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Abstract — Concrete is a composite  material that consists essentially of a binding medium, such 

as a  mixture of Portland cement and water, within which are embedded particles or fragments of 

aggregate, usually a combination of fine and coarse aggregate. Concrete is used to create hard 

surfaces that is composed of aggregate bonds and fluid cement that hardens quite quickly. We 

have different types of special concretes around us, each of these have different applications. 

In this study partial replacement of cement has been done at 0%,3%,5%,9%,12%,13% with 

MK(Metakaolin) and 0%,10%(constant) with MP (Marble Powder). Compressive as well as 

tensile strength of concrete made with MK-MP has been compared with conventional concrete of 

grade M30. Durability of concrete was also analyzed with RCMT(Rapid chloride Migration 

Test). Result shows that there is a gain of strength with the addition of MK and MP. The 

optimized strength value of concrete was achieved for both compressive as well as split tensile 

strength at 9%MK and 10%MP. 

RCMT shows that with the increase of addition of Metakaolin and Marble powder, there is a 

decrease in rate of penetration of chloride ions, hence good durability as compared to standard 

concrete 
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INTRODUCTION 

In construction Industry, consumption of 

cement is increasing day by day as well as 

cost is also increasing so to reduce the 

consumption of cement, partial replacement 

with Metakaolin and Marble powder was 

done in this study. Metakaolin is a calcinied 

clay and easily available in Gujarat, 
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Maharashtra & Bombay etc. It is a 

Dehydroxylated form of the clay mineral 

Kaolinite. Stone having higher percentage of 

Kaolinite are known as china clay or kaolin, 

was traditionally used in the manufacture of 

porcelain i.e. ceramic material. The particle 

size of Metakaolin is smaller than cement 

particles. 

Marble dust is obtained from cutting and 

manufacturing industries of marble. In India 

near about 3500 metric tons of marble dust 

slurry per day is generated. So, Marble dust 

is very easily available with very less cost. 

Some of industries used to wash out this 

marble powder with water in natural streams 

which cause water pollution and is harmful 

for our environment. 

So, it is advisory to use marble dust as 

partial replacement with cement as it has 

properties similar to cement and one of good 

pozzolanas. Similarly use of MK leads to 

Green concrete, because during production 

of MK there is no emission of carbon 

dioxide, also MK is good admixture for high 

early age strength, known as HPC etc. 

Since there is large emission of carbon 

dioxide in manufacturing of cement and 

clinker, results in 3-5% increase in 

greenhouse gasses and global warming. 

 Literature review   

Aiswarya S, Prince Arulraj G, Dilip C in 2013 

examined a review on use of metakaolin in 

concrete. This paper reviews the use of 

metakaolin as supplementary cementations 

material in concrete. From the recent 

research works using Metakaolin, it is 

evident that it is a very effective pozzolanic 

material and it effectively enhances the 

strength parameters of concrete. 

A. Sadr Momtazi, Ranjbar. M. M, Balalaei. F, 

Nemati. R examined the effect of Iran's 

metakaolin in enhancing the concrete 

compressive strength. This paper presents 

the performance of metakaolin (NCCM) on 

compressive strength and durability of 

concrete. Fired (Calcinated) NCCM has a 

very good pozzolanic, which could be 

partially replaced with Portland cement. It 

can decrease permeability, increase 

compressive strength and concrete 

durability. In this study, four different type 

of metakaolin which one of them was made 

in UK and the others were from different 

part of Iran were used. The results indicate 

that the replacing NCCM up to 20% has 

noticeable effect on compressive strength 

in comparing with mixture without 

metakaolin. 

B. B. Patil1, P. D. Kumbhar examined that “ 

Strength and Durability Properties of High 

Performance Concrete incorporating High 

Reactivity Metakaolin” 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 
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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 sulfates when the HPC 

mixes were exposed to theses chemical for 

180 days period. 

MATERIALS AND PROPERTIES 

Basically concrete is a versatile engineering 

material which can be mould in to wide 

verities of shapes when in wet condition. 

Concrete is a mixture of cement, fine 

aggregates, coarse aggregates, water, and 

admixture (if any). The red mud concrete is 

a mixture of cement, fine aggregates, coarse 

aggregates, water. 

of water (see hydraulic and non-hydraulic 

lime plaster). 

Non-hydraulic cement will not set in wet 

conditions or underwater; rather, it sets as it 

dries and  reacts with carbon dioxide in the 

air. It can be attacked by some aggressive 

chemicals after setting. 

The chemical reaction results in mineral 

hydrates that are not very water-soluble and 

so are quite durable in water and safe from 

chemical attack. This allows setting in wet 

condition or underwater and further protects 

the hardened material from chemical attack. 

Cement (OPC) conforming to ([17] IS: 

8112-1989). Table 3.1 gives the properties 

of cement used. 

Cement is a binder, a substance used in 

construction that sets and hardens and can 

bind other materials together. The most 

important types of cement are used as a 

component in the production of mortar in 

masonry, and of concrete, which is a 

combination of cement and an aggregate to 

form a strong building material. 

Cements used in construction can be 

characterized as being either hydraulic or 

non-hydraulic, depending upon the ability of 

the cement to set in the presence It is the 

aggregate most of which passes 4.75 mm IS 

sieve and contains only so much coarser as 

is permitted by specification. According to 

source fine aggregate may be described as: 

1. Natural Sand– it is the aggregate 

resulting from the natural 

disintegration of rock and which has 

been deposited by streams or glacial 

agencies 

2. Crushed Stone Sand– it is the fine 

aggregate produced by crushing 

hard stone. 

3. Crushed Gravel Sand– it is the fine 

aggregate produced by crushing 

natural gravel. 
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According to size the fine aggregate 

may be described as coarse sand, 

medium sand and fine sand. IS 

specifications classify the fine aggregate 

into four types according to its grading 

as fine aggregate of grading Zone-1 to 

grading Zone-4. The four grading zones 

Crushed aggregate is a maximum size of 

20 mm and normal grading. The 

specific gravity of the coarse aggregates 

of 2.73 was used. The sieve analysis of 

coarse and fine aggregates is confirmed 

to IS10262. 

 

Fine aggregate 

Become progressively finer from 

grading Zone-1 to grading Zone-4. 90% 

to 100% of the  fine aggregate passes 

4.75 mm IS sieve and 0 to 15% passes 

150 micron IS sieve depending upon its 

grading zone. 

Coarse aggregate: 

It is the aggregate most of which is 

retained on 4.75 mm IS sieve and 

contains only so much finer material as 

is permitted by specification. According 

to source, coarse aggregate may be 

described as: 

1. Uncrushed Gravel or Stone– it 

results from natural disintegration of 

rockCrushed Gravel or Stone– it 

results from crushing of gravel or 

hard stone. 

2. Partially Crushed Gravel or Stone– 

it is a product of the blending of the 

above two aggregate. 

According to size coarse aggregate is 

described as graded aggregate of its 

nominal size i.e. 40 mm, 20 mm, 16 mm 

and 12.5 mm etc. for example a graded 

aggregate of nominal size 20 mm means 

an aggregate most of which passes 20 

mm IS sieve. 

A coarse aggregate which has the sizes 

of particles mainly belonging to a single 

sieve size is known as single size 

aggregate. For example 20 mm single 

size aggregate mean an aggregate most 
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of which  passes 20 mm IS sieve and its 

major portion is retained on 10 mm IS 

sieve. 

Coarse aggregates 

EXPERIMENTAL PROGRAMME 

A. Concrete Mix Design (M30) 

Design Stipulations 

(1) Characteristic comp. strength 

required 

In the field at 28 days =38.25 Mpa 

Level of quality control Good 

(a) Test Data for Materials 

(1) Specific Gravity Of Cement 3.15 

PREPARATION AND CURING 

OF SPECIMEN 

1. In this research work 72 Standard cubic 

specimens of size 150 mm (four sample 

for each percentage of Metakaolin and 

marble powder) were casted for the 

compressive strength of concrete and 72 

standard cylindrical mould of size 

100mm diameter and 200mm height 

(four sample for  each percentage of 

Metakaolin and marble powder) were 

casted for split tensile strength of 

concrete, For RCMT, 30 Specimen of 

10cm diameter and 20 cm height(4 

sample for each percentage of MK-MP) 

were casted and was kept under curing 

for 7, 14 days & 28 days of age. 

Table 3:Material Analysis 

 

IV. RESULT AND DISCUSSIONS 

 

A. Strength Analysis: Compressive & 

Tensile strength: Compressive and 

split tensile strength of concrete is 

tested at different percentage of MK 

and MP from 0% to 13 % MK and 

0% &10% MP (constant). For 

compressive strength of concrete, 72 

cubes was casted with four samples 

of each percentage variation of MK 

& MP. The Compressive strength of 

concrete has been tested at 7 days, 14 

days and 28 days of curing for Initial 

gain in strength of concrete, median 

gain of strength in concrete and final 

strength of concrete respectively. 

Compression testing machine is used 

for testing the compressive strength 
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of concrete. At the time of testing the 

cube is taken out from water and 

dried and then tested keeping the 

smooth faces in upper position. 

Similarly, For Split tensile Strength 

72 cylinder of 15cm and 20cm height 

was prepared at different percentage 

addition of MK&MP at 7,14 and 28 

Days of curing. The strength of 

concrete is very much dependent up 

on curing i.e. the hydration reaction 

.The type and amount of cement 

used in concrete determines the 

hydration reaction. In this study 

Ultra Tech OPC 43 grade of concrete 

is used.  

CONCLUSIONS 

1. The replacement of cement with 

9%MK and 10% MP, give better 

results better for strength.  

2. If the percentage of MK is 

increased above 9% keeping the 

percentage of MP as10%, there is 

reduction in strength of concrete. 

3. The permeability test shows that 

there is decrease in permeability of 

concrete with the increase in 

amount of Metakaolin and Marble 

powder addition. 

4. The optimum percentage for 

replacement of cement with 

Metakaolin and Marble powder 

was 9% and 10% respectively for 

both cubes and cylinders. After 

9%MK & 10% MP, compressive 

strength as well as split tensile 

strength starts decreasing. 

5. There is decrease in strength after 

9% replacement of MK and 10% 

replacements of MP but durability 

properties go on increase with 

increase in percentage of MK-MP. 

6. Use of Metakaolin and Marble 

powder give GREEN 

CONCRETE. 

7. Use of MK and MP save our 

environment, since during the 

production of MK and MP there is 

no emission of carbon dioxide. 

8. RCMT results shows that concrete 

made of addition of MK-MP has 

very less rate of penetration of 

chloride ions. Hence Rate of 

penetration goes on decrease with 

increase of percentage of MK-MP 

in concrete as shown in fig 9. So 

we can say more durable concrete 

is obtained. 
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