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ABSTRACT

This experimental research work investigates the possibility of utilizing Basic Oxygen Furnace Slag which was taken from Kalika Steel Industry Jalna
as a sand substitute in cement mortar. The natural sands which are used in this study are local Sand. In this investigation, BOFS at 0, 25, 50, 75
replacement to natural sand for constant w/c ratio of 0.5 is considered. The work is extended to 75% replacements of natural sand with BOFS and
Cement mortarmix 1:5, 1:4, 1:3 by weight were selected. The w/c ratio was taken as per standard consistency test of cement. For compressive strength
test 3 samples were tested for 7, 14 and 28 days for all the replacements. The study gave comparative results for mortar compressive strength test. The
experimental results obtained show that fully substitution of ordinary sand by slag gives better results in both the sands from this study it is observed
that BOFS could be utilized fully as alternative construction material for natural sand in mortar applications for good compressive strength result.

Keywords: - BOFS, Compressive Strength, Workability Natural Sand.

1.Introduction

In India, natural river sand (fine aggregate) is traditionally used in mortars and concrete. However, growing environmental restrictions to the
exploitation of sand from riverbeds have resulted in a search for alternative sand, particularly near the larger metropolitan areas. This has brought in
severe strains on the availability of sand forcing the construction industry to look for an alternative construction material. Thus manufactured fine
aggregates appear as an attractive alternative to natural fine aggregates for cement mortars and concrete. Manufactured sand is totally different from
natural river sand. The surface characteristics are different. Most of the artificial sand is irregular and more porous. Grading will vary over wide range
resulting in internal porosity and reduction in workability of mortar or concrete. Various types of slag from copper and steel industry are being used in
mortar and concrete.

In the developing country like India, as the construction scope is increasing tremendously, therefore the demand of the materials used for the
construction is also increasing. For the construction industry concrete is the mostimportant material. For good quality of concrete cement, fineaggregate,
course aggregate and portable water is used. And similarly in the case of mortar, the same materials are being used except course aggregate. The natural
sand, one of the most important construction materials which are located in river beds only is being used continuously and therefore the water table
level below the river bed is going down. Due to this the problems like flood, unexpected rainfall, and such natural calamities arises. So to minimize
these problems we have to reduce the use of natural sand by replacing it with manufactured sand and which is Basic Oxygen Furnace Slag(BOFS).
Basic Oxygen Furnace Slag is easily and cheaply available in India. In very huge amount BOFS is disposes of from many steel and copper industries as a
waste product. Asproduction of steel industry from last 20 years is increasing therefore the production of BOFS is increasing day by day. The nature is
facing the problem ofland disposal and also thehuman beings are going through the various diseases and hence in this critical situation we must approach
to use BOFSas material for mortar and concrete is very beneficial idea. And therefore in my project I am trying to utilize BOFS in compressive strength

test, water absorption test and drying shrinkage test.
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2. Literature Review

2.1 General

The use of sand from Natural River needs to search for an alternatives solution due to depletion of sand because of increasing demand in the larger
construction industries. Hence the construction industry has to look for an alternate construction material without losing the strength of concrete. To
meet the global demand of concrete in the future, it has become a most important job to find sustainable ways of construction. Sustainable construction
means to reduce the negative environmental impacts generated by construction industry. The rapid growth of industrialization leads to various kinds of
wastes generation which are very dangerous to our environment. Granulated oxygen furnace slags are one of the best sustainable solutions as they are
obtained as solid wastes generated by industry. Hence it reduces the solid waste disposal problem and other environmental issues.

2.2 Literature Review:

Tonut-Ovidiu Tomaa %, George Taranua, Ana-Maria Tomaa, Mihai Budescua “The present paper brings its contribution to the investigation on the use
of a new binder, in the form of anhydrous calcium sulphate, as partial replacement of the ordinary Portland cement in concrete. The eco-binder is
obtained exclusively from industrial wastes and can be entirely recycled after its expiration date. The results obtained so far show a decrease in the
flexural and compressive strengths of mortars with small replacing percentages of anhydrous calcium sulphate. However, the flexural strength increases
tremendously for higher percentages of anhydrous calcium sulphate. Slight gains in the values of the compressive strength were also observed for the
considered specimens.”[1]

L. Baali, A. Naceri*, Z. Rahmouni, M.W. NouiMehidi “This experimental study investigates the possibility to make a mortar with a ternary sand
(natural and artificial fine aggregates). This method is utilized to correct the particle size distribution of various sands used in mortar. For this
investigation, three sands have been used: dune sand (DS), a slag sand (SS), and brick sand (BS) at Different proportions in mortar. The results
obtained show that the mechanical strength on mortar depends of the nature and particle size distribution of sand studied. The reuse of this recycled
material (slag blast furnace and waste brick) in the industry would contribute to the protection of the environment. This study shows the potential of this
method to make mortar with ternary sand (natural and artificial fine aggregates) in order to improve the physical properties of sand. Utilizing natural
and artificial fine aggregates to produce quality mortar should yield significant environmental benefits.”[2]

Mohammed Nadeeml, Dr. A. D. Pofale2 “This paper highlights upon the feasibility study for the utilization of granular slag as replacement of natural
fine aggregate in construction applications (Masonry & plastering). In this investigation, cement mortar mixes 1:3, 1:4, 1:5 & 1:6 by volume were
selected for 0, 25, 50, 75 % replacements of natural sand with granular slag for w/c ratios of 0.60, 0.65, 0.70 & 0.72 respectively. The study gave
comparative results for mortar flow behaviors, compressive & split tensile strengths, brick mortar crushing & pulls strengths and their co-relations. The
study comprises of The experimental results obtained show that partial substitution of ordinary sand by slag gives better results in both the applications
i.e. masonry & plastering. The sand replacement from 50 to 75% improved mortar flow properties by 7%, the compressive strength improved by 11 to
15 % for the replacement level from 25 to 75%. At the same time brick mortar crushing & pull strengths improved by 10 to 13% at 50 to 75%
replacement levels. The co-relation between mortar compressive/split tensile strengths & brick crushing/pull strengths shows linear dependencies on
each others. The study concluded that granular could be utilized as alternative construction material for natural sand in masonry & plastering
applications either partially or fully.”[3]

Ansu John and Elson John “This paper highlights the feasibility study on the utilization of induction furnace slag as an alternative for conventional fine
aggregate. In this study the compressive strength characteristics of mortar and concrete made with partial replacement of fine aggregate using induction
furnace slag was considered. For the experimental investigation, mixes were prepared with fine aggregate replacement using 20 percent, 30 percent, 40
percent, 50 percent and 60 percent induction furnace slag. Compressive strength test on mortar and concrete were conducted and the test results
indicated that fine aggregate replacement using 30 percent induction furnace showed a better performance compared to control mix.”[4]

G. D. Ransinchung R. N.1 and Brind Kumar2 “In this study, investigations were made on pastes and mortars to evaluate its potential as a new material
for admixing with ordinary portland cement with or  without Microsilica. Several cementitious mix proportions of ordinary portland cement,
wollastonite, and microsilica were investigated for normal consistency, initial and final setting time of paste, and compressive strength of mortar.”[5]

3.Introduction of Mortar

Mortar is a homogeneous mixture, produced by intimately mixing cementations materials, water and inert materials, such as sand, for use in
binding together the masonry units. The purpose of mortar is to bond masonry units to produce a continuous load bearing element which will provide
protection from wind and rain. In order to perform for an adequate period, generally the order of decades, and the mortar must be formed of durable
materials; the requirements of a mortar can be complex in that it has to satisfy one range of parameters when plastic and a further set of parameters
when hardened.

In the plastic state, mortar must be workable in order to enable the bricklayer to spread the material easily and of a consistency for it to adhere but not
stiffen too rapidly. In the hardened state, mortar must provide a degree of resistance to rain penetration, be frost resistant & contribute to the strength of
the masonry.

A. Classification of mortar

—  Mortars could be broadly classified as:-
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—  Cement mortars,
- Lime mortars and

—  Cement lime mortars

4.Methodology

The Compressive strength of masonry mortar which was casted cured & tested as Per “IS: 2250-1981Code of practicefor preparation and use of

masonry mortars.”
A.  Preparation of Cement Mortar

—  Specimen and Moulds - The test specimens shall be cubes of size 70.6 mm x 70.6 mm x 70.6 mm.

—  Tamping Rod - A metal bar 25 mm square and 200 mm long Trowel -This shall have a steel blade 100 to 150 mmin length with straight edges.
Curing and Storage of Test Specimens

The specimen shall be tested immediately on removal fromthe curing water in which it has been stored and while it is still in a wet condition. Any
loose material shall be removedfrom the sides of the specimen. The dimensions of the specimen shall be noted before testing. The bearing surfacesof
the testing machine shall be wiped clean and the specimenshall be placed in the machine in such a manner that the loadshall be applied to opposite
sides of the cube as cast, that is, not to the top and bottom.

The load on the specimen shall be applied without shock andat a uniform rate of 2N/mm? to 6N/mm? per minute until failure occurs. The maximum
load at failure shall be noted.

B.  Calculation A-7.1

The compressive strength shall be calculated as follows:Compressive strength (N/mm?) = Maximum load at failure (N)/ Cross-sectional area (mm?)

The individual results shall be calculated to thenearest 0.05 N/mm>

The average of all the determinations shall be reported.

TEST PERFORMED ON MORTAR

A. Compressive Strength

Compressive Strength Test was done as per IS 2250-1981 ontest specimen of 70.6mm x70.6mmx70.6mm and 3 samples were tested for 7, 14, 28
days of curing.

5.Result

Sr. Mix Percent Curing Compressive
Proportion replacement Days Strength in
No. N/mm?
1. 01:05 0 7 6.841368
14 9.081816
28 10.4821
25 7 6.55
14 9.46
28 12.28
50 7 6.98
14 9.02
28 13.07
75 7 8.39
14 9.44
28 14.18
2. 01:04 0 7 8.59




International Journal of Research Publication and Reviews, Vol 3, no 3, pp 589-594, March 2022

592

14 13.24

28 14.16

25 7 9.72
14 13.22

28 15.50

50 7 13.01
14 14.26

28 20.72

75 7 16.58
14 18.26

28 23.46

3. 01:03 0 7 17.96
14 17.35

28 26.21

25 7 19.20

14 20.60

28 28.56

50 7 18.73

14 21.67

28 29.33

75 7 20.21

14 21.01

28 30.55

3. Graphical Representation of Results

Theresult for the compressive strength of 1:5 is shown below.
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Fig. 1: The result for the compressive strength of 1:5 the result for the compressive strength of 1:4 is shown below.
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Fig. 2: The result for the compressive strength of 1:4 theresult for the compressive strength of 1:3 is shown below.
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Fig. 3: The result for the compressive strength of 1:3

6.Conclusions

The following conclusions can be drawn based on the results obtained in the ETABS software.

1. The data obtained shows that the compressive strength ofcement mortar increases as the replacement level ofBOFS increases.

This trend is true for all ages of testing. .

Nk wh

progress.

Use of BOFS up to 75% can be recommended.

It is also observed that the flow of mortar decreases as the percentage of BOFS increases.

From this it is clear that BOFS can be used as an alternative to natural sand from the point of view of strength.

The study comprises of the experimental results obtainedshow that fully substitution of ordinary sand by slag gives better results.

As the sand is artificial, its long term performance from the point of view of durability is very important and further studies in this direction is in

Future Scope

1. Inthisinvestigation, at 75% BOFS replacement the mixgives maximum strength. But we have not tested the chemical properties of BOFS and therefore

the chemicalreaction of cement with BOFS is the part of investigation

Itis a free of cost in any steel industry.

nhwn

Further investigation is needed when the BOFS is available in different shapes.

Using of BOFS in reducing the environment pollution during the storage of BOFS

All knowledge shows that BOFS is best replacement of natural sand. And its help that to maintained water levelof nature.
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