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Concrete, Workability, There is a growing awareness in India about extensive damage being caused to the
compressive strength, split tensile environment due to accumulation of waste materials from industrial plants, power houses,
demolition sites it has become one of the major environmental, economic, and social issues.
Nowadays natural resources are depleting worldwide, while at the same time generated
wastes from the industries are increasing substantially. Waste material coming out of
industry nowadays is posing a great environmental problem in disposing them into air,
water and on the land. The output of these materials in India are more than double the
production of cement so with proper utilization of these materials in construction industry
will greatly help the society to have a better and pleasant environment. Substitution of

strength, Flexural strength.

waste materials will avoid the environmental and ecological damages caused by quarrying
and exploitation of the raw materials for making cement. These waste materials can partly
be used, or processed, to produce materials suitable as aggregates or as fillers in concrete.Use
of waste products is not only a partial solution to environmental and ecological problems
and it significantly improves the micro structure, and consequently the properties of
concrete. By using these wastes as the reuse or recycling of waste material in order to
compensate the lack of natural resources. So wastes can be used to produce new products or
can be used as admixtures in the civil engineering field. So the environment is protected
from waste deposits. There are numerous by-products coming from industries, that are
considered as waste and to recycle them to be of use for building and construction and here
we have used Metakaolin and FOUNDARY SAND as the partial replacement of cement.

INTRODUCTION the cement when mixed with water. With the
Concrete is probably the most extensively used advancement of technology and increased field of
construction material in the world. It is an artificial application of concrete and mortars, the strength,

material in which the aggregates are bonded together by = workability, durability and other characteristics of the
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ordinary concrete can be made suitable for any situation.
For this, definite proportions of cement, water, fine
aggregate, coarse aggregate, mineral admixtures and
chemical admixtures are required. The demand for OPC
is increasing dramatically in developing countries.
Cement production is one of the major reasons for CO2
emissions into atmosphere. So, to reduce the both
environmental impact and production cost we are using
Metakaolin and FOUNDARY SAND. Metakaolin when
used as a partial replacement substance for cement in
concrete, it reacts with Ca(OH)2 one of the by-products
of hydration reaction of cement and results in additional
C-S-H gel which results in increased strength.

Concrete is the man-made material which has the vastest
utilization worldwide. This fact leads to important
problems regarding its design and preparation to finally
obtain an economic cost of the product on short and long
time periods. The material has to be also “environment
friendly” during its fabrication process and also its
aesthetical appearance when it is used in the structures.
Its success is when its raw materials that have a large
spreading into the world, the prices of raw materials that
are low and the properties and the performances of the
concrete that confers it a large scale of application.
Concrete’s performances have continuously rise in order
to accomplish the society needs. Many studies have been
made concerning the use of additives and
super-plasticizers in the concrete by using less water
content for a good workability of a concrete. As a result
of this, high performance concretes develop having a
superior durability.

II. EXPERIMENTAL MATERIALS USED IN THIS
STUDY

Materials used:

Ordinary Portland cement (53Grade),

Metakaolin,

FOUNDARY SAND,

e Aggregates,

e Water.

3.1) Ordinary Portland Cement:

It is the basic “binding” material in concrete. In this

study we are using 53 grade of cement. Ordinary
Portland Cement is manufactured by grinding together
OPC clinker (95-97%) along with gypsum (3-5%). OPC is

graded according to their compressive strength.

3.2) Metakaolin:
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Metakaolin is obtained by thermal activation of “kaolin
clay”. This activation will cause a substantial loss of
water in its constitution causing a rearrangement of its
structure. To obtain an adequate thermal activation, the
temperature range should be established between 600 to
750°C. Metakaolin when used as a partial replacement
substance for cement in concrete, it reacts with Ca(OH)2
one of the by-products of hydration reaction of cement
and results in additional C-S-H gel which results in
increased strength. Hence by partially replacing cement
with Metakaolin not only reduces carbon dioxide

emissions but also increases the service life of buildings.

Chemical formula of Metakaolin is:
AI203-2510-2H20

Chemical reaction :

Cement + Water = C-S-H gel + Ca (OH)2
Ca (OH)2 + Metakaolin = C-S-H gel

Introduction  KAQLINITE (kaolin)
aluminium silicate
AI203 (5i02)2 (H20)2
fiely ground grinding / pelletizing
+
flash calcination method

(few seconds 750°C) rotary kiln calcination
(5h750°C)

[

A20(502)2 (H20)x+ (2:x)H20
(metakaolin)

Figure: Formation of Matakaolin

METAKAOLIN

Fig. Appearance of Metakaolin




Table No: 3.1: Chemical Compositions of Metakaolin

3.3 FOUNDARY SAND:

FOUNDARY SAND is obtained from the transformation
of pure limestone. The purity of marble depends upon
the color of the marble. Since the ancient times, marble is
widely used in monuments and historical buildings for
decorative purpose. In India, tonnes of marble waste has
been produced from the industries. But there are some
impurities present in the waste that cannot be easily
deposed off. Such type of impurities mixed with soil and
water. When they mixed with soil it reduces the porosity
and permeability of the soil. Also, if it mixes with water
it pollute the water and make the water unfit for use. So,

it is necessary to use the waste in functional manner.

3.4 Aggregates
3.4.1 Coarse Aggregates
The fractions from 20 mm to 4.75 mm are used as coarse
aggregate. Theaggregate used in this project mainly of
Granite rock which comes under normal weight
category. The aggregates are locally available. Specific
gravity of aggregate is 2.65. Aggregates are the most
mined material in the world.
3.4.2 Fine Aggregates
Natural sand which is easily available and low in price
was used in the work. It has cubical or rounded shape
with smooth surface texture. Being cubical,rounded and
smooth texture it give good workability. Specific gravity
of aggregate is 2.61. Sand which is used here is River
Sand. Aggregate most of which passes 4.75mm IS sieve is
used.
3.5 Water
Water should be easily available and it should be clear
and tap water alsosufficient to mix the ingredients and it
should not be any alkali and should befree from more
chlorides of calcium and magnesium.

III MIX DESIGN
Grade of concrete used-M25
Mixed proportion-1:1:2
W/C ratio-0.4

Concrete mix design is the process of finding right
proportions of the cement, sand and aggregates for

concrete to achieve target strength in structures.

So, concrete Mix =Cement: Sand: Aggregates.
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he concrete mix design involves various steps,
calculations and laboratory testing to find right mix
proportions. This process is usually adopted for
structures which requires higher grades of concrete such
as M25 and above and large construction projects where
quantity of concrete consumption is huge. Benefits of
concrete mix design is that provides the right
proportions of the materials, thus making the concrete
construction economical in achieving required strength
of structural members. As, the quantity of concrete
required for large constructions are huge, economy in
quantity of materials such as cement makes the project

construction economical.

Table No: 5.4: Observations for Initial and Final Setting
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S.No | MK(%) | MP(%) | Consistency | Setting Time At
Initial | Final
1 25 30 339 309
2 4 27 39 352 313
3 29 57 371 314
4 10 12 31 84 404 320
5 14 16 33 100 426 326
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Figure: 5.4Setting Time Vs %Replacement of MK & MP

5.5 DETERMINATION OF SOUNDNESS OF CEMENT,
MK & MP BY LECHATELIER METHOD

Aim :To determine the soundness of a given sample of
cement byLe-Chatelier method.

Reference :1S: 4031 (Part 3) — 1988.

Theory :It is very important that the cement after setting
shall not undergo any appreciable change of volume.
Certain cements have been found to undergo a large
expansion after setting causing disruption of the set and
hardened mass. This will cause serious difficulties for
the durability of structures when such cement is used.

The unsoundness in cement is due to the presence of




excess of lime than that could be combined with acidic
oxide at the kiln. It is also likely that too high a
proportion of magnesiumcontent or calcium sulphate
content may cause unsoundness in cement. Soundness of
cement may be determined by two methods, namely
Le-Chatelier method and autoclave method.

Procedure:

1. Place the lightly oiled mould on a lightly oiled glass
sheet and fill it with cement paste formed by gauging
cement with 0.78 times the water required to give a paste
of standard consistency [see IS : 4031 (Part 4)-1988].

2. Cover the mould with another piece of lightly oiled
glass sheet, place a small weight on this covering glass
sheet and immediately submerge the whole assembly in
water at a temperature of 27 + 2°C and keep there for 24
hours.

3. Measure the distance separating the indicator points to
the nearest 0.5 mm. Submerge the mould again in water
at the temperature prescribed above.

4. Bring the water to boiling with the mould kept
submerged in 25 to 30 minutes, and keep it boiling for
three hours. Remove the mould from the water, allow it
to cool and measure the distance between the indicator
points.

5. The difference between these two measurements
indicates the expansion of the cement. This must not
exceed 10 mm for ordinary, rapid hardening and low
heat Portland cements. If in case the expansion is more
than 10 mm as tested above, the cement is said to be

unsound.

Fig 5.5: Le -Chatelier apparatus for soundness test
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Result :We observed that expansion values are not
influenced due to replacement of cement with Marble
Dust and Metakaolin.

(Soundness depends on presence of free lime and

magnesia)
IV OBSERVATIONS
Table No: 6.1.(a) 7 Days CompressiveStrength
S.No % Replacement | 7 Days | % Rate of
of MK-MP Compressive Increase/
Strength N/mm? | Decrease
1 0-0% 26.90
2 2-4% 27.68 (+)0.22
3 6-8% 29.0 (+)1.32
4 10-12% 30.62 (+)1.62
5 14-16% 22.76 (1)7.86
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Figure: 6.1.(a) 7 Days CompressiveStrength Vs %
Replacement of MK & MP

Table No: 6.1.(b) 14 Days CompressiveStrength

S.No %Replacement | 14 Days | % Rate of
of MK-MP Compressive | Increase/

Strength Decrease
N/mm?

1 0-0% 31.5

2 2-4% 32 (+)0.5

3 6-8% 34.60 (+)2.6

4 10-12% 36.82 (+)2.22

5 14-16% 21.8 (-)15.02
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Figure: 6.1.(b) 14 Days CompressiveStrength Vs %
Replacement of MK & MP

Table No: 6.1.(c) 28 Days CompressiveStrength

S.No %Replacement | 28 Days | % Rate of
of MK-MP Compressive | Increase/
Strength Decrease
N/mm?
1 0-0% 34
2 2-4% 35.02 (+)1.02
3 6-8% 36.89 (+)1.87
4 10-12% 38.05 (+)1.16
5 14-16% 18.54 (-)19.51
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Figure: 6.1.(c) 28 Days CompressiveStrength Vs %
Replacement of MK & MP

1256

A
International Journal for Modern Trends in Science and Technology

~
o

(98
(9,]
|

Mpw
wn O

)

N\
A\

()]

(=)

Compressive ShahgtihN

S W

7 14 "W3gs o

Figure: 6.1.(d) CompressiveStrength Vs % No.of days

curing

V CONCLUSIONS

1.The optimum percentage for replacement of cement
with Metakaolin and FOUNDARY SAND was 10% and
12 % respectively for concrete cubes.

2 Metakaolin and FOUNDARY SAND up to a cement
replacement of 10% of Metakaolin and 12% of
FOUNDARY SAND by weight, can be used for
applications requiring high strength concrete. Specific
gravity of Metakaolin and Marble Dust are lower than
cement specific gravity implying that can make the
lighter weight concrete with increased strength.

3.Use of MK and MP save our environment, since

during the production of MK and MP there is no

Emission of carbon dioxide.
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