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Abstract- Concrete is one of the major building materialsdugr modern day construction. For a variety of
reasons the concrete construction industry is mstamable. The sustainable development in cortgtruc
involves use of waste materials and by-producteefdace Portland cement and aggregates. The aitheof
present study is to evaluate the effect of reptaciement with silica fume and fine aggregate wiapper slag.
For this research work M30 grade concrete is pexpand is evaluated for fresh concrete propertres a
hardened concrete properties like compressive gitieand flexural strength. Portland cement is mgadawith
silica fume at 0, 4, 8 and 12 % and fine aggregateplaced with copper slag at 0, 20, 40 and 60 8é.results
show that the use of silica fume and copper slagplacement material improves mechanical propedfehe
concrete. Concrete incorporating 40 % copper sta8&% silica fume as replacement material shoviteibe
performance among all the mixes.

Index Terms- Copper Slag (CS), Silica Fume (SF), Physical Piigser Compressive Strength, Flexural
Strength.

1. INTRODUCTION exceeding 1500°C causing the decarbonation of lime
stone to occur. During the production of cementL0.8
Concrete is the most widely used material in thgg of CO/kg of cement is released owing to fuel
world next to water. It is strong, gives flexibfiin  construction and decarbonation [10]. The cement
design and comes with a low cost [11]. But thgyqustry is also responsible for the emission sboa
concrete industry is not sustainable due t@ioxide and other pollutants to the atmosphere whic
environmental concerns with the production ofyjj| increase the effect of global warming. Hentési
cement and aggregates. obvious to use a material which can be used as an
Aggregates are the essential component @filemative or supplementary material to cementthi
concrete and about 42 % of 15 billion tons obsq increases the strength and durability of cetecr
aggregates produced each year are used in concretegijlica fume is a mineral admixture that can be
of which only 8 % are recycled aggregates [11].SThy,seq as an admixture or replacement of cement and
this component of concrete has larger impact thiougyiher concrete constituents. It is an ultrafine gew
disturbance of virgin lands and rivers for itSco|iected as a by-product of silicon and ferrositic
production. The sustainable development foélloy production which can be readily used as a
construction involves the use of waste materials Rplacement for cement thus reducing the effect of
compensate the lack of natural resources and @ fibgrtjiand cement. The researches shows that tiea sili
alternative ways for conserving the environment fume have a beneficial influence on strength and
Copper slag is considered as a waste materig{rapility of reinforced concrete. When pozzolanic
which can be used as partial or full substituteitifer aterials are incorporated to concrete, the silica
cement or aggregates. It is a by- product obtaingfesent in these materials reacts with the calcium
during the matte smelting and refining of copperyyqroxide released during the hydration of cement
Approximately 2.2-3.0 tons copper slag is generateghq forms additional calcium silicate hydrate (G45-

as a by-product material to produce every ton Qfhich improve the mechanical properties of concrete
copper [9]. This slag is currently being used fany 3].

applications like land filling, grit blasting, etand The scope of the present study is to evaluate the
utilises only about 15-20 % of the copper slagect of replacing cement with silica fume andefin
generated [8]. aggregate with copper slag in concrete. M30 coacret

Another important component of concrete i§s evaluated for fresh concrete properties and
Portland cement. During its production fuel iSyechanical properties.

combusted to heat raw materials to temperatures
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2. EXPERIMENTAL INVESTIGATION used in this study confirms to zone Il. Table 4 and
Table 5 show chemical and physical properties of

21 Materials copper slag respectively.

2.1.1 Cement

Portland pozzolana cement confirming to IS:
1489:1991 from Dalmia cement was used and the
properties are as shown in Table 1.

Tablel. Properties of cement

Properties Results
Standard consistency 32%
;Fr)] eecr:ggsgrawty oSégl-,% . (@) N = =6 I =S 7= 1)
Setting time Initial 120 minutes Fig 1. Copper slag
Final 310 minutes
Compressive 3 day 29.4 MPa Table 4. Chemical properties of coarse aggregate
strength 7 day 40.1 MPa - -
28 day 43 MPa Constituents Per centage weight
Silica SiG 26-30%
; Free silica <0.5%
2.1.2.Fine Aggregate ALO, 1-3%
Fine aggregate used in this study were M-san FeO 42-48%
procured from the local crushing unit and conformed CaO 1-2%
to zone Il as per IS: 383-1970. Table 2 shows the MgO 0.8-1.5%
properties of fine aggregate. Cuo 0.60-0.70%
Table 2. Properties of fine aggregate Sulphates 0.0008-0.001%
i Chlorides 0.001-0.002%
Properties Results ] ]
Fineness modulus 3.83 Table 5. Physical properties of copper slag
Specific gravity 2.5 Properties Results
Wa_lter a_bsorptlon 1.5% Colour Black, glassy
Void ratio_ 0.455 Grain shape Angular, multifaceted
Bulk density Loose 1636 kg/m Hardness 6-7 Moh
Compact 1725 kg/t Specific gravity 3.51
Bulk density 1.87 tonnes/m
2.1.3.Coarse Aggregate pH 70
The coarse aggregate used in the experimentation Conductivity 4.8 mS/m
were of 20 mm and down size aggregate and Weightloss on 4%
conforms to IS: 2386-1963 (Part I, Il and IIl) ignition
specifications. The properties of coarse aggregates Water content <0.1%
as shown in Table 3.
Table 3. Properties of coarse aggregate Am
Properties Results %m LA
Fineness modulus 3.55 2 w0 /p’
Specific gravity 2.8 E_ 6 /
Water absorption 0.8 Eﬁ ‘r;;
Void ratio 0.699 E® /4 ——Coppersiag
Bulk density Loose 1.503 £ 5 / —aFi :
Compact 1.69 & 4 1 i
- . A L L

o
o
=

0.1 1 10

2.1.4Copper Slag

Sieve size (mm)

The copper slag used in this study is obtained from
Sterlite industries, Tuticorn. This material re@ac ) . .
fine aggregate in mix proportion. The copper slag Fig 2. Sieve analysis
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2.1.4 Silica Fume Table 7. Mix proportion

Silica fume used in this study is procured from BSS Material Quantity (kg/m°)
private limited, Edapally. Silica fume is very fine Cement 378
powder, with particles about 100th times minor than| Fine aggregate 655
average cement grain. It confirms to 1S: 15388-2003 coarseggregate 1246
Table 6. shows the properties of silica fume. Water 170

Table 8. Type of concrete mixes

Mix Notation
M-0-0 Concrete with 0% SF and 0% CS
M-4-0 Concrete with 4% SF and 0% CS
M-8-0 Concrete with 8% SF and 0% CS
M-12-0 Concrete with 12% SF and 0% CS
M-0-20 Concrete with 0% SF and 20% CS
M-0-40 Concrete with 0% SF and 40% CS
M-0-60 Concrete with 0% SF and 60% CS
M-4-20 Concrete with 4% SF and 20% CS

Fig 2. Silica fume M-8-20 Concrete with 8% SF and 20% CS
M-12-20 | Concrete with 12% SF and 20% CS
M-4-40 Concrete with 4% SF and 40% C9

Table 6. Properties of silica fume

/7 Uy Uy V7 Uy Uy Y7 Uy Uy Uy Uy Juyuy

i M-8-40 Concrete with 8% SF and 40% CS
Properties Results M-12-40 | Concrete with 12% SF and 40% CS
SIO, >97% M-4-60 | Concrete with 4% SF and 60% CS
SGs 0.4 M-8-60 | Concrete with 8% SF and 60% CS
Al;Os 05% M-12-60 | Concrete with 12% SF and 60% CS
Colour Premium white
Specific gravity 22 (SF- silica fume, CS- copper slag)
Particle size i}
Bulk density 576 kg/th 2.3. Methodology
Surface area 20000°kg
Fineness 3% 2.3.1 Specimen preparation
2 1.5 \Water Specimens used in this test were 150 mm size cubes,

and 500x100x100 mm beams. The mould confirms to
Water conforming to as per IS: 456- 2000 was use@: 10082-1982. 150 mm size cubes were used to find
for mixing as well as curing of Concrete specimens. compressive strength of concrete. Flexural streigyth

determined on beams of 500x100x100 mm.
2.1.6Super Plasticizer

Super plasticizer used in this study is CONPLAST-3-2Tests

SP430 in the form of sulphonated naphthalin€ompressive strength test and flexural strength tes

polymer confirms to IS: 9103-1999 and ASTM 494yere carried out according IS: 516-1959.

type F was used to improve the workability ofCompressive strength is determined on automatic

concrete compression testing machine with a loading capacity
of 5000 kN. Flexural strength is determined on

2.2 Mix proportion universal testing machine of 600 kN loading capacit

Concrete mix design was carried out according to I%
10262-2009. The experimental program was designéd™
to study the mechanical properties of concrete by
partially replacing fine aggregate by copper slad a 2.4.1.Workability
cement by silica fume for M30 grade concrete. Fin
aggregate was partially replaced with copper stay a

Results and discussion

‘?he workability of concrete is measured by
20, 40 and 60 %. Cement was partially replaced wit ompactio_n factor test in_accordance V.Vith IS: 1199-
silica fume by 0, 4, 8 and 12 %. In this study, w/ 959. _'I_'rlals were ca_rrled out to Improve the
ratio is fixed as 0.45. Table 7 shows mix proporis W(_)rkab|I|ty by incorporating super plasticizer mthe

concrete and Table 8 shows the type and notation 'Eﬁ\’x' The results show that_ as the percentage qi@op
mix in this study. slag increases workability also increases and

workability decrease when the percentage of silica
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fume increases. The increase in workability with Table 9. Compressive strength
copper slag is due to low water absorption - -
chgrpacteristi?:s of copper slag and the decreapse ih— Mix Compr essive sirength (M Pa)
workability with silica fume is due to high specifi |-M-0-0 40.1
surface of silica fume. When silica fume is added t | M-4-0 45.0
concrete containing copper slag as fine aggregate M-8-0 50.2
workability is slightly decreased. The workabiliof M-12-0 41.9
different mixes is shown in the Fig 4. M-0-20 46.0
M-0-40 47.4
0.95 M-0-60 112
& M-4-20 47.8
£ ’/'A /\ M-8-20 50.4
Qs \—rl M-12-20 45.2
e gt M-4-40 49.6
I / M-8-40 52.1
& ¥ M-12-40 48.1
Jos M-4-60 42.4
M-8-60 44.6
1 M-12-60 405
R R TCR  )
RURGI ROUCHCRURY @%\&Q & ‘N\Q ¥ &Vw\,
Mix

60

Fig 4. Compaction factor test
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2.4.2.Compressive strength g —4=SF=0%
The average 28 day compressive strength for differe § 30 SF=4 %
concrete mixes is shown in Fig 5 and Table 9. The § =#=SF=8%
result shows that as the percentage of copperasidg F » =SF=12%
silica fume increases compressive strength also &
increases. For copper slag as replacement material E 10

fine aggregate, maximum compressive strength is
obtained at 40% replacement level (47.4 MPa) aad th 0

T T T T T T 1
0 10 20 30 40 50 60 70

percentage increase in strength is 18.20% when Percentage of CS
compared to the control mix. This is because copper i i
slag has better compressibility than natural agapesy Fig 5. Compressive strength

and it partially relieves the stress concentratidn,
natural sand is still as the dominant fine aggmega
holding together the mix. Also the angular shar
edges of copper slag can improve the cohesion Pble 10 and Fig 6. show the average flexural gtiren
concrete mix [1]. For 60% replacement level thaugal of beam specimens. For copper slag as replacement
is comparable to control mix. This is due to thenaterial for fine aggregate, maximum flexural
excessive free water content in the concrete niix. strength is obtained at 40% replacement level had t
the case of silica fume as replacement material fgrercentage increase in flexural strength is 17.45%.
cement, maximum compressive strength is for 8%or silica fume as replacement material for fine
replacement level (50.2 MPa) and the percentaggygregate, maximum flexural strength is obtained at
increase in strength is 25.18% compared to contr8Po replacement level and the increase in flexural
concrete mix. When silica fume is incorporated inta&trength is about 19.13%. When silica fume is added
concrete containing copper slag as fine aggregate concrete containing copper slag as fine aggeegat
compressive strength of the concrete also increasdiexural strength of concrete also increases. Maxim
The increase in compressive strength is due to tliexural strength is obtained for the mix M-8-40dan
high pozzolanic nature of silica fume and its voidhe increase is 25.84% when compared with control
filling ability [5]. The maximum value of compressi concrete. The ultrafine silica fume particles which
strength is obtained as 52.1 MPa for the mix M-8-4fhainly consist of amorphous silica enhance the

and the percentage increase in strength for thisisni flexural strength by both pozzolanic and physical
29.925% when compared to control concrete. action. [5]

.4.4.Flexural strength
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Table 10. Flexural strength REFERENCES
Mix Flexural strength (M Pa) [1] Al-Jabri, K. S; Al-Saidy, H. A; Taha, R. (2011):
M-0-0 5.96 Effect of copper slag as fine aggregate on
M-4-0 6.7 properties of cement mortars and concrete.
M-8-0 71 Construction and Building Materials, Science
M-12-0 6.3 Direct., 25(6), pp.933-938.
M-0-20 6.4 [2] Al-Jabri, K. S; Hisada, M; Al-Oraimi, S. K; Al-
M-0-40 70 Saidy, A. H. (200_9): Copper slag as sand
M-0-60 6.2 replacement for high performange concrete.
M-4-20 6.7 C_ement and Concrete Composites, Science
M-8-20 6.9 Direct, 30(4), pp. 483-488.
M-12-20 65 [3] A_r_nudhavalll, N. K; Mathew, J. (2Q12): Effect of
M-4-40 7'2 silica fume on strength and durability parameters
V-840 7'5 of concrete. International Journal of Engineering
: science and Emerging Technologies, 3(1), pp. 28-
M-12-40 6.6 35
M-4-60 6.8 [4] Arivalagan, S. (2013): Experimental Study on the
M-8-60 6.5 Flexural Behavior of Reinforced Concrete Beams
M-12-60 6.0 as Replacement of Copper Slag as Fine
Aggregate. Journal of Civil Engineering and
s Urbanism, 3(4), pp. 176-182.
[5] Bhikshma, V; Nitturkar, K; Venkatesham, Y.
- 7@ (2013): Investigation on silica fume as partial
g 64 replacement of cement in high performance
< s concrete. International journal of engineering and
& . science, 2(5), pp. 40-45.
& ——F = 0% [6] Brindha, D; Baskaran, T; Nagan, S. (2010):
F 3 ==SF=4% Assessment of corrosion and durability
g ——SF=8% characteristics of copper slag admixed concrete.
= ) EeSF=12% International journal of civil and structural
engineering, 1(2), pp.192-211.
0 - ; - - - - - [7] Cakir, O; sofyanli, O. (2014): Influence of silica
0 10 20 30 40 50 60 70 . . .
Percentage of CS fume on mechanical and physical properties of
recycled aggregate. Housing and Building
Fig 6. Flexural strength of concrete mix National Research Center Journal, Science

Direct, pp. 1-10.
[8] Madheswaran, C. K; Ambily, P. S; Dattatreya, J.
K; Rajamane, N. P. (2014): Studies on the use of
_CONCLUSIONS copper slag as replacement for river sand in
building construction. Springer, 95(3), pp. 169-
Workability of the concrete increases with 177.
increase in copper slag percentage and decrea$gs Naganur, J; Chethan, B. A. (2014): Effect of
with increase in silica fume percentage. copper slag as partial replacement of fine
Workability is reduced when silica fume is added aggregate on the properties of cement concrete.
to concrete containing copper slag as fine International Journal of Research, 1(8), pp. 882-
aggregate. 893.
When replacement level of silica fume increaseBl0] Roskos, C; White, T; Berry, M. (2014): Structural
all the mechanical properties are increased up to Performance of Self-Cementitious Fly Ash
8% and up to 40% replacement level of copper Concretes with Glass Aggregates. J. Struct. Eng,
slag all the mechanical properties are increased. ASCE, 141(3), pp- B4014010-1 to B4014010-10.
[11]Schepper, M, D; Verle, P; Driessche, T, V; Belie,
The maximum values of mechanical and durability N, D. (2014): Use of secondary slags in
properties are obtained for the mix M-8-40. The completely recyclable concrete. Journal of
percentage increase in compressive strength and materials in civil engineering, ASCE, 27(5), pp.
flexural strength are 29.925% and 25.84% 04014177-1 - 04014177-9.
respectively.
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