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Abstract-The cement and fine aggregate are the most
commonly used materials for concreting, plastering and
masonry work. The use of Metakaolin can be used as a partial
replacement material for cement in the production of concrete
where service environments, exposure conditions or life cycle
cost considerations define the use of Self Compacting
concrete. Metakaolin is used in concretes to improve the
compressive, flexural strength and reduces the permeability of
the hardened concrete. In this paper an overview on the
literature on mechanical and durability behaviour of self-
compacting concrete with partial replacement of cement by
metakaolin is carried out based on recent research studies
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1. INTRODUCTION

Cement is the most commonly used material in
concrete. Use of concrete is increasing day by day due to
increase in the construction works. Usually Concrete is
compacted by vibrations in order to expel entrapped air,
making it denser and homogeneous because compaction is
necessary to produce durable concrete. In location where
heavy reinforcement is provided, compaction of concrete is
very difficult and to provide proper compaction without
segregation in such areas self-compacting concrete (SCC) is
used. Self-compacting concrete (SCC) can be defined as a
concrete which can be placed with its own weight with or
without vibration. SCC facilitates proper filling and good
structural performance of heavily reinforced congested
members.

1. SELF COMPACTING CONCRETE

Self compacting concrete (SCC) was first developed
in 1986 in Japan to achieve durable concrete structures . SCC
is defined as a type of high performance concrete that gives
excellent deformability in the fresh state and high resistance to
segregation, and can be placed and compacted under its own
weight without applying vibration. Due to its excellent
deformability, low risk of blockage, and good stability to
ensure high filling capacity of the formwork it is widely used
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in construction especially in places where heavy reinforcement
is provided.

Durability properties of Self Compacting Concrete
were evaluated by conducting various tests such as open
porosity, sorptivity, water penetration test, gas permeability,
carbonation resistance and electrical resistance etc. Durability
of the cement concrete is defined as the ability to resist
weathering action, chemical attack, abrasion or any other
process of deterioration. The durability of a concrete structure
is associated to the permeability of the surface layer, it
shouldlimit the ingress of substances that can initiate or
propagate possible deleterious actions .

111. REVIEW OF LITERATURE

3.1 Durability Study on concrete with Metakaolin

Badogiannis(1) et.al (2014) examined the durability
of metakaolin based self-compacting concrete. In this study
concrete was prepared by replacing cement with metakaolin.
The properties such as open porosity, sorptivity, water and gas
permeability and chloride permeability were evaluated in their
study against control mix. Fresh properties of SCC such as
slump flow value, V funnel and L box permeability testetc
were evaluated. The effect of metakaolin as a replacement
material had an enhanced effect in the chloride penetration
resistanceand it did not enhance surface water permeability.

Ramezanianpour(2)et.al(2012)  investigated  the
performance of concrete mixtures containing local metakaolin
in terms of compressive strength, water penetration, sorptivity,
salt ponding, Rapid Chloride Permeability Test (RCPT) and
electrical resistivity at 7, 28, 90 and 180 days. In addition,
microstructure of the cement pastes incorporating metakaolin
was studied by XRD and SEM tests. The percentages of
metakaolin replacing PC is at 0%, 10%, 12.5% and 15% by
mass. The water/binder (w/b) ratios used in this study were
0.35, 0.4 and 0.5 having a constant total binder content of 400
kg/m3. Fick’s second law of diffusion and crank’s solution
were used to determine the diffusion coefficient and the
surface concentration. The following equation were used to
determine the chloride concentration at different depths.
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Where C is the concentration of ions as a function of distance
X, at anytime t and D is the diffusion coefficient.
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WhereCy tis the chloride concentration at depth x and time t,

Cy is the chloride concentration at surface (x= 0), ‘erf’ is the
error function and D is the diffusion coefficient .

The study concluded that concrete incorporating
metakaolin have higher compressive strength and metakaolin
enhanced the durability of concretes and reduced the chloride
diffusion. The below mentioned figure shows a linear
relationship between chloride permeability and compressive
strength of concrete. The sorptivity test results showed that
with the addition of metakaolin at 10% gives a better result.
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Fig 1. Correlation between diffusion coefficient and RCPT
(Source: Ramezanianpour et.al (2012))

Kelestemur® et.al (2015) investigated the mechanical
and physical properties of structural lightweight concrete
(SLC) specimens produced by replacing cement with
metakaolin (MK) at various percentages such as 5%, 10%,
15% and 20% w/w were examined, and the corrosion
behaviour of the reinforcing steel bars embedded in these
specimens were analyzed. Corrosion rates of the bars were
determined by using galvanic current measurement method.
Furthermore, the corrosion potential of the steel bars in these
specimens was measured daily for a period of 90 days based
on ASTM C876 standard test method. As a result of this study,
it was found that the metakaolin improved the mechanical and
physical properties of the SLC.
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Fig 2. Changes in the galvanic current along with time
(Source: Kelestemur et.al (2015))

Al-alaily® etal (2016) investigated the concrete
quality and time by maintaining the environmental conditions
constant. Fifty-three concrete mixes were tested based on a
refined statistical analysis. The authors proposed response
surface method (RSM) to study the most significant factors
that affecting the chloride diffusion at different ages. Bulk
diffusion test was adopted for two years to determine the time-
dependent coefficient m of chloride diffusion for all mixtures
based on the error function solution to Fick's law. The
investigation also includes experimental relationships between
the rapid chloride permeability test (RCPT), chloride diffusion
coefficient, and compressive strength results based on
equation 3.

D,g(M?/s) = -4.484*Ln(f( MPa))+ 21.28 ....(3)
Equation gives the relationship between 28 day compressive
strength and chloride diffusion coefficient

The results showed that the values of the chloride
diffusion indicated a general reduction from 28 days to 760
days of testing when metakaolin is used as a partial
replacementmaterial for cement.

Seshagiri® et al (2015) conducted a study on
properties of self compacting concrete with metakaolin
replacing sand with Granulated Blast Furnace Slag (GBFS). In
the experimental work concrete was prepared by replacing
cement with 38% of fly ash and 10% Meta kaolin whereas
river sand was replaced with 40% GBFS. In the present
experimental work M40 grade of SCC was considered. The
study was conducted on different mix proportions with 0%
GBFS and replacement of cement by 0% metakaolin, 40%
GBFS and 0% Meta Kaolin, 40% GBFS and 10% Metakaolin
with constant of 0.28% of fly ash and constant water/powder
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ratio of 0.38. The mechanical and durability properties such as
compressive strength of cubes, cylinders, split tensile strength
and water absorption were evaluated.The physical and
chemical properties of GBFS are suitable for the production of
concrete mix. The compressive strength and split tensile
strength are higher for replacement of sand with 40% of
GBFS and replacement of cement with 10% Meta Kaolin. The
compressive strength and split tensile strength are lower for
0% replacement. The results showed that using metakaolin
and increasing percentage of fly ash with GBFS made an
improvement in the impermeability of concrete. Percentage of
water absorption gradually decreased with the use of GBFS
along with Metakaolin. The results showed that replacement
of cement by metakaolin leads to decrease in pore space.

4500
4000
3500

0% GBFS

3000
2500
2000 = 40% GBFS
1500

0 “ ||

®40%GBFS+20
% MK

charge passed (columbs)

1000
500

7Days 28
Days

Fig 3 RCPT for M40 grade concrete
(Source: Seshagiriet.al(2015))

Singh® et.al conducted a study on carbonation and
electrical resistance of self compacting concrete made with
recycled coarse aggregates as a partial replacement material
for coarse aggregate andmetakaolin as a partial replacement
material for cement. In this study they prepared self
compacting concrete by replacing natural aggregates with
recycled coarse aggregates at 0, 25, 50, 75 and100%. To study
the carbonation resistance of SCC made with recycled coarse
aggregate, accelerated carbonation tests were conducted for an
exposure periods of 4, 8, 12 and 16 weeks. Electrical
resistivity tests was conducted by using four probe method.
The results showed that compressive strength of SCC made by
replacing natural aggregate with recycled coarse aggregate
was rapidly decreasing with increase in recycled coarse
aggregate content. With the addition of metakaolin the loss of
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electrical resistivity was compensated on account of replacing
natural aggregates with recycled coarse aggregate.
Table 1. Durability property results of SCC with metakaolin
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1 | Badog- | Open 28 | Highest reduction
iannis porosity with 14% metakaolin
et.al
(2012) —

Sorptivity 28 | Increased upto 14%
metakaolin

Gas 28 | Decreased with

permebility addition of
metakaolin

2 | Keleste | Ultrasonic 90 | Increase in

mur pulse metakaolin ~ content
et.al velocity increased UPV
(2015) | (UPV)
Sorptivity 90 | Sorptivity decreased
Porosity 90 | Decreased porosity

3. | Seshagi | RCPT 28 | Impermeability
ri etal improved
(2015) | Water 28 | Decreased

absorption

4 | Singh Carbonation | 12 | Carbonation depth
et.al resistance 0 | decreased with
(2016) addition of

metakaolin &
increases with the
addition recycled
coarse aggregate

5 | Al Chloride 90 | Decreased
alaily permeability continouslyupto 25%
(2016) | and chloride metakaolin

diffussion

3.2 Strength Properties on SCC with metakaolin

Ramezanianpour®  et.al(2012)  analyzed the
performance of concrete mixtures containing metakaolin as a
partial replacement material for cement in terms of
compressive strength, water penetration, sorptivity, salt
ponding. The mixes were prepared by replacing cement with
metakaolin at 0%, 10%, 12.5% and 15%. The experimental
work was conducted on different water/binder (w/b) ratios
such as 0.35, 0.4 and 0.5 having a constant total binder content
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of 400 kg/m®. From the studythey concluded that concrete
incorporating metakaolin as a partial replacement material for
cement at 10% have higher compressive strength.

Dadsetan®@et .al (2017) investigated the mechanical and
microstructural  properties of SCC containing the
supplementary cementatious materials such as metakaolin, and
fly ash. Mechanical properties were evaluated against a
control mixture. Microstructural properties were studied using
SEM and XRD analysis. Mechanical properties of SCC were
evaluated at different w/c ratios. Study shows that properties
of SCC were improved with the incorporation of metakaolin
and GBFS.

Siddique® et al.(2017) investigated the strength
characteristics and micro structural properties of self
compacting concrete containing metakaolina as a partial
replacement material for cement and rice husk ash as a partial
replacement material for fine aggregate. SCC mixes were
prepared by replacing cement with metakaolin by weight in
three proportions of 5,10 and 15% and fine aggregate were
replaced by rice husk ash in percentages of 10, 20 and 30. The
fresh properties tests such as slump flow, L-box, U- box and
V- funnel tests etc. were conducted. Tests such as
compressive strength, split tensile strength and microstructural
analysis were conducted upto 365 days. The strength
properties of SCC were improved by the replacement of
cement with metakaolin and fine aggregate with rice husk ash.

Seshagiri® et al (2015) investigated the properties of
self compacting concrete with metakaolin as a partial
replacement material for cement and sand is replaced partially
with GBFS. In the present experimental work M40 grade of
SCC was considered. Here tests were conducted on specimens
prepared by replacing sand by 0% GBFS and replacement of
cement by 0% metakaolin, 40% GBFS and 0% Meta Kaolin,
40%GBFS and 10% Meta Kaolin with constant of 0.28% of
fly ash at constant water/powder ratio of 0.38. The mechanical
properties such as compressive strength of cubes, split tensile
strength and water absorption etc were examined.The physical
and chemical properties of GBFS are suitable for the
production of concrete mix. The compressive strength and
split tensile strength are higher for replacement of sand with
40% of GBFS and replacement of cement with 10% Meta
Kaolin. The compressive strength and split tensile strength are
lower for 0% replacement of cement and strength increased at
10% metakaolin which is used as a partial replacement
material for cement.

Barbhuiya®  etal  (2015)  evaluated  the
microstructure, hydration and nanomechanical properties of
concrete containing metakaolin. The properties of concrete
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containing metakaolin at 0%, 5%, 10% and 15% by mass of
cement were studied for their compressive strength, sorptivity
and carbonation resistance at two different water—binder
ratios. He found that 10% of the Portland cement could be
beneficially replaced with the metakaolin can improve the
sorptivity and carbonation resistance of concrete. The
microstructure properties of concrete were analyzed by using
different analytical techniques such as XRD and MIP. Nano
indentation studies were also carriedout on cement paste
samples. The results showed that the incorporation of
metakaolin modifies the cement paste.

Kavitha® et. al (2013) conducted a study to evaluate
the ellects of Metakaolin (MK) and Alkali resistant glass
fibers on the performance of SCC. In this study rheological
properties (such as L-Box, slump flow, T50), mechanical
properties (such as compressive, splitting tensile and flexural
strength), and durability properties (such as chloride ion
penetration and water absorption) properties  were
investigated. It was observed from the test results that there
was a reduction in workability with an increase in fiber
content. It was found that glass fibers did not impart positive
ellect on the compressive strength of concrete. The split
tensile and flexural strength of glass fibered SCC increased
with increase in fiber dosage. The durability studies show that
inclusion of GF marginally reduces the resistance to chloride
ion and water absorption of concrete. With the addition of
both metakaolin and Glass Fibre at optimal percentages on
concrete can improve the mechanical properties and durability
of self-compacting concrete significantly.

Chow!” et al.(2014) investigated the microstructure,
hydration and nanomechanical properties of concrete
containing metakaolin as a partial replacement material for
cement. The experimental investigation was carried out to
evaluate the microstructure, hydration and nanomechanical
properties of concrete containing metakaolin. The properties
of concrete containing metakaolin at 0%, 5%, 10% and 15%
by mass of cement were studied for their compressive
strength, sorptivity and carbonation resistance at two different
water—binder ratios. The sorptivity and carbonation resistance
of concrete can be improved at 10% replacement of cement
with metakaolin. In order to have a better understanding of the
microstructure, hydration and nanomechanical properties
various analytical techniques such as XRD, MIP and
nanoindentation studies were carried on cement paste samples
(with and without 10% MK). The results showed that the
compressive strength was found to increase with an increase in

the metakaolin content upto 10% replacement.

Table 2 Results of mechanical properties evaluated in
concretes containing metakaolin
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% Test results
Sl replaceme | Compre Split
No | Author nt of ssive tensile
metakaoli | strength | strength
n (Mpa) | (Mpa)
Ramezan 0 35.5
1 ianpour 10 41 i
(2012) 12.5 40
et.al 15 40
0 60
5 Chow et 5 62 i
al(2014) 10 64
15 66
Dadsetan 0 40
3 et 10 70 -
al(2017) 20 78
. 0 41.4
, | Sodiaue 5 455
(2017) 10 47.9
15 51.7
Seshagiri 0 47 4.49
5 et al
(2015) 10 54 4.66

Shepur® etal (2014) conducted an Compacting
Concrete by incorporating metakaolin and polypropylene
fibre. The SCC was prepared by replacing cement with
metakaolin at 10, 20 and 30%.mechanical properties such as
compressive strength, flexural strength and split tensile
strength were computed at 7 and 28 days. Results showed that
compressive strength, split tensile strength and flexural
strength were increased with the addition of metakaolin as a
partial replacement material for cement. Optimum percentage
at which metakaolin gives maximum strength is at 20%.

IVV. CONCLUSION

In this paper a review on self compacting concrete
containing metakaolin as a partial replacement material for
cement is presented. From this detailed review it is revealed
that

e Mechanical properties such as compressive strength,
split tensile strength etc were improved by the
incorporation of metakaolin as a partial replacement
material for cement.

o Compressive strength of SCC was found to be more
for the addition of 10% metakaolin by the volume of
concrete.

e Durability studies on SCC containing metakaolin as a
partial replacement material for cement showed that
incorporation of metakaolin improve chloride
penetration resistance, reduce the chloride diffusion
and improves the impermeability of concrete and it
also decreases the pore space.

The effect of sulphate on self compacting concrete
were not examined and a study has to be conducted on SCC
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with metakaolin as a partial replacement material for cement
to analyze its sulphate resistance behavior

REFERENCES

[1] Efstratios G Badogiannis, loannis P. Sfikas, Dimitra V.
Voukia, Konstantinos G Trezos, Sotirios G Tsivilis,
Durability of metakaolin Self Compacting Concrete,
Construction and Building Materials, 82, 133-141, 2015.

[2] A.A. Ramezanianpour, H. BahramiJovein, , Construction
and Building Materials, 30, 470-479, 2012.

[3] OguzhanKelestemur, BaharDemirel, Effect of metakaolin
on the corrosion resistance of structural light weight
concrete, Construction and Building Materials, 81,172-
178, 2015.

[4] Hossam S. Al- alaily, Assem A.A. Hassan, Time
dependence of chloride diffusion for concrete containing
metakaolin, Construction and Building Materials, 7, 159-
169, 2016.

[5] S. Shrihari and Dr. Seshagiri Rao M.V, Properties of self
compacting concrete with metakaolin replacing sand with
GBFS, Journal of Chemical and Pharmaceutical Sciences,
74-79, 2016.

[6] Navdeep Singh and S.P Singh, Carbonation and electrical
resistance of self compacting concrete made with recycled
coarse aggregates and metakaolin, Construction and
Building Material, 121, 400-409, 2016.

[7] SinaDadsetan, Jiping Bai, mechanical and microstructural
properties of self compacting concrete blended with
metakaolin ,ground granulated blast furnace slag and
flyash, Construction and Building Material, 146, 658-667,
2017.

[8] Netravati T Shepur, Dr. B. Shivakumaraswamy,
experimental study on strength of self compacting
concrete by incorporating metakaolin and polypropylene
fibre, International journal of engineering research and
technology,3(7), 2014.

[9] Anhad Singh Gill, Rafat Siddique, strength and
microstructural properties of self compacting concrete
containing metakaolin and rice huskash, Construction and
Building Material, 157, 51-64, 2017.

[10]S. Shrihari, Seshagiri Rao M.V, properties of self
compacting concrete with metakaolin replacing sand with
GBFS, International Journal of Research in Engineering
and Technology, 04(13) 368-372, 2015,.

[11]Salim Barbhuiya, Pengloy Chow, Shazim Menon,
microstructure hydration and nanomechanical properties
of concrete containing metakaolin, Construction and
Building Material, 95, 696-702, 2015.

[12] V. R. Sivakumar, O.R Kavitha, G Prince Arulraj, V.G
Srisanthi, An experimental study on combined ellects of
glass fiber and Metakaolin on the rheological, mechanical,

Www.ijsart.com



IJSART - Volume 4 Issue 3 - MARCH 2018

and durability properties of self-compacting concrete,
Applied clay science, 2017.

[13] Dr.H.M.Somasekharaiah, = Adanagouda, Veena. S,
Experimental investigation on strength characteristics of
metakaolin based highperformance concrete with steel
and polypropylene fibres, International Journal of
Innovative Research in Science, Engineering and
Technology, 4(9), 8565-8574, 2015.

[14]Eduardo N, B. Pereira, Joaquim A, O. Barros, and Aires
Camoes, Steel Fiber-Reinforced  Self-Compacting
Concrete: Experimental Research and Numerical
Simulation, Journal of structural engineering, 134, 1310-
1321, 2008.

[15]El-Dieb A, Mechanical, durability and microstructural
characteristics of ultrahigh strength self-compacting
concrete incorporating steel fibres, J. Mater. Des. 30 2009
, 4286-4292

[16]F. Aslani, S. Nejadi, Self-compacting concrete
incorporating steel and polypropylene fibres: compressive
and tensile strengths, moduli of elasticity and rupture,
compressive stress—strain curve, and energy dissipated
under compression, Journal of Composite Building and
Engineering, 53, 121-133.

[17]Jeevetha T., KrishnamoorthiDr S., Rampradheep G.S,
Study on the properties of Self-compacting concrete with
Micro silica, 1JIRSET,3, 11239-11244, 2014.

[18] Matha Prasad Adari, Prof. E.VV.Raghava Rao, D.Sateesh,
An experimental development of m40 grade self-
compacted concrete & comparison in behaviour with m40
conventional  concrete, International  journal  of
engineering sciences & research technology,9, 305-319,
2015.

[19] Mohammad Karamloo ,MoosaMazloom,
GholamhasanPayganeh, Effects of maximum aggregate
size on fracture behaviors of self-compacting lightweight
concrete, Construction and Building Materials, 123,
2016,508-515.

[20]Muhd  Fadhil ~ Nuruddin, Kok Yung Chang,
NorzaireenMohdAzmee, Workability and compressive
strength of ductile self-compacting concrete (DSCC) with
various cement replacement materials, Construction and
Building Materials, 55, 153-157 , 2014.

[21] Shaik. K. M and Vasugi. K, Studies on Metakaolin Based
Coir Fibre Reinforced Concrete, International Journal of
Civil Engineering and Technology, 5 (9), 190-220, 2014.

[22] Siddique. R. A and Klaus. J, Influence of Metakaolin on
the Properties of Mortar and Concrete : A Review ,
ELSEVIER Applied Clay Science, 43, 392-400.

[23] Shaik. K. M and Vasugi. K, Studies on Metakaolin Based
Coir Fibre Reinforced Concrete, International Journal of
Civil Engineering and Technology, 5 (9), 90-220, 2010.

Page | 460

ISSN [ONLINE]: 2395-1052

[24]Anhad Singh Gill, Rafat Siddique, Strength and micro
structural properties of self compacting concrete
containing metakaolin and rice husk ash, Construction
and Building Materials, 157, 51-64 , 2017.

[25] Thiago Melo Grabois, Guilherme ChagosCordeiro,
Romildo Dias Toledo Filho, construction and building
materials,104, 284-292,2016

Www.ijsart.com



