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ABSTRACT- Concrete is a mixture of cement, natural
sand, coarse aggregate and water. Nowadays, the most
concrete mixture contains supplementary cementitious
material, which forms part of the cementitious component.
These materials are by-products from other processes
according to the industrial wastes. The benefits of
supplementary cementitious material are their ability to
show cementitious property after replacement of a certain
amount of cement, thus cost reduces in using Portland
cement. The fast growth in industrialization has resulted in
tons and tons of by-product or waste materials, which can
be used as supplementary cementitious material such as
Ground-granulated blast-furnace slag, fly ash, silica fume,
steel slag etc. Further be noted that use of the by-products
not only helps to utilize these waste materials but enhances
the properties of concrete in fresh and hydrated states also.
The Iron industries produce an enormous quantity of blast
furnace slag (B.F.S) as by—product, which is a non-
biodegradable waste material from that only a insignificant
percentage of it is used by cement industries to
manufacture cement. In this study, Blast Furnace Slag
from industries has been utilized to find its suitability as
cement in concrete making. This topic also deals with the
advantages and disadvantages of slag being used in
concrete. Replacing some portion of cement with slag
would lead to moderately large environmental benefits. In
this study it is observed that blast furnace slag could be
used as alternative construction material. In the present
examination, cement concrete has good strength and
workability by using ground blast furnace slag as a
replacement for cement. The M45 grade of concrete was
prepared and examined at the hardened stage. Then
different mixes were prepared containing 0%, 43%, 53%,
and 63% as partial replacement of cement with ground
blast furnace slag in different combinations were used to
examine the strength properties.Tests had been conducted
for result of slump, compressive strength, flexural strength,
splitting tensile strength, rebound hammer , abrasion and
acid attack.

KEYWORDS- concrete, cement, ground, glass, blast
furnace.

I. INTRODUCTION

Ordinary concrete, which is the most generally utilized
development material around the world, has been asserted
not to be harmless to the ecosystem [1]. Negative worries

incorporate the exhaustion of regular assets, high energy
utilization, and development garbage removal [2]. Most
monetarily agricultural nations have limited the utilization
of virgin materials like totals in development for ecological
reasons like the reusing of waste materials and
safeguarding of regular assets [3].The improvement
business can reuse a lot of these materials and use them as
a substitute for customary materials. Such execution will
shield regular assets and diminish the requirement for
marsh removal of those squandering materials [4].

From last year, there has been an extraordinary expansion
in the utilization of materials like fly debris, ground impact
heater slag, and so forth as a swap for concrete to expand
the strength of cement and to defeat ecological corruption
[5]. The point is to make high-strength concrete sturdy,
functional, monetary, and naturally eco-accommaodating to
further develop the strength properties of cement by
applying the outer powers brought about by stacking like
shear, hub, and flexural [6].

The substitution of fine total and coarse totals is required
in view of the accompanying reasons

To build strength

Ecological eco-accommodating
To build functionality

To monitor regular assets

A. Ground Blast Furnace Slag

Ground impact heater slag is a result from impact heaters
that is utilized to create iron. Ground impact heater slag
has been broadly utilized as an effective substitution
material for Portland concrete in substantial materials to
further develop sturdiness, produce high-strength and elite
execution concrete, and bring ecological and financial
advantages together, like asset protection and energy
reserve funds [7]. Blast furnace slag can be used to
improve the mechanical properties, workability, and
chemical resistance of the conventional concrete mixtures
[8]. Since the construction waste and blast furnace slag
wastes are available in vast amounts in Turkey, it is
economically and environmentally suitable to use these
materials as aggregates in the production of more durable
concrete mixtures.
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Il. ADVANTAGES OF GROUND BLAST
FURNACE SLAG

It is found that working with GGBFS is easy as it has
greater mobility characteristics [9]. This is due to its
fineness and the particle shape of the GGBFS particles.
These also possess a lower relative density.

e The color is more even and light.

Lower early age temperature rise, reducing the risk of
thermal cracking in large pours.

Increases the strength and durability of the concrete.
The alkali-silica reaction is resisted highly.

Lower chances of efflorescence.

These make the concrete more chemically stable.
Gives good surface finish and improves aesthetics.
Considerable sustainability benefits.

A. Disadvantage of Ground Blast Furnace Slag

In the production of ready mixed concrete (RMC), GGBS
replaces a considerable portion of the Portland cement
concrete, generally about 45 % to 70% [10]. The higher the
portion, the better is the durability. The disadvantage of the
higher replacement level is that early age strength
development is somewhat slower.

B. Ground Blast Furnace Slag in Concrete

1) GGBS Proportions

In the concrete manufacturing plant, the GGBFS can be
added along with the Portland cement, water and
aggregates [11]. The normal ratio of the mixture remains
the same. The studies show that the GGBFS can be
replaced from 30 to 85 % of the cement weight. Most of
the instances we replace 40 to 50%.

2) Setting Time

More the GBFS amount more will be the time taken for its
setting. But the strength is gained with time. This slow
setting would help in the formation of cold joints. But the
situations where faster setting time is required, cannot go
for this replacement. The GGBS composition stays plastic
for a longer period that would help in making a smoother
finish. The GGBFS have lesser demand for water and there
is a chance of an increase in the setting time of the concrete
[12]. When the replacement amount of cement by GGBFS
increases the setting time also increases.

3) Strength Gain In GGBS Concrete

Slag concrete compressive strength is mainly based on
number of factors for instance slag type, finesses, activity
index, and the amount employed in concrete mixtures in
addition to other factors for example cement type and
water to cementitious material ratio.By and large,
compressive strength of slag concrete gradually increases
from 1-5 days and lower than that of concrete without slag,
but slag concrete strength matches strength of controlled
concrete from 7-28 days.

4) Colour

Due to light colour of blast furnace slag, colour of slag
concrete is lighter in comparison with conventional
concrete. Moreover, deep blue-green colour shown by
interior part of slag concrete and can be noticed from slag
concrete broken parts. This colour would be lost after
adequate exposure to air. The degree of the colour is based

on curing condition, percentage of blast furnace slag
employed, and oxidation degree.

5) Early Age Temperature Rise

After the placing of concrete, their is thermal cracking due
to the reduction in the setting and hardening of concrete.
Replacing Portland cement with GGBS reduces the
temperature rise and helps to avoid early age thermal
cracking. The greater the percentage of GGBS, the lower
will be the rate at which heat is developed and the smaller
the maximum temperature rise

6) Water demand

The GGBFS as a replacement has lesser water demand
because of their glassy texture. The glassy surface of
GGBFS particles does not absorb water onto its surface.
Inadequate curing of concrete substantially affects degree
and rate of hydration and consequently formation of
strength-production hydration will be slow [13]. The
detrimental consequences of insufficient curing are more
profound and outstanding in concrete incorporated with
high percentage of slag. Therefore, to avoid uncertainty in
the strength and durability, concrete incorporating more
than 30% slag is cured for longer period compare with
concrete with no slag. Finally, the extension of slag
concrete curing time is based on number of factors
including ambient temperature, amount and types of
cement, the temperature of utilized cement, and percentage
of cement replacement [14].

7) Consistency (SLUMP)

The GGBFS particles have a very glassy texture that
makes them increase the workability. This can help in
reduction of water as well as Super plasticizers to get
adequate workability in common situations. They also
have fewer chances to get segregated during handling as
well as pumping of the material. Pumping is facilitated by
the lower relative density and flowing ability of the mix,
that is owned by GGBFS. While concretes containing
GGBFS have a similar, or slightly improved consistence to
equivalent Portlandcement concrete, fresh concrete
containing GGBS tends to require less energy for
movement [15]. This makes iteasier to place and compact,
especially when pumping or using mechanical vibration.
In addition, it will retainits workability for longer.

C. Scope of the Study
The scope of the study are given below

e To determine compressive strength characteristics of
hardened concrete by partially replacement of cement
by Ground Blast Furnace Slag.

e To determine split tensile strength characteristics of
hardened concrete by partially replacement of cement
by Ground Blast Furnace Slag.

e To determine flexural strength characteristics of
hardened concrete by partially replacement of cement
by Ground Blast Furnace Slag.

e To determine compressive strength characteristics of
hardened concrete by partially replacement of cement
by Ground Blast Furnace Slag by using non distractive
test i.e. Rebound hammer test.

e To provide green and economical construction.
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I11. METHODOLOGY

An experimental program was planned in which one lean
concrete mix which did not include any percentage of
Ground Blast Furnace Slag and otherdifferent mixes with
different combinations of Ground Blast Furnace Slag as a
replacement of cement were prepared.Cubes [16], cylinder
and beams specimens were casted to obtain the mechanical
properties of concrete mixes with 43%, 53%, and 63%
replacement of cement by Ground Blast Furnace Slag. The
non-destructive and  destructive  properties  were
examination and suitable quantities of super-plasticizer
and materials are added to improve the workability and
stability of M45 grade of concrete which was used in
preparation [17]. The cube specimens, cylindrical
specimens and beam specimens will be tested after the
recommended curing time of curing period of 7 days and
28 days respectively.

A. Workability

“The property of concrete which determines the amount of
useful internal work, necessary to produce full compaction
i.e. workability is the amount of energy to overcome
friction while compacting. Also defined as the relative ease
with which concrete can be mixed, transported, moulded
and compacted”’[18]. Workability is considered as
property of concrete with its ability to mix, handle, and
transport and most important, placing of concrete with a
minimum loss of Homogeneity. Various factors which
effect workability are; water content of the concrete mix,
amount of cement & its properties, aggregate grading (size
distribution) , nature of aggregate particles ( texture,
porosity, shape etc.), temperature of the concrete mix and
environment, humidity of the environment, mode of
compaction, method of placement of concrete& method of
transmission of concrete. Some tests carried for
determining the workability of concrete are slump test,
compaction factor test and Vee-Bee consistometer method
[19]. We used slump test in laboratory to determine
workability. The importance and significance of
workability are explained as under:

In very simple words we can say that workability of
concrete means the ability to work with concrete.

A concrete is said to be workable if

It can be handled without segregation

It can be placed without loss of homogeneity
It can be compacted with specific effort

It can be finished easily

In every construction work we use different quantitative
and qualitative terms to express workability. Before
specifying workability for any work a concrete
technologist must keep the following things in mind.

Type of construction work
Method of mixing
Thickness of section
Extent of reinforcement
Mode of compaction
Distance of transporting
Method of placing
Environmental condition

Concrete that can be placed readily without segregation or
separation in a mass dam could be entirely unworkable in

a thin structural member [20]. Workable concrete
compacted by means of high frequency vibrators would be
unworkable if vibrators could not be used and hand
tamping were required. Concrete having suitable
workability for a pavement might be unsuitable for use in
a heavily reinforced section.

B. Detail Specimens

Concrete cube of size 150mm x 150mm x 150mm were
casted for determining the compressive strength of
concrete. Cylindrical concrete specimen having dimension
150 mm diameter and 300mm height were casted to
determine the split tensile strength of concrete and Beam
concrete specimen having dimension 100 mm x 100 mm
and 500 mm were casted to determine the flexural strength
of concrete.

During the assembly of die for use purpose, the joint in
between the section of container where coated with oil and
similar coating of die with oil at contact surface to ensure
that no slurry escaped during filling of container and
compaction of container. Also, the interior surface of
container coated with oil prevents adhesion of concrete and
container during remolding. The test specimens are casted
in such a way as produce full compaction of concrete with
neither segregation nor bleeding. The compaction is done
with tamping rod by filling the container in three layers.
All the specimens were cured by putting them in water for
7 days and 28 days before testing.

C. Casting and Curing

A suitable control mix was prepared and subsequently
mixes containing replacement of fine aggregate and coarse
aggregate with crushed River stone dust in part for fine
aggregates and recycled crushed concrete used in part for
coarse aggregates. For each trial three standard cubes were
used to investigate7 days and 28 days strength. For each
batch of concrete mixed, the quantities of various
ingredients i.e. cement, crushed river stone dust , fine
aggregate, coarse aggregate, recycled crushed concrete,
water and superplasticizer were kept ready in required
proportions. At first a thorough mix of materials to be used
for preparation was ensured in dry form till a uniform mix
indicated by a uniform color was obtained. It was assumed
that there was no visible concentration of any material.
Then after the addition of fine and coarse aggregates the
mix was turned over a couple of times for a minute. Water
in the prescribed amount was then added and then mixed
in layers in the cubes, cylinders and beams. Compaction of
each layer was accomplished either manually or by a
vibrator and the layer was then given a smooth finish. After
that, the specimens were allowed to harden for 24 hours.
These were extracted from the mould and identification
marks were made to designate them before they were
immersed in the curing tank containing clean water. After
curing of 7 and 28 days the specimens were removed from
tank and were tested to obtain the compressive, split tensile
strength and flexural strength results.

D. Rebound Hammer test

Rebound Hammer test is a Non-destructive testing method
of concrete which provides a convenient and rapid
indication of the compressive strength of the concrete. The
rebound hammer is also called as Schmidt hammer that
consists of a spring controlled mass that slides on a plunger
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within a tubular housing. The operation of the rebound
hammer is shown in fig.1. When the plunger of a rebound
hammer is pressed against the surface of concrete, a spring
controlled mass with a constant energy is made to hit the
concrete surface to rebound back. The extent of rebound,
which is a measure of surface hardness, is measured on a
graduated scale. This measured value is designated as the
Rebound Number (rebound index). A concrete with low
strength and low stiffness will absorb more energy to yield
a lower rebound value.

E. Tests on Hardened Concrete
Following tests are conducted to check hardness properties
of concrete:

e Compressive strength test.
e Split tensile strength test.
e Flexural strength test.

Figure 1 shows the Compression testing machine, Figure2
shows the split strength testing apparatus and Figure 3
shows the flexural strength apparatus.

Figure 2: split strength testing apparatus

Figure 3: flexural strength apparatus

IV. RESULTS

The objectives of the present work are to develop cement
concrete with good strength and workability by using
ground blast furnace slag as a replacement of cement. The
M45 grade of concrete was prepared and examined at
hardened stage. Then different mixes were prepared
containing 0%, 43%, 53%, and 63% as partial replacement
of cement with ground blast furnace slag in different
combinations. The properties which were examined are:

e Compressive strength of solidified concrete cube
specimens.

e Split tensile strength of solidified cylinder specimens.

e Flexural strength of solidified beam specimens.

Figure 4 showsCompressive strength after 7 days, Figure
5 shows Compressive strength after 28 days, Figure 6
shows split strength after 7 days, Figure 7 shows split
strength after 28 days, Figure 8 shows flexural strength
after 7 days and Figure 9 shows flexural strength after 28
day.

Compressive strength after7
days (N/mm2)

46
< 4
©
s n
F 40 L.
o L
MAOO | MAO1 | MA02 | MAQ3
m Compressive strength
after 7 days (N/mm2) 4043 | Q4 | 464 831

Figure 4: Compressive strength after 7 days
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Compressive strength after 28
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Figure 8: flexural strength after 7 days

Figure 5: Compressive strength after 28 days

Split tensile strength after 7 days
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Figure 6: split strength after 7 days

Split tensile strength after 28

days (N/mm2)

2 55
£ : I .
. = = =
< ;
MAQ0 MAO1 MAQG2 MAO3
B Split tensile strength
after 28 days 472 5.06 5.47 513

(N/mm2)

Figure 7: split strength after 28 days

(1]

[2]

Figure 9: flexural strength after 28 days

V. CONCLUSION

The maximum compressive strength by using
destructive test conditions of M45 grade for 7 days was
44.64 N/mm? when the replacements of cement were
63% by ground blast furnace slag and the maximum
compressive strength of same grade for 28 days was
55.62 N/mm? when the replacements of cement were
53% by ground blast furnace slag.

The maximum split tensile strength of M45 grade for 7
days was 4.61 N/mm? when the replacements of
cement were 43% by ground blast furnace slag and the
maximum compressive strength of same grade for 28
days was 5.47 N/mm? when the replacements of
cement were 53% by ground blast furnace slag.

The maximum flexural strength of M45 grade for 7
days was 7.65 N/mm? when the replacements of
cement were 53% by ground blast furnace slag and the
maximum compressive strength of same grade for 28
days was 10.16 N/mm? when the replacements of
cement were 43% by ground blast furnace slag.
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