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ABSTRACT
The main measure of the structural quality of concrete is its compressive
strength. This property of concrete is commonly considered in structural
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Published in compressive strength of concrete can be obtained up to 95 MPa or more.
International Commercial production of concrete with ordinarily aggregate is usually in
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the 20 to 80 MPa range with the most common ranges for cast-in-place
buildings from 20 to 40 Mpa. On the other hand, precast and pre-stressed
applications often expect the strengths of 25-55 MPa.
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Although concrete is not normally designed to resist direct tension, the
knowledge of tensile strength is used to estimate the load under which
cracking will develop. This is imputable to its influence on the formation of
cracks and its propagation to the tension side of the reinforced concrete
flexural member. Shear, torsion, and other actions also produce tensile
stresses to the particular section of concrete members. In most cases,
member behavior changes upon cracking. So the tension strength of
concrete is also considered in the proportioning concrete member. This
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strength is of interest in designing of highway and airfield slabs as shear
strength and resistance to cracking are very important to sustain such
loading. The tensile strength of concrete is relatively low, about 10 to 15%
of the compressive, occasionally 20%.
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INTRODUCTION

Generally, tests for this property are made on cylindrical
specimens of height equal to twice the diameter, such as
6x12 inches. Impervious molds of this shape are filled with
concrete during the operation of placement as specified by
ASTM C172, “Standard Method of Sampling Fresh Concrete”,
and ASTM C31 “Standard Method for Making and Curing
Concrete Test Specimens in The Field”. The cylinders are
moist-cured at about 70 degrees Fahrenheit, generally for 28
days, and then tested in the laboratory at a specified rate of
loading. The compressive strength obtained from such tests
is known as the cylinder strength and this term is mainly
used in design purposes.

The tensile strength of concrete can be measured by
radically different tests, namely flexure, direct tension and
splitting, and the resulting values of strength are not the
same. A direct application of a pure tension force, free from
eccentricity, is very difficult. A direct tension test, using bond
end plates, is prescribed by the U.S Bureau of Reclamation. In
flexural strength tests, a plain i.e unreinforced concrete
beam is subjected to flexure using symmetrical two-point
loading until failure occurs.

MATERIALS AND METHODOLOGY

The materials used in the projects for making concrete
mixture are cement, fine aggregate, coarse aggregate, copper
slag, are detailed description below.

CEMENT: Cement is by far the most important constituent of
concrete, in that it forms the binding medium for the discrete
ingredients. Made out of naturally occurring raw materials
and sometimes blended or underground with industrial
wastes. The cement used in this study was OPC 43 grades
Ordinary Portland cement (OPC) conforming to IS 10262.

Figurel Cement

The properties of cement used are given in Table.
Properties Value

Fineness of cement 6%
Grade of Cement OPC(43 grade)
Specific gravity of cement 2.90
Initial setting time 112
Final setting time 320
Normal Consistency 34%

Tablel: Properties of cement
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FINE AGGREGATE: Aggregates which occupy nearly 70 to
75 percent volume of concrete are sometimes viewed as
inertingredients in more than one sense. However, itis now
well recognized that physical, chemical and thermal
properties of aggregates substantially influence the
properties and performance of concrete. The fine aggregate
(sand) used was clean dry sand was sieved in 4.75 mm sieve
to remove all pebbles.

Figure2 Fine Aggregate

The Properties of fine aggregate are given in the table
. Table2: Properties of fine aggregate
Specific Gravity 2.44

Fineness Modulus | 2.25
Water absorption | 1.5%

COARSE AGGREGATE: Coarse aggregate is used for making
concrete. They may be in the form of irregular broken stone
or naturally occurring gravel. Material which is large to be
retained on 4.75mm sieve size is called coarse aggregates. Its
aximum size can be up to 63mm.
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Figure3 Coarse aggregate

Properties of Coarse aggregate are given below in table.

Table3: Properties of coarse aggregate
Properties Values

Specific Gravity 3.125
Size of Aggregates | 20mm
Fineness Modulus 5.96
Water absorption | 2.0%

Impact Test 15.2%
Crushing Test 22.5%

WATER: water plays an important role in the formation of
concrete as it participates in a chemical reaction with
cement. Due to the presence of water, the gel is formed
which helps in increase of the strength of concrete. Almost
any natural water that is drinkable and has no pronounced
taste or odor can be used as mixing water. Water from lakes
and streams that contain marine life are also usually
suitable. Water used for mixing and curing shall be clean and
free from injurious quantities of alkalies, acids, oils, salts,
sugar, organic materials, vegetable growth or other
substance that may be deleterious to bricks, stone, concrete
or steel. Potable water is generally considered satisfactory
for mixing.

COPPER SLAG: Copper slag is a by-product during the
copper smelting and refining process. As refineries draw
metal out of copper ore, they produce a large volume of non-
metallic dust, soot, and rock. Copper slag which is an
industrial waste obtained from smelting and refining process
of copper from Sterlite Industry Ltd., Tuticorin, and
Tamilnadu. Nearly 4 tons of copper is obtained as waste is
disposed to lands cause’s environmental impacts. So it can be
reused as concreting materials.

Figure3 Copper slag

The physical properties of copper slag are shown in Table.
Table4: Chemical properties of copper slag
Chemical Component % of chemical Compon% of
chemical Component ent

ical Component

Si02 37.26
Fe203 47.45
Al203 3.95

Ca0 2.38
Na20 0.65

K20 2.62
Mn203 0.086
Ti02 0.33

S03 2.75

CuO 1.12

METHODOLOGY

The aim of the experiment was to assess the properties of
concrete made with Fine aggregates and copper slag to study
the various important aspects such as compressive strength,
flexural strength and split tensile strength of concrete Cube
prepared by using Concrete materials and replacing copper
slag with different percentage of replacements with cement
and fine aggregate respectively. In the fresh state; the
workability parameters such as slump cone test was studied.
In the hardened state; the strength tests such as compressive
strength, split tensile strength and flexural strength were
studied. The study was carried out for mix design of Grade of
concrete-M25,M30, M35 and Design- IS 10262:2009. In this
study, a total of 270 numbers of concrete molds were cast.

Out of which 180 cubes 150%150%150 mm, and 45

cylindrical objects casted with dimensions diameter 150mm,
height-300mm and a flexural beam of 45 molds casted by

dimension 150 % 150700 mm.

The study of this project is fully based on experimental work.

In this section of the dissertation, the whole procedure or in

other words we can say step by step proceedings of

experimental work in an expressing way is framed. The
following steps are adopted during experimental work:

» To build a structure first we need to build its base or
foundations. Likewise, first of all Mix design for M25,
M30, and M35 grade of concrete is prepared according
to the “INDIAN STANDARDS CODE” IS 10262:2009.
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» In the preparation of mix design for M25, M30, M35
grade of concrete various physical properties of the
materials like specific gravity, nominal size, water
absorption capacity, fineness Modulus etc. are
required, also some other conditions like a type of
exposure to sun and water, material mixing technique
etc

» After working out the quality of different materials in
an appropriate proportion, it’s time for the selection
of materials.

» Keeping in mind the “INDIAN STANDARDS” materials
are selected i.e., aggregates Conforming/full filling the
various conditions as per IS 383:1970 and cement 53
grade OPC conforming to IS 12269:1987 are taken.

» Selected materials are mixed in a fixed proportion as per
mix design to acquire the desired strength. Sampling &
analysis of concrete is done according to IS 1199:1959.

» IS 2386 (Part 1): 1963 is used for the methods of tests
for aggregates for concrete Specifically for the shape and
size of aggregates.

» Two important tests are performed on concrete namely
1) slump cone test and 2) compaction factor test, after
preparation of mix for physical properties of concrete.

» Standard moulds of size 150 mm x 150 mm x 150 mm
are then cleaned and oiled Concrete is poured in the
moulds and different shaped reinforcements are placed
in the Moulds.

»  After 24 hrs. Concrete cubes are unbolted from moulds
and named with water-resistant paint and placed in the
curing tank filled with normal water at 27 + 2 0C for 28
days.

» At the end of 28 days curing it’s time for the final test
which gives the actual strength of concrete i.e.,
compression strength test in accordance with the
“INDIAN STANDARDS CODE” IS 516:1959 for the test of
concrete.

SIEVE ANALYSIS

This test is performed to determine the percentage of
different grain sizes contained within a soil. The sieve
analysis is performed to determine the distribution of the
coarser, larger-sized particles, and the hydrometer method is
used to determine the distribution of the finer particles. Also,
we can say sieve analysis used to determine the particle size
distribution of sand or aggregate, which we call gradation of
material. Sieve analysis of aggregates is necessary for control
of the production of concrete. Sieve analysis data is useful in
developing relationships concerning concrete porosity and
packing. Gradation of aggregates is determined from sieve
analysis, in which a representative sample of aggregate is
passed through a series of sieves and the weight retained on
each sieve - expressed as a percentage of the sample weight
- is compared with the grading limits specified.

A sieve is an apparatus - round or square in shape - with
square openings, identified either by the size (clear) of the
opening or by a number. The standard sieves for coarse
aggregate are No.4, 3/8in., %2 in,, % in, 1in,11/2 in, 2 in,,
and 2 1/2 in. The standard sieves for fine aggregate are nos.
100, 50, 30, 16, 8 and 4. The sizes of openings for these
sieves are shown in the table. It can be seen that most of the
sieves are arranged so that each has an opening size that is
one-half that of the upper or twice that of the lower sieve.
For example, the No. 50 sieve has an opening of 0.3-mm,
which is twice the size of the opening of the No. 100 sieve

(equal to 0.15-mm), and half that of the No. 30 sieve (equal
to 0.6-mm). These sieves are called full sieves. Sieves that do
not fall into this arrangement, such as 1 in and % in are
called half sieves.

DESIGN MIX

To study the effect of copper slag substitution as a
replacement for fine aggregates on the strength of cement
mortars, specimens were prepared with different
percentages of copper slag (by weight). Concrete mixtures
with different proportions of Copper slag used as a partial or
full substitute for fine aggregates were prepared in order to
investigate the effect of Copper slag substitution on the
strength normal concrete. Concrete mixtures were prepared
with different proportions of Copper slag. The proportions
(by weight) of Copper slag added to concrete mixtures were
as follows: 0% (for the control mix), 5%, 10%, 15%, 20%,
and 25%.The mix proportion chosen for this study is M25,
M30, M35 grade with water-cement ratio of 0.42-.40. In this
test total 180 Cubes of standard size 150x150x150mm and
45 Cylinders of standard diameter 150mm and height
300mm and 45 beams of size700x100x100mm were casted
and cured for 7, 14, 28 and 50 days and tested as per code IS:
516-1959. The main purpose for keeping the samples for
longer curing periods of 28 and 50days is to observe any
detrimental effect from the use of copper slag as fine
aggregate on the compressive strength and split tensile
strength of concrete.

TEST DETAILS

In order to consider the effect of partial replacement of steel
slag, the proportion of water-cement ratio, cement content,
method of curing and compaction are kept constant. Cement
is notreplaced by Copper slag because the maximum limit of
total addition of performance improver such as Copper slag,
Fine aggregates, is 5 % during the manufacturing process of
ordinary Portland cement as per IS 269-2013. The test
samples of 1: 1.81: 3.84 concrete mix (Cement: Fine
Aggregate: Coarse Aggregate) are produced with crushed
granite as coarse aggregate and river sand as fine aggregate.
Subsequent test samples are produced with fine and coarse
aggregate, progressively replaced by Copper slag at 10%
intervals, by weight, up to 50%. The water/cement ratio is
kept constant at 0.55 throughout the investigation. Three
number of 150 x 150 x 150 mm cubes are cast for each mix
and cured in water in accordance with IS 10086- 1982. The
cubes are crushed at 28 days curing age, to determine their
compressive strength. The optimum percentage of
replacement is found for each aggregate replacement. The
further test procedure is carried out to determine the
Mechanical properties such as compression, tension, flexure,
deflection of RCC and the durability test such as Rapid
chloride penetration test, Acid resistance using Hcl,
H2S04for that optimum percentage of replacement.

To measure the workability of fresh concrete, slump test is
carried out, before casting the specimens, as per IS 1199-
1959. The mold for the slump test measures bases diameter
of 200 mm, while the smaller opening at the top is 100 mm
and 300 mm in height. The slump cone is filled in three
layers, tamping each layer 25 times with a 16 mm diameter
rod to remove voids. The top surface of the concrete is
leveled off. With the cone removed, the height of the slump is
then measured.
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Among various strengths of concrete, compressive strength
has received a large amount of attention, because, the
concrete is primarily meant to withstand compressive stress.
The procedure is executed as per the IS 516- 1959, using the
universal testing machine. The load is applied gradually, till
the failure for the specimen. Splitting tests is well known
indirect tests used for determining the tensile strength of
concrete. The test consists of applying compressive line
loads along with the opposite generators of a concrete
cylinder placed with its axis horizontal between the patterns.
Due to the applied line loading, a fairly uniform tensile stress
is induced over nearly two-third of loaded diameter. Due to
this tensile stress, the specimen fails finally by splitting along
the loaded diameter. The determination of flexural tensile
strength is essential to estimate the load at which the
concrete members may crack. As it is difficult to determine
the tensile strength of concrete by conducting a direct
tension test, it is computed by the flexure test. The flexural
tensile strength at failure or the modulus of rupture is thus
determined. The computation of modulus of rupture
assumes a linear behavior of the material up to failure, which
is only arough estimation. Durability tests are performed as
per IS code clause 8.2.2.4 of IS 456 - 2000. Acid resistance
testis done by weighing the 28 days cured specimen and the
same is immersed in sulphuric acid for 90 days. The weight
difference is measured after the curing period. The
procedure is repeated for hydrochloric acid for different new
specimens.

Compressive Strength
The compressive strength on each 150x150x150 Cubic
specimen was determined in accordance with Compression
testing machine. The two ends of each specimen were
ground before testing to ensure uniform distribution of load
during the test. The diameter of each specimen was taken
before the compressive strength test. The testing was
hydraulically controlled with a maximum capacity of 2000
KN. The load was applied to the specimen at a constant
loading rate of 0.5 N until complete failure occurred. The
outputs of the load cell from the testing machine were
connected to a data acquisition system, which records the
data during the test. The maximum load is recorded and the
compressive stress computed by dividing the maximum load
by the cross-sectional area of the specimen. The type of
fracture was also recorded. The figure shows a cube in the
testing machine before the test.

Figure5 Compression test machine

Flexural Strength Test

The flexural strength test was run in accordance with
Universal testing machine (UTN) on 150x150x700mm beam
specimen at each age and the average strength was
computed. Before testing, the two loading surfaces were

ground evenly by using a grinding stone to ensure that the
applied load was uniform. The flexural strength was
calculated according to the type of fracture in the beam as
follows:

Figure6 Flexural test setup

The figure shows a typical setup of the beam during testing.
If the fracture initiates in the tension surface within the
middle third of the span length, then modulus of rupture is
calculated as follows:
R PL
bd:
Where R =modulus of rupture (mm?);
P = maximum applied load indicated by the
testing machine (N);
L = span length (mm);
b = average width of the specimen (mm) at the
fracture; and
d = average depth of specimen (mm) at the
fracture.

If the fracture occurs in the tension surface outside of the
middle third of the span length by not more than 5% of the

span length, then modulus of rupture is calculated as follows:
3Pa

R =
bd*

Where R =modulus of rupture (mm?3);

P = maximum applied load indicated by the
testing machine (N);

a = average distance between the line of
fracture and the nearest support measured on
the tension surface of the beam (mm);

b = average width of the specimen (mm) at the
fracture; and

d = average depth of specimen (mm) at the
fracture.

If the fracture occurs in the tension surface outside of the
middle third span length by more than 5% of the span
length, discard the results of the test. The figure shows a
typically failed beam specimen after the flexural test.

Figure7 Beam Specimen Failure
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Splitting Tensile Strength Test

The splitting tensile strength of concrete was run in
accordance with Indian Standard on cylindrical specimens
(150%x300mm). Four lines were drawn along the center of
the cylinder to mark the edges of the loaded plane and to
help align the test specimen before the application of load.
The figure shows a typical setup of the cylinder during
testing. A strip of wood, 3-mm thick and 25-mm wide, was
inserted between the cylinder and the platens; this helped
the applied force to be uniformly distributed. The load was
applied and increased under a controlled rate until failure by
indirect tension in the form of splitting along vertical
diameter took place.

—— -—‘-‘ S r——
Figure8 Splitting tensile setup

The figure shows a typical failed sample. The splitting tensile
strength of a cylinder specimen was calculated using the
following equation:

2P

=
mlD

Where T = splitting tensile strength of cylinder (mm?);
P = maximum applied load (N);
L = average length of cylinder (mm); and
D = average diameter of cylinder (mm).

Conclusion:

In order to consider the effect of partial replacement of steel
slag, the proportion of water-cement ratio, cement content,
method of curing and compaction are kept constant. Cement
is not replaced by Copper slag because the maximum limit of
total addition of performance improver such as Copper slag,
Fine aggregates, is 5 % during the manufacturing process of
ordinary Portland cement as per IS 269-2013. The test
samples of 1: 1.81: 3.84 concrete mix (Cement: Fine
Aggregate: Coarse Aggregate) are produced with crushed
granite as coarse aggregate and river sand as fine aggregate.
Subsequent test samples are produced with fine and coarse
aggregate, progressively replaced by Copper slag at 10%
intervals, by weight, up to 50%. The water/cement ratio is
kept constant at 0.55 throughout the investigation. Three
number of 150 x 150 x 150 mm cubes are cast for each mix
and cured in water in accordance with IS 10086- 1982. The
cubes are crushed at 28 days curing age, to determine their
compressive strength. The optimum percentage of
replacement is found for each aggregate replacement. The
further test procedure is carried out to determine the
Mechanical properties such as compression, tension, flexure,
deflection of RCC and the durability test such as Rapid
chloride penetration test, Acid resistance using Hcl,
H2S04for that optimum percentage of replacement.
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