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Abstract: Concrete made of cement is the most adaptive material for construction purpose. Design and
Preparation of such a concrete mix with good strength and durability has been always the need of the day. Use
of mineral admixture in concrete mix has made a remarkable achievement in development and design of high
strength concrete.

Among many mineral admixtures available, Metakaolin (MK) is a mineral admixture, whose potential
is not yet fully tested and only limited studies have been carried out in India on the use of MK for the
development of high strength concrete. MK is a supplementary cementations material derived from heat
treatment of natural deposits of kaolin. MK shows high pozzolanic reactivity due to their amorphous structure
and high surface area.

In this present study Metakaolin is replaced with 0, 10, 15, 20, 25 and 30 % of cement to observe the
compressive strength of M70 grade concrete. Conclusions are made from the various results and the discussions
there on to identify the effect of partial replacement of cement by MK in the design concrete mix. The results
conclude that, the use of Metakaolin Concrete (MKC) has improved the performance of concrete under various
conditions

Key words: Metakaolin, High Strength Concrete, Temperatures and Acidic Medium.

. Introduction

Concrete is one of the most widely used man-made construction material in the world. Metakaolin is
the cementations material used as an admixture to produce high strength concrete. Optimal quality of
Metakaolin for M70 grade of concrete has been worked out, which can replace the cement in order to get better
strength and durability. Also identification of the drying shrinkage and permeability characteristics of blended
cement has been done. Jipingbai studied that when metakaolin is used as a partial replacement for Portland
cement, tends to improve both the mechanical properties and durability of concrete. Friars and Cabrera
investigated the relation between the pore size distribution and degree of hydration of metakaolin based cement
pastes.

Metakaolin is the white powder of Al,05.2Si0, by dehydrating kaolin (Al,05.2Si05.2H,0) at an
appropriate temperature (700-900°C). Kaolin is in a layered silicate structure, with the layers binding with each
other via the Van Der Weal’s bond, among which OH™ is bound firmly. Kaolin, when being heated in air, may
experience several structural changes, and when being heated to around 600°C, the layered structure of kaolin is
damaged due to dehydration to form a transient phase with a poor crystallinity, i.e. metakaolin. As the molecular
arrangement of metakaolin is irregular in a thermodynamic metastable condition, it is cementations under an
adequate excitation. With a high activity, metakaolin can be used to manufacture cementations materials and
mix high-strength high-performance concrete.

I1.  Methodology
Based on the preliminary investigations carried out, the experimental investigation is planned as under.

To obtain the mix proportions of OPC concrete for M70 by Entropy and Shack lock’s Empirical graphs. To

calculate the mix proportions with partial replacements such as 0%, 10%, 15%, 20%, 25%and 30% of

Metakaolin with concrete. Preparations of testing specimens are as follows.

1. To prepare concrete specimens such as cubes (150 x 150 x 150) for durability studies in laboratory with
0%, 10%, 15%, 20%, 25% and 30%replacement of OPC with Metakaolin for M70 grade concrete.

2. To prepare the concrete specimens such as cubes (150 x 150 x 150mm) for compressive strength, cylinders
(150 x 300mm) for split tensile test, prisms (100 x 100 x500mm) for flexural strength, cylinders (150 x
300mm) for stress-strain curve with 0% and 15% replacement of OPC with Metakaolin for M70 grade
concrete for temperature study i.e., for 100°C, 200°C, 300°C, 400°C and 500°C.To cure the specimens for
28 days.

3. To evaluate the mechanical characteristics of concrete such as compressive strength, split tensile, flexural
strength, stress-strain curve.
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4. To evaluate the durability studies of M70 grade Metakaolin replacement concrete with 0.5% and 1%
concentrations of HCI and H,SO,.

5. To evaluate the temperature studies of M70 grade MKC at an exposure 0f100°C, 200°C, 300°C, 400°C and
500°C for 1hr, 2hr and 3hr duration. To evaluate and compare the results.

I1l.  Results And Discussion

The tests were carried out to obtain compressive strength, split tensile strength, flexural strength and
stress-strain curve of M70 grade concrete. The specimens are tested for 28 days for 0%, 10%, 15%, 20%, 25%
and 30% replacement of MK for compressive strength and the specimens are tested for 28 days for 0% and 15%
replacement of MK for flexural strength, stress-strain curve, split tensile strength. These are presented in tables
and graphs were plotted correspondingly.

In the present experimental work the specimens exposed to temperature undergo physical changes and
weight loss. The free moisture content is lost initially, followed by physical adsorption of water.
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Figure 1. Compression strength of concrete vs. % of Metakaolin

90

80 =—0.50
%

70 ==1%

60

50

o
o

Compressive Strength (Mpa)

0 10 20 30 40

Percentage of Metakaolin
Figure 2. Compressive Strength of concrete vs. % of MK at 0.5% and 1% HCI
From the above Fig: 2, it is observed that at 15% replacement of cement with MK, concrete attains
maximum compressive strength when exposed to 0.5%, 1% HCI at the age of 28 days. When the replacement
exceeds 20%, the compressive strength is found to be decreasing slightly.
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Figure 3. Compressive Strength of concrete vs. % of Metakaolin at 0.5%, 1% H,SO,
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From the above graph 3, it is observed that at 15% replacement of cement with MK, concrete attains
maximum compressive strength when exposed to 0.5%, 1% H,SO, at the age of 28 days. When the replacement
exceeds 20%, the compressive strength is found to be decreasing slightly.
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Figure 4. 28 Days Compressive Strength of concrete (%) vs. Exposed temperature (°C) of 0% and 15% MKC
From the above graph 4, it is observed that the compressive strength increases at 100°C temperature
when compared to the strength obtained at normal room temperature for 0% and 15% replacement of MK. The
increase in compressive strength associated with the increase in temperature is attributed to the increase in the
surface forces between gel particles (Vander wall forces) due to the removal of moisture content. The
compressive strength decreases from 100°C to 200°C and further decreases at 500°C.
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Figure 5. 28 Days Split Tensile Strength of concrete (%) vs. Exposed Temperature (°C) of 0% and 15% MKC
From the above graph 5, it is observed that the split tensile strength increases at 100°C temperature
when compared to the strength obtained at normal room temperature for 0% and 15% replacement of MK. The
increase in split tensile strength associated with the increase in temperature is attributed to the increase in the
surface forces between gel particles (Vander wall forces) due to the removal of moisture content.
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Figure 6. 28 Days Flexural Strength of concrete (%) vs. Exposed Temperature (°C) of 0% and 15% MKC
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From the above graph 6, it is observed that the flexural strength increases at 100°C temperature when
compared to the strength obtained at normal room temperature for 0% and 15% replacement of MK. The
increase in flexural strength associated with the increase in temperature is attributed to the increase in the

surface forces between gel particles (Vander wall forces) due to the removal of moisture content.
The stress-strain behavior of cylinder specimens for 0% and 15% of metakaolin cured for 28 days age

and subjected to elevated temperature from 100 to 500°C apart from room temperature were as shown below.
The various graphs plotted are as shown in Fig. 7 to 12.
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Figure 7. Stress-strain curve of concrete at room temperature
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Figure 8. Stress-strain curve of concrete exposed to 100°C for different exposure durations
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Figure 9. Stress-strain curve of concrete exposed to 200°C for different exposure durations

www.iosrjournals.org

35 | Page



Influence Of Metakaolin In High Strength Concrete Of M70 Grade For Various Temperatures And

35

30

25

20

15

Stress (Mpa)

10

0.001

0.002 0.003

Strain

—4—0% meta 1H Duration
== (0% meta 2H Duration
=#r=0% meta 3 H Duration
—=—15% meta 1H Duration
== 15% meta 2H Duration
—®—15% meta 3H Duration

Figure 10. Stress-strain curve of concrete exposed to 300°C for different exposure duration
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Figure 11. Stress-strain curve of concrete exposed to 4000C for different exposure durations
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Figure 12. Stress-strain curve of concrete exposed to 500°C for different exposure durations
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V. Conclusions

Based on the experimental investigation carried out, the following conclusions are made.
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Workability of concrete decreases with the increase in Metakaolin replacement level.

The compressive strength, flexure strength and split tensile strength of conventional concrete and concrete
with MK as partial replacements are compared and observed and concluded that the strength of the
conventional concrete is slightly lower than the MKC.

The compressive strength of concrete is increased when cement is replaced with Metakaolin. The
compressive strength is maximum at 15% of replacement.

The split tensile strength of concrete is increased when cement is replaced with Metakaolin. The split
tensile strength is maximum at 15% of replacement.

The flexure strength of concrete is increased when cement is replaced with Metakaolin. The flexure
strength is maximum at 15% of replacement.

At room temperature and 100°C exposure, the stress-strain relationship is similar to the conventional
concrete & MKC behavior. However the trend is different for temperature exposure of 200°C to 500°C.
The compressive strength of concrete showed better result at 15% replacement of MK for 0.5% and 1%
HCI at the age of 28days of strength.

The compressive strength of concrete showed better result at 15% replacement of MK for 0.5% and 1%
H,SO, at the age of 28 days of strength.

The effect of HCI on strength of the Metakaolin concrete is lower than the effect of H,SO,.

. The strength increases at 100°C temperature and thereafter it starts losing its strength as the temperature

increases.
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