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Abstract— This paper investigates the technical feasibility of using copper slag as a replacement of fine 
aggregate in concrete. For this research work, m30 grade concrete was used and tests were conducted for 
various proportions of copper slag replacement with sand of 0 to 100% in concrete. The results 
demonstrate that up to certain level the strength of concrete increases with increase in percentage of 
copper slag. 
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I. INTRODUCTION 

 The amount and type of generated waste has grown as the world population increases.. Many of the wastes 
produced today will remain in the environment for a long time. For many years, efforts and practices to 
minimize disposing wastes to landfills have been minimal. Dumpsites for municipal and hazardous waste 
attracted little attention and were under few controls. The result of rapid industrialization is the rapid depletion 
of resources, and environmental impacts due to production of enormous waste exceeding assimilation capacity 
of the environment. Without any consideration of the wastes and its ill effects on the environment, the people 
used to throw it without any treatment. And now the time has came that these wastes have become pollutants 
and have started polluting the surroundings. Therefore a way has been found out that some of these wastes can 
be used into various industries which will lighten the burden on the environment. Some of the by-products like 
fly ash, silica fume and slag are being used into construction industry as a partial replacement to the fine 
aggregate. Similarly copper slag is a by-product from copper industry which can be used as a sand replacement 
into concrete. 

II.  MATERIALS AND METHODS 

The raw materials used in this research were cement, fine and coarse aggregate, copper slag, plastisizers and 
water. The cement used was 53 grade Birla super cement. Fine aggregate and coarse aggregate used was 
available locally. Copper slag was brought from a dealer in Pune. Along with all the raw materials, to improve 
the workability of concrete, plastisizers were used.  

And final raw material i.e. water, normal drinking water was used for work. The physical properties of coarse 
fine aggregates and copper slag were determined.  

TABLE 2.1  

Physical Properties 

 C.A. Sand C.S. 

Fineness Modulus 7.75 3.95 4.55 

Specific Gravity 2.75 2.65 3.30 

Water Absorption 0.609 1.20 0.65 

Before starting the various tests on concrete, the physical properties of the raw materials were determined. 
These properties are fineness modulus, specific gravity; water absorption etc. Sieve analysis was performed to 
determine the fineness modulus of copper slag, sand and coarse aggregate. The specific gravity of sand and 
copper slag was 2.67 & 2.75 respectively as shown in Table 2.1. The water absorption of 20 mm coarse 
aggregates, sand &copper slag was found to be 0.609, 1.01 and 0.65 respectively. It was found that water 
absorption of copper slag was very low as compared with the natural sand and workability of concrete is 
affected due to it.  
A. Laboratory Testing Program  

Concrete mixture with different proportions of copper slag ranging from 0 % (for control mix) to 10 to 100 % 
replacement for sand was considered. The mix design was selected for w/c ratio 0.45 and slump was maintained 
at 100 ± 10 mm.  For this work total 176 cubes specimen, 102 cylindrical specimens and 102 beam specimens 
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were casted and tested for compressive strength, flexural strength and density. For this work total 405 test 
specimen were casted.  The mix designs was selected for w/c ratio 0.45 for controlled concrete and 33 cubes 
were casted and tested for 7, 28,56 days. The compressive strength at 7, 28 and 56 days was found 23.87 N/mm2, 
36.15 N/mm2 and 36.72 N/mm2 respectively. For the cc 33 cubes specimen, 11 cylindrical specimens and 11 
beam specimens were casted and tested for 7, 28 days and 56 days & 112 d. 

 
 

Fig. 1. Grading of sand and copper slag in zone I 

III. TEST RESULTS AND DISCUSSIONS 

A.  Fresh Concrete Properties 

To determine the effects of adding copper slag on workability of the concrete composites, determination of fresh 
concrete properties were necessary. Very common method adopted for determination of workability of concrete 
is slump test. 

B. Fresh Concrete Workability (Slump Test) 

TABLE 3.1  

Workability Test (Slump Test) 

Mix W/C Ratio Slump (mm) 

Normal  M-30 0.45 25 

CS 10% 0.45 26 

CS 20% 0.45 28 

CS 30% 0.45 31 

CS 40% 0.45 32 

CS 50% 0.45 34 

CS 60% 0.45 35 

CS 80% 0.45 38 

CS 100% 0.45 40 

The slump of the concrete incorporating the copper slag as fine aggregate increased as more natural sand was 
replaced by copper slag. Maximum slump obtained was 40mm which occurred at the 100% copper slag 
replacement as compared to slump of concrete mix. In general, it can be concluded that addition of copper slag 
improves the workability of concrete mix. From the slump test the amount of water to obtain the targeted slump 
in the concrete composites was the equivalent conventional concrete.   
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TABLE 3.2 

Concrete Mixtures with Different Proportions of Copper Slag 

Mix 
material/ % 
replacement 

Cement 
kg/m3 

Copper slag 
kg/m3 

Water kg/m3 Sand kg/m3 C.A. 
20mm 
kg/m3 

Admixture 
kg/m3 

cc  419 ---- 188.55 628.50 984.65 - 

10 419 62.85 188.55 565.65 984.65 - 

20 419 125.70 188.55 502.80 984.65 - 

30 419 188.55 188.55 439.95 984.65 - 

40 419 251.40 188.55 377.10 984.65 0.817 

50 419 314.25 188.55 314.25 984.65 0.854 

60 419 377.10 188.55 251.40 984.65 0.898 

70 419 439.95 188.55 188.55 984.65 0.928 

80 419 502.80 188.55 125.70 984.65 0.992 

90 419 565.65 188.55 62.85 984.65 1.067 

100 419 628.50 188.55 ---- 984.65  

TABLE 3.3 

Chemical Analysis of Copper Slag 

Component Unit Copper Slag 

 (SiO2 + Al2O3 + Fe2O3 ) % 
98.11 

(CaO + MgO + SO3) % 
1.19 

(K2O+ Na2O+ TiO2 ) 
% 

0.26 

Mn2O3 
% 

0.002 

CuO % 0.183 

Sulphide Sulphur % 0.082 

Water Insoluble 
Residue 

% 98.48 

Chloride % 0.350 

Loss on Ignition % 0.190 

C. Compressive Strength 

The compressive strength of cube specimen for different copper slag content as a replacement of sand at 7, 28, 
and 56 days curing period respectively is presented below. These results show an increasing profile up to 40% 
replacement of copper slag and then it shows decreasing profile as more copper slag is added. 

e-ISSN : 0975-4024 M. V. Patil et al. / International Journal of Engineering and Technology (IJET)

p-ISSN : 2319-8613 Vol 8 No 2 Apr-May 2016 1174



Copp
concrete.
goes on i

The r
and  80 %
that com
copper s
replacem
mixture. 
The conc
almost 6.

D. Effect

The 2
results sh
further th
concrete.

er slag contai
. And due to i
increasing.  
esults show th

% fine aggrega
mpressive stren
slag increases

ment of coppe
This means th

crete with 100
.64 % lower th

t of Copper Sl

28 days split 
howed that the
he split tensile
.   

ins very fine p
increase in vo

hat compressi
ate replaceme
ngth of all mi
s the strength
er slag, which
hat there was 

0% replacemen
han the streng

lag on Split Te

tensile streng
e split tensile 
e strength valu

0

10

20

30

40

50

60

70

A
ve

ra
ge

 c
om

p
re

ss
iv

e 
st

re
n

gt
h

 
(N

/m
m

2)

0

1

2

3

4

5

6

7

0

A
ve

ra
ge

 s
p

li
t 

te
n

si
le

 s
tr

en
gt

h
 

(N
/m

m
2)

Av

Fig. 2

particles than 
ids, the streng

ive strength of
ent with coppe
ixes continued
h also increa
h was found 
an increase in

nt of copper sl
gth of control m

Tensile Strengt

gth of concret
strength was 

ue goes on sli

Fig. 3.  Spli

Perc

Compres

Compres

Compres

0 10 20

Pe

verage split te

2. Compressive St

the sand part
gth of the con

f copper slag 
er slag, were h
d to mixes wi
ases. The hig
about 35.54 
n the strength
lag gave the lo
mix. 

th 

te showed sim
increased as c
ghtly decreasi

it Tensile Strengt

centage Repl

ssive Strength

ssive Strength

ssive Strength

30 40 50

ercentage Re

ensile strength

trength 

icles and beca
crete goes on 

concrete mixe
higher than the
ith the increas
ghest compres
Mpa compar
 of almost 41
owest compre

milar behaviou
copper slag qu
ing but yet mo

th at 28 days 

acement

h (Mpa) 7day

h (Mpa) 28 da

h (Mpa) 56da

60 70 80

eplacement

h at 28 days (

ause of which
reducing as c

es with 10% 2
e control mix 
se in age. It i
ssive strength
ed with 25.0
.98% than the

essive strength

ur to the com
uantity increas
ore than 60% 

ys

ays

ays

0 90 100

(N/mm2)

 

h voids increa
copper slag pe

20% 30% 40%
at all ages. It 
s also observ
h was gained
7 Mpa for th
e control mix 
h 23.37 Mpa w

mpressive stren
ses up to 20%
compared wi

 

ased in the 
ercentages 

% 50% 60% 
is evident 
ed that as 
d at 40% 
he control 
at 7 days. 

which was 

ngth. The 
% addition, 
ith control 

e-ISSN : 0975-4024 M. V. Patil et al. / International Journal of Engineering and Technology (IJET)

p-ISSN : 2319-8613 Vol 8 No 2 Apr-May 2016 1175



E. Flexur

The flexu
curing pe
copper sl
mix. 

F. Densit

The effec
proportio
at the age
slag as sa
2.65 of th
and the n

G. Effect

The mod
5000√
decreased
Elasticity
was incr
decreased

ral Strength  

ural strength 
eriod is presen
lag percentage

ty  

ct of copper sl
ons of copper 
e of 28 days. 
and content. T
he natural san

natural sand, it

t of Copper Sla

dulus of Elast
  Fck where

d in accordan
y of reference 
eased by 1.33
d up to   11.11

of beam spec
nted below. It 
es at 28 days 

lag replaceme
slag. The den
It is clear tha

This is due to 
nd. However c
t increased de

ag on Modulu

ticity of cube
e Fck is 28 d
nce with an i
concrete was

3%, to 15.22 
1 % as compa

4
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

F
le

xu
ra

l S
tr

en
gt

h
s 

(M
p

a)

2600
2650
2700
2750
2800
2850
2900
2950

28
 d

ay
s 

D
en

si
ty

  N
/m

3

cimens for di
is evident tha
and there was

Fig.

ent as fine agg
nsity of harden
at the density 
the higher sp

compared wit
nsity of concr

us of Elasticity

e specimen w
days cube com
increase of re

s 30.06 x 103 N
% with resp

red to control

Pe

P

28

ifferent coppe
at flexural stre
s significant in

 

. 4.  Flexural Stre

gregate on den
ned concrete a
of hardened c
ecific gravity 

th the large di
rete. 

Fig. 5.  Density

y at 28 Days   

was calculated
mpressive stre
eplacement o
N/mm2. The m
pect to contro
led concrete. 

ercentage Rep

Percentage Re

8 days Density

er slag conten
ngth continue
ncrease in stre

ength 

nsity of concre
at saturated-su
concrete incre

of the copper
ifference in th

 

d according to
ength. It was f
of natural san
modulus of ela
lled concrete 

placement

eplacement

y  N/m3

nt as a sand r
ed to increase 
ength with tha

 

ete is presente
urface dried c
eased with the
r slag, which 

he specific gra

o IS: 456-200
found that the

nd by copper 
asticity for 10%

then the mod

replacement a
with the incre

at of strength 

ed in Fig. 5 for
condition was 
e increase of th
were 3.30 com

avity of the co

 

00 by the form
e modulus of 
slag. The m

%, to 60% rep
dulus of elast

at 28 days 
ease in the 
of control 

r different 
measured 
he copper 
mpared to 
opper slag 

mula  = 
f elasticity 
odulus of 
placement 
ticity was 

e-ISSN : 0975-4024 M. V. Patil et al. / International Journal of Engineering and Technology (IJET)

p-ISSN : 2319-8613 Vol 8 No 2 Apr-May 2016 1176



H. Effect

This test 
decreased
variation

I. X-ray

t of Copper Sla

was conducte
d and after th

n in the in perm

y defractor gra

M
od

u
lu

s 
of

 E
la

st
ic

it
y 

N
/m

m
2

10
3

Fig.

ag on Permea

ed according 
hat the perme
meability with

Fig.7

aphs (XRD) of

A- Alit 

B-Belite 

CSH- Calc

0

5

10

15

20

25

30

35

40

0

0

5

10

15

20

25

30

35

40

45

50

28
 D

ay
s 

P
er

m
ea

b
il

it
y 

in
 m

m

 6.  Modulus of E

ability of conc

to German C
eability was i
h respect to the

7. Percentage vari

f different pro

cium silicate h

10 20

P

M

Pe

28 d

Elasticity at 28 da

crete at 28 day

Code DIN-104
increased from
e reference co

iations in permeab

oportions of co

P-Portlandite

CC- calcite 

hydrates 

30 40 50

Percentage  R

odulus of Elas

ercentage  Re

days permeabi

ays for cube spec

ys 

48. It is found
m 50 % to 1

oncrete.  

bility at 28 days

opper slag in c

e 

0 60 70

Replacement

sticity

eplacement

ility in mm

cimen 

d that the perm
100% replacem

concrete at 28

80 90 10

 

meability up t
ment. Fig.7 s

 

 days 

00

o 40 % is 
shows the 

e-ISSN : 0975-4024 M. V. Patil et al. / International Journal of Engineering and Technology (IJET)

p-ISSN : 2319-8613 Vol 8 No 2 Apr-May 2016 1177



         
 

Fig.8.(a) 

 

Fig.8.(b) 

                 
                             Fig.8.(c) 
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                                     Fig.8.(d) 

                     
 

                            Fig.8.(e) 
 

                                     

                                  Fig.8.(f) 

Fig.8 a, b, c, d, e, f shows X-ray defractor graphs (XRD) of concrete with different proportions of copper slag. 
Fig. a and b shows X-ray defractor graphs (XRD) of 0% and 20% of copper slag and 100% and 80% of natural 
sand respectively. Fig. c and d shows XRD graphs of 40% and 60% of copper slag and 60% and 40% of natural 
sand respectively. Fig. e and f shows XRD graphs of 80% and 100% of copper slag and 20% and 0% of natural 
sand respectively.  

These XRD shows the completion of structure as they are compared with JCPDS file (Joint Committee on 
Powder Diffraction Standards) to find different compounds in concrete structures. 
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J. Scanning Electron Microscope (SEM) of different proportions of copper slag and natural sand in concrete at 
28 days 

 
                                                  Fig.9.(a)                                                                                              Fig.9.(b) 

 
                                                                                                 Fig.9   (c)                                                                               Fig.9 (d)  

 
                                                    Fig.9 (e)                                                                                        Fig.9 (f) 

Fig.9 a, b, c, d, e, f. shows scanning electron microscope (SEM) images of concrete. Fig. a and b shows SEM of 
0% and 20% of copper slag and 100% and 80% of natural sand respectively. Fig. c and d shows SEM images of 
40% and 60% of copper slag and 60% and 40% of natural sand respectively. Fig. e and f shows SEM images of 
80% and 100% of copper slag and 20% and 0% of natural sand respectively. 

It is observed that in 0%, 20%, 40% of copper slag the voids are decreasing and from 60%, 80%, 100% the 
voids are increasing. It is also seen that homogeneity is increasing from 0%, 20%, 40% of copper slag and 
60% ,80%, 100% homogeneity starts decreasing due to increase in voids and is observed from SEM images of 
0%, 20%, 40%, 60%, 80%,100% of copper slag replacement for sand. It is also seen that permeability has been 
decreased from 10% to 40% of copper slag and from 50% it started increasing up to 100% so compression 
strength is increasing from 0% to 40% of copper slag till 60% compression strength is more than control 
concrete and from 70% to 100% compression strength is reduced due to increase in voids and increase in 
permeability. It is also observed that as the percentage of copper slag increases, the density goes on increasing. 

IV CONCLUSION 

The following conclusions can be drawn from present study.  

1. The workability increases rapidly with increase in copper slag percentage.  

2. Addition of up to 40% of copper slag as sand replacement gained 32% more strength with that of control     

    concrete. However further addition of copper slag caused reduction in strength. 
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 3. It was observed that up to 20% replacement of natural sand by copper slag, the split tensile strength of  

    concrete was increased by 70% and flexural strength of concrete was increased by 50%. All percentage  

    replacement of fine aggregate by copper slag the split tensile and flexural strength of concrete was more than  

    normal mix. 

4. Compressive strength and flexural Strength was increased due to high toughness of copper slag. 

5. As the percentage of Copper slag increases the density of concrete was increased. Density was increased by  

    7% due to replacement of fine aggregate at 100%. 

6. Maximum modulus of elasticity of copper slag concrete increased by 15.22% at 40% replacement of fine  

    aggregate, and up to 60% replacement, concrete gain more modulus of elasticity than normal concrete.. 

7. It was found that the permeability up to 40 % was decreased and after that the permeability was increased  

    from 50 % to 100% replacement. 

8. Replacement of copper slag in fine aggregate reduces the cost of making concrete. 
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