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Abstract— Concrete a widely used construction material, 

consumes natural resources like lime, aggregates, water. In 

this present experimental investigation and attempt is made 

to the strength and behavior of the Metakaolin, super 

plasticizer and other chemicals on high performance 

concrete. Cement is replaced by 0% to 15% of Metakaolin by 

volumeof concrete, thus resulting in the increase in strength. 

Super-plasticizer is used to increase the workability of 

concrete, increase the density and strength. It can permit the 

reduction in the water cement ratio up to 15%. Dosage of 

super plasticizer is 1.5% by weight of cement. 
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I. INTRODUCTION 

Concrete is a basic material or the construction industry due 

to infrastructure development in the developing countries, 

consumption of concrete is very high. The consumption of 

cement is also very high to meet the requirements. So there is 

a need to look after the supplementary /alternative materials 

for the cement, fine aggregate and coarse aggregate. Concrete 

is very strong in compression and weak in tension. Concrete 

technologists are trying to improve the compressive strength 

of concrete by using supplementary materials i.e. mineral 

admixtures. Still researchers are trying different materials 

like fly ash, metakaolin, silica fume, blast furnace slag, 

recycled aggregates, plastic aggregates, etc., which can be 

used in place of cement and aggregates. 

 Metakaolin is a pozzolan, probably the most     

effective pozzolanic material for use in concrete. It is a 

product that is manufactured for use rather than a by-product 

and is formed when china clay, the mineral kaolin, is heated 

to a temperature between 600 and 800ºC. Its quality is 

controlled during manufacture, resulting in a much less 

variable material than industrial pozzolans that are by-

products. First used in the 1960s for the construction of a 

number of large dams in Brazil, metakaolin was successfully 

incorporated into the concrete with the original intention of 

suppressing any damage due to alkali-silica reaction when 

used to replace cement at levels of 5 to 10% by weight, the 

concrete produced is generally more cohesive and less likely 

to bleed. As a result pumping and finishing processes require 

less effort. The compressive strength of hardened concrete is 

also increased at this level of replacement slightly higher 

replacement levels (up to 15%) produce a cement matrix that 

has low porosity and permeability. This results in 

improvements to resistance of the hardened concrete to attack 

by sulfates, chloride ions and other aggressive substances, 

such as mineral and organic acids. Freeze/ thaw resistance is 

improved and the risk of damage resulting from the effects of 

impact orabrasion is reduced for metakaolin concrete that has 

been finished and cured properly. Strength and durability of 

concrete increases. Accelerates initial setting time of 

concrete. Compressive strength of concrete 

increases@20%Cross section of structure can be reduced 

safely i.e. amount of concrete used can be reduced. 

  Reduces shrinkage in concrete. Eco-friendly by 

reducing amount of co2 emission. Reduces heat of hydration 

leading to shrinkage and crack control. Using the semineral 

admixtures with OPC cement, concrete mixtures were 

prepared and same were used to find compressive strength of 

concrete CubeSat 7, 14, and 28 Days. Reported that it was 

possible to make the concrete economical by 10% 

replacement of cement with Metakaolin (10%) High 

performance concrete was prepared by partial replacement of 

Ordinary Portland cement with Metakaolin. The test results 

showed improvements in strength, brittleness and durability. 

The optimum replacement level for Metakaolin was reported 

5% .They reported that the compressive strength of high 

performance concrete containing 5% of Metakaolin was 10% 

higher than then ormal concrete. The properties of cemen t 

mortar were investigated which included physical properties, 

chemical properties, setting time compressive strength and 

water absorption. Metakaolinis used in the development of 

self-compacting concrete the compressive strength at 28 days 

increased by 33% when addition of 5 wt% MK. 

II. IS CODES USE FOR MAKING MIX DESIGN 

IS 10262:2019 For mix Design IS 516-1959 RA-2018 Test 

Report on Compressive Strength of Concrete Cube, IS 4031, 

IS  (IS:2386-1-1963, RA 2016) ,I.S. 2386-1963 RA-2016 

Test Result report on Fine Aggregate IS 456:2000 Plain and 

Reinforced Concrete. The above all codes are used the makes 

of Mix Design of Concrete. there are some other  tests which 

are also play a vital role to get result that is Compressive 

Strength Test , Split Tensile Strength Test and Flexural 

Strength Test. 

III. METHODOLOGY 

In Methodology all kinds of Preliminary Cement Tests are 

included Like , Consistency Test , Initial and Final setting 

time of Cement , Fineness Test , Specific gravity Test 

,Soundness Test, Compressive Strength Test. For Fine 

Aggregate Sieve Analysis , Bulking Density, Specific Gravity 

& Water Absorption Finer Than 75 Micron are Included And 

For Coarse Aggregate Sieve Analysis, Elongation & 

Flakiness Index, Crushing , Abrasion Value, Impact Value , 

Specific gravity and water absorption test , Bulking Density , 

Specific Gravity And Water Absorption Finer Than 75 

Micron are Done. As per the result of all the Tests Mix Design 

has been done. 
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IV. MATERIAL AND METHODS  

Properties Value 

Density(gm/cm3) 2.17 

Bulk Density(gm/cm3) 1.26 

Particle shape Spherical 

Colour Off-white 

Specific gravity 2.50 

Table 4.1 Physical Properties of Metakaolin 

Constituent Metakaolin (%) Cement (%) 

SiO2 60-65 22 

Al2O3 30-34 6 

Fe2O3 1.00 3 

CaO 0.2-0.8 63 

LOI (%) 1.5 1.5 

MgO 0.2-0.8 1.5 

K2O 0.5-1.2 0.51 

Table 4.2 Chemical Properties of Metakaolin 

A. Experimental work 

1) Compressive strength test 

After the curing period the specimen is taken out for the test. 

The test is carried out on 150 x 150 x 150 mm size cubes, as 

per IS 516-1959. A 1000 kN capacity compression testing 

machine is used to conduct the test. The specimen is placed 

between the steel plates of the CTM and load is applied at the 

rate of 140 kg/cm2/min and the failure load in KN is observed 

from the load indicator of the CTM.   

% of 

Metakaoline 

Average Compressive Strength 

(N/mm2) 

GRADE- 

M40 

7 

Days 
14   Days 

28 

Days 

Conventional 

Mix 
26.95 35.50 40.25 

% of  MK  5% 27.82 36.20 41.23 

% of  MK 10% 31.22 39.97 49.98 

Table 4.3 Result and Discussion 

V. CONCLUSION   

 Strength and durability of concrete increases. 

 Accelerates initial setting time of concrete. 

 Cross section of structure can be reduced safely i.e. 

amount of concrete used can be reduced.  

 Reduces shrinkage in concrete. 

 Eco friendly by reducing amount of co2 emission. 

 Reduces heat of hydration leading to shrinkage and crack 

control. 
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