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Abstract - During cement production, work has been

conducted to examine the effect of metakaolin (MK)
substitution with cement strength due to associated
environmental pollution and to preserve virgin raw
materials for future generations, and yet at the same time,
utilizing the approachability of additional cementing
materials such as metakaolin-an engineered material. In
this study, the strength characteristics of Metakaolin
concrete with and without crimped steel fiber have been
tested. Reinforced concrete with short random fibers has
been identified by monitoring the origin length/dia.
propagation of fractures to enhance the strength of
cementitious matrices. Steel fibers have contributed to
mechanical qualities by minimizing the crack development
inside concrete blocks and so improving concrete strength
at all testing ages. Results show that the flexural strength of
M60 concrete increases with 1.5 percentages of fiber
content and strength-effectiveness at aspect ratio 60 is
observed to be maximum.
Key Words: Metakaolin (MK), Mechanical properties,
Strength Steel fiber reinforced concrete

1. INTRODUCTION
Concrete is a fabricated material that is most extensively
in construction throughout the world. Even during thiese
COVID times the construction is in swing with high rise air
conditioned buildings structures made of concrete. In
concrete, the aggregates are bonded together by the
cement mixed with water. With the advancement of
technology and the increased field of application of
concrete and mortars, the strength, workability, durability,
and other characteristics of ordinary concrete can be
made suitable for any situation. For this, definite
proportions of cement, water, fine aggregate, coarse
aggregate, mineral admixtures, and chemical admixtures
are required. Concrete has become so popular and
indispensable because it’s inherent in concrete brought a
revolution in applications of concrete. Concrete has
unlimited opportunities for innovative applications,
design, and construction techniques. Its great versatility
and relative economy in filling a wide range of needs have
made it a very competitive building material. With the
advancement of technology and the increased field of
applications of concrete, the strength, workability,
durability and other characteristics of the ordinary
concrete need modification to make it more suitable for
suitable situations. To overcome various problems
encountered in the construction field and to achieve better
performance in an aggressive environment, the use of
high-performance concrete is becoming more popular.
The addition of fibers along with mineral admixture in
concrete makes matrix strengthened and results in,
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increase of strength characteristics. Metakaolin presents
comparable performance to the ones with other mineral
Admixtures in terms of mechanical properties as well as
permeability and durability properties. Moreover, the
utilization of metakaolin is also environmentally friendly
due to the reduction of CO2 emission to the atmosphere by
decreasing portland cement consumption.

2. Background
Metakaolin is not a byproduct. It is obtained by the
calcination of pure or refined Kaolinitic clay at a
temperature between 650 0C and 850 0C, followed by
grinding to achieve a fineness of 700-900 m2/kg. The
resulting material has high pozzolanic. Metakaolin is
manufactured from pure raw material to strict quality
standards. They may also contain active components (such
as sulfur compounds, alkalies, carbon, reactive silica)
which can undergo delayed reactions within the concrete
and cause problems over prolonged periods. Metakaolin is
a new material in India and is still a matter of R&D
investigations. The suitability of raw materials in India for
the production of structural grade Metakaolin has not
been explored in great detail. The possibility of producing
structural grade concretes using Metakaolin mixes and
conventional concreting tools has not been well
established in the Indian context as most of the studies
have been confined to miniature specimens. When
concrete materials are used in construction they should be
durable to withstand a highly aggressive environment. In
earlier days the strength of concrete was only considered
in the design mix procedures, but after the introduction of
IS: 456-2000 the importance is focused on durability.
Although Metakaolin was introduced during the 1980s, no
exhaustive research data are available towards durability.
Presently Metakaolin is more expensive than Portland
cement, as is Silica Fume, even though moderately low
temperatures are required for its processing and its
overall production cost is significantly less than that of
Portland cement. In the production of Portland cement,
about 1 ton of CO2 is produced for every ton of cement.
Adding Metakaolin to Portland cement will reduce the
final amount of CO2 developed concerning pure
cementitious binders. With the environmental concerns
developed in recent years, more environmentally friendly
cement is produced adding ground slag, fly ash, or other
minerals. Metakaolin is so far the only product that will
reduce the CO2 output and accelerate the setting.

Fig -1: Metakaoline
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In this study, two different steel fibers which have the
same diameter and different length of hooked-end were
used. The properties of fibers were given in Table 1.
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strength of concrete varies from 7.9 MPa to 10 MPa.MK
10% gave high flexural strength. So we may conclude that
MK 10% is the best proportion for add-in cement.
Table -2: Strength in (MPA).
% of Metakaolin

Fig -2: Crimpled steel fibres.

0% MK
5% MK
10% MK
15% MK
20% MK

Compressive Strength (MPA)
28 d ay s
6
1
6
5
7
1
6
9
6
7

Tensile Strength (MPA)
28 days
4
.
1
4
.
6
5
.
1
4
.
3
4

Flexural Strength (MPA)
28 days
5
.
6
6
.
5
7
.
9
7
.
1
6
.
9

Table -1: Properties of fibres.
Specimen
S F
S F

1
2

Lengt
( m m
4
6

h
)
5
0

Diameter
( m m )
0 . 7 5
0 . 7 5

Aspect ratio
( l / d )
6
0
8
0

3. Experimental program
Many researchers have studied the properties of ordinary
Portland cement concrete and steel fibre reinforced
concrete using fly ash, silica fume, as cement replacement
materials. Less research has been done work using
Metakaolin as cement replacement materials in steel fibre
reinforced concrete. This study deals with the details
about the development of mixes, preparation of test
specimens, the various strength and durability studies
conducted including its procedures. Trial mixtures were
prepared to obtain a target strength of more than 60
N/mm2 for the control mixture at 28 days and the w/c
ratio for all the mixtures were kept at 0.32 to 0.40. The
details of the mixture (MK0, MK5, MK10, MK15, and
MK20) were employed to examine the influence of low
w/c ratio on concretes containing MK on the mechanical
and durability properties. The slump of fresh concrete was
found as 100 mm – 120mm. The main objective was to
investigate the effect of the replacement of cement by
metakaolin in varying percentages on the mechanical
properties of concrete. and to investigate the effect of
Hooked end steel fibers with the same dia and different
aspect ratios on flexural strength of high-performance
concrete. To solve the global warming problem, efforts are
being made to reduce the use of Portland cement in
concrete. In this direction, the specimens were tested to
evaluate to assess the performance of Meakaolin concrete
in terms of strength. This includes the use of auxiliary
cementing materials such as metakaolin for Portland
cement. The strength parameters were studied by
conducting a compressive strength test, flexural strength
test, and splitting tensile strength test.

Fig -3: Comparison between different Strength results.
In Table 2 we investigated that the percentage of 10 %
metakaolin gives higher strength as compared to 5 %, 15
%, and 20 % of metakaolin mixed with concrete in all
strength respectively so we adopted 10 % metakaolin to
mix with 1% & 1.5 % hooked steel fiber at different aspect
ratio in concrete.
Table -3: Flexural Strength of concrete mix with additives.

Specimen
1 0 %

M K

%
of Steel Fiber
0

10% MK + SF 1

1

10% MK + SF 2

1 . 5

Aspect ratio

Flexural Strength (MPA)

(l/d)
0
6
0
8
0
6
0
8
0

28 days
7 . 9
10.69
9 . 7 9
11.92
10.78

Increase (%)

3
2
4
3

3
1
5
1

.
.
.
.

5
0
9
5

5
5
2
7

4. Results and discussion
The obtained test results for geopolymer concrete are
compared with the flexural strength values for control
cement concrete. The test results of the concrete specimen
Fig -4: Flexural strength of concrete mixed with 10%
are discussed below and presented in Table 1. The
metakaolin and hooked steel fiber of different aspect
strength tests were carried out at age of 28 days. The 28ratios.
day compressive strength varied between 61 and 71 MPA.
The highest for the MK10 mixtures achieving strength of
71 MPA at 28 days. Split tensile strength exhibited the
highest strength at MK 10 mixture. The range of flexural
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The Flexural Strength values are determined in the
laboratory for concrete mixed with metakoline and
hooked steel end fiber are shown in Table 2 and it is clear
that the flexural strength of concrete decreases as the steel
fiber aspect ratio content increases with 10% of
metakaolin. Maximum flexural strength of mixed concrete
is with 10% metakaolin at a hooked steel end fiber aspect
ratio (60) with the replacement of 1.5% of steel fiber at 28
days. The variation of flexural strength of concrete with
10% metakoline and various of hooked steel fiber with
both aspect ratios is depicted in figure 4.

5. Conclusions
Metakaolin is waste that could be utilized in a concrete
structure and its addition in concrete in the current study
showed improvement in the compressive strength, split
tensile strength and flexural strength up to 10% cement
replacement. The maximum replacement level of
metakaolin ash is 10% for M60 grade of concrete strength
for 28 days curing period. It shows that the addition of 10
% metakaolin has a significant effect on the strength
characteristics of the mixes. Also, the Flexural strength of
M60 concrete increases with 1.5 percentages of fiber
content and strength-effectiveness at aspect ratio 60 is
observed to be maximum i.e. 11.52 MPA than the control
concrete at 28 days. The short ﬁbers provided higher
flexural strength development than long fibers
incorporated concretes with an increase in volume
fraction. The level of improvement was more pronounced
for MK concretes than plain ones. This difference in the
behavior of steel ﬁber reinforced concretes may be
attributed to the dispersion and orientation of the steel
ﬁbers within the concrete. The results encourage the use
of Metakaolin along with the addition of additives like
hooked steel fibers as well with different percentages and
different aspect ratios, which also reflected that less
cement and concrete having better strength properties
than ordinary concrete can be generated by this mix.
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