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Abstract.  

It is known that regular concrete isn't very strong when it comes to pulling or stretching 

forces. Lately, stronger concrete has become a good choice for many projects because it deals 

with both strength and durability. To make regular concrete better while keeping its main 

properties, people use natural materials like metakaolin instead of some cement. This 

research is all about using metakaolin in concrete and checking how it acts when it's fresh and 

after it hardens. 

The main goal of this study is to see how metakaolin affects concrete. We tested different 

mixes by replacing 10%, 15%, and 20% of cement with metakaolin. We made four sets of 

concrete with different mixtures and tested their strength using standard cubes, cylinders, and 

prisms. We checked their strength after 7 and 28 days, as well as their flexibility and 

elasticity after 28 days. 

When we used more metakaolin in the concrete, we noticed a big change in how it behaved. 

The concrete became more fluid (we call this "slump") and took longer to set. We compared 

the results of these tests with regular concrete to see if using metakaolin is better for the 

environment and helps with sustainable development. 

Keywords: High performance concrete, early age strength, durability. 

 

1. Introduction 

Metakaolin is like an extra ingredient for cement that follows specific rules for good quality. 

It's not made from leftover industrial stuff or entirely natural things. Instead, it's carefully 

created from minerals found in nature, especially for making cement. We heat a natural clay 

called kaolin to pretty high temperatures (650 to 900ºC) in a process called calcination. This  
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changes the kaolin, removing certain parts and creating a special, reactive material that's great 

for cement. When we mix metakaolin with cement, it can make concrete stronger and more 

durable. It affects how well the concrete can handle pressure, how water moves through it, its 

resistance to chemicals, and how it changes size when it dries. Metakaolin particles are 

smaller than cement but bigger than something called silica fume. People usually replace 

some of the cement with metakaolin, usually around 5% to 20%. The fact that metakaolin is 

white makes it useful for matching colors and using it in architectural projects. That's why 

more and more people are using metakaolin to make good and strong concrete. 

.  

2.  Design/Methods/Modelling 

Materials: 

Cement: Ordinary Portland cement of 53 grades conforming to IS-12269-1987, with fineness 

and specific gravity values of 97% and 3.15, respectively. 

Fine aggregate: Natural River sand passing through a 4.75 mm IS sieve, with specific gravity 

and fineness modulus values of 2.61 and 2.57. 

Coarse aggregate: Crushed granite of 20 mm down and 12.5 mm retained, with specific 

gravity and fineness modulus values of 2.66 and 7.66. 

Metakaolin: A mineral admixture conforming to class-N pozzolan specifications, sourced 

from Mumbai (Maharashtra). 

Super Plasticiser: A melamine-based formaldehyde super plasticiser used in the concrete mix. 

Mix Proportion: 

The mix design followed the DOE method, adopting a mix proportion of 1:1.27:1.58 by 

weight of constituents. This choice was influenced by the quantitative relationship between 

compressive strength and various desirable characteristics and properties of concrete. 

Compression testing was performed on three cubes of size 150mmX150mm using a 2000 KN 

capacity machine, as per IS 516:1959, and the compressive strength results are illustrated in 

Fig 1. 

Flexural Strength: 

This test aimed to determine the maximum load-carrying capacity of beam specimens. Prisms 

were tested under a digital UTM of 200 KN capacity, following IS 516:1959. All beams 

underwent symmetrical loading under two-point loading conditions, with an overall test zone  
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length of 400mm and load applied through two rollers mounted at the third points of the 

supporting span. 

Modulus of Elasticity: 

Extensometers were affixed at the ends or on opposite sides of the specimen, parallel to its 

axis, ensuring symmetrical gauge points. The extensometer was placed with the recording 

points at the same end. The specimen, centered accurately, was subjected to a continuous 

load at a rate of 140 kg/sq cm/min until an average stress of (C + 5) kg/sq cm was reached. 

Here, C represents one-third of the average compressive strength of the cubes, rounded to the 

nearest 5 kg/sq cm. Readings were taken at constant intervals. 

Water Absorption: 

Water absorption of different specimens was determined by measuring the increase in weight 

of oven-dry specimens when immersed in water. The weight increase for each sample was 

recorded at regular intervals. 

3.  Results and Discussion 

According to Figure 1.0, it was noted that the M2 mix achieved the highest compressive 

strength after 7 days of curing compared to the other mixes. Similarly, the M2 mix 

demonstrated the maximum compressive strength after 28 days compared to the other mixes. 

At the 28-day mark, the M2 mix exhibited a higher flexural strength than the MO mix 

(control mix). The incorporation of Metakaolin contributed to the enhancement of properties. 

As depicted in Figure 3, the modulus of elasticity at the age of 28 days was higher for the M0 

mix. Regarding water absorption, the M0 mix showed the minimum percentage of water 

absorbed. 

TABLE: 1 TYPES OF CONCRETE MIX 

Mix OPC METAKAOLIN 

MO 100% - 

M1 90% 10% 

M2 85% 15% 

M3 80% 20% 

 

 



IJFANS International Journal of Food and Nutritional Sciences 
 

1351 | P a g e  

Research paper 

ISSN PRINT 2319 1775 Online 2320 7876 

                                         © 2012 IJFANS. All Rights Reserved, UGC CARE Listed (Group -I) Journal Volume 8, Issue 1, 2019 

TABLE: 2 MECHANICAL PROPERTIES 

Mix 

Designation 

Compressive 

Strength (7 

days) Mpa 

Compressive 

Strength 

(28days) Mpa 

MO 40 49.3 

M1 44.30 53.3 

M2 50.8 65.43 

M3 41.9 53.42 

 

TABLE: 3 DURABILITY PROPERTIES 

Mix ID % of water 

absorbed 

 

MO 1.16 

M1 1.41 

M2 1.39 

M3 1.43 

 

Fig 1.0 Compressive Strength for 7 & 28 days  Fig 2.0 Flexural Strength for 28 

days 
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 Fig 3.0 Modulus of Elasticity for 28 days    Fig 4.0 water absorption for 28 

days 

 

4.  Conclusions 

The improvement in compressive strength ranges from 10.75% to 27% across all metakaolin 

concrete mixes when compared to the control concrete. The compressive strength at 28 days 

for the M2 mix surpasses that of the other two mixes. The flexural strength of the M2 mix at 

28 days outperforms that of the other two mixes. The modulus of elasticity for the M2 mix at 

28 days is higher than that of the other two mixes. Water absorption is higher for all mixes 

when compared to the control mix. Among the mixes, the 15% replacement of metakaolin in 

concrete yields the maximum results at 28 days of curing. 

 

References 

1. Mavinkurve, shreeti .S, Basu, Prabir.C. and Kulkarni, Vijay. High performance concrete 

using high reactive metakaolin, The Indian Concrete Journal, May 2003, Vol.77 

NO.5.pp.1077-1085. 

2. Gurber, K.A., Ramlochan, T., Boddy,  A.,  Hooton, R.D and Thomas, MDA, increasing 

concrete durability with high reactivity metakaolin, cement and concrete 

composites,2001,vol.23. 

20

20.5

21

21.5

22

22.5

23

23.5

24

M0 M1 M2 M3

Type of mix

M
o

d
u

la
s
 o

f 
E

la
s
ti

c
it

y
, 
G

p
a

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

M0 M1 M2 M3

Type of mix

%
 i
n

c
re

a
s
e
 i
n

 w
a
te

r 
a
b

s
o

rp
ti

o
n

 



IJFANS International Journal of Food and Nutritional Sciences 
 

1353 | P a g e  

Research paper 

ISSN PRINT 2319 1775 Online 2320 7876 

                                         © 2012 IJFANS. All Rights Reserved, UGC CARE Listed (Group -I) Journal Volume 8, Issue 1, 2019 

3. Naveen Kumar. C, Kiran V. John, Jagadish Vengala and R.V.Ranganath. Self compacting 

concrete with fly ash and metakaolin, The Indian concrete Journal, April 2006, pp.33-39. 

4. Mei Rong Wang, De-Chang Jia*, Pie- Gang He, Yuzhou. Micro Structural   and 

Mechanical Characterization of Fly ash Cenosphere/Metakaolin based Geopolymeric 

Composities. 

5. Eva Vejmelkova, Martin Keppart, Stefania, Bartlomiez, Robert Cerny. Properties of self-

compacting concrete mixtures containing Metakaolin and slag. 

6. J.M. Justice, L.H. Kennison, B.J. Mohr, S.L. Beckwith, L.E. McCormick, B. Wiggins, Z.Z. 

Zhang, and K.E. Kurtis. Comparison of two metakaolins and Silica fume as a supplementary 

cementitious material. 

7. Poon, c.-s., Azhar, s., Anson, M. and Wong, Y,-L.,(2003)performance of metakaolin 

concrete at elevated temperatures. Cement and concrete research, vol.25, 83-85. 

8. Tiwari, AK. And Bandyopadhyay, P., (2003) Metakaolin for high-performance concrete 

India.ICIjournal,9-11. 

9. Sabir, B.B., Wild, S and Khatib, J.M., (1996) On workability and strength development of 

metakaolin concrete. 

10. Mehta, P.K., (1983). Mechanism of sulphate attack on Portland cement concrete-another 

look. Cement and concrete Research, 13(3), 401-406. 

11. Ding, J-T.and Li, S.,(2002) Effects of metakaolin and silica fume on properties of 

concrete ACI materials journal, vol.99,393-398. 

12. Neville, A.M., (1981).Properties of concrete 3
rd

 Ed. England Longman scientific and 

technical publishers  


