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ABSTRACT: Concrete is a martial used in all
building constructions. In the present work, an
attempt has been made to study the strength
characteristics of the concrete replacing cement
with granulated blast furnace slag (GGBS) at
various replacement levels and evaluate its
efficiencies in concrete. Granulated blast
furnace slag is obtained (as a nonmetallic by
product) during hot metal production in the blast
blast furnace. The molten blast furnace slag,
when rapidly chilled by using water at high
pressure, it forms a glassy granulated material
of sand- like consistency Because of its high
calcium silicate content it has excellent
cementitious properties

In this project evolutes the strength
efficiency factors of hardened concrete by
partially  replacing cement by different
percentages of ground granulated blast furnace
slag for M20 grade and M30 grade of concrete
By conducting compression strength, split tensile
strength of concrete, Various workability tests
(compaction factor slump cone test, vee-bee
test)From this study it can be concluded that,
since the grain size of GGBS is less than that of
ordinary Portland cement,its strength at early
ages is low but it continues to gain strength over
a long period. The optimum GGBFS replacement
as cementation material is characterized by high
compressive strength, low heat of hydration,
Resistance to chemical attack, better workability,

good durability and cost-effectiveness.

INTRODUCTION: The generation of concrete
is a vitality serious process, bringing about
outflow of green house gasses which

unfavourably affect on nature. At the same the
cost of generation of bond is expanding at
disturbing rate and common assets giving the
crude material for its assembling are draining.
The minimal materials utilized as a part of our
venture are pozzolanic materials. The term
pozzolana is a siliceous or a siliceous and
aluminous material which itself has no
cementitious esteem yet in nearness of water,
artificially respond with calcium hydroxide to
frame mixes having cementitious properties. The
material which is having the pozzolanic property
is known as pozzolanic material. The pozzolanic
material that is utilized as a part of our venture is
Granulated Blast Furnace Slag (GBFS)
Ground Granulated Blast Furnace Slag
Cement: Slag concrete, likewise called Ground
Granulated Blast Furnace Slag or Slag, is a side-
effect of the steel business. It is shaped amid the
liquification of iron in the impact heater. Slag
bond is ordinarily utilized as a fractional
substitute for Portland concrete in concrete at a
substitution level of up to half. At the point when
slag bond replaces half of the Portland concrete in
a 7500 psi solid, ozone depleting substance
discharges per cubic yard of cement are
diminished by 45%. The Slag Cement
Association appraises that utilization of slag bond
as a concrete substitute in concrete can possibly
take out 3 million metric huge amounts of carbon
dioxide outflows yearly. A record 3.5 million
metric huge amounts of slag bond were sent for
use in cement and development applications in
2004, a 16% expansion more than 2002.
Consolidating slag bond in cement can
improve the properties of cement. Slag bond for
the most part enhances workability, complete
capacity and discernable quality of cement amid
arrangement. Slag bond in solidified cement can
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enhance compressive and flexural quality,
enhance porousness, increment imperviousness to
chloride interruption and erosion, alleviate direct
to serious sulfate assault, and decrease the
potential for antacid silica reactivity. Slag bond
can likewise lessen warm worry in mass cement
through lower warm era.

The impact heater slag is a side-effect of
the iron assembling industry. Press metal, coke
and limestone are sustained into the heater and
the subsequent liquid slag skims over the liquid
iron at a temperature of around 15000C to
16000C. The liquid slag has an arrangement of
around 30% to 40% SiO2 and around 40% CaO,
which is near the concoction organization of
Portland concrete. After the liquid iron is tapped
off, the staying liquid slag, which comprises of
for the most part siliceous and aluminous deposit
is then water-extinguished quickly, bringing
about the development of a shiny grind. This
smooth grind is dried and ground to the required
size , which is known as ground granulated
impact heater slag (GGBS).

Chemical Composition

Percent
Chemical age

Cao 30-45%

Sioz 17-38%
Al:Os 15-25%
Fe203 0.5-2.0%
MgO 4.0-17.0%
Mno: 1.0-5.0%
Glass 85-98%

GGBS is a nonmetallic result of the steel business
at the same time created with press in the impact
heater of steel factories, which comprises
basically of silicates and alumina silicates of
calcium and different bases. Press mineral,
limestone, and coke are pounded and mixed into
a blend constituting the crude materials for liquid
iron, which is created in a 2700 °F impact
heater. The leftover liquid slag is chilled quickly
by drenching in water to vitrify the material into a
lustrous sand-like substance. This substance is
then dried and ground into a fine powder with at
least 80 percent under 45 microns in estimate.
This is the cementations material called GGBS.
Benefits of using GGBS in Concrete:
Sustainability: It has been accounted for that the
produce of one ton of Portland bond would
require around 1.5 tons of mineral extractions
together with 5000MJ of vitality, and would
create 0.95 ton of CO2 comparable. As GGBS is
a side-effect of iron assembling industry, it is
accounted for that the creation of one ton of
GGBS would produce just around 0.07 ton of
CO2 identical and expend just around 1300 MJ of
vitality.

Colour: Ground Granulated Blast Furnace Slag is
greyish in shading. This more white shading is
likewise found in concrete made with GGBS,
particularly at substitutions more prominent than
half. The all the more tastefully satisfying
appearance of GGBS cement can help mollify the
visual effect of expansive structures, for example,
connects and holding dividers. For hued concrete,
the shade prerequisites are regularly lessened
with GGBS and the hues are brighter.

Setting time: The setting time of cement is
affected by many elements, specifically
temperature and water/bond proportion. With
GGBS, the setting time will be marginally
expanded, maybe by around 30 minutes. The
impact will be more articulated at elevated
amounts of GGBS or low temperatures. An
expanded setting time is invaluable in that the
solid will stay workable for longer periods, along
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these lines bringing about less joints. This is
especially valuable in warm climate.

Durability: It is for the most part realized that
the consideration of GGBS in cement can
enhance the sturdiness. GGBS concrete by and
large has a low penetrability bringing about
diminished  chloride infiltration, upgraded
imperviousness to sulfate assault and salt silica
response as contrasted and common. Portland
cement concrete. Research discoveries show that
the rate of erosion of steel in broke GGBS
concrete at cover profundities of 20 mm and 40
mm would be essentially diminished by no less
than 40% when contrasted with that of Portland
bond concrete.

Density: There are no particular necessities in the
thickness of Portland bond and GGBS.
GB/T18046 requires the relative thickness of
GGBS to be at the very least 2.85. The Concrete
Society revealed that the relative thickness of
GGBS was around 2.9 when contrasted with 3.15
for Portland bond. The consideration of GGBS in
a solid blend as an equivalent mass swap for
Portland bond would cause a slight increment in
the aggregate volume of the cementitious
substance.

Water Demand: GGBS takes into consideration
water diminishment of 3 to 5% in concrete with
no misfortune in workability. Water ought not be
added to GGBS concrete after dispatch from the
solid plant as it decreases quality and strength of
the solid.

Hydration of Temperature: Trials demonstrated
that the incorporation of GGBS in cement could
altogether diminish the temperature ascend amid
the hydration of concrete. Scientists found that,
with 70% GGBS substitution, it was conceivable
to decrease the hydration temperature by around
30%. Different specialists likewise found that the
temperature rise was diminished when GGBS
substitution level was expanded up to 70%. The
lessening was noteworthy just at the 70%
substitution level.

Strength improvement: GGBS concrete has
marginally slower quality advancement at early
ages, yet will have rise to if not more noteworthy
quality at 28days contrasted with non GGBS
concrete. At 7 days GGBS cements will have 50
to 60% of its trademark quality contrasted with
70 to 80% for Portland bond just cement in the
meantime. At 28 days GGBS solid will have
completely built up its trademark quality and will
keep on developing quality recent days. It is great
practice to make 56 day 3D shapes when utilizing
GGBS concrete at half or more ought to there be
any worry over later quality improvement.

Power floating: Concrete created with GGBS
bond can be control drifted similarly as Portland
concrete just concrete. GGBS solid remains
plastic for a more drawn out time than non GGBS
concrete empowering the temporary worker to
accomplish a decent quality wrap up.

Cubes of 10%,20%,30% replacement of cement with
GGBS

Chemical Reaction of GGBS: BS 6699 receives
the concoction modulus (i.e. the measure of CaO,
MgO or Al203 in GGBS) to portray the reactivity
of GGBS. By and large, the rate of reactivity of
GGBS increments with expanding measure of
CaO, MgO or A1203, yet diminishes with
expanding measure of SiO2. BS 6699 requires
that (CaO + MgO + A1203)/SiO2 ought to be
more prominent than 1.0. Likewise, the rate of
reactivity of GGBS additionally increments as the
Ca0/SiO2 proportion increments. BS 6699 limits
the CaO/SiO2 proportion to a greatest estimation
of 1.4, despite the fact that an estimation of 1.5
would give ideal reactivity

s e
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Nominal Mix: The bond is a material that has
durable and cement properties in nearness of
water, comprise principally silicates and
aluminates of lime. The OPC (53 Grade) is
utilized for this investigation. The fine total are
material going through an IS strainer that is under
4.75 mm gage past which they are known as
coarse total. The primary capacity of the fine total
is to give workability and consistency in the blend.
The most extreme size of total utilized as a part of
this investigation is 20 mm. The coarse total is
affirmed by IS 456:2000 and is 20 mm greatest
size.

PARTICULARS Plain 10% 20% 30%
concrete | GGBS GGBS GGBS
mix
CEMENT 4.45 4 3.56 3.115
FINE 6.35 6.35 6.35 6.35
AGGREGATE
COARSE 13.86 13.86 13.86 13.86
AGGREGATES
GGBS 0 0.445 0.89 1.335
WATER( in 2.23 2.23 2.23 2.23
lit)

Percentage of Materials to be added for M20 mix
for 3cubes

PARTICULARS Plain 10% 20% 30%
concr | GGBS | GGBS | GGBS
ete
mix

CEMENT(kg) 7.01 6.309 | 5.608 | 4.907

FINE 9.98 | 9.98 | 9.98 | 9.98
AGGREGATE(kg

)

COARSE 217 | 217 | 217 | 217
AGGREGATE(kg

)

GGBS(kg) 0 0.701 | 1.402 | 2.103

WATER( in lit) 3.49 3.492 3.49 3.49

Percentage of Materials to be added for M20 mix
for 3 cylinders

PARTICULARS Plain 10% 20% 30%
concrete | GGBS | GGBS GGBS
mix

CEMENT(kg) 12.12 | 10.908 | 9.696 | 8.484

FINE 13.08 | 13.08 | 13.08 | 13.08
AGGREGATE(kg)

COARSE 28.68 | 28.68 | 28.68 | 28.68
AGGREGATES

(kg)

GGBS(kg) 0 1.212 | 2.424 | 3.636

WATER( in lit) 4.431 4.431 | 4431 | 4.431

Percentage of Materials to be added for M30 mix
for 3cubes

PARTICULARS Plain 10% 20% 30%
concr | GGBS | GGBS | GGBS
ete
mix

CEMENT(kg) 9.33 8.397 | 7.464 | 6.531

FINE 968 | 9.68 | 9.68 | 9.68
AGGREGATE(kg

)

COARSE 20.36 | 20.36 | 20.36 | 20.36
AGGREGATE(kg

)
GGBS(kg) 0 0.933 | 1.866 | 2.799

WATER( in lit) 1.15 1.15 1.15 1.15

Percentage of Materials to be added for M30 mix
for 3 cylinders

Compressive strength testing: Remove the three
examples from water after indicated curing time
and wipe out overabundance water from the
surface. Take the measurement of the example.
Clean the bearing surface of the testing machine.
Place the example in the machine in such a way,
to the point that the heap might be connected to
the inverse sides of the 3D square cast. Align the
example midway on the base plate of the
machine. Rotate the versatile segment delicately
by hand with the goal that it touches the best
surface of the example. Apply the heap steadily
without stun and persistently at the rate of
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140kg/cm2/minute till the example comes up
short. Record the most extreme load and note any
surprising components in  the Kkind of
disappointment.

Split tensile strength test: The rigidity is one of
the essential and critical properties of the solid.
The solid is not generally anticipated that would
oppose the immediate pressure in view of its low
elasticity and weak nature. In any case, the
assurance of rigidity of cement is important to
decide the heap at which the solid individuals
may break. The breaking is a type of strain
disappointment. Take blend extent as 1:2:4 with
water concrete proportion of 0.45. Take 21kg of
coarse total, 10.5 kg of fine total 5.25kg of
concrete and 3.5 liters of water. Blend them
completely until the point that uniform shading is
acquired. This material will be adequate for
throwing three chambers of the size 150mm
measurement X 300 mm length. In blending by
hand bond and fine total be first blended dry to
uniform shading and after that coarse total is
included and blended until the point when coarse
total is consistently circulated all through the
bunch. Presently the water should be included

and the fixings are blended until the point when
coming about cement is uniform in shading.
Blend in any event for two minutes. Pour
concrete in molds oiled with medium consistency
oil. Fill the barrel shape in four layers each of
around 75 mm and smash each layer more than
35 times with uniformly disseminated strokes.
Remove the surplus cement from the tope of the
molds with the assistance of the trowel. Cover the
molds with wet tangles and put the distinguishing
proof check after around 3 to 4 hours. Remove
the examples from the form following 24 hours
and submerge them in water for the last curing.
The test are typically directed at the age of 7-28
days. The time age might be computed from the
season of expansion of water to the dry fixings.
Test no less than three examples for each time of
test.

Interpretation of results: The higher the droop
stream (SF) esteem, the more noteworthy its
capacity to fill formwork under its own weight.
An estimation of no less than 650 mm is required
for GGBS concrete. There is no for the most part
acknowledged guidance on what are sensible
resistances about a predefined esteem, through
+50mm, as with the relative stream capable test
may be proper. The T50 time is an optional sign
of stream. A lower time demonstrates more
prominent stream capacity. The Brite Euram
examine proposed that a period of 3-7 seconds is
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worthy for structural designing applications and
2-5 seconds for lodging applications.

If there should arise an occurrence of
serious isolation most coarse total will stay in the
focal point of the pool of cement and mortar and
bond glue at the solid fringe. If there should arise
an occurrence of minor isolation fringe isolation
an outskirt of mortar without coarse total can
happen at the edge of the pool of cement. In the
event that none of these marvels show up it is no
confirmation that isolation won't happen since
this is a period related angle that can happen after
a more drawn out period.

RESULTS:
Compressive strength Results for M20 grade
concrete

concrete 7 days 28 days
strength strength

Normal 16.12N/mm2 | 27.03N/mm?2

concrete

Concrete 28.86N/mm2 | 30.23N/mm2

with 10%

GGBS

Concrete 18.4N/mm2 | 29.7N/mm2

with 20%

GGBS

Concrete 17N/mm2 23N/mm?2

with 30%

GGBS

Compressive strength Results for M30 grade
concrete

concrete 7 days 28 days
strength strength
Normal 16.12N/mm2 | 49.7N/mm?2
concrete
Concrete 27N/mm?2 48N/mm2
with 10%
GGBS
Concrete 26.37N/mm2 | 44.14N/mm2
with 20%
GGBS
Concrete 20.14N/mm2 | 33.62N/mm?2

M2o

Mo

with  30%
GGBS
Split Tensile Strength Test Results for
grade concrete
concrete 7 days 28 days
strength strength
Normal 2.3N/mmz2 2.9N/mmz2
concrete
Concrete 2.3 N/mmz2 2.5 N/mmz2
with  10%
GGBS
Concrete 2.46 N/mm2 | 3.0N/mmz2
with  20%
GGBS
Concrete 2.53 N/mm2 | 3.56 N/mmz2
with  30%
GGBS
Split Tensile Strength Test Results for
grade concrete
concrete 7 days 28 days
strength strength
Normal 4.4 N/mm2 | 5.1 N/mm2
concrete
Concrete 4.3 N/mm2 | 5.02 N/mm2
with  10%
GGBS
Concrete 4.2 N/mm2 | 5.1 N/mm2
with  20%
GGBS
Concrete 4 N/mm2 4.88 N/mm2
with  30%
GGBS
40
30
20
10 ® 7 DAYS
0 m 28 DAYS
M OO O O
o‘i\\o o\oe& 0\9& o\e("&
DEEENSU SRS
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CONCLUSION: The accompanying
conclusions are drawn from the examination:

The increment in % of GGBS brings
about abatement in quantity of cement.
The substitution of OPC by GGBS up to
20 % demonstrates the negligible
lessening of 4~6% in compressive quality
of 28 days curing however past 20%
substitution by GGBS the diminishment
in quality is generous i.e. over 15%.

The diminishment in the cost of cement at
the present market rate is 14%, on account
of GGBS as substitution of OPC by 20%.
The incomplete substitution of OPC in
concrete by GGBS gives the economy in
the development as well as encourages
ecological inviting transfer of the waste
slag which is created in tremendous
amounts from the steel ventures.

It can securely be presumed that GGBS,
which till late years has been dealt with as
a waste result of steelmaking plant, is in
actuality an important asset material. It's
fitting use can give a monetary bonanza
worth more than a billion dollars.

If we include the estimation of land which
would somehow or another be unearthed
for utilization or for dumping of GGBS,
estimation of rural deliver from this land
region and ecological advantages
regarding lessening in outflow of green
house gasses and diminishment in mining
action and so on. The aggregate worth of
the sparing would increment remarkably.
Due to quality, accessibility, vitality
viable, ease, it is generally utilized for
development reason which advances the
workability, =~ mechanical  properties,
toughness and supportability.

Because of improved properties of GGBS,
it is broadly utilized for RCC in a wide
range of establishments and Super
Structure  works, General building
development, Mass Concrete works in
dams, spillways, trenches, establishments,
Underground works, holding dividers,
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ducts and waste works, Effluent and
sewage treatment plants, Marine work and
some more.

RMC industry in southern and western
Indian market is embracing the utilization
of GGBS in their solid blends for giving
worth expansion to their clients in regard
of cost adequacy, maintainability and
sturdiness execution. Conclusion
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