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Abstract:- Ground Granulated Blast Furnace Slag
(GGBFS) and Metakaolin are cementitious materials
used as admixtures to make top notch concrete and to
lessen the permeability. Moreover, Ground Granulated
Blast Furnace Slag is used to make durable strong
structures in blend with standard Portland concrete. In
spots where lacking or poor reestablishing strong
structures like seashores, underground structures
which experience extraordinary loss of compressive
quality and vulnerability interconnected strength, use of
Metakaolin and GGBFS in a perfect degree shows to be
profitable to modify the properties of concrete. This
endeavor deals with the properties of concrete, with
contrasting rate substitution of GGBFS and Metakaolin
as an inadequate exchange for security. The mix was
obtained by designing (35%, 15%); (40%, 10%) and
(45%, 5%) mass of cement by GGBFS and Metakaolin
separately. Finally, required models were cast to
consider rehearses, for instance, compressive quality,
unbending nature, and robustness. Compressive quality
and bonding tractable test were accomplished for
testing the quality properties and sorptivity test was
directed to check the toughness properties of bond. The
test results showed that the two admixtures GGBFS and
Metakaolin, when used at a perfect blend, will by and
large increase the quality and durability of strong when
differentiated and customary concrete. The objective of
this assignment is to consider the assortments in quality
and solidness characteristics of amazing strong mix by
partial overriding of cement with different paces of
GGBFS close by Metakaolin. The specific objectives of
the undertaking are to consider the compressive quality
and unbending nature of laboratory concrete with that
of bond made by overriding bond with GGBFS and
Metakaolin and to consider the quality properties of
concrete made by replacing bond with GGBFS and
Metakaolin.

I INTRODUCTION

Mineral admixtures, for example, fly powder, rice
husk cinder, metakaolin, silica smolder and so on are all the
more generally utilized in the improvement of cement
blends. They enhances the bonding of concrte nd makes it
cost effective. These materials increment the long haul
execution through diminished porousness bringing about
improved sturdiness. Expansion of such materials has
demonstrated the upgrades in the quality and sturdiness
properties. Ground granulated blast furnace slag (GGBFS)
which is a result in the production of iron in steel industry
and normal waste Metakaolin which is a DE hydroxylated
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type of the earth mineral kaolinite which when not arranged
appropriately may make ecological risks the encompassing
territory. These two materials are utilized in the solid
business, are powerful in expanding the compressive
quality, elasticity and improved sturdiness. Mineral
admixtures, for instance, fly powder, rice husk soot,
metakaolin, silica seethe, etc are even more commonly
used in the improvement of concrete mixes. They upgrades
the holding of concrte nd makes it financially savvy. These
materials increase the whole deal execution through
reduced permeability achieving improved durability.
Extension of such materials has shown the redesigns in the
quality and solidness properties. Ground granulated impact
heater slag (GGBFS) which is an outcome in the generation
of iron in steel industry and ordinary waste Metakaolin
which is a DE hydroxylated kind of the earth mineral
kaolinite which when not masterminded fittingly may make
natural dangers the including an area. These two materials
are used in the strong business, are ground-breaking in
extending the compressive quality, flexibility and improved
solidness.

Use of GGBS inside and out decreases the risk of
damages achieved by salt—silica reaction (ASR), gives
higher security from chloride passageway reducing the
peril of fortress utilization and gives higher insurance from
ambushes by sulfate and distinctive manufactured
substances. Concrete containing GGBS bond has a higher
outrageous quality than concrete. Metakaolin manufactures
the compressive and flexural quality and slanted to less
destructive ambush and diminished permeability. It
redesigns usefulness and finishing with less potential for
blossoming attack. Mineral Admixtures in Cement and
Concrete spotlights on the most ideal approach to make
logically functional and durable strong using mineral
admixtures. In particular, it spreads pounded fuel soot
(PFA), impact heater slag (BFS), silica fume (SF), rice
husk powder (RHA), and metakaolin. Mineral admixtures
are finely apportioned siliceous materials which are added
to concrete in tolerably huge entireties, generally in the
range 20 to 70 percent by mass of the total cementitious
material. The framework by which pozzolanic reaction
rehearses an important effect on the properties of concrete
is the proportionate autonomous of whether a pozzolanic
material is added to concrete as a mineral admixture or as a
fragment of blended Portland bond. With genuine quality
control, a great deal of various present day results can be
melded into concrete, either as blended Portland bond or as
mineral admixture.
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GGBFS and Metakaolin bend added to concrete in the
strong producer's grouping plant, close by Portland bond,
sums and water. The customary extents of aggregates and
water to cementitious material in the mix remain unaltered.
GGBS and Metakaolin are used as a quick swap for
Portland bond. Swap levels for GGBS vary from 30% to up
to 85% and 8% to 15% for Metakaolin. It has a higher
degree of the quality improving calcium silicate hydrates
(CSH) than concrete made with Portland security just, and
a decreased substance of free lime, which doesn't add to
strong quality. It develops the compressive and flexural
characteristics, diminished permeability and decreases
shrinkage in light of "particle squeezing™ making concrete
denser. Therefor the use of these two admixtures in strong
joins the upsides of both GGBFS and Metakaolin.

1. EXPERIMENTAL INVESTIGATION

The materials utilized for throwing of auxiliary
components ought to give the certification to the required
quality. To accomplish the ideal quality, the correct extent
of the materials is essential which relies upon the different
properties of the constituents. The materials utilized for the
examination show the accompanying properties. The
properties of various materials utilized for the present work
are altogether considered. Our trial was separated into two
segments, quality and solidness.

» Material Properties

The properties of concrete are designed by keeping
the is code standards of is 456:2000 of cement, crushed
aggregate, fine aggregate.

» Ground Granulated Blast Furnace Slag (GGBFS)

Ground-granulated blast-furnace slag (GGBS or
GGBFS) is gotten by extinguishing liquid iron slag (a side-
effect of iron and steel-production) from a blast furnace in
water or steam, to create a polished, granular item that is
then dried and ground into a fine powder. This material
extensively relied upon the synthesis of the crude materials
from the steel plant.

Fig 1:- Ground Granulated Blast Furnace ‘Slag
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FORMULA CONCENTRATION (%)
Ca0 34.85
Sio2 34.01

Al203 16.62
MgO 9.11
Fc203 171
SO3 1.55
Tio2 0.69
Na-, O 0.48
K20 0.46
MnO 0.27
BaO 0.10
P205 0.04
Sro 0.04
cl 0.03
ZrOi 0.03
As203 37 PPM

PROPERTY VALUE
COLOUR Off-White
PHYSICAL FORM Powder
SPECIFIC GRAVITY 2.9

Table 1:- Physical properties of GGBFS
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Table 2:- Chemical Composition of Ggbfs

» Metakaolin

Metakaolin is a Di hydroxylated type of the earth
mineral kaolinite. Rocks that are wealthy in kaolinite are
known as china mud or kaolin, customarily utilized in the
production of porcelain. The molecule size of metakaolin is
littler than concrete particles, however not as fine as silica
smolder. It is gotten by calcination of kaolinitic mud at a
temperature somewhere in the range of 500°C and 800°C.
The crude material contribution to the assembling of
metakaolin (AI2Si207) is kaolin dirt. Kaolin is a fine,
white, mud mineral that has been customarily utilized in
the assembling of porcelain. Kaolinite is the mineralogical
term that is appropriate to kaolin dirt. Kaolinite is
characterized as a typical mineral, hydrated aluminum
disilicate, the most well-known constituent of kaolin. The
meta prefix in the term is utilized to indicate change. On
account of metakaolin, the change that is occurring is
dihydroxylation, expedited by the utilization of warmth
over a characterized timeframe. The conduct of earth
minerals on warming relies upon their structure, gem size,
and level of crystallinity.
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Fig 2:- Metakaolin
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PROPERTY VALUE
Colour Off-white
Specific gravity 2.60
Physical form Powder

Table 3:- Physical properties of metakaolin

INGREDIENTS % BY WEIGHT

Si02 51.52
Al203 40.18
Fe203 1.23
Ca0 2.0

MgO 0.12
K20 053
Tio2 2.27
Na20 0.08

Table 4:- Chemical composition of Metakaolin

Fine Coarse

Water Cement Aggregate | Aggregate

191 litres | 478 Kg/m3 | 519 Kg/m3 | 1179 Kg/m3

0.40 1 1.01 2.48
Table 5:- Mix Design

1. METHODOLOGY
Methodology is given in the form of flow chart in
Figure 3 It explains about the type and details about the
experiments. Table 6 shows the mixing methodology.

Interpretation of results and conclusion.

MIX GGBFS (%) Metakaolin (%0)
MIX 1 35 15
MIX 2 40 10
MIX 3 45 5

Table 6:- Mixing Methodology

Concrete with GGBFS
& Metakaolin

v v

Strength Characteristics ] I Durability Characteristics

Compressive Tensile Sorptivity
Strength Strength Test

\4

Interpretation of results and
conclusion

M 30 grade

ol

Fig 3:- Pie Chart showing Mixing Methodology
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¢+ Testing of Specimen

» Cube Compressive Strength

For cube-shaped pressure testing of cement.
150mmx150mmx150mm size shapes were utilized. Every
one of the blocks was tried in immersed condition, in the
wake of clearing out the surface dampness. The blocks
were tried at the 7, 14 and 28 days of relieving utilizing
pressure testing machine of 3000 kN limit.

Stacking proceeded until the readings N\ were turned
around from the augmented qualities. The inversion in the
perusing worth demonstrates that the example has fizzled.
The Machine was halted and the perusing right then and
there was noted which was a definitive burden. A definitive
burden separated by the cross-sectional zone of the
example is equivalent to a definitive shape compressive
quality. A preview while throwing of cube shapes appears
in figure 4 and fig 5,6 demonstrated the testing of solid
shapes.

» Tensile Strength Test

Quality of the solid can be comprehensively
delegated immediate and aberrant strategies. The
immediate strategies experience the ill effects of various
challenges  identified  withholding the  example
appropriately in the testing machine without acquainting
pressure fixation and with the utilization of uniaxial ductile
burden which is free from unpredictability to the example.
Indeed, even a little unpredictability of burden will incite
twisting and hub power conditions and the solid comes up
short at obvious elastic pressure other than the rigidity. In
view of the troubles engaged with leading the direct
malleable test, quantities of aberrant techniques have been
created to decide the rigidity. In these tests, all in all, a
compressive power is connected to the solid example so
that the example bombs because of pliable burdens
actuated in the example. The malleable worry at which
disappointment happen is the rigidity of the solid. The
parting tests are notable circuitous tests utilized for
deciding the rigidity of cement, now and then alluded to as
parting elasticity of the solid. The tests can likewise be
performed by parting it is possible that: I) along its center
parallel to the edges by applying two inverse compressive
powers through 15 mm square bars of adequate length, or
ii) along one of the slanting planes by applying
compressive powers along two inverse edges. On account
of side — parting of the solid shapes, the rigidity is
resolved from 0.642 P/S2 and in the corner to corner
parting it is resolved from 0.5187 P/S2, where P is the heap
at disappointment and S is the side of the 3D square.
Casted chambers are appeared in figure 5 and the testing is
appeared in figure 6.
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Fig 4:- Concrete cylinders for finding the tensile strength

Fig 5:- Testing of specimen in Universal Testing Machine

» Sorptivity Test

ASTM C1585 measures the sportively of a solid
model that has been shaped at an enduring relative
dampness and after that allowed to equilibrate to an
accepted stable inside relative tenacity. The models are 4-
inches. (100-mm) separation over, 2-inches. (50-mm) long
chambers. Going before testing, the models are taken care
of in a chamber at a temperature of 122°F (50°C) and a
general tenacity of 80% for 3 days. The models are then
fixed in individual compartments and set away in the
examination focus at 73°F (23°C) for around fourteen days
to allow the inward relative wetness of the guides to come
to adjust. The models are then checked, and the immersing
surfaces are exhibited to water, either by submersion into
an inventory or by ponding. At growing time between
times, the models are removed from introduction to water,
the surfaces blotched to clear bounty surface water, and the
models reweighed. Visit estimations are made during the
underlying 6 hours of testing. The adjustment in mass after
some time is utilized to ascertain the sorptivity.
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Fig 6:- The Sorptivity specimens

» Evaluation Of Strength Characteristics

The compressive quality of control concrete, (35%,
15%), (40%, 10%) and (45%, 5%) of GGBFS and
Metakaolin bestowed examples separately were tried after
their particular period of restoring.

» Mean Compressive Strength
The following tables shows the mean compressive
strengths of control concrete for 7, 14 and 28 days curing.

S.NO DESCRIPTION AVERAGE
COMPRESSIVE

STRENGTH (N/mm2)

1. Compressive Strength 24.2
After 7 Days

2. Compressive Strength 28.4
After 14 Days

3. Compressive Strength 37.6
After 28 Days

Table 7:- Compressive strength of Control Concrete

AVERAGE
COMPRESSIVE
STRENGTH (N/mm?)

S.NO DESCRIPTION

1. Compressive Strength 29.6
After 7 Days

2. Compressive Strength 35.4
After 14 Days

3. Compressive Strength 43.6
After 28 Days

Table 8:- Compressive strength of GGBFS (35%) and
Metakaolin (15%) based cement concrete
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S.NO DESCRIPTION AVERAGE TENSILE

STRENGTH (N/mm2)

1. | Tensile Strength After 7 1.2
Days

2. |Tensile Strength After 28 1.8
Days

S.NO| DESCRIPTION AVERAGE
COMPRESSIVE
STRENGTH (N/mm?
1. | Compressive strength 28.22
after 7 days
2. | Compressive strength 32.28
after 14 days
3. | Compressive strength 40.24
after 28 days

Table 11:- Tensile strength of control concrete

Table 9:- Compressive strength of GGBFS (40%) and
Metakaolin (10%) based cement concrete

S.NO DESCRIPTION AVERAGE TENSILE

STRENGTH (N/mm2)

1. | Tensile strength after 7 1.6
days

2. | Tensile strength after 28 2.3
days

S.NO| DESCRIPTION AVERAGE
COMPRESSIVE
STRENGTH (N/mm?
1. | Compressive strength 25.08
after 7 days
2. | Compressive strength 31.14
after 14 days
3. | Compressive strength 38.8
after 28 days

Table 10:- Compressive strength of GGBFS "(45%) and
Metakaolin (5%) based cement concrete

AVERAGE COMPRESSIVE

28 days
14 days
7 days

GBFS (40%) and Metakaolin (10%)
28 days
14 days

I
7 days n——
I

GGBFS (35%) and Metakaolin (15%)
28 Days
14 Days
Compressive strength after 7 Days

=

5 10 15 20 25 30 35 40 45

Fig 7:- Mean Tensile Strength

The following tables shows the mean tensile strengths
of control concrete for 7 and 28 days curing.

Table 12:- Tensile strength of GGBFS (35%) and
Metakaolin (15%) based cement concrete

S.NO | DESCRIPTION |AVERAGE TENSILE
STRENGTH (N/mm2)

1.  |Tensile strength after 7 1.4
days
2. Tensile strength after 2.2
28 days

Table 13:- Tensile strength of GGBFS (40%) and
Metakaolin (10%) based
cement concrete

AVERAGE TENSILE STRENGTH (N/mm2)
Tensile strength after 28 days I

Tensile strength after 7 days IEEE————

Tensile strength after 28 days I
Tensile strength after 7 days IEEEEEEE——

Tensile Strength After 28 Days I
Tensile Strength After 7 Days I —

0 0.5 1 15 2 2.5

Fig 8

» Weights of the Specimens

The wet weights of the specimens before and after
immersing in water for required time intervals are
measured and are tabulated as below.

DESCRIPTION DRY WEIGHT (grams)
Control concrete 918

Ggbfs (35%) and metaicaolin (15%) concrete 886

Ggbfs (40%) and metaicaolin (10%) concrete 882

Ggbfs (45%) and metakaolln (5%) concrete 880

Table 14:- Dry weights of the specimens
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VT Q (nun®) A
T(s)
) 0 10 20 25 (onm)
0 0 0 0 0 0 7854
60 7.74596 0 0 1000 0 7854
120 10.9544 1000 0 2000 1000 7854
240 15.4919 2000 1000 4000 3000 7854
480 21.9089 4000 2000 5000 6000 7854
960 30.9838 10000 6000 8000 10000 7854
1920 43.8178 15000 10000 12000 14000 7854
3840 61.9677 21000 11000 16000 17000 7854
7680 87.6356 34000 13000 21000 20000 7854
15360 123.935 44000 16000 25000 25000 7854
Table 15:- Sorptivity Test Readings
Time | N'time | Area | Q/A for control | Q/A for GGBFS 35% Q/a for GGBFS Q/a for GGBFS
(s) (cis) | (mm?) | concrete (mm) | and metakaolin 15% 40% and metakaolin 45% and metakaolin 5%
(mm) 10% (mm) (mm)
60 7.75 | 7854 0 0 0 0.1273
120 | 10.95 | 7854 0.1273 0 0.1273 0.2546
240 | 15.49 | 7854 0.1273 0.1273 0.3819 0.5092
480 | 21.90 | 7854 0.2546 0.2546 0.7639 0.6366
960 | 30.98 | 7854 1.2732 0.7639 1.2732 1.0185
1920 | 43.81 7854 1.5278 1.2732 1.7825 1.5278
3840 | 61.96 | 7854 1.9098 1.4005 2.1645 2.8011
7680 | 87.63 | 7854 2.6737 1.6552 2.5464 2.6737
15360 | 123.93 | 7854 4.3290 2.0371 3.1830 3.1830
Table 16:- Q/A values for the three mixes
» Sorption Coeffecient V. INFERENCE AND CONCLUSION

From the acquired qualities, sorption coefficient is
processed from the charts beneath. A diagram is drawn
among time and entrance profundity to discover the

sorption coefficient.

qualities are discovered.

V.

Form this momentary toughness

DISCUSSION ABOUT THE RESULTS OF
SORPTIVITY TEST

The sorption coefficient for control bond is 3.68x10-2

mm/secl/2. Regarding the three mixes the estimations of
sorption coefficients are 1.87x10-2mm/secl/2,.2.76x10-2
mm/sec'/2 and 2.84x10-2mm/secl/2. The results of the
three mixes is correspondingly not as much as that of the
control concrete. Which denotes that the strength of the
mix 1 that is, for 35% GGBFS and 15% Metakaolin is high.
Of the three mixes the better quality is gotten from the mix
l.
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The two admixtures GGBFS and Metakaolin when
utilized at an ideal mix of (35%, 15%) separately, will in
general increment the compressive quality of cement. From
there on there is slight decrease in quality for (40%, 10%)
and (45%, 5%) blends, yet at least that of the objective
mean quality. It was seen from the test outcomes that the
elasticity of solid chambers supplanted with GGBFS and
Metakaolin at an ideal mix of (35%, 15%) indicated better
outcomes contrasted and control concrete. Subsequently,
the best blend of Metakaolin and GGBFS is 35% and 15%.
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