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ABSTRACT

Concrete is always expected to be stronger and more
durable than in the past while being cost and energy
efficient. Moreover the major advantages that concrete
possesses over the construction materials have to be
conserved. The possibility of being fabricated practically
anywhere, the ability to make the form imposed by the
shape of a mould and a low cost of components and
manufacture. These factors have driven advances in
improving the performance of concrete over years and
continue to do so the need for improving the performance
of concrete and concern for the environmental impact
arising from the continually increasing demand for
concrete has lead the growing use of alternative material

components.

An experimental investigation will be conducted to study the
properties of concrete containing copper slag as a partial
replacement of fine aggregates in the concrete mix design.
Various durability tests will be conducted on such concrete of
M30 grade and M40 grade to know the compressive strength,
split tensile strength, flexural strength by varying proportions
of copper slag (CS) with fine aggregates by 0%, 5%, 10%,
15%, 20%,25%,30% and Egg shell powder (ESP) as cement
by 0%, 5%, 10%, 15%, 20%, 25%,30% by weight. The
obtained results will be compared with the conventional
concrete, there by knowing the changes in the properties of
concrete containing copper slag as a partial replacement of

fine aggregates.

INTRODUCTION

The utilization of industrial waste or secondary
materials has encouraged the production of cement
and concrete in construction field. New by-products
and waste materials are being generated by various
industries. Dumping or disposal of waste materials
health

Therefore, recycling of waste materials is a great

causes environmental and problems.
potential in concrete industry. For many years, by-
products such as fly ash, silica fume and slag were
considered as waste materials. Concrete prepared
with such materials showed improvement in
workability and durability compared to normal
concrete and has been used in the construction of
power, chemical plants and under-water structures.
Over recent decades, intensive research studies have
been carried out to explore all possible reuse
methods. Construction waste, blast furnace, steel
slag, coal fly ash and bottom ash have been accepted
in many places as alternative aggregates in
embankment, roads, pavements, foundation and
building construction, raw material in the
manufacture of ordinary Portland cement pointed out

by Teik thye luin et al (2006).

Copper slag is an industrial by-product material
produced from the process of manufacturing copper.
For every ton of copper production, about 2.2 tonnes

of copper slag is generated. It has been estimated that
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approximately 24.6 million tons of slag are generated
from the world copper industry (Gorai et al 2003).
Although copper slag is widely used in the sand
blasting industry and in the manufacturing of
abrasive tools, the remainder is disposed of without
any further reuse or reclamation. Copper slag
possesses mechanical and chemical characteristics
that qualify the material to be used in concrete as a
partial replacement for Portland cement or as a
substitute for aggregates. For example, copper slag
has a number of favourable mechanical properties for
aggregate use such as excellent soundness
characteristics, good abrasion resistance and good
stability reported by (Gorai et al 2003). Copper slag
also exhibits pozzolanic properties since it contains
low CaO. Under activation with NaOH, it can exhibit
cementitious property and can be used as partial or
full replacement for Portland cement. The utilization
of copper slag for applications such as Portland
cement replacement in concrete, or as raw material
has the dual benefit of eliminating the cost of
disposal and lowering the cost of the concrete. The
use of copper slag in the concrete industry as a
replacement for cement can have the benefit of
reducing the costs of disposal and help in protecting
the environment. Despite the fact that several studies
have been reported on the effect of copper slag
replacement on the properties of Concrete, further
investigations are necessary in order to obtain a
comprehensive understanding that would provide an
engineering base to allow the use of copper slag in

concrete.
SCOPE & OBJECTIVE:

As the copper slag and egg shell power considered to
be a waste product and the land for its dumping

increasing day by day showing a serious impact on
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environment, hence to reduce it we are making use of
copper slag in construction field. Although copper
slag has many uses but to a little percent when it

compared to its use in construction.

The main objective is to study the feasibility of use of
copper slag as fine aggregate in concrete. The scope
of the work includes knowing the strength parameters
of concrete such as compressive strength, split tensile
strength, flexural strength in which copper slag and
egg shell powder replaced with fine aggregates and
cement by by 0%, (5%+5%), (10%+10%),
(15%+15%),  (20%+20%),  (25%+25%), and
(30%+30%) using M30 and M40 grades of concrete.

LITERATURE REVIEW
Okonkwo et al., (2012)

Eggshell ash has been established to bg¢ good
accelerator for cement bound material because of
extra calcium oxide by addition of eggshell ash. He
concludes that the increase in the eggshell ash
content will increase the strength of properties of the
cement stabilized matrix up about 35% averagely.
That show the usage of eggshell ash as an additive
will increase the strength of the concrete. In another

hand, according to
Mtalib et al., (2009)

Mtalib et al. (2009) said that the addition of eggshell
ash to the Ordinary Portland Cement decrease the
setting time of the cement. So they conclude that the
eggshells ash as an accelerator in a concrete because
the higher content of the faster rate of setting. But it

is different the effect of eggshell to the soil.
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Amu et al., (2005)

He investigated that the eggshell powder could be
good replacement in industrial lime because they
have similarity in chemical composition. The
eggshell can be stabilizing potential of lime on an
expansive clay soil. Stabilization is aimed at
improving the properties of soil including the
increasing the soil density, increase in cohesion,
frictional resistance and reduction of plasticity index
such as lime, cement and fly ash. So they conclude
that eggshell powder can be supplement in lime
stabilization.

MATERIALS USED
Cement:

Cement is a binder, a substance used in construction
that sets and hardens and can bind other materials
together. The most important types of cement are
used as a component in the production of mortar in
masonry, and of concrete- which is a combination of
cement and an aggregate to form a strong building
material.

Ordinary Portland cement 53 grade

The ordinary Portland cement of 53 grade is used in
accordance with 1S: 12269-1987.

Volume VII1/Issue 4 / MAY 2017

Aggregates:

Construction aggregate, or simply "aggregate"”, is a
broad category of coarse particulate material used in
construction, including sand, gravel, crushed stone,
slag, recycled concrete and geo-synthetic aggregates.
Aggregates are the most mined materials in the

world.

Coarse aggregate:

Crushed stone aggregate of 20mm size is brought
from nearby quarry. Aggregates of size more than
20mm size are separated by sieving. Tests are carried
in order to find out the

Coarse aggregate

Fine aggregate

Locally available fresh sand, free from organic
matter is used. The result of sieve analysis confirms it
to Zone-Il (according to 1S: 383-1970).The tests
conducted and results plotted below.

Fine aggregates
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Copper slag

The copper slag which we used had collected from a
dealer of ‘'Hindustan copper limited" at
Vishakhapatnam. The wholesale price of the copper
slag is about ¥650/ton and is also economical to use

copper slag at the places where it is available.

Copper slag

Egg shell powder

Eggshell consists of several mutually growing layers
of CaCOg3, the innermost layer-maxillary 3 layer
grows on the outermost egg membrane and creates
the base on which palisade layer constitutes the
thickest part of the eggshell. The top layer is a

vertical layer covered by the organic cuticle.

Egg shell powder
Water

Generally potable water should be used. This is to
ensure that the water is reasonable free from such

impurities as suspended solids, organic matter and
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dissolved salts, which may adversely affect the
properties of the concrete, especially the setting,

hardening, strength, durability, pit value, etc.

Mix design for M30 grade concrete

1:1.58:2.23 at w/c 0.45

Mix design for M40 grade concrete

1:1.52:2.21 at w/c 0.4

RESULTS AND DISCUSSIONS

MATERIAL PROPERTIES

CEMENT
SLno Test Results IScodeused | Acceptable limit
1 Specific gravity of cement 3.160 18:2386:1963 3t03.2
2 Standard consistency of 6mm at 34% w/c Ww/c ratio 28%-
cement 1S:4031:1996 35%
3 45mins and 10 Minimum 30mins
Initial and final setting time hours and should not
1S:4031:1988 more than 10
hours
4 Fineness of cement 3.00% 1S:4031:1988 <10%
COARSE AGGREGATES
Slno Test Results Is code used Acceptable limit
1 Fineness modulus 6.5 18:2386:1963 6.0 to 8.0mm
2 Specific gravity 2.90 18:2386:1963 2 t0 3.1mm
3 Porosity 46.83% 18:2386:1963 Not greater than 100%
4 Voids ratio 0.8855 18:2386:1963 Any value
5 Bulk density 1.50g/cc 18:2386:1963
6 Aggregate impact value 375 18:2386:1963 Less than 45%
7 | Aggregate crushing value 26.6% 18:2386:1963 Less than 45%
FINE AGGREGATES
SLno Test Result Is code used Acceptable limits
1 Fineness modulus 4.305 1S:2386:1963 Not more than 3.2 mm
2 Specific gravity 2.43 18:2386:1963 2.0t03.1
3 Porosity 36.6% 18:2386:1963 Not greater than 100%
4 Voids ratio 0.577 1S:2386:1963 Any value
5 Bulk density 1.5424 18:2386:1963
6 Bulking of sand 3.0% 1S:2386:1963 Less than 10%
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CONCRETE TESTS

FRESH CONCRETE TESTS

SLUMP CONE TEST
S.NO | % Replacement Shump for M30grade Slump for M40 grade

1 0%CS+0%ESP 0 0

2 5%CS+5%ESP 25mm 30mm
3 10%CS+10%ESP 25mm 40mm
4 15%CS+15%ESP 35mm 50mm
5 20%CS+20%ESP 50mm 50mm
6 25%CS+25%ESP 60mm 75mm
7 30%CS+30%ESP 75mm 75mm

Graph: For M30 grade concrete
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Graph: For M30 grade concrete
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TESTS ON HARDENED CONCRETE

COMPRESSIVE STRENGTH OF CONCRETE

Compressive strength of concrete
s.no % replacement M30 grade concrete M40 grade concrete

7 days 28 days 7 days 28 days
1 0%CS+0%ESP 2884 29.60 38.60 3986
2 5%CS+5%ESP 28.60 2920 3724 37.44
3 10%CS+10%ESP 27.40 29.80 36.60 37.90
4 15%CS+15%ESP 26.40 27.00 3540 36.20
5 20%CS+20%ESP 25.60 26.40 32.80 3422
6 25%CS+25%ESP 2220 2420 3220 3345
7 30%CS+30%ESP 21.00 23.60 31.60 31.62

Graph: Compressive strength for M30 grade concrete

35
=
B
S.NO % Replacement Compaction factor for M30 | Compaction factor for M40 g
grade concrete grade concrete g
1 0%CS+H0%ESP 0.98 0.94 E
a
2 5%CS+5%ESP 0.95 0.90 E B 7 days
3 10%CS+10%ESP 0.8 0.88 128 days
4 15%CS+15%ESP 0.88 0.84
5 20%CS+20%ESP 0.86 0.86
6 25%CS+25%ESP 0.82 0.80
% replacement
7 30%CS+30%ESP 0.80 0.76
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Graph: Compressive strength for M40 grade concrete
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SPLIT TENSILE STRENGTH OF CONCRETE

S.no % Replacement 28 days split tensile 28 days split tensile
strength for M30 grade strength for M40 grade

482 5.28

1 0%CS+0%ESP
521 516

2 5%CS+5%ESP
353 520

3 10%CS+10%ESP
343 546

4 15%CS+15%ESP
380 4.80

5 20%CS+20%ESP
353 4.60

6 25%CS+25%ESP

7 30%CS+30%ESP 530 4.40

Graph: Split tensile strength for M30 grade concrete
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Graph: Split tensile strength for M40 grade concrete
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FLEXURAL STRENGTH OF CONCRETE

S.no % Replacement | 28 days flexural strength | 28 days flexural strength
for M30 grade concrete for M40 grade concrete
554 580
1 09%CS+0%ESP
571 5.60
2 59%CS+5%ESP
574 574
3 10%CS+10%ESP
592 6.10
4 15%CS+15%ESP
636 640
5 20%CS+20%ESP
630 640
6 25%CS+25%ESP
7 30%CS+30%ESP 610 630

Graph: Flexural strength for M30 grade concrete
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Graph: Flexural strength for M40 grade concrete
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DURABILITY TESTS
I. For M30 grade concrete

1. Acid attack
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SLno | % replacement | Initial | Final weight | % lossof | Compressiv | Compr | % loss
weight of | of cubes after | weight due | estrength | essive of
cube after | 90days curing |  to acid of cube | strengt | compre

28days in grams attack after hof ssive
curing in 28days cubes | strengt
grams curing after | hdue
90days | to acid
curing | attack
T 2261 2242 0.82 26.05 8.96
0%CS+0%ESP 29.60
z 340 B8 0.4 3651 | 920
5%CS+5%ESP 2020
3 2351 2323 120 2604 | 9.60
10%CS+10%ESP 20.80
z 2234 2202 T4 2450 | 920
15%CS+15%ESP 27.00
5 2304 2356 1.60 2360 | 1060
20%CS+20%ESP 26.40
G 2382 2338 184 2158 | 1080
25%CS+25%ESP 2420
7 274 2226 210 2005 | 1120
30%CS+30%ESP 23.60
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% loss of weight due to acid attack % loss of compressive strength due to
£ 2 alkaline attack
.;1 2 15
15 £ 14%
5 Bog
s z 21% ]
o | % 175 ]
2 05 M }%
£ o m % loss of weight due to = 11 .
acidattack E 11 W % |loss of comprassive
2 ad g B R strength due tozlkaline
el L L . & a8
@.P«, o Q* i @;‘, < G"“Q' E o d.lgz’:‘ W s.rgb o G.;g‘;» attack
S 8T 80 80 S 8 o8 g A A A
& F T W 3 o o o
e a LR A
% of replacement £ % replacement
. 3. Sulphate attack
% loss of loss of compressive sretngth
- dueto acid attack
= SL | % replacement | Compressive strength |  Compressive | % loss of compressive
3‘ %% no of cube after 28days | strength of cubes strength due to
E 8 - curing after 90days curing sulphate attack
= g ] 1 24.07 15.66
g 3] 0%CS+0%ESP 29.60
=
g 0+ m % loss of loss of 2 23.65 18.08
2 Q Q Q q q Q@ Q@ compressive sretngth due SRCSHSESP 220
5 S & o toacd attack 3 2407 19.20
2 ,Fgl' &0 .80 .8 ,§§"° el -»,@'P 10%CS+10%ESP 20.80
L & & & x x Wb
ra o & tS’-"@ W gP(fP [ ) ] 21.87 18.98
ST S 15%CS+15%ESP 27.00
5 2127 10.40
% replacement 20%CS+20%ESP 26.40
6 19.40 19.80
25%CS+25%ESP 24.20
7 18.83 2020
H 30%CS+30%ESP 23.60
2. Alkaline attack e
SL % Tiial | Finalweight | % loss of | Compressiv | Compr | % loss
No | replacement | weightof | of cubesafter | weightdue | estrength | essive | of % loss of compressive strength due to
cube after | 90dayscuring | to alkaline | ofcube | strengt | compre
28days in grams attack after hof | ssive sulphate attack
curing in 28days cubes | strengt r 205
. 20
grams curing after h due 'E 195 |
90days | to 2 "yg
curing | alkaline B 185
=" 1 s
attack E 17.5 m 5 |loss of compressive
1 2286 2259 120 2508 1226 Q Q strength due tosulphate
09 CS+0%ESP 29.60 g c.rgis dpég 6,}5’ F & <;J|=°£3 G-'g"; aﬁxf .
2 2340 2306 144 2530 | 1534 2 C;Q P "3
SUCS+SUESP 2920 T g t)g}? 4 <& @gﬁ
3 7380 pPzT] 160 7586 | 1320 ﬂ N
10%CS+10%E 2080 -
SP % of replacement
7 7310 7268 182 732 | 362
15%CS+15%E 2700
5P
5 7356 7351 196 7367 | 1410
20%CS+20%E 2640
5P
3 7352 7302 ERE) 2071 | 1340 11 for M40 grade concrete
25%CSH25%E 2420
5P
7 FEET) 3379 336 7015 | 1460 .
30%CS=30%E 2360 1. Acid attack
5P
Slno | %o replacement | Imifial | Final weight | % lossof | Compressiv | Compr | % loss
weight of | of cubes after | weight due | e strength | essive of
% loss of weight due to alkaline cube after | 90dayscuring | toacid | ofcube | strengt | compre
28days in grams attack after hof | ssive
attack curing in 28amys | cubes | stremgt
2t grams curing | after | hdue
£ 5] 90days | toacid
& .
R curing | attack
g 1 T [ Eli) 093 3340 114
'E 05 0%CSH*RESP 39.86
Iﬂ ) 0 31 120 33 T4
=l Q . 5%CS+5%ESP 37.44
Ed e w3 lossof weight due to T 73T TTE T30 TIE0[ITED
¢$ dﬁ"s d(ﬁ n'@ vl alkaline attack 10%CS+10%ESE 37.90
& "’G'P T I o7 TS0 ITET TIT
I: x 15%CS+15%ESP 3620
.-g‘-p o an'ps? e}&" ohf" 615? 3 ELES 33T L] TOE 1240
20%C5+20%ESP 3422
] _ N kL 325 AT - I3 1287
%ufreplal:el‘nel‘t 25%C8425%ESP 3345
e 10 1] 5 TI80
30%C5+30%ESP 3162
1JPRES

100


Gurmeet
Typewritten Text
100


INTERNATIONAL JOURNAL
A OF PROFESSIONAL ENGINEERING STUDIES

% lossof aeght
.
in

% of replacement

% loss of weight due to acid attack

W % |loss of weight due to
acid attack

% loss of compressive strength due to
acid attack

13
% 125
12
B oais
gL
2 105
E 10 % loss of comprassive
[ l .y é o -y strength due toacid
E < < & 0
g ‘1‘°°'r° gg'r‘ \(,, QJ|" q’s'P sttack
= ‘s
ﬁ d"lé‘ ‘;99 o ,55 e,}‘? (gl,
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= % replacement
2. Alkaline attack
SL % Initial Final weight | % lossof | Compressiv | Compr | % loss
No | replacement | weightof | of cubes after | weight due | estrength | essive of
cube after | 90dayscuring | to alkaline | of cube | strengt | compre
28days ingrams attack after hof | ssive
curing in 28days cubes | strengt
grams curing after | hdue
90days | to
curing | alkaline
attack
1 2331 2320 130 3412 1440
0%CS+0%ESP 30.86
2 2340 2302 160 3190 1480
5%C8+3%ESP 3744
3 2260 2228 140 32 1560
10%CS+10%E 3790
SP
4 2245 2205 180 3033 1620
153%CS+13%E 36.20
SP
5 2260 2210 220 2852 16.66
20%CS8+20%E 3422
SP
6 2354 2293 260 27.70 1722
23%C8+25%E 3343
SP
7 2320 2233 280 2607 1733
30%C8+30%E 3162
SP

% of replacement

B attack

g 3

m 2.5

s 2]

] l.f 8

3 a3

E 0

=0

: s s s 8 8 &
o &

! FPLPLEPF

a

o

x

% loss of weight due to alkaline

m % lossofweight due to

alkaline attack
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% loss of compressive strength due to
5 alkaline attack
g 20
T ois
=
¥ 10
£ s
E 0 W 5 loss of compressive
“ 2 2 =l 2 a strength due tozslkaline
B o T S (gré qb*'; & ateack
Eéf (ﬁdgp @? &w o
ES 1 A
o ET ﬁﬁ o
% of replacement

3. Sulphate attack

SL % replacement Compressive strength Compressive %% loss of compressive
ne of cube after 28days | strength of cubes strength due to
curing after 90days curing sulphate|attack
1 3340 1622
0%CS+0%ESP 3986
2 3113 16.84
5%CS+5%ESP 3744
3 3137 1722
10%C8+10%ESP 3790
4 2982 17.60
13%CS+15%ESP 36.20
5 28 1820
20%CS+20%ESP 3422
6 2730 1840
25%CS+25%ESP 3345
7 25.73 18.60
30%CS+30%ESP 3162

% loss of compressive strength due to

. sulphate attack
? 13
g 155
AR
ﬁléi-
glﬁg
E 15 B % loss of comprassive
a
pcl 2 2y fa strength due tosulphate
o o o o @,.:P*'?m@né@:t ,‘)G'Pg strack
ﬁ ¥ dp M A L
2 & o g o o

% of replacement

CONCLUSIONS
From the above experimental program the following
conclusions were made

1. The material properties of the cement, fine
aggregates and coarse aggregates are within the
acceptable  limits as per IS  code
recommendations so we will use the materials
for research.
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2. Slump cone value for the copper slag concrete
increases with increasing in the percentage of
copper slag so the concrete was not workable.

3. Compaction factor value of copper slag concrete
decreases with increase in the percentage of
copper slag.

4. The compressive strength of concrete is
maximum at 20% replacement of copper slag
and is the optimum value for 7days curing and
28days curing

5. Split tensile strength for the cylindrical
specimens is maximum at 40% of replacement of
copper slag for 28days curing.

6. The flexural strength of copper slag concrete is
also maximum at 40% replacement of copper
slag for 28 days of curing.

So the replacement of 20% to 40% of copper slag is

generally useful for better strength values in M30

grade of concrete.
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