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ABSTRACT 

Nowadays the alteration for cement is becoming 

popular because of its various critical reasons. But the 

problem is, the alteration is not up to the mark. Inspite 

of being that, many scholars and literatures reviewed 

the alteration of cement in many successful ways. This 

study too reports the same. The addition of 

supplementary materials in cement has dramatically 

increased along with the development of concrete 

industry, due to the consideration of cost saving, 

energy saving, environmental concerns both in terms 

of damage caused by the extraction of raw materials 

and carbon dioxide emission during cement 

manufacture have brought pressures to reduce cement 

consumption. Metakaolin looks to be a promising 

supplementary cementitious material for high 

performance concrete. The alteration for cement here is 

Metakaolin. The metakaolin is replaced in various 

percentage 15%, 20%, 25% by weight of cement and 

the mix is designed. Experiments were conducted on 

the cubes and concrete specimens and the final report 

of the tests are included. Moreover, Metakaolin helps 

to reduce the CO2 emission because of its chemical 

nature. Uses of alterations may results to the major 

reduction in manufacture of cement. This will leads to 

the eco-friendly environment. Metakaolin modified 

concrete has a creamier texture sets somewhat faster, 

generates less bleed water, and has a better finish 

ability than concrete with silica fume. 

 

KEYWORDS: Cement, Metakaolin, pozzolans and 

Made Sand Compressive Strength, Split Tensile 

Strength and Flexural Strength. 

 

1. INTRODUCTION 

Concrete is one of most extensively used construction 

materials in the world, with two billion tons placed 

worldwide each year. The impact of cement on the 

environment is of concern, as the manufacture of 

cement is responsible for about 2.5% of total global 

emissions from industrial sources. Although Portland 

cement demands are decreasing in industrial nations, it 

is increasing dramatically in developing countries. 

Cement demand projections shows that by the year 

2050 it will reach 6000 million tons. Portland cement 

production leads to major CO2 emissions, results from 

calcinations of limestone (CaCO3) and from 

combustion of fossil fuels, including the fuels required 

to generate the electricity power plant, accounting for 

almost 0.7 tons of CO2 per ton, of cement, which 

represents almost 7% of the total CO2 world emissions. 

Other authors speak of 5%. This is particularly serious 

in the current context of climate change caused by 

carbon dioxide emissions worldwide, causing a rise in 

sea level and being responsible for a meltdown in the 

world economy. Since Portland cement is used mostly 

in concrete production, the most important building 

material on Earth (10.000 billion tons per year), partial 

replacement by pozzolanic by-products and mineral 

additions will allow relevant carbon dioxide emissions 

reductions. Investigations about the pozzolanic 

properties of fly ash, calcined clays and calcined 

agriculture wastes were already carried out.  

An effective way to reduce the impact on the 

environment is to use supplementary cementitious 

materials (SCM) as a partial substitute for cement. This 

strategy has the potential to reduce costs, save energy 

and reduce waste volumes. It is attractive in man 

applications because it offers considerable strength at a 

relatively low cost. Concrete can generally be produced 

of locally available constituents, can be cast into a wide 

variety of structural configurations, and requires 

minimal maintenance during service. However, 

environmental concerns, stemming from the high 

energy expense and CO2 emission associated with 

cement manufacture, have brought about pressures to 

reduce cement consumption through the use of 

supplementary materials. Supplementary cementitious 

materials (SCMs) are finely ground solid materials that 

are used to replace part of the cement in a concrete 

mixture. These materials react chemically with 
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hydrating cement to form a modified paste 

microstructure.  

Performance of concrete is determined by its 

mechanical and durability properties. There are so 

many studies in the literature focusing on the 

improvement of concrete performance by replacement 

of Portland cement to some extents of various mineral 

admixtures; such as, fly ash, silica fume, blast-furnace 

slag, etc. Due to pozzolanic and filling effects of these 

certain mineral admixtures, they are capable of 

enhancing the durability through the pore refinement 

and the reduction in the calcium hydroxide of the 

cement paste matrix. Generally, the effects of mineral 

admixtures may be assessed as improvement in 

workability, durability to thermal cracking, durability to 

chemical attacks, and production of high performance 

concrete.  

Metakaolin (MK) is an SCM that conforms to ASTM C 

618, Class N pozzolan specifications. MK is unique in 

that it is not the by-product of an industrial process nor 

is it entirely natural; it is derived from a naturally 

occurring mineral and is manufactured specifically for 

cementing applications. Unlike by-product pozzolans, 

which can have variable composition, MK is produced 

under carefully controlled conditions to refine its color, 

remove inert impurities, and tailor particle size. As 

such, a much higher degree of purity and pozzolanic 

reactivity can be obtained. MK has great promise as an 

SCM, as it can improve many properties of concrete 

while also reducing cement consumption.  

2. WHAT IS METAKAOLIN? 

Metakaolin is refined kaolin clay that is fired (calcined) 

under carefully controlled conditions to create an 

amorphous aluminosilicate that is reactive in concrete. 

Like other pozzolans (fly ash and silica fume are two 

common pozzolans), metakaolin reacts with the 

calcium hydroxide (lime) byproducts produced during 

cement hydration.  

AREAS OF USAGE 

 Currently in Canada, metakaolin is only 

used in small quantities in British 

Columbia. It is imported from the U.S. and 

is used primarily in architectural and 

specialty concretes. 
 The price of metakaolin in B.C. is 

approximately five times the price of Type 10 

Portland cement. 
 

  The NLK study indicates that MK use in the 

concrete industry is very limited. 

 Metakaolin are more resistant towards crushing, 

impact and aborbed. 

 Water proofing in rooftops, sunken toilets etc. 

 Interior works and decorative works etc.  

 Producing economic concrete by reducing the cost 

of material. 

 

 3.  SCOPE AND OBJECTIVE 

The main objective of the present work is to develop  
structural  concrete using Metakaolin (MK) as coarse 

aggregate, manufactured  sand  (M-sand)  as  fine  

aggregate, as pozzolan. 
  

4.  SCOPE OF PROPOSAL WORK 

 Evaluate  the  mechanical  properties  of 

Metakaolin (MK) like compressive  strength,  

modulus  of  rupture,  split  tensile  strength,  

modulus  of elasticity, Poisson’s ratio, fracture 

toughness, and stress-strain behavior. 

 To evaluate the flexure, shear, and compressive 

behavior of reinforced Metakaolin (MK). 

 To find the bond strength between (MK and steel. 

 To assess the durability properties like water 

absorption, the volume of permeable pores, 

sorptivity, and temperature resistance of (MK). 

5. METHODOLOGY 

 Tested the material properties as per IS code 

procedures. 

 Mix design for concrete proportion was arrived at 

as per IS- 10262- 1982. 

 The properties of fresh concrete were determined 

as per IS- 1199- 1959. 

 The concrete specimens were casted and cured as 

per IS procedures. 

 Tests were conducted on hardened concrete to 

determine various strength parameters. 

 Various durability tests were conducted as per 

standard codes. 

 Finally results were compared with conventional 

concrete and partial replacement concrete mixed 

with Metakaolin and other materials and 

conclusions were arrived at. 

 

6.  LITERATURE REVIEW 

In recent decades there is a trust in finding how the 

concrete can be improved not only strength wise but in 

every aspect. Many researchers have been done in this 

area and many have proved the positive effects of using 

Metakaolin and pozzolans in concrete. Given below is 
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an over view of studies done in this area and how it has 

affected various parameters of concrete. 

 

A Critical Study on High Reactive Matakaolin 

Modified Concrete, Author: Mr. M K Maroliya 
For infrastructural development and implementation for 

the use of mineral and natural resources like fly-ash, 

silica, metakaolin etc. New technology and other 

equipment’s which are used for major projects as well 

as smaller ones, with reduced cost and increased 

durability for a longer period. This work is carried out 

with clear objective to get the benefit of advanced 

concrete technology with reduced cost Metakaolin is 

relatively new mineral admixture for concrete. It is 

comparable with silica fume in pozzolanic reactivity, 

but at lower cost. Metakaolin modified concrete has a 

creamier texture sets somewhat faster, generates less 

bleed water, and has a better finish ability than concrete 

with silica fume. 

Strength and Durability Properties of High 

Performance Concrete Incorporating High 

Reactivity Metakaolin, Author:  B. B. Patil,P. D. 

Kumbhar 

Concrete is probably the most extensively used 

construction material in the world. The addition of 

mineral admixture in cement has dramatically increased 

along with the development of concrete industry, due to 

the consideration of cost saving, energy saving, 

environmental protection and conservation of resources. 

However, environmental concerns both in terms of 

damage caused by the extraction of raw material and 

carbon dioxide emission during cement manufacture 

have brought pressures to reduce cement consumption 

by the use of supplementary materials. High 

Performance Concrete (HPC) is the latest development 

in concrete. It has become more popular these days and 

is being used in many prestigious projects. Mineral 

admixtures such as fly ash, rice husk ash, metakaolin, 

silica fume, etc., are more commonly used in the 

development of HPC mixes. Addition of such materials 

has indicated the improvements in the strength and 

durability properties of concrete. The utilization of 

calcined clay, in the form of high reactivity metakaolin 

(HRM) in concrete has received considerable attention 

in recent years. The present paper deals with the study 

of properties namely workability, compressive strength 

and durability of M60 grade HPC mixes incorporating 

different percentages of high reactivity metakaolin by 

weight of cement along with some suitable super 

plasticizer. The results of the study indicate that the 

workability and strength properties of HPC mixes 

improved by incorporating HRM up to a desirable 

content of 7.5% by weight of cement. HPC mixes have 

also indicated better resistance to the attacks of 

chemicals such as chlorides and sulphates when the 

HPC mixes were exposed to these chemical for 180 

days period. 

Effect of Curing Temperature on Relative Strength 

of Metakaolin Concrete, Author: Jm Khatio, 

Okayali, S Kenai, Mn Haque. 

The performance of concrete containing metakaolin 

(MK), subjected to low and normal temperature curing 

is investigated. Cement was partially replaced (by 

mass) with 0, 5, 10, 15, 20 and 30% MK. The water to 

binder ratio was maintained at 0.5 for all mixes. 

Concretes were subjected to water curing at 5
o
C and 

comparison was made with MK concrete cured at 20
o
C 

in a previous investigation. The results indicate that at 

low temperature curing, the relative strength to the 

control seems to increase with the increase in curing 

time. This was not observed in MK concrete cured at 

normal temperature. The relative strength to 28 days is 

lower for concrete subjected to low curing temperature 

compared with curing at 20
o
C whereas after 28 days the 

trend was exactly the opposite. An explanation for this 

behavior is attempted.  

 

 

 

Effect of Metakaolin on Concrete produced with a 

Pozzolan, Author: Elvis. M. M. Badike 

The physical and mechanical properties of Portland 

Cement containing metakaolin or combination of 

metakaolin and pozzolan ((Palm Bunch Ash (PBA) ) 

and the compatibility between such materials were 

investigated in this study. A mix proportion of 1:2:6:4.1 

with water/cement ratio of 0.4 were used. The 

percentage replacement of ordinary Portland Cement 

(OPC) with a pozzolan (Palm Bunch Ash) (PBA) and 

Pozzolan/metakaolin used were 0%, 5%,10%, 20%, 

30% and 40%. Concrete cubes were cast and cured at 

different days. Similarly, the setting time was also 

determined. At the end of each hydration period, the 

concrete cubes were crushed and their compressive 

strength determined. Similarly the setting time of 

Ordinary Portland Pozzolan and Ordinary Portland 

Cement/Pozzolan and Metakaolin was also determined. 

The result of the compressive strength of 5-40% 

replacement cement with the Pozzolan (PBA) ranges 

from 5.87 – 35.50 N/mm2 as against 14.10 – 

36.22N/mm2 for the control test. Similarly, the result of 

the compressive strength of 5 -40% replacement of 
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cement with pozzolan and metakaolin ranges from 6.40 

– 35.90N/mm2 as against 14.10 – 36.22N/mm2 for the 

control test. The setting time of cement with 5-40% 

replacement of cement with pozzolan (PBA) ranges 

from 57 – 109 minutes for the initial setting time and 

608 – 731minutes for the final setting time as against 50 

minutes and 585 minutes respectively for the initial and 

final setting time of the control test. Similarly, the 

setting time of cement with 5 -40% replacement of 

cement with the pozzolan (PBA) and metakaolin ranges 

from 54-98 minutes for the initial setting time and 590 

– 692 minutes for the final setting time as against 

50minutes and 585 minutes respectively for the initial 

and final setting time of the control tests. 

 

 

 

Understanding the Benefits of High Reactive 

Metakaolin Extraordinary Performance in Concrete 

Mortar and Grout, Author: Shared Mathur, Ph.D,  
The purpose of this presentation is to present the unique 

benefits of high reactivity metakaolin (HRM) in 

cement-based systems. According to ASTM C618, a 

variety of naturally occurring materials or their 

modifications or byproducts can be described as 

pozzolanic materials. However, the pozzolanic 

materials differ very widely in their impact on cement –

based systems and this is primarily related to their 

physical and chemical characteristics.  

Effects of Hydrochloric Acid in Mixing and Curing 

Water on Strength of High-Performance Metakaolin 

Concrete, Author: E. Arunakanthi,          H. 

Sudarsana Rao and I.V. Ramana Reddy 

  This paper presents the results of an experimental 

investigation carried out to study the effect of 

aggressive chemical environment on High performance 

concrete with metakaolin in which Ordinary Portland 

cement is partially replaced by 20% of metakaolin by 

weight and aggressive chemical environment is 

simulated by subjecting the concrete to different 

concentrations of Hydrochloric acid (HCl) in deionized 

water during mixing and curing. Compressive strengths 

and split tensile strengths were determined at 7, 28 and 

90 days. The results indicate that the compressive 

strength and split tensile strength decrease with the 

increase in concentration of HCl when compared with 

concrete without HCl in mixing and curing water. 

Durability Studies On Steel Fibre Reinforced 

Metakaolin Blended Concrete, Author: Dr. P. 

Srinivasa Rao, Dr. Sravana, Dr Z. Abdul Rahim & 

Dr. T. Seshadri Sekhar 

An attempt has been made to study durability properties 

of steel fiber reinforced Metakaolin blended concrete, 

when it is exposed to certain types of chemicals. 

Metakaolin is a thermally structured, ultrafine 

pozzolona, which replaces industrial byproducts such as 

silica fume, fly ash, etc., An experimental investigation 

has been carried out to evaluate the durability in terms 

of Chemical Resistance and weight loss of steel fiber 

reinforced concrete with and without Metakaolin for 

concrete of M20 grade. In this investigation an attempt 

is made with chemicals like H2SO4 and HCl. Crimped 

Steel fibers with 60 as aspect ratio at 0%, 0.5%, 1.0% 

and 1.5% of volume of concrete are used. The results 

show that the percentage of weight loss is reduced and 

compressive strength is increased in the case of Steel 

fibre reinforced concrete and concrete containing 10 % 

Metakaolin replaced concrete when compared to the 

normal concrete. Also the less percentage weight loss is 

noticed in the case of HCl and severe in the case of 

H2SO4. 

 

7. MATERIALS USED AND THEIR PROPERTIES 

Various materials used for the experimental study are 

the following: 

 

METAKAOLIN: 

Metakaolin is refined kaolin clay that is fired (calcined) 

under carefully controlled conditions to create an 

amorphous aluminosilicate that is reactive in concrete. 

Like other pozzolans (fly ash and silica fume are two 

common pozzolans), metakaolin reacts with the 

calcium hydroxide (lime) byproducts produced during 

cement hydration.  

Metakaolin (MK) can successfully be used to partial 

replace cement in paste, mortar or concrete applications 

MK is produced by the calcination of kaolin clay at 

temperatures ranging from 700 and 900°C. Like clay, 

the main oxides in the MK are silica and alumina. 

Partial replacement of cement with MK can increase the 

mechanical and durability performance of cement based 

materials.  
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Fig-1  METAKAOLIN 

CEMENT: 
Cement is a material that has cohesive and adhesive 

properties in the presence of water. Such cements are 

called hydraulic cements. These consist primarily of 

silicates and aluminates of lime obtained from limestone 

and clay. There are different types of cement, out of 

that I have used two types i.e. 

 Ordinary Portland cement 

 Portland slag cement 

Ordinary port land cement (OPC) is the basic Portland 

cement and is best suited for use in general concrete 

construction. It is of three types, 33 grades, 43 grade, 53 

grade. One of the important benefits is the faster rate of 

development of strength. Cement is a fine, grey 

powder. It is mixed with water and materials such as 

sand, gravel, and crushed stone to make concrete. The 

cement and water form a paste that binds the other 

materials together as the concrete hardens. 

The ordinary cement contains two basic ingredients 

namely argillaceous and calcareous. In argillaceous 

materials clay predominates and in calcareous materials 

calcium carbonate predominates. The Basic 

composition of cement is provided in table. In the 

present work 53 grade cement was used for casting 

cubes and cylinders. The cement was uniform color i.e. 

grey with a light greenish shade and was free from any 

hard lumps. 

 

Table: 2 Composition limits of Portland cement 

 

Ingredient Percentage Content 

CaO (Lime) 60 – 67 

SiO2  (Silica) 17 – 25 

Al2O3(Alumina) 3- 8 

Fe2O3 (Iron Oxide) 0.5 – 6 

MgO (Magnesia) 0.1 – 4 

Alkalies 0.4 - 1.3 

Sulphur 1 – 3 

(Reference: Book concrete technology M.S Shetty ) 

 

AGGREGATES: 

Aggregate properties greatly influence the behavior of 

concrete, since they occupy about 80% of the total 

volume of concrete. The aggregate are classified as 

Fine aggregates 

Fine aggregate are material passing through an IS sieve 

that is less than 4.75mm gauge. Usually natural sand is 

used as a fine aggregate at places where natural sand is 

not available crushed stone is used as a fine aggregate. 

The sand used for the experimental works was locally 

procured and conformed to grading zone III. Sieve 

Analysis of the Fine Aggregate was carried out in the 

laboratory as per IS383-1970 and results are provided 

in Table .The sand was first sieved through 4.75mm 

sieve to remove any particle greater than 4.75 mm sieve 

and then was washed to remove the dust. According to 

IS 383:1970 the fine aggregate is being classified in to 

four different zone, that is Zone-I, Zone-II, Zone-III, 

Zone-IV. 

Coarse aggregates 

The materials which are retained on a 4.75mm sieve are 

called coarse aggregate. Coarse aggregate forms the 

main matrix of the concrete. The nature of work decides 

the maximum size of the coarse aggregate. Locally 

available coarse aggregate having the maximum size of 

20 mm was used in the present work. 

Sieve analysis of coarse aggregates used was carried out 

and results are provided in table. 

 

WATER: 

Water is an important ingredient of concrete as it 

actively participates in the chemical reaction with 

cement. Since it helps to form the strength giving 

cement gel, the quantity and quality of water is required 

to be looked into very carefully. Potable water is 

generally considered satisfactory. In the present 

investigation, tap water was used for both mixing and 

curing purposes. 

 

MATERIAL PROPERTIES 

Cement : 

Ordinary Portland Cement of Ultra tech brand of 53 

grade confirming to IS: 12269-1987 was used in the 

present study. The properties of cement are shown 

below: 

           

            Table: 3 Physical properties of cement 

Properties Values 
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Specific gravity 3.13 

Normal consistency 33% 

Initial setting 30 mins 

Fineness 1.1% 

 

Fine Aggregate: 

M sand as per IS: 383-1987 was used. The properties 

are: 

Table: 4 Physical properties of fine aggregates 

 

Characteristics Value 

Type River sand 

Specific gravity 2.65 

Fineness modulus 2.80 

Grading zone II 

 

Coarse Aggregate: 

Crushed aggregate confirming to IS: 383-1987 was 

used. 

        

     Table: 5 Properties of coarse aggregates 

 

Characteristics Value 

Type Crushed 

Specific gravity 2.85 

Maximum size 20mm 

 

Sieve analysis – River Sand 

.             

 

Sieve Analysis for Coarse Aggregate 

           

 

SI

. 

N

 

IS 

sieve 

in mm 

 

Weight 

retained

(kg) 

 

Cumulativ

e weight 

retained 

% of 

Cumulativ

e weight 

retained 

 

%finer 

O (kg) 

1 37.5 - - - - 

2 25 - - - - 

3 20 0.491 24.55 24.55 75.45 

4 13.5 1.414 70.7       95.25 4.75 

5 4.75 0.095 4.75 100 0 

6 2.36          - - 100 0 

7 1.18          - - 100 0 

8 0.6          - - 100 0 

9 0.3          - - 100 0 

10 0.15          - - 100 0 

11 0.075          - - 100 0 

Fineness Modulus of Coarse Aggregate 6.19 

 

8.   EXPERIMENTAL PROGRAMMES 

 

Mix design 

The process of selecting suitable ingredients of concrete 

and determining their relative amounts with the 

objective of producing a concrete of the required 

strength, durability, and workability as economically as 

possible, is termed the concrete mix design. The 

proportioning of ingredient of concrete is governed by 

the required performance of concrete in two states, 

namely the plastic and the hardened states. If the plastic 

concrete is not workable, it cannot be properly placed 

and compacted. The property of workability therefore 

becomes of vital importance. 

 MIX DESIGN PROCEDURE AS PER ‘IS’  

A) Design stipulation: 

1) Characteristic compressive strength required 

in the field at 28 days                                   : 25 N/mm
2
 

2) Maximum size of aggregate   : 20 mm 

(angular) 

3) Degree of workability                              : 09.0 factor 

4) Degree of quality control                         : Good 
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5) Type of exposure                     :Moderate 

 

B) Test data for materials 

1) Cement used                      : OPC 43 grade 

2) Specific gravity of cement        : 3.15 

3)  i)specific gravity of coarse aggregates : 2.85 

       ii) Specific gravity of fine aggregates  : 2.65 

4)  Water absorption  

   i) Coarse aggregate                         : 0.6 percent 

  ii) Fine aggregate                       : 1 percent 

5) Free (surface) moisture 

i) Coarse aggregate                            : Nil 

ii) Fine aggregate                               : 1 percent 

 

Step 1: Target Mean Strength 

 f´ck=   fck +1.65 x   s 

=   25 + (1.65 x 4) 

= 31.6 N/mm
2
 

Step 2: Selection of Water Cement Ratio 

From table 5 of IS 456,  

maximum water cement ratio  = 0.5  

Based on experience, adopt water cement ratio as 0.45. 

0.45<0.50, hence O.K. 

Step 3: Selection of Water Content  

 maximum water content for 20 mm aggregate = 186 

liters (for 25 to 50 mm slump range) 

Estimated water content for 100 mm slump = 186 + (6 

/100 x 186)       = 197.16 liters 

Step 4: Calculation of Cement Content 

 

Water – cement ratio  = 0.45 

Cement Content  = 197.16/ 0.45  

    

 = 438 kg /m
3
 

From table 5 of IS 456, minimum cement content for 

‘moderate’ exposure condition = 300 kg /m
3 

 438 kg /m
3
>300 kg/m

3
. 

 HenceO.K. 

 Cementitious material content = 438 x 1.10 

  = 481.8 Kg/m
3
. 

Water Content                          = 197.16 Kg/m
3
  

Therefore, Water-cement Ratio = 197.16 / 481.8  

 = 0.41. 

 

Metakaolin @ 30% of total cementitious material 

content,   

481.8 x 30 % =144.54 Kg/m
3
 

Cement ( OPC ) = 481.8 – 144.54  

 = 337.26 Kg/m
3
 

Saving of cement while usin 

 Metakaolin  = 438 – 337.26  

  = 100.74 Kg/m
3
 

Metakaolin being utilized  = 144.54 Kg/m
3
 

Step 5: Proportion of Volume of Coarse Aggregate 

and Fine Aggregate Content 

From table 3 of IS 10262, volume of coarse aggregate 

corresponding to 20mm size aggregate and fine 

aggregate (zone III) for water –cement ratio of                     

0.50 = 0.64 

Volume of C.A  = 0.65  

   Volume of F.A  = 1-0.65  

    

  = 0.35 

Step 6: Mix Calculations  

a)   Volume of Concrete     = 1m
3
 

b)Volume of Cement=    
              

                          
x
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x 

 

    
=     0.107 m

3 

c)VolumeofMetakaolin 

=
                  

                              
x

 

    
 

=  
      

   
 x 

 

    
 

= 0.058 m
3
 

d)  Volume of Water       =      
             

                         
 x  

 

    
 

=     
      

 
x 

 

    
 = 0.197 m

3
 

e) Volume of all aggregate=  [ a – (b + c + d) ] 

                        =   1 – [0.107 + 0.058 + 0.197 

=   0.638 m
3
 

f) Mass of Coarse Aggregate= e x vol. of CA x 

sp.gravity of CA x 1000   

=   0.638 x 0.65 x 2.85 x 1000 

=   1182 kg 

g) Mass of Fine Aggregate =   e x vol. of FA x sp. 

gravity of FA x 1000 

=    0.638 x0.35 x 2.65 x 1000 

 =   592 kg  

 

MIX PROPORTION FOR M25 GRADE 

CONCRETE 
          

Table 8: Mix proportion for M25 

Cement Fine 

aggregate 

Coarse 

aggregate 

Water 

337.26 kg 592 kg 1182 kg 197.16 lit 

1 1.75 3.24 0.58 

 

TESTS ON FRESH CONCRETE  

• Compaction Factor Test 

• Sump cone test 

TESTS ON HARDENED CONCRETE: 

• Compressive strength 

• Split tensile strength 

• Flexural strength test 

 

9.  TESTS RESULTS AND DISCUSSIONS 

 

TESTS ON HARDENED CONCRETE  

 
Compressive strength results:  

The compressive strength of concrete is one of the 

most important and useful properties of concrete. 

At least three cubes of 150mm x 150mm x 150mm 

are casted for each age 7,14&28 days.  

 

Table: 9 Compressive strength of cubes 

                           at 7,14&28days 
          

S. 

N

o. 

Curi

ng 

days 

% of 

Metaka

olin 

Compres

sive Load 

(kN) 

Compres

sive 

Strength 

(N/mm
2
) 

1 7 

days 

0 564 25.07 

15 600 26.67 

20 665 29.56 

25 625 27.78 

2 14 

days 

0 670 29.78 

15 715 31.78 

20 760 33.78 

25 741 32.93 

3 28 

days 

0 725 32.22 

15 750 33.33 

20 795 35.33 

25 767 34.09 
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Fig: 3Effect on compressive strength of concrete 

 Split Tensile Strength results:  
(Area of cylinder 150mm x 300mm) 

S. 

No. 

Curing 

days 

% of 

Metakaolin 

Split Tensile 

Strength (N/mm
2
) 

1 7 days 0 2.31 

15 2.50 

20 2.79 

25 1.95 

2 14 days 0 2.68 

15 2.89 

20 3.10 

25 2.25 

3 28 days 0 2.90 

15 3.18 

20 3.36 

25 2.76 

 

 

 

 

 

Fig: 4 Effect on Split tensile strength of concrete 

 

 

 

 

 

 

 

 

 

  Fig 5 Split tensile test 

 

Flexural Strength results: 

  (Area of flexure  15cm x 15 cm x 70cm)  

 

S. 

No. 

Curing 

days 

% of 

Metakaolin 

Flexural Strength 

(N/mm
2
) 

1 28 days Normal 62.2 

15 120 

20 120.6 

25 120 

25.07 26.67 
29.56 27.78 29.78 31.78 33.78 32.93 32.22 33.33 35.33 34.09 
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 Fig 6  flexural strength of Graph 

  

 

 

Fig.6.1 Center Point Loading setup 

 

Fig.6.2 Beam before ultimate load 

 

Fig.6.3 Beam after ultimate load 
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Fig 6.4 Cumulative Strength Graph 

  

 
 

                   Fig 7  Flexural strength test   

 

10.  CONCLUSIONS 

 This investigation was conducted to 

evaluate the effect of using Metakaolin as 

the partial replacement of cement in 

concrete composites and also gives an idea 

using these materials within specific range.  

  Several tests were conducted on the 

materials of the concrete composites and 

the reports are given.  With the results 

obtained from compressive strength, split 

tensile strength, durability and flexural 

strength tests, 20% of replacement was the 

flexible, economical and also gives the best 

result.  

 I conclude if that metakolin if used 

replacment of cement,then it will be 

replaced by 20% of cemnt content and 

whivh will gives the strenght as per the 

standards. 

 The partial replacement of cement by 

metakaolin gives higher strength to the 

concrete.  

 o from the Phase –I and Phase – II 

results, I can suggests that if the cement 

is going to be replaced by Metakaolin, 

then it might be replaced by 20% to get 

the best results.   

 In practical impilication,it must give a good 

economy strength concrete numhbers also 

greatly reduced the CO2 emission in the 

atmosphere.  

 An increase in percentage replacements by 

coconut shells reduced the strength and 

density of concrete.  

 It helps in reducing up to15% pollution in 

the environment.  

 It is concluded that the Metakaolin are 

more suitable as low strength-giving 

lightweight aggregate when used to replace 

common coarse aggregate in concrete 

production.  

 Trying to replace aggregate with 

Metakaolin partially to make the concrete 

structure more economic along with good 

strength criteria.  

 From one cube calculation, the bulk 

amount of shell replacement can be 

evaluated & reduces overall construction 

cost.  

 This can be useful for the construction of a 

low-cost housing society  

 Solves problems of disposal of coconut 

shell.  

 The slump of concrete increases as the 

percentage of coconut shells increases.  

 It leads to sustainable development.  

 Continuous extraction of aggregate from 

rocks will lead to its depletion. 
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