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Abstract - 4s we all know that natural resources of

construction materials like sand are going on decrease day
by day due to increase in construction works. So, we have to
select an alternative for this problem. We select copper slag
as one of alternative. It is a glossy substance which a by-
product obtained from smelting and refining of copper. By
using this we can eliminate cost of disposal and we can
reduce the cost of construction also. In this investigation
strength of M20 concrete taken. Workability tests such as
slump test, compaction factor test and vee-bee consistency
tests were conducted on the fresh concrete. Whereas
compressive strength, tensile strength, flexural strength and
sorptivity tests were evaluated to determine the durability
properties of hardened concrete. The concrete mixture
included cement (OPC), fine aggregate, coarse aggregate
and copper slag. The percentage of cement, water and
coarse aggregate kept constant within the mixture, while
the % of copper slag as a replacement for sand varied from
0% to 50%. Compressive strength test was conducted for
specimens at 7, 14 and 28 days of curing of concrete.
Whereas tensile strength, flexural strength and sorptivity
tests were after 28 days. Finally we represent the obtained
results in graph and then comparing those results with the
conventional concrete. From those comparative studies

were noticed that optimum % of dosage of copper slag.

Key words: copper slag, slump test, tensile strength,
flexural strength, sorptivity.

1. INTRODUCTION:

Concreteis acomposite material composed mainly

of water, aggregate, and cement. Often, additives and
reinforcements (such as rebar) are included in the mixture
to achieve the desired physical properties of the finished
material. When these ingredients are mixed together, they
form a fluid mass that is easily moulded into shape. Over
time, the cement forms a hard matrix which binds the rest
of the ingredients together into a durable stone-like

material with many uses.

We know that concrete is mixture of cement, fine
aggregate and coarse aggregate with designed w/c ratio.
Generally fine aggregate used as sand, and coarse
aggregate used as crushed stone etc..,

Copper slag is a by-product obtained during the
matte smelting and refining of copper. Currently, about
2600 tons of Copper slag is produced per day and a total
accumulation of around 1.5 million tons. To produce every
ton of copper, approximately 2.2-3.0 tons copper slag is
generated as a by-product material. Utilization of copper
slag in applications such as Portland cement substitution
and/or as aggregates has threefold advantages of
eliminating the costs of dumping, reducing the cost of

concrete, and minimizing air pollution problems.

2. LITERATURE RIVIEW:
Concrete is one of the most versatile building materials.
Some of the journals referred for this project and present

their results and observations. Suresh reddy s and
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kishore kumar [26] investigate on concrete made of
copper slag replacing sand up to 50% were used to study
the strength parameters, compressive strength, split
tensile strength and flexural strength of both M30 and
M40 grade of concrete mixes. The compressive strength,
split tensile strength and flexural strength of concrete mix
increases marginally up to 40% replacement of sand by
copper slag the age of both 28 and 56 days. No additional
catalyst/plasticizers have been used.

R.R.Chavan and D.B.Kulkarni[27] gave report on their
experimental study on the effect of using copper slag as a
replacement of fine aggregate on the strength properties.
For this research work, M25 grade concrete was used and
tests were conducted for various proportions of copper
slag replacement with sand of 0 to 100% in concrete.
Maximum Compressive strength of concrete increased by
55% at 40% replacement of fine aggregate by copper slag,
and up to 75% replacement, concrete gain more strength
than control mix concrete strength. D.Brindha and
S.Nagan[28] have studied on durability of copper slag
admixed concrete they told that Utilization of industrial
soil waste or secondary materials has encouraged in
construction field for the production of cement and
concrete because it contribute to reducing the
consumption of natural resources.. For their research
work, M20 grade concrete was used and tests were
conducted for various proportions of copper slag
replacement with sand of 0 to 60%, cement of 0 to 20% in
concrete A.S. Alnuaimi [17] carried out his research
work on Effects of Copper Slag as a Replacement for Fine
Aggregate on the Behavior and Ultimate Strength of
Reinforced Concrete Slender Columns. The results showed
that Replacement of up to 40% of the fine aggregate with

CS caused no major changes in concrete strength, column

failure load, or measured flexural stiffness (EI).

D.BRINDHA and S.NAGAN [29] has studied on Utilization
of Copper Slag as a Partial Replacement of Fine Aggregate

in Concrete and they said that Sustainability and resource

efficlency are becoming increasing important issues
within today’s construction industry. The percentage
replacement of sand by granulated copper slag were
0%,5%,10%,15%,20%,30%,40% and 50%. The
compressive strength was observed to increase by about
35-40% and split tensile strength by 30-35%. Their
experimental investigation showed that percentage
replacement of sand by copper slag shall be up to 40%.
Meenakshi eatel [31] carried their study on Performance
of Copper slag and ferrous slag as partial replacement of
sand in Concrete. CS and FS ranging from 0% to 100%.
The results indicate that Workability increases with
increase in CS and FS percentage. Dr.A.Leema rose and
P.Suganya[32] were carried their study on Performance
of Copper Slag on Strength and Durability Properties as
Partial Replacement of Fine Aggregate in Concrete. The
main focus of this study is to find out the strength and
durability properties of concrete in which fine aggregate is
partially replaced with 10%, 20%, 30%, 40%. They
concluded that addition of copper slag in concrete
increases the density of the concrete. Srinivas C.H and
S.M Murana [33] studied on the Properties of Concrete
Containing Copper Slag as a Fine Aggregate. The results
indicate that workability increases with increases in the

copper slag percentages.

4. SCOPE AND OBJECTIVE

From detailed literature review, the following points are

evident:

The use of copper slag is necessitated in normal

concrete to achieve better results

e By using copper slag as a partial replacement in
sand we can reduce the cost of concrete.

e By using this copper slag we can reduce the water
content in mix.

e It can also be used as a replacement of cement

also.
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e According to American survey experimentally it is
proved that dumping of copper slag directly in
land it won't affect environment.

e Due to scarcity of sand in future it can replaced

with copper slag in concrete as fine aggregate.

The objectives of the work are stated below

e To develop conventional mix design methodology
for mix (20MPa).

e To evaluate the workability of concrete, tests on
fresh  properties (slump  test, vee-bee
consistometer test and compaction factor test) are
carried out.

e To determine the split tensile strength and flexure
strength of the concrete at 28 days.

e To determine the compressive strength of cubes

at 7,14 and 28 days.

To determine the Sorptivity of the cubes at 10, 20, 30, 60,
120, 180 and 360minutes

5. MATERIALS USED:
The different materials used in this investigation are:

5.1 Cement: Cement used in the investigation was 53
Grade Ordinary Portland cement confirming to IS:
12269[24] having initial and final setting time of 40 min

and 520 min respectively.

5.2 Fine Aggregate: The fine aggregate was conforming to
Zone-2 according to IS: 383[23]. The fine aggregate used
was obtained from a nearby river source. The specific
gravity was 2.62, while the bulk density of sand was 1.45

gram/c.c.

5.3 Coarse Aggregate: Crushed granite was used as
coarse aggregate. The coarse aggregate was obtained from
a local crushing unit having 20mm nominal size, well
graded aggregate according to IS: 383[23].The specific
gravity was 2.83, while the bulk density was 1.5 gram/c.c.

5.4 Water: Potable water was used in the experimental

work for both mixing and curing companion specimens.

5.5 Copper slag: The Physical and chemical properties are
given below:

Table 5.1: Chemical Composition of Copper Slag

S.No Name of Chemical | percent
compound content

1 Fe;03 68.29

2 Si02 25.84

3 Al203 0.22

4 Ca0 0.15

5 MgO 0.2

6 Na,0 0.58

7 K20 0.23

8 Mn,03 0.22

9 TiO> 0.41

10 CuO 1.2

11 LOi 6.59

12 Insoluble residue 14.88

5.6 Physical Properties of copper slag:

The slag which is used in this paper is a black glassy and
granular in nature and has a similar particle size range like
sand which indicates that it could be tried as replacement
for the sand in cementitious mixture. The specific gravity
of the slag is 3.68. The bulk density of granulated copper
slag is varying between 1.70 to 1.90 g/cc which is almost
similar to the bulk density of conventional fine aggregate.
The hardness of the slag lies between 6 and 7 in MoH

scale. This is almost equal to the hardness of gypsum.
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6. TESTS CONDUCTED

6.1 Compressive Strength Test:

One of the most important properties of concrete is the
measurement of its ability to withstand compressive loads.
This is referred to as a compressive strength and is
expressed as load per unit area. One method for
determining the compressive strength of concrete is to
apply a load at a constant rate on a cube (150x150x150
mm), until the sample fails. The compression tests
performed in this were completed in accordance with IS
standard 516 “Methods of Tests for Strength of
Concrete”[25]. For this study samples were tested for
compression testing at 7, 14 and 28 days of curing.

Compressive test machine is shown in figure 6.1.

Figure 6.1 Compressive test machines

6.2 Flexure strength Test:

Another important strength property of concrete is the
flexural strength of a concrete. Samples were tested for
flexural strength at 28 days of curing. The testing machine
apparatus used to measure the flexural strength of
concrete in this project is operated by hydraulics and has
Dial Gauge displays for monitoring the rate of loading and
the peak load on the sample at the time of failure. The
strain rate was manually controlled by turning a knob
either clockwise or counter clockwise. Universal testing

machine is shown in figure 6.2

Figure 6.2 Prism testing

6.3 Split Tensile Strength:

To find the split tensile strength of concrete, cylindrical
specimens (150mm dia x 300mm depth) were cast with
10%, 20%, 30%, 40% and 50% replacement of fine
aggregate by granulated copper slag under standard
conditions. Load is applied gradually at a uniform rate to
the cylinder without causing any sudden failure until the
dial gauge reading recedes in the reverse direction.

Compressive strength testing machine with cylinder

specimen is shown in figure 6.3.

Figure 6.3 compressive strength testing machine with

cylinder specimen

6.4 Sorptivity study:
The Sorptivity tests were carried with size of 15x15

x15cm. The preparation of samples also included water
impermeability of their lateral faces, reducing the effect of
water evaporation. The test started with the registration
of samples weight and afterwards they were placed in a

recipient in contact with a level of water capable to
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submerge them about 5 mm as shown in Fig 6.4. After a
predefined period of time, the samples were removed
from the recipient to proceed to weight registration.
Before weighing, the samples superficial water was
removed with a wet cloth. Immediately after weighting,
the samples were replaced in the recipient till reach the
following measuring time. The procedure was repeated,
consecutively, at various times such as 10 min, 20 min, 30

min, 40 min,50 min,60 min,120 min,180 min and360

minutes.

Figure 6.4 concrete specimen applying paraffin wax

for sorptivity

Because of a small initial surface tension and buoyancy
effects, the relationship between cumulative water
absorption (kg/m?) and square root of exposure time (t03)
shows deviation from linearity during first few minutes.
Thus, for the calculation of Sorptivity coefficient, only the
section of the curves for exposure period from 15 min to
72 hrs, where the curves were consistently linear, was

used.

The Sorptivity coefficient (k) was obtained by using the

following expression:

Where, W = The amount of water adsorbed in (kg);

A = The cross-section of specimen that was in

contact with water (m?);

t = Time (min);

k = The Sorptivity coefficient of the specimen

(kg/m2/min05).
6.5 Compressive strength:

The strength of concrete depends on the percentage of
sand content. The details of the 7days, 14days, 21days, and
28days compressive strengths are shown in Table 6.1. The
plots of compressive strength Vs Age of curing as shown in
Fig 6.1. Conventional concrete mix with copper slag of
10%, 20%, 30%, 40% and 50% were cast. The specimens
were tested at 7days, 14days and 28 days curing.

Table 6.1 Compressive strength at different ages in

Mpa

% of

copper | 7 days 14 days | 28 days
slag

0 29.33 30.67 34.67
10 29.33 28.00 33.56
20 25.33 30.22 34.51
30 20.44 33.11 34.62
40 28.89 34.00 34.89
50 26.89 28.00 28.44

compressive strength

40 . (@28 days
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30
£ 0
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Figure 6.1 compressive strength Vs age of curing
6.1.2 Discussion on compressive strength results:

From the Table 6.1 and Fig 6.1 were shown variation of
compressive strength in Conventional concrete with
replace of copper slag different dosages 10%, 20%,
30%,40% and 50% are added. From the tables and figures

the following observations are made

6.5.1 At 7 days curing:

All strengths of copper slag based concrete specimens are

comparable with Conventional concrete specimens.
Among all copper slag dosages 10% of copper slag
concrete given more strength and which is nearer to 40%
copper slag concrete. This indicates that gain early

strength for lower percentage dosages of copper slag.
6.5.2 At 14 days curing

All strengths of copper slag based concrete specimens are

comparable with Conventional concrete specimens.
Strength increases with increase in dosage of copper slag
upto 40%. Again decreases upto 50% which indicates that

40% of copper slag is optimum.
6.6 Split tensile strength:

The details of the 28days split tensile strengths are shown
in Table 6.2. The plots of split tensile strength Vs Age of

curing as shown in Fig 6.2

Table 6.2Tensile strength at 28 days in Mpa

% OF COPPER SLAG SPLIT TENSILE
STRENGTH IN MPa

0 2.2

10 2.21

20 2.21
30 2.23
40 2.23
50 2.26

split tensile strength @ 28 days
2.28

-

Split tensile strength in N/mm-

2.26

2.24 —

222 —— BB
52 % OF ..

218

2.16

0 10 20 30 40 50
%o of copper slag

Figure 6.2 split tensile strength Vs % of copper slag
6.6.1 Discussion on split tensile strength results:

By observing above graphs the split tensile strength is
going on increasing up to 50%.Normally the concrete is
weak in tension but the replacement of copper slag was

giving better results than the use of sand.
6.7 Flexure strength

The details of the 28days flexure strengths are shown in
Table 6.3. The plots of flexure strength Vs Age of curing as
shown in Fig 6.3.

6.3.1 Discussion on flexural strength results:

From the above graph we observed that the flexural
strength increases up to 40%, where the maximum

flexural strength is observed and after it decreases.

Table 6.3 Flexure strength at 28 days in Mpa
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FLEXURAL

HOFES STRENGTH
0 4.297
10 4.685
20 4.827
30 4.885
40 5.003
50 4.591

Flexural strength @@ 28 days

w
]

-

w

Flexure strength in N/'mm
BoBR BB
MNoR O 0

W
0

0 10 20 30 40 50
%o of copper slag

Figure 6.3 Flexural strength Vs % of copper slag
6.8 Sorptivity:

The water absorption and Sorptivity coefficient of the
specimens were observed and plotted against the square

o
mong all different percentage dosages of copper

slag, 30% and 40% have given better

performances in durability point of view.

root of time in minutes as shown in Table 6.4 and plots are

in Fig.6.4.
6.4.1 Sorptivity Coefficient Values:

From the plot 6.4, obtained the Sorptivity coefficients and
tabulated as follows in Table 6.5.

Table 6.5 Sorptivity Coefficient Values

0 y =0.026x + 0.273 0.026
10 y =0.024x + 0.249 0.024
20 y =0.030x + 0.142 0.030
30 y =0.018x + 0.287 0.018
40 y =0.024x + 0.254 0.024
50 y =0.026x + 0.395 0.026

6.5.1 Discussion on Sorptivity:

e  Wet curing specimens have more water absorption
than conventional cured specimens.

e The capillary suction of water has increased with
the increase in percentage dosage of copper slag in
conventional concrete up to 20%, after that
decreases up to 30%, again increases up to 50%.
So, 30% of copper slag given better Sorptivity co-

efficient which is nearer to 40% of copper slag.

A
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Sorptivity
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Table 6.4.Water absorption values at different time intervals

6.5 sorptivity coefficients

% of Time intervals in t%5
cs
3.16 4.47 5.48 6.32 7.07 7.75 10.95 13.42 18.97
0 0.267 | 0.400 0.400 0.400 0.533 0.556 0.578 0.667 0.711
10 0.267 | 0.333 0.378 0.400 0.489 0.489 0.511 0.622 0.667
20 0.089 | 0.178 0.222 0.400 0.533 0.533 0.533 0.533 0.622
30 0.311 | 0.311 0.311 0.489 0.489 0.489 0.489 0.489 0.622
40 0.111 | 0.378 0.422 0.467 0.489 0.511 0.556 0.600 0.622
50 0.178 | 0.467 0.556 0.711 0.711 0.733 0.733 0.756 0.778

7. CONCLUSION

e  After interpretation of results and discussions the

following conclusions are arrived.

e By adding different

conventional

concrete

%

observed

of copper slag

that

compressive strength at 7 days gain early
strength for lower percentage dosages of copper
slag. This is attributed high percent of silica, high
toughness of copper slag and better heat of

hydration
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But at 28 days gain later compressive strength for
higher percentage of copper slag i.e., 40%. It is
almost equal to conventional concrete mix. This is
attributed that copper slag has high density than
sand, so self weight of concrete is increases.

The split tensile strength of concrete increased
with increased copper slag content in concrete
and the results were more than empirical design
values and capable resisting diagonal failure in RC
elements and better than made of natural sand.
Flexure strength of copper slag is goes on
increasing and attain maximum at 40% of copper
slag in concrete at 28 days when you compared to
control mix.

Angle of internal friction of copper slag is more
than natural sand so that it can effectively resist
seismic loads and also used retained backfill.

Less water absorption is observed at 30% dosage
of copper slag in concrete which increases
durability of concrete.

From all the above tests considering finally we
observed that optimum dosage of copper slag is
40%.

Hence from this investigation it can be concluded
that copper slag is an alternative material to

natural sand as fine aggregate in concrete.
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