 days, respectively, the
compressive strength can be considered to steadily rise up to 15% MK replacement. However,
after 90 days of curing, the strength of the 20 percent MK-replaced concrete outperformed all
other categories. According to Fig. 1, the compressive strength of the 20 and 25 percent MK
mixtures was higher and more similar to the control and other mix proportions. In 15 percent
MK-based concrete, an increase in compressive strength of 47.66%, 27.80%, and 47.53% was
noted over the course of 7, 28, and 90 days, respectively. Compressive strength, however,
declines as MK fraction continues to fluctuate. Experimental results showed that switching from
50% river sand to rock sand increased compressive strength by up to 15% MK replacement.
Additionally, it was discovered that 20 percent MK concrete's compressive strength increased
after 90 days of curing. All blends were lowered in strength after reaching this point.

Split Tensile Strength

Figure 2 shows how the cement concrete's split tensile strength changed after 7, 28, and 90 days.
Here, it can be seen that the 20 percent MK concrete had a higher split tensile strength than the
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others during the 28-day curing period. However, during the 90-day testing period, the 20% and
25% MK replacements show a comparable strength phenomena. In experiments, it was
discovered that 20 percent MK-based concrete showed an increase in strength of 41.03, 54.90,

and 58.16 percent in comparison to control specimens at 7, 28, and 90 days, respectively.
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Figure 1: Compressive Strength of OPC and MK based Cement Concrete
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Figure 2: Split Tensile Strength of MK Replaced Cement Concrete
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CONCLUSION

From the study, the following findings may be made:

Metakaolin use in concrete reduces the concrete's porosity. As a result, metakaolin-based
concrete has stronger compressive strength than regular concrete. The strength of the calcium
silicate hydrate (C-S-H) link, which is what gives metakaolin its higher compressive strength,
can be increased. The inert substance in concrete will rise as we add more metakaolin, lowering
the concrete's compressive and split tensile strengths. Among all replacement percentages, 15%
MK replacement showed greater compressive strength over the course of 28 days, whereas 20%
MK replacement showed greater compressive strength over the course of 90 days. Compressive
strength and split tensile strength increase when river sand is partially substituted with rock sand.
At 28 days, 20% MK concrete shows superior split tensile strength. However, during the 90-day
curing period, it was somewhat close to 25% of the strength of MK concrete. 15 percent MK-
based concrete experienced increases in compressive strength of 47.55, 27.88, and 47.52 percent
at 7, 28, and 90 days, respectively, whereas 20 percent MK-based concrete experienced split
tensile strength increases of 41.03, 54.90, and 58.16 percent at 7, 28, and 90 days, respectively.
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