ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

’ . International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)
4"V \/ol. 3, Issue 9, September 2016

Study on Strength and Durability of
Concrete Using Copper Slag as a Partial
Replacement of Fine Aggregate

K.Thangaselvi
Assistant Professor, SCAD College of Engineering and Technology, Cheranmahadevi, Tamil Nadu, India.

Abstract: In this experimental study is made on the compression strength, split tensile strength and flexural of concrete on
partial replacement of fine aggregate by copper slag .Copper slag is the waste material from industry that generates
approximately 2.5% tons of copper slag possesses the problem of disposal of waste and is of environmental concern. The
demand for aggregates in concrete in construction industry is increasing rapidly and so is the demand for concrete. Thus it
is becoming more important to seek suitable alternatives for aggregates in the future. This whole study includes that the
replacement of fine aggregate by copper slag for different proportions of 0%,20%,30%,40%,50% and for a M40 grade of

concrete will be used for a water cement ratio of 0.40.
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I. INTRODUCTION

Concrete is a composite material composed of
granular materials like coarse aggregate and fine aggregate
as embedded in a matrix and bound together with cement as
a binder which fills the space between the particles and glues
them together. Concrete is the most preferred and the single
largest building material used by the construction industry.
Due to the over usage of sand in construction field there is a
scarcity of sand. In order to fill the lacking of fine aggregate,
copper slag can be used as a partial replacement of fine
aggregate in concrete. Copper slag is an industrial by-
product obtained during the matte smelting and refining of
copper.  The molten copper forms at the bottom of the
furnace, while water or left in the air to cools. Sterlite
Industries, Tamilnadu produces 0.4 million tons of copper
every year. When one ton of copper is produced, 2.2 to 3
tons of copper slag is generated. Therefore, in Sterlite
industries, 0.8 million tons of copper slag is generated every
year (Brindha D. et. al., 2010). It is assumed that about 25
million tons of copper slag is generated in India every
year[6]. Copper slag is glassy in nature and has a similar
particle size range to sand, indicating that it could be used as
a replacement for the sand. Since copper has high specific
gravity so it is stable and durable. Fine powered copper slag
can be used for the replacement of cement.

Il. RELATED WORK

Alnuaimi (2012) studied the use of copper slag as a
replacement of fine aggregate in RC slender columns. The
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percentage of fine aggregate was replaced from 0%, 20%,
40%, 60%, 80%, 100% using copper slag. Twenty columns
of size 150 mm x150 mm x 2500 mm were tested under
monotonic axial compression load until failure. Five cubes
of size 100 mm x100 mm x100 mm, eight cylinders of size
150 mm x 300mm and five prisms of size 100 mm x 100
mm x 500 mm were cast and tested for each mixture to
determine the compressive, tensile and flexural strengths of
the concrete respectively. The results showed that the
replacement up to 40% of fine aggregate with copper slag
caused no major changes in concrete strength and further
increasing the percentage reduced the concrete strength and
column failure load and increased concrete slump, lateral
deflections and vertical deflections of the column.

Ilangovan and Meenakshi Sudarvizhi (2011)
reported in their paper, the highest compressive strength
obtained was 46MPa for 100% replacement of fine
aggregate by Copper Slag and Ferrous Slag and the
corresponding strength for control mix was 30MPa. It has
been observed that up to 80% replacement, copper slag and
ferrous slag can be effectively used as replacement material
for fine aggregate. The results showed that the compressive
strength of copper slag and ferrous slag concrete increased
when compared with control concrete (30.23MPa to
46.18MPa cured at 90 days), whereas the increased strength
was more or less same for different percentage of copper
slag &ferrous slag. The results showed that the split tensile
strength of copper slag and ferrous slag concrete increased
when compared with control concrete (6.10 MPa to 8.65
MPa cured at 90 days), whereas the strength increased was
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more or less same in different percentage of copper slag and
ferrous slag in concrete.

I11. MATERIALS AND PROPERTIES

Ordinary Portland cement from Chettinad Cement
Company of grade 53 was used for this study which has the
fineness 3%, Specific gravity 3.15, Consistency 30%, Initial
setting time 36min and Final setting time 270 min. The
physical properties of materials are tabulated in tablel.

Table 1 Physical properties of materials

Material Fine Coarse Copper
aggregate | aggregate | slag

Specific 2.6 2.85 3.718

gravity

Water 0.9 0.4 0.4%

absorption

(%)

Bulk 1589.30 1452 1988.5

density kg/m3

(kg/m®)

Moisture 25 0.26 0.16%

content

(%)

Fineness 3.10 3.06 4.42

modulus

IV.METHODOLOGY

The basic tests are conducted on various materials
like OPC53 grade cement, fine aggregate, coarse aggregate
and copper slag to check their suitability for making
concrete. The mix proportions of concrete are modified for
using copper slag as a partial replacement of fne aggregate.
The cubes were cast by replacing fine aggregate with 0%,
20%, 30%, 40% and 50% of copper slag. Specimens are cast
as per mix design and the tests are conducted after proper
curing, the tests are compressive strength of cubes (150mm
x 150mm x 150mm), split tensile strength of cylinders
(150mm x 300mm) and flexural strength of prisms (100mm
x 100mm x 500mm). From the studies, optimum results are
found out and compared with the control concrete.

V. MIX PROPORTION

Based on the simplified mix design procedure as
per 1S 10262:2009, a concrete mix proportions with
characteristic compressive strength of 40Mpa was designed
and the mix adopted for the study is given in Table 2.
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Table 2 Mix proportion

Cement | Water | Fine Coarse
Aggregate | Aggregate
kg/m?® | 493 197.2 | 639.038 1198.197
Ratio | 1 0.4 1.296 2.430

V1. TEST RESULTS AND DISCUSSION

The test results of slump, compressive strength,
split tensile strength and flexural strength obtained from the
experimental study are given in the form of graph and made
discussion also.

A. Slump test

Slump test is conducted on fresh concrete of
different mix proportions. The obtained slump value for
normal concrete is 50 mm. This indicates medium
workability.

Fig.1 shows the variation of slump value of
concrete using copper slag. From the graph it is observed
that in concrete, percentage of copper slag increases, it
increases the workability.
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Fig.1 Variation of slump value of concrete using copper slag
B. Compressive strength
Concrete cubes of size 150 mm X 150 mm X 150
mm were prepared and the specimen is cured, it is tested for
compressive strength. The maximum load at failure reading
was taken.
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Fig.2 Compressive strength of concrete using copper slag at 7& 28"
day

Fig.2 shows the compressive strength of concrete
using copper slag at 7" and 28" day. The results showed that
the compressive strength of concrete is increased as copper
slag quantity increases in concrete up to 40%, beyond that
compressive strength was decreases due to increases free
water content in the mixes. The excessive free water content
in the mixes with copper slag content causes the bleeding
and segregation in concrete. Therefore, it leads reduction in
the concrete strength. The highest compressive strength was
achieved at 40% replacement of fine aggregate with copper
slag, which was found about 46.07 N/mm2 which is more
than 30% compared to the control mix.

C. Split tensile strength

Concrete cylinders of diameter 150 mm and height
300mm were casted and the specimen is cured, it is tested
for split tensile on 28" day. The maximum load at failure
reading was taken.
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Fig.3 Split tensile strength of concrete using copper slag at 28" day
Fig.3 shows the split tensile strength of concrete
using copper slag at 28" day. The split tensile strength of

All Rights Reserved © 2016 IJARTET

ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)

concrete showed similar behavior to the compressive
strength. The results showed that the split tensile strength is
increased upto 40% replacement of fine aggregate using
copper slag, beyond that the split tensile strength value
reduced but it more than the split tensile strength of control
mix. The results showed that the replacement of fine
aggregate using copper slag in concrete increases the tensile
strength of about 25.60 % with that of control mixture.

D. Flexural strength

The flexural strength test for beam specimen having
the size 0f100 x 100 x 500 mm was casted and cured at 28
days. It was kept horizontally between the loading surfaces
of a universal testing machine and the load was applied until
failure of the beam. The failure load was noted and shorter
length from crack to support strength was measured.

Fig.4 shows the flexural strength of concrete using
copper slag at 28" day. From the results, it is observed that
optimum strength is obtained at 40 % replacement of sand
with copper slag. The increased in strength is about 21.90%.
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Fig.4 Flexural strength of concrete using copper slag at 28™"
day

VII. DURABILITY TEST RESULTS

A. Sulphate attack test

The 150mm of cubes were immersed in the 5% of
MgSO: solution for 28 days and found that the percentage
loss in weight and compressive strength of concrete cubes.
The result of the test showed that concrete containing copper
slag has good resistance to sulphate attack. The loss in
weight and compressive strength of concrete with 40% of
copper slag was lower than control concrete. The percentage
of loss of compressive strength of conventional concrete is
0.58% and percentage of loss in weight by 2.9% when
compared with the concrete containing copper slag. The
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concrete cube containing copper slag resist the sulphate
attack when compared to the control concrete. Table 3
shows the percentage of weight loss and strength loss in
sulphate resistance test.
Table 3 Percentage of loss in weight and compressive
strength due to Sulphate attack

Loss in
compressive
strength (%)

Loss in
weight (%0)

Specimen

Conventional 5.56 4,78
cube
Cube contain 3.24 2.78
40% of copper
Slag

B. Acid Resistance test

The acid resistance test was conducted in 150mm
cubes by immersing in 5 % of Hydrochloric acid solution for
28 days. Then the weight loss and compressive strength
were determined for the cubes. From the result, it was
observed that the concrete having copper slag has good acid
resistance when compared with control concrete. It could be
in concrete, the use of copper slag prevents a growth of
calcium hydroxide around the fine aggregate particles and
prevents the formation of ettringite (sulfate calcium
sulfoaluminate). Therefore, these mechanisms improve the
concrete as resistance of concrete to acid attack. The
obtained weight loss of control concrete is 3.44% and higher
than the concrete with copper slag. The percentage of loss of
compressive strength of control concrete is 1.98% and
higher than the concrete containing copper slag. The
concrete cube containing steel slag resist the acid attack
when compared to the control concrete. Table 4 shows the
percentage of weight loss and strength loss in acid resistance
test.

Table 4 Percentage of loss in weight and compressive
strength due to Acid attack

Specimen Loss in Loss in
weight compressive
(%) strength (%)
Conventional cube 7.32 10.7
Cube contain 40% 5.56 7.89
of copper Slag
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VI11l. CONCLUSION
From the experimental works carried out, the
following conclusions are made.
» Increasing the percentage of copper slag in concrete
upto 40% increases the workability of concrete.

» The compressive, split tensile and flexural strength
of concrete is increased with increasing of the
percentage of copper slag upto 40%.

» The increase in percentage of copper slag in
concrete shows higher resistance to acid and
sulphate attack.

» From all the observation, it can be concluded that
the slag added concrete give high strength and
saves the material cost upto 10%.

ACKNOWLEDGMENT

The authors are grateful to the Department of Civil
Engineering, Dr.Sivanthi Aditanar College of Engineering,
Tiruchendur, Tamilnadu for the project approval and
support.

REFERENCES

[1]. Arivalagan,S., (2012), ‘Moment Capacity, Cracking Behaviour And
Ductile Properties of Reinforced Concrete Beams Using Steel Slag As
a Coarse Aggregate’, Global Journal of researches in engineering
Civil And Structural engineering, Vol.12 Issue 2, pp. 14-20.

[2]. Arivalagan, S., (2013), ‘Experimental Study on the Flexural behavior
of reinforced concrete beams as replacement of Copper Slag as Fine
Aggregate’, Journal of Civil Engineering and Urbanism, Volume 3,

Issue 4, pp.176-182.

[3]. Brindha, D., Baskaran,T and Nagan,S., (2010), ‘Assessment of
Corrosion and Durability Characteristics of Copper Slag Admixed
Concrete’, International Journal Of Civil And Structural Engineering,

Vol. 1, no. 2, pp.192-211.

[4]. Chavan, R.R. and Kulkarni, D.B., (2013), ‘Performance of Copper
Slag on Strength Properties as Partial Replace of Fine Aggregate in
Concrete Mix Design’, International Journal of Advanced
Engineering Research and Studies, VVolume.30, no.4, pp. 95-98.

[5]. Deepak Gowda,B. and Balakrishna, H B., (2014), ‘Experimental Study
on Flexural Behavior of Reinforced Concrete Beams by Replacing
Copper Slag as Fine Aggregate’, International Journal of Civil and

Structural Engineering Research, Vol. 2, Issue 1, pp.97-103.

[6]. IS 10262:2009, ‘Indian Standard code of Recommended Guidelines

for Concrete Mix Design’, Bureau of Indian Standards, New Delhi.

[7]. 1S 456:2000, ‘Indian Standard ode of Plain and Reinforced Concrete

Code of Practice’, Bureau of Indian standards, New Delhi.

All Rights Reserved © 2016 IJARTET 18


http://www.ijartet.com/

8.

(9.

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

a4 "V \ol. 3, Issue 9, September 2016

IS 383:1970, ‘Indian Standard Code of Coarse and Fine Aggregates
from Natural Sources for Concrete’, Bureau of Indian Standards, New
Delhi.

IS 2386:1963, ‘Indian Standard methods of test for aggregates for
concrete’, Bureau of Indian Standards, New Delhi.

Lavanya, C., Sreerama Rao, A. and Darga Kumar, N., (2012), ‘A
Review on Utilization of Copper Slag in Geotechnical Applications’ ,
Indian Geotechnical Conference, no.212 pp. 15-17.

Meenakshi Sudarvizhi, S. and Ilangovan, R., (2011), ‘Performance of
Copper Slag and Ferrous Slag as Partial Replacement of Sand in
Concrete’, International Journal of Civil and Structural Engineering,
Volume 1, No 4, pp.918-927.

Mohammed Nadeem and Pofale, A.D., (2013), ‘Replacement of
Natural Fine Aggregate with Granular Slag - A Waste Industrial y-
product in cement mortar applications as an alternative Construction
Materials’ , International Journal of Research in Engineering &
Technology, Volume-2, Issue 5, pp.1258-1264.

Mohammed Nadeem and Arun D. Pofale, (2012), ¢ Experimental
Investigation of Using Slag as an Alternative to Normal Aggregates
(coarse and fine) in Concrete’, International journal of Civil and
Structural Engineering, Volume 3, No 1, pp. 117-127.

Sakthieswaran, N. and Ganesan, K., (2013), ‘Flexural Performance of
Concrete Beams Containing Fly Ash, Silica Fume, Copper Slag, and
Fibres’, Australian Journal of Basic and Applied Sciences, VVolume 7,
Issue 8, pp.886-891.

Sangeetha,S P. and Joanna, P S., (2014), ‘Flexural Behaviour of
Reinforced Concrete Beams with Partial Replacement of GGBS’,
American Journal of Engineering Research, Vol.03, Issue 01, pp.119-
127.

Sathish Kumar, R. (2012), ‘Experimental Study on the Properties of
Concrete Made with Alternate Construction Materials’ , International
Journal of Modern Engineering Research (IJMER), vol.2, no.5, pp.
3006-3012.

Seeni, A., Selvamony, C., Kannan, S.U., and Ravikumar, M.S.,
(2012), ‘Experimental Study of Partial Replacement of Fine Aggregate
with Waste Material from China Clay Industries’ , International
Journal of Computational Research , Volume 2, Issue.8, pp.167-171.

Shetty M.S. (2002), ‘Concrete Technology Theory and Practice’,
S.Chand and Company Itd, New Delhi.

Sreekrishnaperumal Thanga Ramesh, Rajan Gandhimathi and Puthiya
Veetil Nidheesh, (2013), ‘Use of Furnace Slag and Welding Slag as
Replacement for Sand in Concrete’, International Journal of Energy
and Environmental Engineering, Issue 4, pp.01-06.

Suresh Reddy, S. and Kishore Kumar, M., (2013), ¢ Utilization of
Copper Slag as a Partial Replacement of Fine Aggregate in Concrete’,
International Journal of Mechanical Engineering and Computer
Applications, Vol 1, Issue 7, pp.140-144.

Vamsi Pradeep, 1. and Kishore Kumar, M., (2013), ‘The Behaviour of
Concrete in Terms of Flexural, Tensile & Compressive Strength
Properties by Using Copper Slag as an Admixture’, International
Journal of Engineering and Innovative Technology, Vol. 3, Issue 4,
pp.462-465.

ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

. International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)

[22]. Vimarsh, S P., Basavana Gowda, S N and Ramesh, B R., (2014),

‘Study on Strength Properties of Fibre Reinforced Concrete by Partial
Replacement of Sand by Copper Slag’, International Journal of Civil
and Structural Engineering Research, Vol. 2, Issue 1, pp.104-110.

All Rights Reserved © 2016 IJARTET 19


http://www.ijartet.com/

