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ABSTRACT
Concrete assumes an essential part in the outline and development of the country's foundation.
Right around seventy five percent of the volume of cement is made out of totals. These are
acquired from common rocks and waterway beds, in this way debasing them gradually. This
issue of ecological debasement, and requirement for totals requests for the utilization of whatever
other option source. In this manner the idea of supplanting of coarse total with steel slag is by all
accounts promising. In this study an endeavor is made to utilize steel slag, a by-item from steel
industry as swap for coarse total in cement and locate the ideal substitution level of steel slag as
coarse total and add steel filaments to the ideal blend at various volume portions. M25 review of
cement was utilized. Conceivable ideal substitution of slag material was observed to be 50%.
Tests on Compressive quality, Flexural quality, Split rigidity, Young's modulus and extreme load
conveying limit were led on examples. It was presumed that supplanting some rate of coarse total
with steel slag improves the quality. The outcomes demonstrated that supplanting around 50
percent of steel slag totals for coarse total and expansion of steel strands at volume division of
1.5% builds the quality of the solid when contrasted with the control solid blend.
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CHAPTER - I
INTRODUCTION
1.1 General
Concrete is the most widely used man-made construction material all around the
globe because of its superior specialty of being caste in any desirable shape. It is material
synonymous with strength and longevity has emerged as the dominant construction material
for the infrastructure needs of the present situation. Around five billion tons of concrete have
been used around the world wide every year, in terms of cost it is equivalent to 25 to 30% of
the nation budget. It is also inevitable material in human life due to its enormous usage in
modern way of construction and now the per capita consumption is reached to more than 2
kg. India has taken a sound decision on developing the infrastructural development in 21

st

century such as express high ways, airports, ports, power projects and tourism projects. In
every construction aspects it requires concrete, hence concrete plays a vital role in present
scenario of construction industries. Everyone has chosen concrete in infrastructural
development because of its characteristics like strength and durability. The continuous usage
of natural resources and the consequent energy requirement for this processing has a serious
economic impact. More over in the alluvial plain area, where there is no availability of virgin
aggregates, such as debris and rubble particles may be recycled and make it into use for new
structural applications with variable and effective economy.
By different ingredients of concrete, depending upon the purpose and use, the properties
of concrete can also be changed or varied. It„s usage in infrastructural development after
independence in India was massive. Since the shielding ability and attenuation capacity are not
influenced by the type of material and it depends on density of concrete, it is essential to increase
the mass of concrete per the unit of the purpose of radiation attenuation and resistance to heavy
machinery. Concrete has relatively high compressive strength but very low tensile strength. For
this reason, it is usually reinforced with materials to makes strong in tension (often steel).
Concrete can be damaged by many processes, such as the freezing of trapped water, permeability
in concrete composition. To overcome the damage of concrete, proper quality of ingredients shall
be used in the concrete composition. In this century,
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everywhere choosing concrete, so, due to its vast usage, concrete ingredients are in depleting
stage. By this way quality of concrete production is quite difficult due to lower quantity of
quality ingredients, so recycling, reuse and substitution of ingredients are one type of the
solutions. The strength of the concrete composite is based on the strength of different
constituents used in the preparation of concrete. The use of secondary materials, such as
recycled aggregates, steel slag, etc, might not create a major source of aggregate but if
secondary materials were used in demanding situations, the quantity of natural aggregate
required by construction industry would be reduced. The use of secondary materials may not
completely remove the problem of the resulting shortage of aggregate but it could alleviate it.
The concept of using fibers as reinforcement is not new. Fibers have been used as
reinforcement

since

ancient

times.

Historically, horse-hair was

used

in mortar and straw in mud bricks. In the 1900s, asbestos fibers were used in concrete. In the
1950s, the concept of composite materials came into being and fiber-reinforced concrete was

one of the topics of interest. Once the health risks associated with asbestos were discovered,
there was a need to find a replacement for the substance in concrete and other building
materials. By the 1960s, steel, glass (GFRC), and synthetic fibers such
as polypropylene fibers were used in concrete. Research into new fiber-reinforced concretes
continues today.

1.1.1 Importance of Concrete

Concrete possess much importance because of its property of being moulded into any desired
shape. It is strong, inexpensive, plentiful and easy to make. It possesses the property of
versatility. Concrete is friendly to the environment. It is virtually all natural. It is recyclable.
1.1.2 Properties of Concrete

Concrete is an artificial conglomerate stone made essentially of Portland cement,
water and aggregates. Concrete has relatively high compressive strength, but significantly
lower tensile strength and are usually reinforced with the materials that are strong in tension.
The elasticity of concrete is relatively constant at low stress levels but starts decreasing at
higher stress levels as matrix cracking develop. It has a very low coefficient of thermal
expansion and as it matures concrete shrinks. Concrete subjected to long-duration forces is
prone to creep.

2

1.2 Steel Slag:
Steel slag is a by-product obtained either from conversion of iron to steel in a Basic Oxygen
Furnace (BOF), or by the melting of scrap to make steel in the Electric Arc Furnace (EAF).
The molten liquid is a complex solution of silicates and oxides that solidifies on cooling and
forms steel slag. Steel slag is defined by the American Society for Testing and Materials as a
non-metallic product, consisting essentially of calcium silicates and ferrites combined with
fused oxides of iron, aluminium, manganese, calcium and magnesium that are developed
simultaneously with steel in basic oxygen and electric arc furnaces.
The chemical composition and cooling of molten steel slag have a great effect on the physical
and chemical properties of solidified steel slag. In the Basic Oxygen Furnace (BOF), the hot
liquid metal from the blast furnace, scrap and fluxes, which contain lime (CaO) and dolomite
lime, are charged to a furnace .A lance is lowered into the converter and then oxygen in
injected with high pressure. The oxygen then combines with and removes the impurities as
shown in Fig. 1.2(a). These impurities consist mainly of carbon in the form of gaseous carbon
monoxide, silicon, manganese, phosphorous and some iron as liquid oxides, which combine
with lime and dolomite lime to form steel slag. At the end of the refining stage, the steel in
the liquid form is poured into the ladle while the slag is retained at the top in the vessel and is
then subsequently removed in separate slag pot. This slag is in molten state and is then
processed to remove all free metallic impurities with help of magnetic separation and then
sized into construction aggregates.
Unlike the Basic Oxygen Furnace (BOF) process, the Electric Arc Furnace (EAF) does not
use hot metal, but uses cold steel scraps. Charged material is heated to a liquid state by means
of an electric current. The electricity has no electrochemical effect on the metal, making it
perfectly suited for melting scrap. During the melting process, other metals are added to the
steel to give the required chemical composition. Meanwhile oxygen is blown into the EAF to
purify the steel. This slag which floats on the surface of molten steel is then poured off.
Current Uses of Steel Slag:
Some of the current uses of steel slag are as follows:


Steel slag is used as an ideal aggregate in hot mix asphalt (HMA) surface mixture
application due to its high frictional resistance and skid resistance characteristics. The
cubical nature of steel slag and its rough texture provides more resistance than round,
smooth and elongated aggregates. It is used in base application, construction of
unpaved parking lots, as a shoulder material. It is also used in agriculture because it 
3

has minerals like Iron, Manganese , Magnesium, Zinc and Molybdenum which are
valuable plant nutrients.

Figure 1.2(a): Basic oxygen Furnace

Figure 1.2(b): Electric Arc Furnace

 It is environment friendly. During the production of cement, the CO 2 emissions are
reduced as slag has previously undergone the calcination process. 




Steel slag aggregates are used for soil stabilization or soil improvement material and
for remediation of industrial waste water run-off. 



1.3 Substitution with Steel Slag (iron slag) aggregate:
The word "Iron slag" was in since 1918”, who as NSA has promoted the use of Blast furnace
and steel furnace slag. Blast furnace slag has been called “All-purpose Aggregates" as it can
be used in all construction applications as either a normal weight or light weight (expanded or
pelletized)aggregates depending on how it was formed and processed. Blast furnace slag is
also quickly quenched by water or air to produce granulated Blast furnace slag.
Physical properties‟ of slag can vary greatly depending on processing done once the
slag is removed from the furnace. Air cooled BFS produces a durable aggregate that performs
well in unbound applications as well as in Portland cement and asphalt concretes. Cooling the
slag with water produces a lightweight aggregate for use in masonry blocks and light weight
concrete. Pelletized and granulated BFS are both water-cooled slag‟s that can be ground and
used to make slag cement. Slag cement provides reduced heat of hydration and improved
resistance to sulphate attack and alkali-silica reaction than regular Portland cement. Steel
4

furnace slag typically forms very angular, durable aggregate that makes it ideal for use in the
transportation industry. SFS has been used successfully in the friction course of hot mix
asphalt pavements, can be used in super pave mix designs and has been used in stone matrix
asphalt. In addition, the chemical composition of SFS slag makes it a cost effective and
environmentally sound feed stock material for the production of Portland cement.
Environmental Benefits:
An independent nationally renowned chemical laboratory and risk assessment team has
conducted a human and ecological risk assessment of both BFS and SFS. The risk assessment
scientist‟s analyzed samples from a representative cross-section of the slag industry in
accordance with the EPA‟s risk assessment guidelines. The results of this study reinforced
that BFS and SFS conforms to the EPA‟s stringent requirements and does not pose a threat
to human or plant life. As in most applications, when materials are used in environmentally
sensitive areas they should be tested to assess environmental impact. It should be noted that
BFS and SFS have a long history of environmentally safe application, and that the use of slag
have very positive environmental benefits. The use of slag in cement manufacturing
significantly decreases carbon dioxide emissions, and reduces the energy needed to calcine
limestone. The use of slag as aggregate reduces the need for virgin materials and the energy
use and emissions produced during the mining, processing and transportation of those
materials.

1.3 Steel fibres:
Fibers are usually used in concrete to control cracking due to plastic shrinkage and to drying
shrinkage. They also reduce the permeability of concrete and thus reduce bleeding of water.
Some types of fibers produce greater impact, abrasion, and shatter–resistance in concrete.
Generally fibers do not increase the flexural strength of concrete, and so cannot replace
moment–resisting or structural steel reinforcement. Indeed, some fibers actually reduce the
strength of concrete.
The amount of fibers added to a concrete mix is expressed as a percentage of the total volume
of the composite (concrete and fibers), termed "volume fraction" (V f). Vf typically ranges
from 0.1 to 3%. The aspect ratio (l/d) is calculated by dividing fiber length (l) by its diameter
(d). Fibers with a non-circular cross section use an equivalent diameter for the calculation of
aspect ratio. If the fibre's modulus of elasticity is higher than the matrix (concrete or mortar
binder), they help to carry the load by increasing the tensile strength of the material. Increasing
the aspect ratio of the fibre usually segments the flexural strength and toughness of
5

the matrix. However, fibers that are too long tend to "ball" in the mix and create workability
problems. Some recent studies indicated that using fibers in concrete has limited effect on the
impact resistance of the materials. This finding is very important, people think that ductility
increases when concrete is reinforced with fibers. The results also indicated that the use of
micro fibers offers better impact resistance to that of longer fibers.
1.3.1 Applications of Fibres

The applications of steel fibre reinforced concrete (SFRC) depend on the ingenuity of
the designer and builder in taking advantage of its much enhanced and superior static and
dynamic tensile strength, ductility, energy-absorbing characteristics. Growing experience and
confidence by engineers, designers and contractors has led to many new areas of use
particularly in precast, cast in-situ, and shotcrete applications.
Traditional application where SFRC was initially used as pavements, has now gained wide
acceptance in the construction of a number of airport runways, heavy-duty and container yard
floors in several parts of the world due to savings in cost and superior performance during
service.
The advantages of SFRC have now been recognized and utilized in precast
application where designers are looking for thinner sections and more complex shapes.
Applications include building panels, sea-defence walls and blocks, piles, blast-resistant
storage cabins, coffins, pipes, highway kerbs, prefabricated storage tanks, composite panels
and ducts. Precast fibre reinforced concrete manhole covers and frames are being widely used
in India, Europe and USA.

1.4 Scope of present study:
The original scope of this research was to investigate the properties of concrete with steel slag
aggregates. The mechanical properties of concrete were tested with steel slag as replacement of
coarse aggregates, In addition to this work steel fibres are added to the optimum replacement
level and several tests were also carried out such as compressive strength, split tensile strength,
Young‟s modulus, flexural strength and the ultimate load carrying capacity of slag aggregate
concrete with steel fibres at different volume fractions. The flexural properties are also
determined for the beams with reinforcement. For this experimentation the percentage of the
volume of natural aggregates normally used in concrete was replaced by steel slag. This
replacement was done in 10% increments until all natural
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aggregates were replaced by the steel slag, then the optimum replacement level of the steel
slag as coarse aggregates is determined.
To that optimum mix the steel fibres are added at volume fractions of 0.50%, 1.00% and
1.50%.
Thus replacing the natural aggregates in concrete applications with steel slag would lead to
considerable environmental benefits and at the same time the strength properties of the
concrete is increased and would be economical.

1.5 Objective of the present study:
To determine the mechanical properties of the fibre reinforced concrete using steel slag as a
coarse aggregate replacement such as,

 Compressive strength of the slag aggregate concrete 


 Flexural strength of the slag aggregate concrete 



 Split tensile strength of the slag aggregate concrete 



 Young‟s modulus of slag aggregate concrete 



To determine the initial crack load and Ultimate load carrying capacity in RC beams 
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CHAPTER II
REVIEW OF LITERATURE
2.1 Literature reviews on steel slag aggregates:
V. Subathra Devi and B. K. Gnanavel (2014) studied on properties of concrete
manufactured using steel slag using steel slag as a partial replacement of both coarse
aggregates and fine aggregates. Based on their study it is found that the compressive strength
of concrete increases gradually, as the percentage of replacement increases, up to 40% for
fine aggregate and 30 % for coarse aggregate, and then it gradually decreases. Therefore the
optimum percentage of replacement for fine aggregate is 40% and for coarse aggregate is
30%. For every addition of gravel, the compressive strength reduced, when compared with
the value of the immediate previous level of replacement beyond the optimum level.
Workability of concrete decreases as the percentage of replacement increases. Fine aggregate
replacement shows better workability compared to coarse aggregate replacement. It was
observed that the partial replacement of fine aggregate by steel slag improves the
compressive tensile and flexural strength of concrete. Improvement in strength property was
slightly lower for CA replacement when compared with FA replacement. Compressive
strength increased on large number when both CA and FA were replaced by steel slag. But the
flexural strength has slightly decreased for combined replacement. Deflection in RCC beams
gradually increases as the load on the beam increases for both the partial replacement. By
adding steel slag to the aggregates, the resistance to deflection and vertical strain will
increase

P.S.Kothai and R.Malathy (2014) studied on utilization of steel slag in concrete as a partial
replacement material for fine aggregates and concluded that the use of steel slag, a waste
cheap material used as fine aggregates in M20 grade of concrete and recommends the
approval of the material for use in concrete as a replacement material for fine aggregates. The
partial substitution of natural aggregates with steel slag aggregates permits a gain of
compressive, tensile and flexural strength and modulus of elasticity of concrete up to an
optimum value of replacement .The following benefits can also be obtained like cost
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reduction, social benefits and mass utilization of waste material is possible in construction by
using steel slag as a partial replacement material for fine aggregates in concrete

Verapathran Maruthachalam and Murthi Palanisamy (2014) studied on high
performance concrete with steel slag aggregate and concluded that physical and mechanical
properties of the steel slag aggregate are similar to those of natural aggregate. Hence the
former can be utilized as an alternative to natural aggregate in concrete production. The aging
process of steel slag affects the properties of concrete made with steel slag as coarse
aggregate. If the steel slag aggregates are used in concrete prior to aging, the free lime
particles in the lime pockets of the steel slag aggregates may react with water and expand
individually, producing uneven stress, and resulting in poor quality of concrete. When the
steel slag aggregates are subjected to aging at stockpiles, the risk of free lime expansion is
minimized because of the prior hydration of free lime content, due to continuous weathering
in open air, contact with rain water, humidity, etc. After a long aging period, the free lime is
completely removed by the weathering process. An increase in the aging period of steel slag
aggregate brings about an increase in compressive strength. The highest compressive strength
achieved in concrete with steel slag as coarse aggregate is by 4 %, 10 %, and 18 % when
compared to conventional concrete at 28 days, 56 days and 91 days, respectively. A minimum
of 30 to 36 months of steel slag aging is required to achieve the compressive strength equal to
that of conventional concrete. Thus, it might be sufficient to allow for the steel slag aging up
to that period because it was observed that, beyond that period, an increase in strength results
was quite minute. The flexural strength, Young ‟ s modulus, and impact strength of concrete
increased with an increase in compressive strength.

Ivanka Netingera, etal , (2013) studied on improvement of post-fire properties of concrete
with steel slag aggregate using steel slag as an coarse aggregate replacement. This paper
presents the possibility of utilisation of the by-products from the steel production industry as
aggregates in concrete in order to improve its post-fire properties. Therefore an experimental
study of the residual properties of the mixtures prepared with slags available from the
Croatian steel plants after their exposure to high temperatures was performed and the results
were compared with the same properties of the reference concrete made of dolomite.
According to their results the slag in lower temperature range (up to 400 °C) could improve
performance of the tested types of concrete. This improvement was especially prominent in
the case of the mixtures prepared with previously thermally treated slag where relative
9

residual compressive strength was increased up to 16% at the temperature of 400 °C.
However, the previous thermal treatment of slag could increase the price of slag based
concrete and in that case a cost benefit analysis is needed for their widespread use.

K.Chinnaraju, etal (2013) studied on concrete using steel slag as coarse aggregate
replacement and eco-sand as fine aggregate replacement by using steel slag as coarse
aggregates and eco sand as fine aggregates in various percentages of replacements. Based on
their studies the possible optimum replacement of slag material was found to be 60% and
possible optimum replacement for eco-sand was found to be 40% and their results showed
that replacing about 60 percent of steel slag aggregates for coarse aggregate and 40 percent of
eco-sand for fine aggregate will not have any adverse effect on the strength of the concrete. It
was also found that increase in replacement level of steel slag above 60% decreases the
workability of concrete, however this property varies depending upon the source of steel slag.
When these two optimized values were used together, it was found that it gave good strength
comparable to conventional concrete and saves material cost upto 40 percent.

Huang Yi, etal (2012) studied on an overview of utilization of steel slag and analyzed the
physical and chemical characteristics of steel slag and then the research progress of steel slag
utilization at home and abroad as recycled raw material in steel enterprise interior, aggregate
of road and hydraulic construction, cement additive and concrete admixture, materials for
waste water or gas treatment, construction materials and fertilizer in agriculture production
were introduced respectively. At last, they proposed the important routes and critical
problems for large-scale utilization of steel slag. Therefore, large-scale utilization is a
substantial resolution to the environmental problems arisen by steel slag dump. The author
believes that there are two important routs for steel slag large-scale utilization in China where
industrialization is accelerating, one is to produce cement and concrete using the steel slag
fine powder after reclaiming waste steel and the second is direct application in road and
hydraulic construction. When the technology of CO 2 capture and flue gas desulfurization
become reliable in the future, the two technologies will be selective before utilization in other
ways. In addition, the database establishment of steel slag characteristics and applications is a
substantial task for steel utilization.

Mohammed Nadeem and Arun D. Pofale, (2012) studied on utilization of industrial waste
slag as aggregate in concrete applications by adopting Taguchi ‟ s approach for optimization
10

using slag aggregate as a replacement for both coarse and fine aggregate partially. Based on
their results the compressive strength of concrete improved almost all the % replacements of
normal crushed coarse aggregate with crystallized slag by 5% to 7%. In case of replacements
of fine aggregate and both type of aggregates, the strength improvements were notably
noticed at 30% to 50% replacement level. It could also be said that full substitution of slag
aggregate with normal crushed coarse aggregate improved the flexure and split tensile
strength by 6% to 8% at all replacements and in case of replacing fine aggregate & both the
aggregates( Fine & coarse) with slag, the strength improvement was at 30% to 50%
replacements. Based on their overall observations, it is recommended that steel slag could be
effectively utilized as coarse and fine aggregates in all concrete applications.

Liu Chunlin, etal (2011) studied on possibility of concrete prepared with steel slag as fine
and coarse aggregates with steel slag as a coarse and fine aggregate both fully and partially.
Based on their results the strength performance of EAF slag concretes is similar to that of a
more traditional concrete, with a higher compressive strength and a slightly less flexural
strength. The volume deformation of steel slag aggregate concrete (SSAC) shows
dilatometric effect (less shrinkage) comparing with the conventional concrete. The Concretes
produced with partial substitution of fine aggregate (whether steel slag or sandstone) by scrap
tire particles obtain a lower volume deformation (shrinkage or expansion) before and after
specimens being submerged in water respectively. The use of scrap tire particles decreases the
strength performance of concrete, especially the flexural strength. While partial substitution
of fine steel slag in SSAC by scrap tire particles shows obvious higher compressive and
flexural strength than that of normal concrete. Further researches must be investigated
thoroughly for the theory and application of scrap tire particle modified steel slag aggregates
concrete.

Abdulaziz I, etal (1996) studied on the utilization of local steel making slag in concrete in
verious percentages of replacements.Based on their studies the compressive and flexural
strenght of the slag concrete were similar or slightly higher than gravel concrete.The
compressive strength for slag concrete cured under water may adversely be affected with time
and requires further investigation. Splitting tensile strength for slag concrete was higher than
gravel concrete. Modulus of elasticity of slag concrete was higher than the gravel concrete
when compared. Drying shrinkage for the slag concrete was lower than that of gravel
concrete.When compared the weight of the slag concrete was sightly higher than that
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of the gravel concrete.Thus the usage of slag aggretate as coarse aggregate in concrete has no
negative effects on short term properties of the hardened concrete.The slight improvement in
strength properties of slag concrete can be attributed to the partical shape and surface texture
of the slag.

2.2 Literature reviews on steel fibres:
Houari Hacène, etal (2014) studied on the flexural fatigue performance of metal steel fibre
reinforced mortar – Influence of fibre aspect ratio and type using different types of steel
fibres such as one fibre steel (mild steel hardened) which presented in cylindrical form and
fitted with hooks at the ends 30mmX0.5mm HE(mild steel fibers) with aspect ratio(L/d) of 60
and 60mmX0.8mm, HE(mild steel fibers) with aspect ratio (L/d) of 75 .The author conducted
flexural performance under static loading and flexural performance under fatigue loading
tests at a volume fraction of steel fibres of 1%. Based on their results it was found that
introduction of metal fibres in the mortar improves the rheological properties of the matrix.
For the best performance under fatigue, at constant volume, it seems preferable to use fibres
which can be dispersed in large numbers in the volume, rather than more compact fibres.

G.M. Chena, etal (2014) a studied on compressive behaviour of steel fibre reinforced
recycled aggregate concrete after exposure to elevated temperatures using the Corrugated
steel fibers and the fibers had a length of 32 mm with an aspect ratio of 40 and concluded that
the inclusion of steel fibers is effective in restraining the development of crack width, an
increase of steel fibre content led to significantly smaller crack width. For unheated RAC, the
inclusion of steel fibers generally caused to a small reduction of both strength and elastic
modulus but significant enhancement of the energy absorption capacity (in terms of both
toughness and ST).

Semsi Yazıcı and Hasan sahanare , (2013) studied on The effect of steel fibre on the bond
between concrete and deformed steel bar in SFRC using steel fibers with two different l/d
ratios of 40 and 80 are used. The diameter and length of the two types of steel fibers is 0.62
and 0.75 mm and 30 and 60 mm. The steel fibers are used in 10, 20, 30, 40, 60 and 80 kg/m3
by amounts of all concrete and conducted different tests such as pullout (bond) tests and
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mechanical tests compression test, splitting tensile strength test and modulus of elasticity
determination of the concrete at volume fractions of 0% to 2%. Based on their study the
pullout loads are found to be increased by 7–16% when the amount of steel fibers and aspect
ratio in the steel fibre concretes produced increase when compared to concretes without steel
fibre. It is seen that there are increases in the compressive and splitting tensile strengths of the
steel fibre concretes containing steel fibers of 40 and 80 l/d ratios used in the amount
differing from 0 to 80 kg/m3 when compared to concretes without fibers .It is found that the
compressive and splitting tensile strengths increase more efficiently with the use of steel
fibers of 80 l/d ratios when compared to use of the steel fibers of 40 l/d ratios
Erhan Guneyisi, etal (2013) studied on effect of steel fiber addition and aspect ratio on bond
strength of cold-bonded fly ash lightweight aggregate concretes using different types of steel
fibres such as Dramix 80/60: 60(L), 0.75(d), 80(L/d) , Dramix 65/60 :60(L), 0.92(d),
65(L/d) , Dramix ZP 30/55: 30(L), 0.55(d), 55(L/d) and conducted the bond strength test on
the specimen at different volume fractions from 0.35% to 1.50% and concluded that steel
fibre utilization significantly increased the bond strength. As steel fibre volume fraction
increased, the bond strength also increased remarkably. The steel fibre with aspect ratio of 80
indicated the best bond strength value when compared with aspect ratio of 55 and 65.
H.T Wang and L.C Wang (2013) have determined the static and dynamic mechanical
properties of the steel fibre reinforced light weight aggregate concrete. The disadvantages in
LWAC such as low tensile and compressive strength ratio, flexural strength and its high
brittleness can be improved by addition of steel fibre. The effect of mechanical properties of
SFLWA are determined for 0%, 0.5%, 1%, 1.5% and 2% of steel fibre, the incorporation of
steel fibre into matrix serves to increase the ultimate compressive strength by the resultant
arresting growth of cracks based on the bond of steel fibre and cement paste. As the increase
in the percentage of steel fibre flexural and split tensile strength increases. The author
suggests the feasible volume ratio of this kind of steel fibre is 1–1.5%.
K.E. Caballero-Morrison, etal (2012) studied on the Behaviour of steel-fibre-reinforced
normal-strength concrete slender columns under cyclic loading using steel fibres, with aspect
ratio l/d = 35/0.55 = 63.63 and performed 3-point bending test and residual flexural strength
at different volume fraction rates. Based on their results the inclusion of steel fibres into the
concrete mixture delays concrete cover spalling and buckling of the longitudinal
reinforcement bars in compression, reduces the critical region length
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Tayfun Uygunogu and Afyon Kocatepe, (2011) studied on effect of fiber type and content
on bleeding of steel fibre reinforced concrete using steel fibres of lengths (l) were 60 mm and
30 mm and the diameters (d) were 0.75mm and 0.5 mm. The aspect ratios (l/d) were 80 and
60 for long (SF-60) and short (SF-30) fibers respectively. The author concluded that
workability of SFRC made with long fibers is dramatically decreased at fibre content 1.3%.It
was obtained that the unit weight of concrete increased uniformly with the increase in fibre
content for both types of fibre. Based on their results the use of SF-30 is more effect than SF60 for durable concrete.
R.S. Olivito and F.A. Zuccarello , (2010) studied on experimental study on the tensile
strength of steel fibre reinforced concrete using different types of steel fibres, Their aspect
ratio l/d was equal to 50 and their length equal to 22, 30 and 44 mm at different volume
fractions of 1% and 2%.They conducted uni-axial compression tests, direct tensile tests and
four-point-bending tests which concluded that compressive strength of the material is less
affected by the presence of fibers due to fibers bridging effect, cubic specimen did not crush
but they held their integrity up to end of the test. The ductility and tenacity increase of SFRC
when fibre content in volume increases and, at the same fibre content, when fibre length
increases SFRC shows a higher bending stiffness and a different cracking pattern than normal
concrete. Experimental results showed an increment for the maximum tensile strength for
short fibers specimens the ultimate strain was higher for long fibre ones.
M.C. Nataraja, etal (2000) investigated the toughness of SFRC concrete using JSCE
approach. The toughness of two grades of concrete such as M20 and M30 containing two
different aspect ratio of steel fibre has been determined. The load-deflection curve is obtained
with accurate deflection measurement using yoke. By locating the peak load the curves are
divided in to two regions for determining the pre peak toughness and post peak toughness. It
has been concluded that as increase in the aspect ratio of fibre flexural toughness increases.
JSCE method is easier than ASTM method and proved that addition of steel fibres in concrete
increases it post peak behaviour. Hence its ductility increases with addition of steel fibre.
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CHAPTER III
MATERIALS
3.1 Overview
This chapter provides the overview of materials used for this research. All the materials used
during the research program remained the same and only the proportions were varied. The
water-cement ratio of 0.5 was maintained constant during the course of the research program.
Materials and their properties
Raw materials required for the concrete in the present work are





Cement








Fine aggregates





Natural coarse aggregates





Steel slag aggregates





Steel fibre (SF)





Water









3.2 Cement
Ordinary Portland cement 53 grade conforming to IS:12269 has been used in this
experimental study. The physical properties and chemical properties of the cement are shown
in table 3.2(a) and 3.2(b)
Table: 3.2(a) Chemical properties of cement
Constituent

Composition (%)

Lime (CaO)

60 to 67%

Silica (SiO2)

17 to 25%

Alumina (Al2O3)

3 to 8%

Iron oxide (Fe 2O3)
Magnesia (MgO)

0.5 to 6%
0.1 to 4%

Sulphur trioxide (SO3)

1 to 3%

Soda and/or Potash (Na 2O+K 2O)

0.5 to 1.3%

1
5

Table: 3.2(b) Physical properties of cement:
Grade of cement

53 Grade

Minimum
Compressive
Strength, N/mm
3 day

2
27

7 day

37

28 day

53

Initial setting time

92 minutes

Final setting time

195 minutes

3.3 Fine Aggregates:
The size of the fine aggregate is below 4.75mm. Fine aggregates can be
natural or manufactured. The grade of the aggregates must be same throughout the work. The
fine aggregate shall consist of natural sand or other inert materials with similar
characteristics, or combinations having hard, strong, durable particles. The use of concrete is
being constrained by urbanization, zoning regulations, increased cost and environmental
concern.
Locally available sand conforming to grading as zone-II of table 4 according to the IS: 3831970 has been used as fine aggregate in this experimentation.
Table 3.3 Physical properties of fine aggregate
S. No

Property

Value

1

Specific gravity

2.57

2

Fineness modulus

2.46

4

Grading

Zone-II
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3.4 Coarse aggregates
3.4.1 Natural coarse aggregates:

The material whose particles are of size are retained on IS sieve of size 4.75mm is
termed as coarse aggregate and containing only so much finer material as is permitted for the
various types described in IS: 383-1970 is considered as coarse aggregate. The properties of
aggregate greatly affect the durability and structural performance of concrete. Aggregate was
originally viewed as an inert material dispersed throughout the cement paste largely for
economic reasons. It is possible, however, to take an opposite view and to look on aggregate
as a building material connected in to a cohesive whole by means of the cement paste, in a
manner similar to masonry construction. In fact, aggregate is not truly inert and its physical,
thermal and sometimes also chemical properties influence the performance of concrete.
Aggregate is cheaper than cement and it is, therefore, economical to put in to the mix as
much of the former and as little of the later possible. But economy is not only the reason for
using aggregate, it confers considerable technical advantages on concrete, which has a higher
volume stability and better durability than hydrated cement paste alone. Aggregates should be
of uniform quality with respect to shape and grading. The size of coarse aggregated depends
upon the nature of the work.
The coarse aggregates that are used in this experimental investigation are of 20mm size,
crushed and angular in shape. Crushed aggregate available from local sources has been used.
The coarse aggregates used in this research are obtained from natural rocks ,which were
supplied by the local supplier in Vellore, Tamil Nadu.
The aggregates are free from dust before used in the concrete. The physical properties of
coarse aggregate which have been adopted from literatures are given in table 3.4.1
Table 3.4.1: Physical properties of Natural Coarse Aggregate
S. No

Property

Value

1

Specific gravity

2.74

2

Fineness modulus

8.83

3

Nominal maximum size

20 mm

3.4.2 Steel Slag aggregates:

Slag is a co-product of the iron and steel making process. Iron cannot be prepared in the blast
furnace without the production of its co-product, blast furnace slag. Similarly, steel cannot be
1
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prepared in the basic oxygen furnace (BOF) or in an electric arc furnace (EAF) without
making its co-product, steel slag. The use of steel slag aggregates in concrete by replacing
natural aggregates is a most promising concept. Steel slag aggregates are already being used
as aggregates in asphalt paving road mixes due to their mechanical strength, stiffness,
porosity, wear resistance and water absorption capacity.

Fig 3.4.2: Steel slag aggregates
Studies and tests are being conducted on ways to use this steel slag as an aggregate in
concrete. Steel slag is currently used in bituminous asphalt paving, the manufacture of
Portland cement, and in roadway construction as a base course, along with some agricultural
applications. The only potential problem with steel slag aggregate is its expansive
characteristics and undesirable reactions between slag and components of concrete. This
might be a perception, but most of the information is anecdotal in nature rather than
documented in published research studies. The chemical and physical properties of the steel
slag are given in the below tables 3.4.2(a) and 3.4.2(b)
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Table: 3.4.2(a) Chemical Composition of steel slag:
Constituent

Composition (%)

CaO

40 – 52

SiO2
FeO

10 -19
10 – 40

(70 - 80% FeO, 20 - 30%
Fe2O3)
MnO

5– 8

MgO

5 -10

Fe

0-5

Al 2O3

1–3

P 2O5
S

0.5 - 1
<1

Table: 3.4.2(b) Physical properties of steel slag
Property

Steel Slag

Specific gravity

3.1

Crushing strength

29.8%

Impact strength

26.8%

3.5 Steel Fibres:
The dimensions of the steel fibres are of length 30mm and diameter of 0.5mm with the L\d
ratio of 60 and are of crimped type. The steel fibers are used at different volume fractions
such as 0.5% , 1% and 1.5%.
Steel fibres are added to the optimum replacement mix in the slag aggregate concrete to
determine the strength properties of the slag aggregate concrete.
The steel fibres that are utilized in this study are obtained from Jeetmul Jaichandlal pvt.ltd. in
Chennai, Tamil Nadu.
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Fig: 3.5 Steel fibres
The properties of the steel fibres used in this study are given in the table
Table: 3.5 Properties of steel fibres
Properties

Description
0.5

Diameter(mm)
Length(mm)

30

Aspect ratio

60

20

Ultimate tensile strength

900

(MPa)
Elastic modulus (GPa)

210

Density

7850(kg/m )

Cross section

Crimped

3.6 Water:
Water is required for the purpose of hydration of cement and to give workability during
mixing and furthermore setting of concrete. For this study convenient water with pH7 and
adjusting to the determinations of IS456-2000 is utilized for cementing and additionally
curing of the specimens. Portable water available in laboratory is used in this study.

2
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CHAPTER-IV
EXPERIMENTAL PROGRAMME
4.1 Overview
The main objective of this research was to utilize the steel slag aggregate in the concrete
mixture and identify the mechanical and flexural properties of the mixture. The experimental
study started by replacing the percentage of the volume of natural aggregates, normally used
in the manufacture of concrete , with steel slag in increments of 10% until all the natural
aggregates were replaced by the steel slag to find the possible optimum replacement level for
the steel slag in concrete. And to that possible optimum replacement level the steel fibres are
added at different volume fractions such as 0.50% , 1.00% and 1.50% and identify the
strength properties of the concrete.
All concrete mixing was performed in the structural engineering laboratory in the VIT
University.
The experimental program consisted of first finding the optimum replacement level by
performing the compressive test to the cube specimens for 7 days and 28 days, then steel
fibres are added at 0.50% , 1.00%, 1.50% volume fractions and perform different tests such
as compressive strength for cubic specimens, Split tensile strength for cylindrical specimens,
flexural strength for prismatic specimens, Young‟s Modulus for cylindrical specimens,
determination of Ultimate load carrying capacity in RC beams.

4.2 Concrete mix design:
The mixture proportioning was done according the Indian Standard Recommended Method
IS 10262- 2009 and with reference to IS 456-2000. The target mean strength was 31 Mpa for

3
the OPC control mixture, the total binder content was 380 Kg/m , fine aggregate was taken
3
3
691 Kg/ m and coarse aggregate was taken 1170 Kg/m . The water to binder ratio was kept
constant as 0.5. The total mixing time was 5 minutes, the samples were then casted and left
for 24 hrs before de-moulding. They were then placed in the curing tank until the day of
testing cement, sand and coarse aggregate were properly mixed together in the ratio
1:1.82:3.1 by weight before water was added and properly mixed together to achieve
homogenous material. Water absorption capacity and moisture content were taken into
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consideration. Cube and cylindrical and prism moulds were used for casting. The concrete
was left in the mould and allowed to set for 24 hours before the specimens were demoulded
and placed in curing tank. The specimens with and without fiber were cured in the tank for 7
and 28days. The details of the quantity of the constituent materials were given in the below
table 4.2
Table 4.2: Details of the quantity of the constituent materials
Material

Quantity

Proportions

3)
(Kg/m
Cement

380

1

Sand

691

1.82

Coarse aggregates(20mm)

1170

3.1

Water

190

0.5

The above table determines the quantity of the constituent materials for the M25 grade
of concrete designed as per the IS method.

4.3 Concrete mix proportions for samples:
The concrete mix proportions for the samples of the slag aggregate concrete is shown in the
table 4.3
Table 4.3: Concrete mix proportions for samples

Coarse
Fine

Steel slag

Cement

3
aggregate(Kg/m )

aggregate
3
(Kg/m )

3
aggregate(Kg/m )

3
content(Kg/m )

691

1170

0

380

ratio
0.5

SLA10%

691

1053

117

380

0.5

SLA20%

691

936

234

380

0.5

SLA30%

691

819

351

380

0.5

Mixture
CCM

23

W/C

SLA40%

691

702

468

380

0.5

SLA50%

691

585

585

380

0.5

SLA60%

691

468

702

380

0.5

SLA70%

691

351

819

380

0.5

SLA80%

691

234

936

380

0.5

SLA90%

691

117

1053

380

0.5

SLA100%

691

0

1170

380

0.5

From the above concrete mix proportions the ideal mix is to be known after conducting the
compression test on the cube specimens for 7 days and 28 days.
4.4 Casting:
Mix proportion of 1: 1.82: 3.1 is chosen according to its ingredients i.e, cement, fine
aggregate, coarse aggregates and the water cement ratio is 0.50. For every mix, 6 cubes are
prepared to test, each 3 cubes for 7 days and 28 days after curing. Mix the cement and sand
with trowel on non-porous plate until uniform colour is achieved. Place the coarse aggregate
in the flat surface and place the cement sand mix upon the aggregates and mix the entire
materials thoroughly. Then add water to the mixture. The water/cement ratio used in this mix
is 0.50. Natural aggregate is replaced by steel slag accordingly in proportion of 0%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100% respectively. The time of mixing
shall be in any case not less than 3 to 5 minutes. Mixing time is the time elapsed between the
water is added to the mix and casting of cubes.
1. Apply thin layer of oil to the interior faces of the mould and firmly hold in
position by means of suitable clamps.
2. Place the entire quantity of concrete in the cube moulds and compact the
concrete for three layers using tamping rod and place the moulds in the
vibratory machine for a period of about 1 minute.
3. At the end of vibration, remove the mould together with the base plate from
the machine and finish the top surface of the cube mould by smoothing the
surface with the blade or trowel. Make identification mark on cubes.
4. Keep the filled moulds in the atmosphere of at least 90% relative humidity for
24 hours in the humidity chamber after completion of vibration.
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5. Remove the cubes from the moulds and immediately submerge them in clean
fresh water and keep there until taken out just prior to testing.

Fig 4.4: Mixing of concrete ingredients

4.5 Curing of concrete specimens:
Curing is the process of controlling the rate and extent of moisture loss from concrete
during cement hydration. Since the hydration of cement does take time days and even weeks
rather than hours-curing must be undertaken for a reasonable period of time if the concrete is
to achieve its potential strength and durability. Curing may also encompasses the control of
temperature since this effects the rate at which cement hydrates.
The curing period may depend on the properties required of the concrete, the purpose for
which it is to be used and the ambient conditions, i.e., the temperature and relative humidity
of the surrounding atmosphere. Curing is designed properly to keep the concrete moist, by
preventing the loss of moisture from the concrete during the period in which it is gaining
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strength. Curing may be applied in a number of ways and the most appropriate means of
curing may be dictated by the site or the construction method.

Fig 4.5: Curing of concrete specimens

4.6 Properties of concrete
The properties of concrete are classified into two categories: fresh and hardened. The
durability of concrete depends upon the mix design and durability of aggregates. The watercement ratio and addition of admixtures greatly affect the durability of concrete. The
properties which affect the strength and durability of a concrete structure change over the life
of structure, increasing with time.
4.6.1 Fresh concrete properties:

Workability
Workability of a concrete is a term which consists of the following four partial properties of
concrete namely mix ability, transportability, mould ability, and compact ability.
Cohesiveness and consistency both are concurrent properties of fresh concrete. Cohesiveness
is a measure of the compact ability and finish ability of concrete. Consistency is requirement
of water to mix the concrete properly.
In general terms, workability represents the amount of work which is to be done to compact
the concrete in a given mould. The desired workability for a particular mix depends upon the
type of compaction adopted and the complicated nature of reinforcement used in reinforced
26

concrete. A workable mix should not segregate. The partial properties of workability are
discussed below:





Mix ability: It is the ability of the mix to produce a homogeneous green concrete
from the constituent materials of the batch, under the action of the mixing forces. A
less mixable concrete mix requires more time of mixing to produce a homogeneous
and uniform mix. 



Transportability: Transportability is the capacity of the concrete mix to keep the
homogeneous concrete mix to keep the homogeneous concrete mix from segregating
during a limited time period of transportation of concrete, when forces due to
handling operations of limited nature act. Any segregation that is caused during the
remaining operations that follows. In most of the countries, general recommendations
for practice exist for transporting the concrete, which fact highlights the importance of
this property. 





Mould ability: It is the ability of the fresh concrete mix to fill completely the forms
or moulds without losing continuity or homogeneity under the available techniques of
placing the concrete at a particular job/ this property is complex, since the behaviour
of concrete is to be considered under dynamic conditions. 



Compatibility: Compatibility is the ability of concrete mix to be compacted into a


dense, compact concrete, with minimum voids, under the existing means of
compaction at the site. The best mix from the point of view of compatibility should
close the voids to an extent of 99% of the original voids present, when the concrete
was placed in the moulds. 
Factors influencing Workability
Workable concrete is one which exhibits a very little internal friction between particle to the
particle or which overcomes the frictional resistance offered by the form work surface or
reinforcement contained in the concrete with just amount of compacting efforts forthcoming.
Workability of concrete is mainly influenced by Water content, Size of aggregate, Shape of
aggregate, Texture of aggregate, Grading of aggregate.


Water content: Water content in a given volume of concrete, will have significant
influences on the workability. The higher the water content per cubic meter of
concrete, the higher will be the fluidity of concrete, which is one of the important
factors affecting workability. At the work site, supervisors who are not well versed
with the practice of making good concrete resort to adding more water for increasing 
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workability. This practice is often resorted to because this is one of the easiest
corrective measures that can be taken at the site. It should be noted that from the
desirability point of view, increase of water content is the last recourse to be taken for
improving the workability even in the case of uncontrolled concrete. For controlled
concrete one cannot arbitrarily increase the water content. In case all other steps to
improve workability fail, only as last recourse the addition of more water can be
considered. More water can be added, provided a correspondingly higher quantity of
cement is also added to keep the water/cement ratio constant, so that the strength
remains the same.


Size of the aggregate: Larger size of aggregate contains less surface area,
consequently it requires less cement paste for lubricating the surface to reduce the
internal friction. For a given quantity of water and paste, higher size of aggregate
shows good workability. The maximum size of aggregate used for the
experimentation is 20 to 25 mm. Size of the both aggregates will influence the




workability of concrete. 
Shape of aggregate: The shape of the aggregate influences the workability in good
measure. Angular, elongated or flaky aggregate makes the concrete very harsh when
compared to rounded aggregates or cubical shaped aggregates. Contribution to better
workability to rounded aggregate will come from the fact that for the given volume or
weight it will have less surface area and less voids than angular or flaky aggregate.
Not only that, being round in shape, the frictional resistance is also greatly reduced.
This explains the reason why river sand and gravel provide greater workability to
concrete than crushed sand and aggregate. The importance of shape of the aggregate
will be of great significance in the case of present day high strength and high
performance concrete when we use very low w/c in the order of about 0.25. We have
already talked about that in years to come natural sand will be exhausted or costly.
One has to go for manufactured sand. Shape of crushed sand as available today is
unsuitable but the modern crushers are designed to yield well shaped and well graded
aggregates. Now we have steel slag aggregates are also having cubical shape so that




the workability of concrete is more. 
Surface texture: The influence of surface texture on workability is again due to the
fact that the total surface area of rough textured aggregate is more than the surface area
of smooth rounded aggregate of same volume. From the earlier discussions it can 
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be inferred that rough textured aggregate will show poor workability and smooth or
glassy aggregate will give better workability. A reduction of inter particle frictional
resistance offered by smooth aggregates also contributes to higher workability.


Grading of aggregate: This is one of the factors which will have maximum influence
on workability. A well graded aggregate is the one which has least amount of voids in
a given volume. Other factors being constant, when the total voids are less, excess
paste is available to give better lubricating effect. With excess amount of paste, the
mixture becomes cohesive and fatty which prevents segregation of particles.
Aggregate particles will slide past each other with the least amount of compacting
efforts. The better the grading, the less is the void content and higher the workability.
The above is true for the given amount of paste volume. In steel slag aggregate
concrete composition of size of aggregates 20 mm are used into the concrete. 




Mix proportions: Aggregate/ cement ratio is an important factor influencing
workability. The higher the aggregate/cement ratio, the leaner is the concrete. In lean
concrete, less quantity of paste is available for providing lubrication, per unit surface
area of aggregate and hence the mobility of aggregate is restrained. On the other hand,
in case of rich concrete with lower aggregate/cement ratio, more paste is available to 
make the mix cohesive and fatty to give better workability.

In this experimentation the workability of concrete is determined by Slump cone test.
Slump cone test:
Workability of fresh concrete shall be carried out by performance of slump test. Slump value can
be carried out according to the IS: 1199-1959. To determine the consistency or workability of
steel slag, slump cone test has been performed in the laboratory. Before conducting the
experiment, apply de-mould agent i.e., oil/grease inside the cone for avoidance of further sticking
of the fresh concrete. Unsupported fresh concrete flows to the sides and a sinking in height takes
place. This vertical settlement is known as slump. In this test fresh concrete is filled into a mould
of specified shape and dimensions, and the settlement or slump is measured when supporting
mould is removed. Slump increases as water-content is increased. For different works different
slump values have been recommended. The slump is a measure indicating the workability of
cement concrete. It gives an idea of water content needed for concrete to be used for different
works. A concrete is said to be workable if it can be easily mixed, placed, compacted and
finished. A workable concrete should not shown any
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segregation or bleeding. By this test we can determine the water content to give specified
slump value. In this test water content is varied and in each case slump value is measured till
we arrive at water content giving the required slump value. This test is not a true guide to
workability.

Fig: 4.6.1 Conducting Slump cone test
4.6.2 Hardened concrete properties

To determine the hardened properties of concrete, the Compression test, Splitting tensile test,
Young‟s modulus test, flexural strength test and the Ultimate load carrying test on RCC
beams were conducted. Concrete is much stronger in compression than in tension and so the
compressive strength of concrete is an important property of the concrete. It is very difficult
to directly measure the tensile strength of concrete, therefore the splitting tensile test, an
indirect method, was adopted.
(A) Compressive Strength of Concrete

The concrete specimens were tested for compressive strength at 7 and 28 days. Specimens
were casted in cubical moulds of dimensions 100mm×100mm×100mm and stored in the
water curing tank. Three specimens were tested at each age, on a Compressive testing
machine of capacity 2000KN in Concrete lab in VIT university. The type of fracture of the
specimen and the compressive strength were recorded.
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Calculations:
fc = Pmax/A
Where
fc = compressive strength.
Pmax = the maximum load that the cube sustained.
A = the cross sectional area of the cube.

Figure 4.6.2(A): Compressive strength testing machine

(B) Splitting Tensile Strength of Concrete :

The splitting tensile strength of the concrete specimens was tested at 7 and 28 days. The
dimensions of the cylindrical specimens are of diameter 100mm and the height of the
cylindrical specimen is 200mm were moulded at the same time as the compressive strength
specimens and the specimens were cured in curing tank. Three specimens were tested at each
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age, on a Compressive testing machine of capacity 2000KN . The splitting tensile strength
can be obtained from the following equation
ft =2P/
Where
ft = splitting tensile strength (MPa)
P = maximum applied load (N)

l = length (mm)
d = diameter (mm)
For this research the length (l) was equal 200mm and the diameter (d) of was taken as
100mm.Three specimens were tested at 7 and 28 days for each experimental mixture.

Figure 4.6.2(B): Split tensile strength testing machine

(C) Flexure strength test of concrete:

For flexural strength test, the specimen of dimensions 500mm×100mm×100mm was placed
in Amsler‟s UTM, in such a manner that load shall be applied to the upper most surface, as
cast in the mould, along two lines spaced L/3 apart. The load was applied without shock and

2
increased at rate such that, the extreme fibre stress increases at approximately 7 kg/mm /
min, until failure occurs.
The flexural strength of specimen expressed as the modulus of rupture (fb )
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fb = 3Pa / bd

2

If crack falls outside the load point
fb = PL / bd

2

If crack falls within the load
point Where
a = distance between the line of fracture and the nearer
support. P = applied load.
b = width of the specimen.
d = depth of the specimen.

L = clear span of the specimen.

Figure 4.6.2(C): Flexural strength testing machine
3
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(D) Modulus of elasticity test:

As for IS:516-1959(methods of tests for strength of concrete).the procedure for casting and
testing specimens to determine the modulus of elasticity of concrete in compression by means
of an extensometer,where the maximum nominal size of aggregate does no exceed 38mm.
The cylendrical mould shall be of 150mm diameter and 300 mm height.The mould and the
base pllate shall be coated with a thin film of waste of oil before use, in order to precent

o
o
adhesion of the concrete.It should be stored in water at a temperature of 24 to 30 for atleast
48 hours before tesing.At least three specimens shall be made and tested.Normally test shall
be made when the specimens reach at the age of 28 days.
Experimental procedure:
One extensometer is required having a guage lenght of not less than 10.2cm and not more
than half lenght of the specimen.
Two test specimens for young‟s modulus shall be first tested and the guage values are
recorded.Extensometer shall be attached at the ends parallel to its axis,in such away that the
guage points are symmetrical about the cneter of the specimen and in no case are nearer to
either end of the specimen that a distance equal to half of the diameter or half of the width of
the specimen.The specimen shall be immediately placed in the testing machine and
accurately centered.The load shall be applied continuously with rate of loading 1KN/sec.The
load shall be maintained up to stress reaches to 2KN then release the load and set up the
insturment.The load shall be applied a second time at the same rate until an average
stress(C+1.5)kg.cm is reached,Where C is one third of the average compressive strength.
Typical stress-strain plot of concrete:
1. At stress below 30% of ultimate strength, the transistion zone cracks remain
stable.The Stress-strain plot remains leniar.
2. At srress between 30% and 50% of ultimate strength, the ransistion zone micro cracks
begin to increase in length,width and numbers.The stress strain plot becomes non
leniar.
3. At 50 to 60% of the ultimate stress , cracls begin to form in the matrix.with further
increase to about 75% of the ultimate stress, the cracks in the transistion become
unstable, and the crack propogation in the matrix will increas.The stress-Strain curve
bends towards horizontal.
4. At 75 to 80% of the ultimate stress, the stress reaches the critical stress level for
spontaneous crack growth under a sustained stress.Cracks propagate rapidly in both
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the matrix and the transistion zone.Failure occurs when the cracks join together and
become continuous.

Youngs modulus of the concrete specimen was found out from the equation

E=
Where
E = chord modulus of elasticity (MPa)
s2= stress corresponding to 40% of ultimate
load s1 = stress corresponding to a longitudinal
strain =longitudinal strain produced by stress S1
= longitudinal strain produced by stress S2

Figure 4.6.2(D): Young’s modulus test.
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(E) Ultimate Load Carrying Capacity:
RCC Beam Design:

6mm dia stirrups
@ 130mm c/c

800mm

4.6.2(E) Reinforcement Details
Three point bending Tests were conducted on simply supported RC beams having different
volume fraction to estimates the mechanical properties, load at initial crack, deflection of
beam at various loading condition and finally ultimate load estimation. RC beams were
simply supported over a clear span of 0.7m and tested under three point bending, as shown in
figure. Figure 4.6.2 (E a) shows the Universal Testing Machine (UTM) used for testing the
beam . Figure 4.6.2(E b) shows the experimental setup for testing of RC beam under three
point bending and the arrangement of strain gauge under the loading point which is centre to
estimate the centre deflection of the RC beam under incremental load at centre of specimen in
three point bending. The load is applied in incremental order of 5kN. The corresponding
deflection was noted down as well as the crack pattern was observed for understanding the
change in characteristic behaviour in RC beam under different volume fraction. Estimation of
load at initial crack for all specimens as well as ultimate load carrying capacity was
3
6

determined. Three specimens were tested at each age, on a Universal testing machine of

capacity 5000KN.

Figure 4.6.2(Ea): Universal testing machine (UTM)

Figure 4.6.2(Eb): Experimental setup for testing the beam
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CHAPTER V

EXPERIMENTAL RESULTS
5.1 Overview
The chapter discusses the results obtained from various tests. The results presented in this
chapter are the average results when more than one sample each of mixture was tested.

5.2Workability of concrete
Workability of a concrete is a term which consists of the following four partial
properties of concrete namely mix ability, transportability, mould ability, and compact ability.
Cohesiveness and consistency both are concurrent properties of fresh concrete. Cohesiveness
is a measure of the compact ability and finish ability of concrete. Consistency is requirement
of water to mix the concrete properly. Workability of concrete depend not only the properties
of concrete but also the nature of application. A very dry concrete seems to be have low
workability and too wet condition seems to have high workability, both of these are not
enough to improve the good characteristics of concrete.
Test results and slump and compaction factor with different replacements of steel slag
aggregate are shown in tables 5.2.
Table 5.2 Table showing the results of workability of SSAC
S. No

Mix ID

% Replacement

Slump value

steel slag

(mm)

1

CC

0

160

2

SLA20%

20

150

3

SLA40%

40

140

4

SLA60%

60

135

5

SLA80%

80

120

6

SLA100%

100

115

3
8

180
160
140

slump

120
SLUMP VALUE IN
mm

100
80

Linear (SLUMP
VALUE
IN mm)

60
40
20
0
0

50

100

150

% of steel slag
Figure 5.2: Workability of steel slag aggregate concrete
Workability of concrete is determined by its shape, size, surface texture and water absorption.
The maximum size of aggregates used is 20 mm. From the above graph it is observed that the
increase in the replacement of the steel slag aggregate more than 40% decreases the
workability of concrete.

5.3 Compressive strength test for the Optimisation of Steel slag aggregate:
To determine the optimum replacement level of the steel slag aggregate as the coarse
aggregate, Compressive strength test is conducted to the cubical specimens of age 7days and
28 days after curing in curing tank.
Table 5.3.1 : Compressive strength at 7 days
Mix ID

% Replacement of steel

Compressive strength

slag

(Mpa)

CC

0

27.9

SLA10%

10

31.4

SLA20%

20

33.8

SLA30%

30

32.1

SLA40%

40

33.8

SLA50%

50

38.5

SLA60%

60

26.9

SLA70%

70

24.2
39

SLA80%

80

21.8

SLA90%

90

19.9

SLA100%

100

19.2

Compressive strenght (Mpa)

4
5
4
0
3
5
3
0
2
5
2
0
1
5
1
0

5
0

MIX ID

Figure 5.3.1: Compressive strength of SSAC at 7 days
Table 5.3.2: Compressive strength at 28 days
Mix ID

% Replacement of steel

compressive strength (Mpa)

slag
CC

0

38.1

SLA10%

10

33.6

SLA20%

20

34.1

SLA30%

30

34.3

SLA40%

40

36.4

SLA50%

50

40.3

SLA60%

60

33.1

SLA70%

70

31.6

SLA80%

80

26.9
40

SLA90%

90

23.7

SLA100%

100

21.6

strenght(Mpa)Compressive

4
5
4
0
3
5
3
0
2
5
2
0
1
5
1
0

5
0

MIX ID

Figure 5.3.2: Compressive strength of SSAC at 28 days
From the above table 5.3.2 and figure 5.3.2 it was found that the optimum level for the
replacement of the steel slag was 50% and the compressive strength of the steel slag
aggregate concrete decreased gradually when the replacement level was above 50%.The
maximum compressive strength for the SSAC was 40.3 MPa for the SLA50% mix at 28 days.
To the Optimum replacement level of the steel slag as the replacement of the coarse
aggregate, the steel fibres are added at different volume fractions such as 0.50%, 1.00% and
1.50% to gain the strength properties of concrete.
The compressive strength test, Split tensile strength test, Young‟s modulus test, Flexural
strength test and the deflection variation for RCC beams is carried out on the different shapes
and sizes of specimens.

5.3.3 Compressive strength of SSAC with steel fibres at 7 & 28 days:

The compressive test is carried out on the cube shaped specimens of the steel
slag aggregate concrete with steel fibres at different volume fractions.
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Table 5.3.3: Compressive strength of steel slag aggregate concrete at 7 & 28 days
S. No

Mix ID

7 days

28 days

1

SLA50%SF0.5%

42.4

47.3

2

SLA50%SF1.0%

43.6

50.1

3

SLA50%SF1.5%

49.7

53.6

60

Compressive strength (Mpa)

50

40

30

7
days
28
days

20

10

0
SLA50%SF0.5%

SLA50%SF1.0%
SLA50%SF1.5%
MIX ID

Figure 5.3.3: Compressive strength of SSAC at 7 and 28 days
The above table 5.3.3 and figure 5.3.3 shows that the compressive strength of the steel slag
aggregate concrete increases with the increase in the volume fraction % of the steel fibres. It
is found that the ideal Compressive strength of the slag aggregate concrete was 53.6Mpa for
SLA50%SF1.5% concrete mix.
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5.4 Splitting Tensile Strength
The splitting tensile strength of the concrete specimens was determined at 28 days. As
previously mentioned the specimens were moulded at the same time as the compressive
strength specimens. Cylinders were moulded with a diameter of 100 mm and a length of 200
mm. Table 5.5 displays the average splitting tensile strength of the samples at 28 days. The
ideal splitting tensile strength of concrete specimens at the end of 28 days was approximately
about 6Mpa attained for 1.5 Vf.
Table 5.4: Split tensile strength of slag aggregate concrete at different volume fractions
of steel fibres at 28days:
S. No

Mix ID

Split tensile strength
(Mpa)

1

SLA50%SF0.5%

4.15

2

SLA50%SF1.0%

5.22

3

SLA50%SF1.5%

5.98

7

(Mpa)Split tensile strength

6
5
4
3
2
1
0
SLA50%SF0.5%

SLA50%SF1.0%
MIX ID

SLA50%SF1
.5%

Figure 5.4: Split tensile strength of SSAC at 28 days
From the table 5.4 and the figure 5.4 it was observed that the split tensile strength of the steel
slag aggregate concrete increases with the increase in the volume fraction of the steel fibres.
It is found that the maximum split tensile strength of the steel slag aggregate concrete was
5.98 Mpa for SLA50%SF1.5% concrete mix.
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5.5 Flexural strength:
Beam specimens were prepared having dimensions of 500mmX100mmX100mm to
determine the flexural strength of slag aggregate concrete. The flexural strength was found at
the end of 28 days on a hydraulic testing machine

Table 5.5: Flexural strength of slag aggregate concrete at different volume fractions of
steel fibres at 28days:
S. No

Mix ID

Flexural strength(Mpa)

1

SLA50%SF0.5%

2

SLA50%SF1.0%

7.41

3

SLA50%SF1.5%

7.62

6.29

9
8
Flexural strength (Mpa)

7
6
5
4
3
2
1
0
SLA50%SF0.5%

SLA50%SF1.0%
SLA50%SF1.5%
MIX ID

Figure 5.5: Flexural strength of the SSAC at 28 days
From the table 5.5 and graph 5.5 it was observed that the flexural strength of the steel slag
aggregate concrete increases with the increase in the volume fraction % of the steel fibres. It
is found that the maximum flexural strength of the steel slag aggregate concrete was 7.62
Mpa for SLA50%SF1.5% concrete mix.
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5.6 Young’s Modulus:
The Young‟s modulus of the concrete specimens was determined at 28 days. As previously
mentioned the specimens were moulded at the same time as the compressive strength
specimens. Cylinders were moulded with a diameter of 150 mm and a length of 300 mm.
Table 5.6 displays the average splitting tensile strength of the samples at 28 days. The
Young‟s modulus value of concrete specimens at the end of 28 days was approximately
about 28Gpa.
Table 5.6: Young’s modulus of slag aggregate concrete at different volume fractions of
steel fibres for 28days:
S. No

Mix ID

Young‟s modulus (Gpa)

1

SLA50%SF0.5%

26.21

2

SLA50%SF1.0%

27.18

3

SLA50%SF1.5%

28.36

modulus(Gpa)Young's

30

20

10
SLA50%SF0.5%

SLA50%SF1.0%
SLA50%SF1.5%

MIX ID

Figure 5.6: Young’s modulus of the SSAC at 28 days
From the table 5.6 and figure 5.6 it was observed that the Young‟s modulus value of the steel
slag aggregate concrete increases with the increase in the volume fraction % of the steel
fibres .It is found that the maximum Young‟s modulus value of the slag aggregate concrete
was 28.36 GPa for SLA50%SF1.5% concrete mix.
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5.7 Ultimate load bearing capacity of RCC beams:
Table 5.7: Load and Deflection values for RCC beams at different volume fractions of
steel fibres:
Load (KN)

Deflections (MM)
CC

SLA50%SF0.5%

SLA50%SF1.0%

SLA50%SF1.5%

5

0.22

0.06

0.16

0

10

0.26

0.06

0.28

0

15

0.30

0.12

0.32

0.15

20

0.38

0.25

0.50

0.22

25

0.48

0.46

0.72

0.39

30

0.60

0.69

0.96

0.54

35

0.80

0.96

1.10

0.78

40

1.10

1.24

1.42

1.04

45

1.20

1.56

1.68

1.28

50

-

1.69

1.92

1.59

55

-

1.82

2.10

1.95

60

-

-

2.56

2.70

70
60

Load(KN)

50
40
C
C

30

SLA50%SF0.5%

20
10
0
0

0.5

1

1.5

2

2.5

Deflection(mm)
Fig 5.7(a) Load – Deflection curves for CC vs SLA50%SF0.5%
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70
60

Load(KN)

50
40
C
C

30

SLA50%SF1%

20
10
0
0

1

2

3

Deflection(mm)
Fig 5.7(b) Load – Deflection curves for CC vs SLA50%SF1.0%

70
60

Load(KN)

50
40
CC

30

SLA50%SF1
.5%
20
10
0
0

1

2

3

Deflection(mm)
Fig 5.7(c): Load – Deflection curves for CC vs SLA50%SF1.5%
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Table 5.7.1 Initial and ultimate load for different volume fractions of steel fibres:

Type of fibre

Normal

Mix ID

Initial Cracking

Ultimate

Load (KN)

Load (KN)

CC

19.6

47.7

SLA50%SF0.5%

28

59.1

SLA50%SF1.0%

30

61.5

SLA50%1.5%

36

63.5

Concrete

Steel fibres

40
35

load(KN)Initial cracking

30
25
20
15
10
5
0
CC

SLA50%SF0.5%
SLA50%SF1.0%
Mix ID

SLA50%1.
5%

Figure 5.7.1(a): Initial cracking load of RC beams
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It is found that the initial cracking load of the RC beam s delayed with the increase in the
volume fraction of the steel fibres when compared to the control concrete beam.

7
0

Ultimare load(KN)

6
0
5
0
4
0
3
0
2
0

10
0
Mix ID

Figure 5.7.1(b): Ultimate load bearing capacity of RC beams
It was found that the ultimate load bearing capacity of the steel slag aggregate concrete
beams increased with the increase in the volume fraction of steel fibres. The maximum
ultimate load bearing capacity of the SSAC beams was 63.5KN for the SLA50%SF1.5%
concrete mix.

Figure 5.7: Crack patterns for RC beams of SSAC
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CHAPTER VI
CONCLUSIONS

6.1 Summary
The main objective of this study was to study the behaviour of concrete and changes in the
properties of concrete with steel slag aggregates by replacing the use of natural aggregates.
Steel slag is a by-product and using it as aggregates in concrete will might prove an
economical and environmentally friendly solution. The demand for aggregates is increasing
rapidly and so as the demand of concrete. Thus, it is becoming more important to find
suitable alternatives for aggregates in the future. A through literature review was conducted to
study and investigate the properties of steel slag aggregates. The results showed that it has
properties similar to natural aggregates and it would not cause any harm if incorporated into
concrete. A comparison was made between concrete having natural coarse aggregates and
concrete with various percentages of steel slag aggregates replaced by volume. The results of
this research were encouraging, since they show that using steel slag as coarse aggregates in
concrete has no negative effects on the short term properties of hardened concrete.
The results of the research program can be summarized as follows:
1. From the compressive strength findings optimum replacement level of the steel slag
aggregate was found to be 50%.
2. Steel slag aggregate concrete attains the maximum compressive strength of 40.3 MPa
which was slightly higher than the control concrete.
3. When steel slag was used as coarse aggregate replacement the compressive strength
of the steel slag aggregate concrete was increased by 6% when compared to control
concrete.
4. The slight improvement in strength may be due to shape, size and surface texture of
steel slag aggregates, which provide better adhesion between the particles and cement
matrix.
5. When the steel fibres were added to the optimum replacement level of steel slag to
produce steel slag aggregate concrete, it was observed that the compressive strength
reached 52.1MPa for SLA50%1.5%.
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6. Maximum flexural strength of the steel slag aggregate concrete was 7.62 MPa for the
SLA50%SF1.5% mix.
7. Young‟s modulus value for the steel slag aggregate concrete was found to be
26.27GPa for SLA50%SF1.5% mix.
8. Split tensile strength of the steel slag aggregate concrete was found to be 5.98 MPa
for the SLA50%sSF1.5% mix.
9. It was observed that the increase in the volume fraction of steel fibres increases the
compressive strength, split tensile, Young‟s modulus and flexural strength of the steel
slag aggregate concrete.
10. The initial cracking load of the RC beams of slag aggregate concrete delayed with the
increase in the volume fraction of steel fibres when compared to the control concrete
beam.
11. The ultimate load bearing capacity of the RC beams increased at the percent fo34%
with the increase in the volume fraction of the steel fibres when compared with the
control concrete beam.
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SCOPE OF FUTURE WORK



A much more extensive field study on a concrete structure made with steel slag
aggregates used in the mixture should be conducted and changes in durability and
mechanical properties should be investigated. 





Further investigation on resistance of concrete with steel slag aggregates to attack by
sulphates, alkali silica reactions, carbonation, sea water attack, harmful chemicals and
resistance to high temperatures are needed. 





The behaviour of steel slag aggregate concrete under corrosive environments and its
fire resistance capacity should also be investigated. The results of such studies would
directly benefit the construction industry and broader use of steel slag in concrete
would improve overall properties and cost effective solution. 





It is also suggested to do Petro graphic examinations of concrete samples with steel
slag aggregates to get insight of the actual behaviour of concrete. The relationship
between entrained air and entrapped air in concrete should be studied. 








A comprehensive chemical analysis of steel slag aggregates should to be carried out
before using in construction. 

Due to presence of several dangerous heavy metals and salts in the steel slag
aggregates, leaching tests should be carried out to verify its environmental
compatibility. 
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ABSTRACT
Concrete plays a vital role in the design and construction of the
nation’s infrastructure. Almost three quarters of the volume of the
concrete is composed of aggregates. These are obtained from
natural rocks and river beds, thus degrading the rocks slowly. This
issue of environmental degradation, and need for aggregates
today demands for the usage of any other alternative source. Thus
the concept of replacement of coarse aggregate with steel slag
seems to be promising one. In this study an attempt is to be made
to use steel slag, a by-product from the steel industry used as a
replacement for coarse aggregate in concrete and find the
optimum replacement level of steel slag as coarse aggregate and
also add steel fibres to the optimum mix at different volume
fractions. M25 grade of concrete was used. Possible optimum
replacement of slag material was found to be 50%.Tests on
Compressive strength, Flexural strength, Split tensile strength,
Young’s modulus and ultimate load carrying capacity were
conducted on specimens. It was concluded that replacing some
percentage of coarse aggregate with the steel slag enhances the
strength. The results showed that replacing about 50 percent of
steel slag aggregates for coarse aggregate and addition of steel
fibres at volume fraction of 1.5% increases the strength of the
concrete when compared to the control concrete mix.
Keywords: steel slag, flexural strength, crack patterns of RC
beams of steel slag coarse aggregate, workability and compressive
strength

INTRODUCTION
Concrete is the most widely used
material
for construction all over the globe because
of its superior specialty of being mould to
any desirable shape. It is a material with

strength and durability has emerged as
the dominant construction material for
today’s infrastructures. Around five billion
tons of concrete have been used around
the world wide every year, in terms of cost
it is equivalent to 25 to 30% of the nation
budget.. India has taken a decision on
developing the infrastructural

st

development in 21 century such as high
ways, airports, ports, power projects and
tourism projects. In every construction
aspects it requires concrete, hence
concrete plays a vital role in present
scenario of construction industries. and
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the consequent energy requirement for
this processing has a serious economic
impact. More over in the alluvial plain
area, where there is no availability of
virgin aggregates, such as debris and the
rubble particles are recycled and make it
into use for new structural applications
with variable and effective economy in
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these days.

The concept of using fibers as
reinforcement is not a new one . They
have been used as reinforcement since
ancient times. Historically, horse-hair was
used in straw and mortar in mud bricks. In
1900s, asbestos fibers were used in
concrete. In the 1950s, the concept of
composite materials was came and fiberreinforced concrete was one of the
interesting topic . Once the health risks
due to asbestos were discovered, there
must be a need to find a replacement for
the substance in concrete and other
building materials. By 1960s, steel, glass
(GFRC), and synthetic fibers such as
polypropylene fibers were used in
concrete.
Research
for
new
fiberreinforced concretes continues today.
1.4 Importance of Concrete: Concrete
possess much importance because of its
property of being moulded into any
desired shape. It is strong, inexpensive,
plentiful and easy to make. It possesses
the property of versatility. Concrete is
friendly to the environment. It is virtually
all natural. It is recyclable
1.5 Properties of Concrete: Concrete is
an artificial conglomerate stone made
with
Portland
cement,
water
and
aggregates. Concrete has relatively high
in compressive strength, but significantly
low in tensile strength and are usually
reinforced with the materials that are
strong in tension. The elasticity of
concrete is relatively constant at low
stress levels but decreases at higher
stress levels as matrix cracking develop. It
has a very low coefficient in thermal
expansion and as it matures concrete
shrinks. Concrete subjected to longduration forces is prone to creep.

1.2 Steel Slag: Steel slag is a by-product
obtained either from conversion of iron
into steel in a Basic Oxygen Furnace
(BOF), or by the melting of the scrap to
make steel in the Electric Arc Furnace
(EAF). The molten liquid is an complex
solution of silicates and oxides that
solidifies on cooling and forms as

steel slag. Steel slag is defined by the
American Society for Testing and Materials
as a non-metallic product, consisting
essentially of calcium silicates and also
ferrites combined with fused oxides of
iron, aluminum, manganese, calcium and
magnesium
that
are
developed
simultaneously with steel in basic oxygen
and electric arc furnaces.
The chemical composition and
cooling of the molten steel slag have a
great effect on the chemical and physical
properties of solidified steel slag. In the
Basic Oxygen Furnace (BOF), the hot
liquid metal from blast furnace fluxes and
scrap, which contains dolomite lime (CaO)
and lime, are charged to a furnace .A
lance is lowered into converter and then
oxygen in injected with high pressure. The
oxygen then combines with lime and
removes the impurities as shown in Fig.
1.2(a). These impurities consist mainly of
carbon in the form of gaseous carbon
monoxide,
silicon,
,
phosphorous,
manganese and some iron as liquid
oxides, which then combines withlime and
dolomite lime to form steel slag. At the
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end of the refining stage, the steel which
is in the liquid form is poured into the
ladle while the slag is retained at the top
of the vessel and has been removed in
separate slag pot. This slag is now in
molten state and is then processed to
remove all the free metallic impurities
with help of magnetic separation and then
sized into construction aggregates.
Unlike the Basic Oxygen Furnace
(BOF) process, the Electric Arc Furnace
(EAF) process does not use the hot metal,
but uses the cold steel scraps. The
Charged material is heated to form a
liquid state by means of an electric
current.
The
electricity
has
no
electrochemical effect on the metal,but
also helps in making it perfectly suited for
melting scrap. During this melting
process, other metals are also added to
the steel to give the required chemical
composition. Meanwhile oxygen is blown
into the EAF to purify the steel. This slag
which floats on the surface of molten steel
is then poured off. Steel slag aggregates
are used for soil stabilization or soil
improvement material and for remediation
of industrial waste water run-off.
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1.3.Substitution with Steel
Slag (iron slag)
aggregate: The word "Iron slag" was in
since 1918”, who as NSA has promoted
the use of Blast furnace and steel furnace
slag. Blast furnace slag has been called
“All-purpose Aggregates" as it can be used
in all construction applications as either a
normal weight or light weight (expanded
or pelletized)aggregates depending on
how it was formed and processed. Blast
furnace slag is also quickly quenched by
water or air to produce granulated Blast
furnace slag.
1.4. Steel fibres: Fibers are usually used
in concrete to control cracking due to
plastic shrinkage and to drying shrinkage.
They also reduce the permeability of
concrete and thus reduce bleeding of
water. Some types of fibers produce
greater impact, abrasion, and shatter–
resistance in concrete. Generally fibers do
not increase the flexural strength of
concrete, and so cannot replace moment–
resisting or structural steel reinforcement.
Indeed, some fibers actually reduce the
strength of concrete.
The amount of fibers added to a
concrete mix is expressed as a percentage
of the total volume
of the composite (concrete and fibers),
termed "volume fraction" (Vf). Vf typically
ranges from 0.1 to 3%. The aspect ratio
(l/d) is calculated by dividing fiber length
(l) by its diameter
1.5. Scope of present study: The
original scope of this research was to
investigate the properties of concrete with
steel slag aggregates. The mechanical
properties of concrete were tested with
steel slag as replacement of coarse
aggregates, In addition to this work steel
fibres are added to the optimum
replacement level and several tests were
also carried out such as compressive
strength, split tensile strength, Young‟s
modulus. The flexural properties are also
determined
for
the
beams
with
reinforcement. For this experimentation
the percentage of the volume of natural

aggregates normally used in concrete was
replaced by steel slag. This replacement
was done in 10% increments until all
natural. To that optimum mix the steel
fibres are added at volume fractions of
0.50%, 1.00% and 1.50%.

Thus
replacing
the
natural
aggregates in concrete applications with
steel slag would lead to considerable
environmental benefits and at the same
time the strength properties of the
concrete is increased and would be
economical.
1.6. Objective of the present study:
To determine the mechanical properties
of the fibre reinforced concrete using
steel slag as a coarse aggregate
replacement such as,


Compressive strength of the slag
aggregate
concrete 



 Flexural strength of the slag
aggregate
concrete 







Split tensile strength of the slag
aggregate



Young‟s modulus of
aggregate

concrete 

slag

concrete 



 To determine the initial crack load
and
Ultimate load carrying capacity in RC
beams 


2.1

MATERIALS USED
This chapter provides the overview
of

program remained the same and only the
proportions were varied. The watercement ratio of 0.5 was maintained
constant during the course of the research
program.
Raw materials required for the
concrete in the present work are:

Cement






Fine aggregates



Natural coarse




aggregates



Steel slag aggregates










Steel fibre (SF)





Water





2.1 Cement : Ordinary Portland cement
53 grade conforming to IS:12269 has been
used in this experimental study. The
physical
properties
and
chemical
properties of the cement are shown in
table 2.1(a) and 2.1(b)
Table: 2.1(a) Chemical properties of
cement
Constituent

Composition (%)

Lime (CaO)

60 to 67%

Silica (SiO2)

17 to 25%

Alumina (Al2O3)

3 to 8%

materials used for this research. All the
materials used during the research
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Iron oxide (Fe 2O3)

0.5 to 6%

Magnesia (MgO)

0.1 to 4%

Sulphur trioxide (SO3)

1 to 3%

Soda and/or Potash
(Na 2O+K 2O)

0.5 to 1.3%

Grade of cement
Minimum
Compressive

53 Grade

2

Strength, N/mm
3 day
7 day
28 day
Initial setting time
Final setting time

27
37
53
92 minutes
195 minutes

Table 2.1(b) Physical properties of fine
aggregate
S. No
Property
Value
1
2

Specific gravity
Fineness modulus

2.74
8.83

3

Nominal
maximum
size

20 mm

2.2. Fine Aggregates: The size of the
fine aggregate is below 4.75mm. Fine
aggregates
can
be
natural
or
manufactured.
The
grade
of
the
aggregates must be same throughout the
work. The fine aggregate shall consist of
natural sand or other inert materials with
similar characteristics, or combinations
having hard, strong, durable particles. The
use of concrete is being constrained by
urbanization,
zoning
regulations,
increased
cost
and
environmental
concern.
Locally available sand conforming
to grading as zone-II of table 4 according
to the IS: 383-1970 has been used as
fine aggregate in this experimentation.
2.3 Coarse aggregates
2.3.1 Natural coarse aggregates: The
material whose particles are of size are
retained on IS sieve of size 4.75mm is
termed
as
coarse
aggregate
and

containing only so much finer material
as is permitted for the various types
described in IS: 383-1970 is considered
as coarse aggregate. The properties of
aggregate greatly affect the durability

and structural performance of concrete.
Aggregate was originally viewed as an inert
material dispersed throughout the cement
paste largely for economic reasons. It is
possible, however, to take an opposite view
and to look on aggregate as a building
material connected in to a cohesive whole by
means of the cement paste, in a manner
similar to masonry construction.
The coarse aggregates that are used
in this experimental investigation are of
20mm size, crushed and angular in shape.
Crushed aggregate available from local
sources has been used.
Table 2.3.1: Physical properties of
Natural Coarse Aggregate
S. No
Property
Value
1
Specific gravity
2.57
2
Fineness modulus
2.46
4
Grading
Zone-II
2.3.2 Steel Slag aggregates: Slag is a coproduct of the iron and steel making process.
Iron cannot be prepared in the blast furnace
without the production of its co-product,
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blast furnace slag. Similarly, steel cannot
be prepared in the basic oxygen furnace
(BOF) or in an electric arc furnace (EAF)
without making its co-product, steel slag.
The use of steel slag aggregates in
concrete by replacing natural aggregates
is a most promising concept. Steel slag
aggregates are already being used as
aggregates in asphalt paving road mixes
due
to
their
mechanical
strength,
stiffness, porosity, wear resistance and
water absorption capacity.
. Steel slag is currently used in bituminous
asphalt paving, the manufacture of
Portland
cement,
and
in
roadway
construction as a base course, along with
some agricultural applications. The only
potential
problem
with
steel
slag
aggregate is its expansive characteristics
and undesirable reactions between slag
and components of concrete. This might
be a perception, but most of the
information is anecdotal in nature rather
than documented in published research
studies. The chemical and physical
properties of the steel slag are given in
the below tables 2.4.2(a) and 2.4.2(b)
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determine the strength properties of the
slag aggregate concrete.

Steel slag aggregates
Table: 2.3.2(a) Chemical Composition
of steel slag:
Constituent

Composition (%)

CaO

40– 52

SiO2

10 -19
10– 40

FeO
(70 - 80% FeO,
20 30%
Fe2O3)
MnO

5– 8

MgO

5 -10

Fe

0-5

Al 2O3
P 2 O5

1– 3
0.5 - 1

S
<1
Table: 2.3.2(b) Chemical Composition
of steel slag:
Property
Steel Slag
Specific gravity

3.1

Crushing strength

29.8%

Impact strength

26.8%

2.4.Steel Fibres: The dimensions of the
steel fibres are of length 30mm and
diameter of 0.5mm with the L\d ratio of 60
and are of crimped type. The steel fibers
are used at different volume fractions
such as 0.5% , 1% and 1.5%. Steel fibres
are added to the optimum replacement
mix in the slag aggregate concrete to

Elastic modulus (GPa)

210

Density

7850(kg/m )

Cross section

Fig: 2.4. Steel fibres
The properties of the steel fibres
used in this study are given in the
table
Table: 2.5 Properties of steel fibres
Properties
Description
Diameter(mm)
Length(mm)
Aspect ratio
Ultimate tensile
strength
(MPa)
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0.5
30
60

900

3

Crimped

2.6 Water: Water is required for the
purpose of hydration of cement and to
give workability during mixing and
furthermore setting of concrete. For this
study convenient water with pH7 and
adjusting to the determinations of IS4562000 is utilized for cementing and
additionally curing of the specimens.
Portable water available in laboratory is
used in this study.
3.Experimental program
3.1 Overview: The main objective of this
research was to utilize the steel slag
aggregate in theconcrete mixture and
identify the mechanical and flexural
properties
of
the
mixture.
The
experimental study started by replacing
the percentage of the volume of natural
aggregates,
normally
used
in
the
manufacture of concrete , with steel slag
in
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increments of 10% until all the natural
aggregates were replaced by the steel
slag to find the possible optimum
replacement level for the steel slag in
concrete. And to that possible optimum
replacement level the steel fibres are
added at different volume fractions such
as 0.50% , 1.00% and 1.50% and identify
the strength properties of the concrete.
Table showing the results of
workability of SSAC

S. No

%
Replaceme Slump
Mix ID
nt
value
steel slag

(mm)

1

CC

0

160

2

SLA20%

20

150

3

SLA40%

40

140

4

SLA60%

60

135

5

SLA80%

80

120

6

SLA100%

100

115

hours
before
the
specimens
were
demoulded and placed in curing tank. The
specimens with and without fiber were
cured in the tank for 7 and 28days

SLA10

W/Cratio

Steelslagaggregate(Kg/m

Cementcontent(Kg
/m

3)

)
3

3

(Kg/m

Coarseaggregate

Mixture
CCM

Fineaggregate(Kg/m

)

3

)

3.2. Concrete mix proportions for
samples: From the above concrete mix
proportions the ideal mix is to be known
after conducting the compression test on
the cube specimens for 7 days and 28
days.

691

1170

0

380

0.5

691

1053

117

380

0.5

%
SLA20
%
SLA30
%

691

936

234

380

0.5

691

819

351

380

0.5

SLA40
%
SLA50
%
SLA60
%
SLA70
%
SLA80
%
SLA90
%
SLA10
0%

691

702

468

380

0.5

691

585

585

380

0.5

691

468

702

380

0.5

691

351

819

380

0.5

691

234

936

380

0.5

691

117

1053

380

0.5

691

0

1170

380

0.5

3.4 Casting: Mix proportion of 1: 1.82: 3.1
is chosen according to its ingredients i.e,
cement, fine aggregate, coarse aggregates
and the water cement ratio is 0.50. For
every mix, 6 cubes are prepared to test,
each 3 cubes for 7 days and 28 days after
curing. Mix the cement and sand with
trowel on non-porous plate until uniform
colour is achieved. Place the coarse
aggregate in the flat surface and place the
cement sand mix upon the aggregates and
mix the entire materials thoroughly. Then
add
water
to
the
mixture.
The
water/cement ratio used in this mix is
0.50. Natural aggregate is replaced by
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steel slag accordingly in proportion of 0%,
10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% and 100% respectively. The
time of mixing shall be in any case not
less than 3 to 5 minutes. Mixing time is
the time elapsed between the water is
added to the mix and casting of cubes.
4.0 Compressive strength test for
the Optimisation of Steel slag
aggregate:

Fig: Compressive strength testing
machine

Curing of concrete specimens
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Flexural strength
testing machine Table 4.1 :
Compressive strength at 7
days
%
Compressi
Replacement
ve
Mix ID
of steel
strength
slag
(Mpa)
CC
0
27.9
SLA10%
10
31.4
SLA20%
20
33.8
SLA30%
30
32.1
SLA40%
40
33.8
SLA50%
50
38.5
SLA60%
60
26.9
SLA70%
70
24.2
SLA80%
80
21.8
SLA90%
90
19.9
SLA100%
100
19.2
Table 4.2: Compressive
strength at 28 days
compressiv
%
e
Replaceme
Mix ID
nt
strength
of steel
slag
(Mpa)
CC

0

38.1

SLA10%
SLA20%

10
20

33.6
34.1

SLA30%

30

34.3

SLA40%
SLA50%

40
50

36.4
40.3

SLA60%

60

33.1

SLA70%
SLA80%

70
80

31.6
26.9

SLA90%

90

23.7

SLA100%

100

21.6

Table 4.3: Compressive strength
of steel slag aggregate concrete
at 7 & 28 days
28
S. No
Mix ID
7 days days
SLA50%SF0.5
1
%
42.4
47.3
SLA50%SF1.0
2
%
43.6
50.1
SLA50%SF1.5
3
%
49.7
53.6
Table 4.4: Split tensile strength of
slag aggregate concrete at different
volume fractions of steel fibres at
28days
S. No

Mix ID

Split tensile
strength

1

SLA50%SF0.5%

4.15

2

SLA50%SF1.0%

5.22

3

SLA50%SF1.5%

5.98

Table 4.5: Flexural strength of slag
aggregate
concrete
at
different
volume fractions of steel fibres at
28days:
Flexural
S. No
Mix ID
strength(Mpa)
1
SLA50%SF0.5%
6.29
2
SLA50%SF1.0%
7.41
3

SLA50%SF1.5%

7.62

Table 4.6: Young’s modulus of slag
aggregate
concrete
at
different
volume fractions of steel fibres for
28days:
Young‟s
S. No
Mix ID
modulus
(Gpa)
1
SLA50%SF0.5%
26.21
2

SLA50%SF1.0%

27.18

3

SLA50%SF1.5%

28.36

Table 4.7: Load and Deflection
values for RCC beams at different
volume fractions of steel fibres:
Loa
Deflections
d
(MM)
(KN
)

CC SLA50% SLA50%SF SLA50%
SF0.5%
1.0%
SF1.5%
5

0.22

0.06

0.16

0

10

0.26

0.06

0.28

0

71

15

0.3

0.12

0.32

0.15

20

0.38

0.25

0.5

0.22
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25 0.48

0.46

0.72

0.39

30
35

0.6
0.8

0.69
0.96

0.96
1.1

0.54
0.78

40
45

1.1
1.2

1.24
1.56

1.42
1.68

1.04
1.28

50

-

1.69

1.92

1.59

55

-

1.82

2.1

1.95

60

-

-

2.56

2.7

Table5.1 : Flexural strength of slag
aggregate
concrete at different volume
fractions ofsteel fibres at 28days:
S.
Flexural
Mix ID
No
strength(Mpa)
SLA50%SF0.
1 5%
6.29
SLA50%SF1.
2 0%
7.41

The flexural strength of specimen
expressed as the modulus of
rupture (fb )
2

fb = 3Pa / bd
If crack falls outside the load point
fb = PL / bd

2

a = distance between the line of
fracture and the nearer support.
P = applied load b = width of
the specimen. d = depth of the
specimen.L = clear span of the
specimen.
Table4.8:Compressive strength
of steel slag aggregate
concrete at 7 & 28 days

S. No
1
2

Mix ID
7 days
SLA50%SF0.5
%
42.4
SLA50%SF1.0
%
43.6

28
days
47.3
50.1

Table 4.9:Split tensile strength of
slag aggregate concrete at
different volume fractionsof steel
fibres at 28days:
S. No

Mix ID

Split tensile
strength

1
SLA50%SF0.5%
4.15
2
SLA50%SF1.0%
5.22
3
SLA50%SF1.5%
5.98
SLA50%SF0.5%SLA50%SF1.0%
SLA50%SF1.5%
Split tensile strength of SSAC at 28
days

volume fractions of steel fibres for
28days:
Young‟s
modulus
S. No
Mix ID
(Gpa)

Fig: Flexural strength
Table:5.2 Young’s modulus of slag
aggregate
concrete
at
different
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1

SLA50%SF0.5%

26.21

2

SLA50%SF1.0%

27.18

3

SLA50%SF1.5%

28.36
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Figure : Young’s modulus of the SSAC at 28 days
Table : Load and Deflection values for
RCC beams at different volume fractions
of steel fibres:
Loa
d
Deflections
(KN)
(MM)
SLA50%SF
SLA50%S SLA50%S
1.
CC
F0.5%
F1.0%
5%
5
0.22
0.06
0.16
0
10 0.26
0.06
0.28
0
15
0.3
0.12
0.32
0.15
20 0.38
0.25
0.5
0.22
25
30
35
40
45
50
55
60

0.48
0.6
0.8
1.1
1.2
-

0.46
0.69
0.96
1.24
1.56
1.69
1.82
-

0.72
0.96
1.1
1.42
1.68
1.92
2.1
2.56

0.39
0.54
0.78
1.04
1.28
1.59
1.95
2.7

Figure : Initial cracking load of RC
beams Mix ID

Figure : Ultimate load bearing capacity of RC beams

Ultimate load bearing capacity
of RCC beams
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Type of
fibre

Mix ID

Normal
Concret
e
Steel
fibres

CC

SLA50%SF0.5
%
SLA50%SF1.0
%
SLA50%1.5%

Initial
Crackin
g
Ultimate
Load
Load
(KN)
(KN)
19.6
47.7

28

59.1

30

61.5

36

63.5

CONCLUSIONS
Summary

The main objective of this study
was to study the behaviour of concrete
and changes in the properties of concrete
with steel slag aggregates by replacing
the use of natural aggregates. Steel slag
is a by-product and using it as aggregates
in
concrete
will
might
prove
an
economical and environmentally friendly
solution. A comparison was made between
concrete
having
natural
coarse
aggregates and concrete with various
percentages of steel slag aggregates
replaced by volume. The results of this
research were encouraging, since they
show that using steel slag as coarse
aggregates in concrete has no negative
effects on the short term properties of
hardened concrete.
RESULT
THE FINAL RESULTS OF THE
RESEARCH PROGRAM
CAN BE SUMMARIZED AS FOLLOWS:
1. From
the
compressive
strength
findings optimum replacement level of
the steel slag aggregate was found to
be 50%.
2. Steel slag aggregate concrete attains
the maximum compressive strength of
40.3 MPa which was slightly higher
than the control concrete.
3. When steel slag was used as coarse
aggregate
replacement
the

compressive strength of the steel slag
aggregate concrete was increased by
6% when compared to control
concrete.
4. The slight improvement in strength
may be due to shape, size and surface
texture of steel slag aggregates, which
provide better adhesion between the
particles and cement matrix.

5. When the steel fibres were added to
the optimum replacement level of steel
slag to produce steel slag aggregate
concrete, it was observed that the
compressive strength
reached 52.1MPa for SLA50%1.5%.
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A much more extensive field study on a
concrete structure made with steel slag
aggregates used in the mixture should be
conducted and changes in durability and
mechanical
properties
should
be
investigated.
Further investigation on resistance of
concrete with steel slag aggregates to
attack by sulphates, alkali silica reactions,
carbonation, sea water attack, harmful
chemicals
and
resistance
to
high
temperatures are needed.
The behaviour of steel slag
aggregate
concrete
under
corrosive
environments and its fire resistance
capacity should also be investigated. The
results of such studies would directly
benefit the construction industry and
broader use of steel slag inconcrete would
improveoverall
properties
and
cost
effective solution.
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