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Abstract - By the above study effect of partial replacement of 
cement with metakaolin on mechanical properties revels that 
the performance of concrete is good up to 25% replacement of 
metakaolin. The 12.5% replaced metakaolin with 28days 
curing will give more compressive strength than any 
percentage replacement and it is recommended to use 
metakaolin upto 25% without any objections as it gives 
strength equivalent to normal concrete strength, any way 
there will be gradually decrease in strength of 37.5% replaced 
concrete due to decrease in pozzolanic reaction. By 
considering all the above points can conclude that the 
incorporation of metakaolin upto 25% is highly recommended 
to reduce the pollution by decreasing the production of 
cement. 
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1.INTRODUCTION  

Concrete is a composite material which is predominantly 
used all over the world. It is obtained by mixing cementing 
materials, aggregates and water in required quantities. The 
word “concrete” is originated from the Latin verb 
“concretus” which means to grow together. Because of its 
mechanical and durability properties together with its lower 
cost and proper workability, concrete is the most widely used 
material of construction. 

During the production of ement it emits the largest amount of 
CO2. In 2016, world cement production generated around 2.2 

billion tons of CO2 – equivalent to 8% of the total pollution. To 
reduce the consumption of cement, partial replacement of 
cement with some supplementary cementitious materials like 
Metakaolin, fly-ash, rice husk, GGBS and silica fume etc., can 
be used in concrete mix. In recent years, there has been a 
soaring interest in the exploitation of metakaolin (MK) as a 
supplementary cementitious material in concrete to improve 
its properties. For last two decades, there has been a growing 
interest in the use of metakaolin as a supplementary 
cementitious material to impart an additional performance to 
concrete. In this study, overall strength properties 
development by concrete with partial replacement of cement 
with metakaolin and by incorporating 2% of basalt fibers to 
concrete incorporated with metakaolin can be investigated. 
Three replacement levels (12.5%, 25%, and 37.5%) of CK and 

MK by weight of cement were considered. The strength 
properties of the concretes will be determined at 7, 14 and 28 
days. 

2. LITERATURE REVIEW 

i) Lou Chen, Keren Zheng and Taobing Xia (2019): 

In this paper investigated the combined effect of metakaolin 
and lime on compressive strength of concrete by partial 
replacing the cement with both metakaolin and lime. The 
curing method used for this investigation is steam curing.The 
study also reveals the feasibility of reducing steam curing 
temperatures by using metakaolin of high reactivity, which is 
of significance for mitigating steam-curing induced 
detrimental effects and reducing energy consumption. 

ii) Pratik B. Shinde and P. Y. Pawade (2019): 

In this work, concrete was made up with Pozzolanic Portland 
Cement (PPC) to produce control mix and further replaced by 
metakaolin with 5, 10, 15, 20%, respectively. The mechanical 
properties of concrete were assessed by means of 
compressive strength, flexural strength of concrete. 

It shows higher results in compressive strength and flexural 
strength for 15% replacement of MK to cement. The values 
were 42.95 and 45.09 Mpa observed for 28 and 90 days. 
The increment was promised by incorporation of MK over 
plain concrete. 

3. OBJECTIVES 

 To identify the compressive strength, split tensile 
strength and flexural strength of M30 grade for 7, 
14 and 28 days with manufacture sand as fine 
aggregate and Metakaolin as cement replacement 
material. 

 To investigate the strength of concrete by adding 
basalt fibers for the concrete incorporated with 
metakaolin for each mix. 

 To achieve the eco-friendly concrete by the 
addition of metakaolin and basalt fibers. 

 To reduce the unit cost of concrete by the 
addition of metakaolin. 

Fibers on Strength of Concrete - 

An Experimental Approach 
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 To determine the basic properties of material 
used for the metakaolin and basalt fiber concrete. 

4. MATERIALS  

 Cement 

The cement is the important material of the concrete. 
The cement using for this experiment is Pozzolana Portland 
cement. 

 Metakaolin 

Metakaolin (MK) is a mineral admixture which 
confirms class-N pozzolanic specifications. (Fig. 1.). It was 
prepared, by heating raw kaolin at 600℃ to 900oC for 6 
hours and grinding in high-speed ball mill. 

 
                                  Fig 1: Metakaolin 

Basalt Fibers 

Basalt fiber (BF) is a new kind of inorganic fiber made 

by the extrusion of melted basalt rock and is available in 

the commercial market. Basalt fiber is a material made 

from extremely fine fibers of basalt, which is composed of 

the minerals plagioclase, pyroxene, and olivine. It is 

similar to fiberglass, having better mechanical properties 

than fiberglass, but being significantly cheaper than 

carbon fiber. The BF does not contain any other 

additives, which makes it more economical. 

 
 
 
 
 
 
 
 
 
 
 

     Table 1: Physical Properties of Basalt Fibers 

               

 

Fig. 2: Basalt Fibers 

 Manufactured Sand 

Sand is used as fine aggregate in mortar and 

concrete. Natural river  sand is the most preferred 

choice as a fine aggregate material. (Fig. 3.) 

                              Fig. 3: Manufactured Sand 

Coarse Aggregate 

Next to the cement and fine aggregate coarse aggregate is 

another important material. Here we are using 70% of 

20mm down aggregates and 30% of 12.5mm down 

aggregates are using. 

   Water 

Water used for mixing and curing shall be clean and 

free from injurious amounts of oils, acids, alkalis, salts, 

sugar, organic materials or other substances that may 

deleterious to the concrete or steel. Portable water is 

generally considered satisfactory for mixing concrete. 

Basic Test values for Mix Design 

 

SL 
No. 

Tests Obtain
ed 

Values 

Respective 
codes 

01. Fineness test for 
Cement 

6.80 IS: 383-1970 

02. Specific gravity for 
Cement 

3.1
6 

IS 2720- Part III 

03. Setting time of 
Cement 

30mi
n 

IS: 4013 (Part 
VI)-1988 

Diameter 17.4μm 

Length 6mm 

Tensile Strength >1000Mpa 

Density >2700kg/m3 

Elastic Modulus >90Gpa 
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04. 

Particle Size 
Distribution of 
Fine Aggregate 

 
4.8

6 

 
IS: 383-1970 

 
05. 

Specific Gravity of 
Fine 

Aggregate 

 
2.7

3 

 
IS: 2386 (Part III) 

- 1963 
 

06. 
Specific Gravity of 

Coarse 
Aggregate 

 
2.8

0 

 
IS: 2386 (Part III) 

-1963 
 

07. 
Particle Size 

Distribution of 
Coarse Aggregate 

 
4.0

4 

 
IS: 383-1970 

 
08. 

Water absorption 
test for Fine 
Aggregate 

 
2
% 

 
IS: 2386 (Part III) 

-1963 
 

09. 
Water absorption 

test for 
Coarse Aggregate 

 
1.6
% 

 
IS: 2386 (Part III) 

- 1963 
Table 2: basic test values of mix design 

5. METHODOLOGY 

1. Literature review 

2. collection of materials 

3. testing the properties of materials 

4. mix design 

5. mixing and testing of concrete 

6. EXPERIMENTAL RESULTS AND DISCUSSION 

Compressive Strength Test Results 

The variation in 7, 14 and 28days Compressive 

strength for all concrete mixes with different 

percentage of metakaolin and basalt fibers is shown 

below: 

Table 3: Compressive Strength value on 28th day 

SL 
No
. 

Percentage 
repla
ceme
nt 

Fai
lur
e 

Lo
ad 
(K
N) 

Compressio
n Strength 

(N/mm2) 

on 28th day 

1 0 73
8 

41 

2 12.5 93
5 

47.4 

3 25 71
1 

42 

4 37.5 53
2 

34.7 

 

 

 

 

 

 

 

 

Figure 4: Compressive Strength value on 28th day 

 

Discussions on obtained results for compressive 

strength 

For the compressive test of metakaolin partially 

replaced with cement the following conclusions may 

be drawn: 

1. From the figure 4 the early strength of the 

concrete for metakaolin replaced with 

12.5% is more than controlled concrete 

strength and other percentage replacement 

concrete strength. 

2. The same we can absorb that the strength of 

controlled concrete and the strength of 25% 

metakaolin replaced concrete is 

approximately equal. 

3. It is also witnessed that the strength of 

concrete which is replaced by metakaolin 

with 37.5% is gradually decreased 

compared to other percentage replaced 

concrete and conventional concrete. 

4. In the same the strength of conventional 

concrete and 25% metakaolin replaced 

concrete is approximately same given by 

32.8 and 32Mpa respectively but anyway 

there will be slight increase in strength of 

conventional concrete. 

5. From fig 6 for 28 days curing also showing 

the highest strength in 12.5% metakaolin 

replaced concrete of 47.4Mpa 
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Fig. 5: Testing of Specimen for Compressive 

Strength 

 Split Tensile Strength Test Results 

SL 

No. 

Percentage 

Replace

ment  

Fai

lur

e 

Loa

d 

(K

N) 

Split 

Tensile 

Strength 

(N/mm2

) on 28th 

day 

1 0 228 3.5 

2 12.5 190 3.8 

3 25 188 4 

4 37.5 171 3.6 

 

Table  4: Split Tensile Strength value on 28th day 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Split Tensile Strength on 7th, 14th and 28thday 

Discussions on obtained results for Split Tensile 

Strength 

For the Split tensile test of concrete partially 

replaced with metakaolin the following conclusions 

can be drawn: 

1. At the 7 days testing of concrete the 

optimum strength is obtained for 

conventional concrete and it is also showing 

that as percentage of replacement increases 

the tensile strength will be gradually 

decreases. 

2. Figure 12 shows that plain concrete split 

after the tensile test into two halves, which 

is an indicator of brittle behaviour of 

unreinforced concrete. 

3. While the concrete with 2% of basalt fibers 

is more resistant to large cracks and only 

tiny surface cracks on the length of the 

specimens appeared. This implies that 

concrete with basalt fibers play a significant 

role to make the concrete capable of 

resisting crack propagation and tensile 

forces. 
 

Fig. 7: Testing of Specimen for Split Tensile Strength 

7. CONCLUSIONS 
 

1. By the above study effect of partial replacement of 
cement with metakaolin on mechanical 
properties revels that the performance of 
concrete is good up to 25% replacement of 
metakaolin. 

2.     The 12.5% replaced metakaolin with 28days 
curing      will give more compressive strength 
than any percentage replacement and it is 
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recommended to use metakaolin upto 25% 
without any objections as it gives strength 
equivalent to normal concrete strength, any way 
there will be gradually decrease in strength of 
37.5% replaced concrete due to decrease in 
pozzolanic reaction. 

3. In split tensile test the strength of concrete with 
25% replacement showing high strength as 
curing period increases, where as 12.5% 
replaced metakaolin concrete showing the same 
strength equal to conventional concrete, the 
37.5% replaced metakaolin concrete showing 
high strength in 7 days curing further decreases 
as curing period increases due to decreases in 
pozzolanic activity. 

4. The crack pattern and crack width has been 
reduced by using basalt fibers, but there is no any 
increase or decrease in strength. 

5. For flexure strength can replace upto 25% to get 
strength that we got by conventional concrete. It 
is preferable to replace upto 12.5% to get more 
strength than conventional concrete. 

6. As the percentage replacement level increases 
the deflection slightly decreases, the 0% and 
12.5% showing more deflection values than 25% 
and 37.5% replacement. 

7. The mix proportion of 1:1.6:2.22 with 0.35 w/c 
ratio giving high strength by considering 50mm 
slump for M30 grade concrete. 

8. By considering all the above points can conclude 
that the incorporation of metakaolin upto 25% is 
highly recommended to reduce the pollution by 
decreasing the production of cement. 
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