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The present research paper investigated experimentally the effective use of copper slag (CS) in recycled aggre-
gate based self-compacting concrete (SCC). The work is carried out in two series. In the first series SCC mixes are
prepared with recycled coarse aggregate (RCA) as a replacement of natural coarse aggregate of various pro-
portions (0%, 33%, 66% and 100%). In the second series copper slag of various proportions (0%, 20%, 40%,
60%, 80% and 100%) is incorporated as fine aggregate in SCC mix made with 33% RCA and studied the
behaviour of recycled aggregate based SCC mixes. Different properties of all mixes including fresh and hardened
properties were determined according to EFNARC guidelines and IS code of practice and compared with the
control concrete. The morphology of various SCC mixes is examined through scanning electron micrograph to
verify the strength of SCC mix. The test results revealed that, with increased in RCA content the compressive
strength of SCC decreased whereas the tensile strength of SCC is found marginal and comparable to control mix.
However, by incorporating copper slag to the recycled aggregate concrete the compressive and split tensile
strength of SCC enhanced up to 7% and 28% respectively in comparison to control SCC mix. The cost-effective
and environmental impact analysis of RCA based SCC was carried out and it is revealed that, the combined use of
RCA and copper slag could cut the cost of SCC by 8-11% and the maximum reduction in CO; emission was about
3% which enables the construction sector to develop more sustainably and make a significant contribution to-

wards the preservation of natural resources.

1. Introduction

In the current scenario, the use of recycled materials in construction
sector is a challenging issue with respect to its proper utilization, cost-
effectiveness, and environmental impact assessment. Due to heavy
industrialization and urbanization the construction sector required large
number of natural resources for production of quality concrete from
which aggregates can occupy three-fourth volume of concrete. So, in
order to overcome the use of high volume of aggregates (both fine and
coarse) alternative materials obtained from the construction and in-
dustrial waste can be utilized as aggregates in the concrete production
which minimizes the cost of concrete, reduces the landfill space and
scarcity of natural resources. In this context, one of the most promising
options for a wide range of options in the usage and reuse of construction
materials in the Civil Engineering Industries is the use of recycled con-
crete aggregate (RCA) from construction and demolition waste and
copper slag (CS) from the copper industry.

Copper slag is one of the waste materials obtained in huge amount
during the matte smelting and refining processes of copper metal from
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copper industry. The primary components of copper slag are iron sul-
phides and copper oxides, with Si02, Al1203, CaO, and MgO rounding
out the composition [1]. According to the researchers [2,3], India has
been contributed 3.4% of the global CS production from various copper
industries and produced a total of 2.4 million tonnes of CS annually. As
an alternate material for improving the mechanical properties of con-
crete, CS has been discovered in earlier studies [4-7] to exhibit the
fundamental characteristics of fine aggregates. Similarly, the utilization
of the significant growth in construction and demolition waste over the
past ten years represents another major challenge for construction
sector. So, in order to preserve natural resources, protect the environ-
ment, save energy, and promote sustainable development, it is crucial to
employ industrial wastes and recycled concrete aggregate from the
building industry. The present research work is focussed on the pro-
duction of SCC by using CS as fine aggregate, along with RCA.
Self-compacting concrete is the most revolutionary types of concrete
with the ability to flow and compacted under the self-weight without the
need of vibration effort because of its excellent deformability and
cohesiveness [8]. SCC was first introduced in 1988 by H. Okamura [9].

E-mail addresses: sanjaykumar.civil@nitjsr.ac.in (S. Kumar), anasuyasahul980@gmail.com (A. Sahu), aklsriv.civil@nitjsr.ac.in (A.K.L Srivastava).

https://doi.org/10.1016/j.matpr.2023.08.151

Received 27 April 2023; Received in revised form 10 August 2023; Accepted 14 August 2023

Available online 15 August 2023

2214-7853/Copyright © 2023 Elsevier Ltd. All rights reserved. Selection and peer-review under responsibility of the scientific committee of the UKIERI Concrete

Congress — ‘Sustainable Concrete Infrastructure.


mailto:sanjaykumar.civil@nitjsr.ac.in
mailto:anasuyasahu1980@gmail.com
mailto:aklsriv.civil@nitjsr.ac.in
www.sciencedirect.com/science/journal/22147853
https://www.elsevier.com/locate/matpr
https://doi.org/10.1016/j.matpr.2023.08.151
https://doi.org/10.1016/j.matpr.2023.08.151
https://doi.org/10.1016/j.matpr.2023.08.151

S. Kumar et al.

The use of SCC in concrete industry is rapidly increased in the recent
decade due to its high workability, excellent strength, and durability
properties though it is costly and requires more quantity of cement and
other cementitious materials as compared to the normal concrete.
Different waste materials like recycled aggregate, iron slag, copper slag,
silica fumes, metakaolin that have been used in SCC as fine and coarse
aggregate or cement substitutes for minimizing its cost and making an
environment friendly concrete. In the last decade many research
[10-20] has been carried out by utilizing RCA and CS in SCC individ-
ually to evaluate different properties of concrete and it has been proven
that both recycled concrete aggregate and copper slag can successfully
replace coarse and fine particles in SCC. The current research work aims
to examine the impact of employing CS as fine aggregate on the strength
and microstructural characteristics of recycled aggregate based SCC as
there is no research has been carried out on CS and RCA combinedly for
development of SCC.

The novelty of the research work is to study the effect of CS on
mechanical performance of SCC made by recycled aggregate concrete.
Though, so many research work is carried out using RCA and CS for the
development of SCC but the combined effect of RCA and CS in SCC are
not studied till now. Further, as both CS and RCA could address the lack
of natural resources in the infrastructure development sector of the
building industry so the author’s main consent is the effective use of RCA
and CS towards the production of sustainable self-compacting concrete.
In order to validate the research work, the experimental work is carried
out by constructing SCC with 33%, 66% and 100% RCA as a replacement
of NCA and fixed the % of RCA by comparing their mechanical prop-
erties with control SCC. Then the copper slag of various proportion (0%,
20%, 40%, 60%, 80% and 100%) as fine aggregate is added to the SCC
made with 33% RCA and studied their combined effects on fresh and
mechanical properties of SCC experimentally by comparing with control
SCC. The properties on fresh state including slump and T500 slump flow,
V-funnel and L-box test has been performed based on EFNARC guide-
lines and the strength properties including compression test and split
tensile test has been done as per the Indian code of standards. The
morphological behavior of various concrete mixes is studied through
scanning electron micrograph (SEM).

2. Experimental programme
2.1. Materials required

OPC (ordinary Portland cement) of 53 grade conforming to IS12269
(1987) [21] is required for the experimental work. Fly ash (FA) with
class F is used in the study to replace OPC by 30%. Crushed basalt stone
sieved through 12.5 mm and retained on 10 mm sieve is utilized as
natural coarse aggregate in self-compacting concrete. RCA derived from
waste concrete collected from demolition of old petrol pump is used in
the present investigation. The waste concretes so obtained were crushed
by using crusher machine and produced recycled coarse aggregate. The
RCA is again crushed manually to remove the old mortar attached to the
aggregate surface in order to reduce the water absorption and converted
into required size as NCA. Copper slag used in the study is collected from
Hindustan Copper LTD, Jamshedpur and replaced the NFA partially in
SCC. PC-200, a poly-carboxylic ether-based superplasticizer (SP) with
reduced viscosity is used in the study. The SP dosage is fixed to 1.5% of
the cementitious material in accordance with IS 10262:2019 [22]. The

Table 1

Physical properties of materials used in the study.
Properties OPC FA NCA RCA NFA CS
Specific Gravity 3.14 2.0 2.8 2.6 2.63 3.6
Density 1446 - 2665 1954 1564 1950
Water Absorption - - 0.83 3.52 0.83 0.6
Fineness modulus - - 5.35 5.6 2.5 3.4
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physical properties of OPC, NCA, RCA, NFA and CS are presented in
Table 1after tested in the laboratory as per IS specification.

2.2. Mix proportioning

In this experimental work, there is two series of mix. In the first series
total 4 trial mixes have been prepared including one control SCC mix
designated as S. Another 3 mixes are prepared by replacing NCA with
33%, 66% and 100% RCA by weight. The second series consists of five
trial mixes that are prepared by replacing NFA with 0%, 20%, 40%,
60%, 80% and 100% by weight of CS. All the trial mixes have been
designated according to the proportions of RCA and CS. For example, the
trial mix of SCC with 33% RCA and 0% CS is designated as S33ROC. The
details of mix design proportions with their designations are provided in
Table 2.

All the mix proportions have been designed for target strength of 30
N/mm? in accordance with IS 10262 and FNARC guide lines. It must be
noted that, for all mixes the cementitious content was kept constant with
70% OPC and 30% fly-ash (FA) with water binder ratio 0.45. In order to
obtain a workable concrete, the coarse aggregates used in the study is
taken in surface saturated dry condition by pre-soaking of aggregates for
24 h prior to casting.

2.3. Concrete properties

The fresh properties including slump flow test, T500, V-funnel and L-
box of all the groups of concrete is determined after homogenous mixing
of all the materials using laboratory concrete mixture followed by
EFNARC guide lines [8]. The hardened properties including compressive
strength and split tensile strength test of different trial SCC mixes have
been carried out after 7 and 28 days of curing as per 1S:516 [23] and
IS:5816 [24] respectively on compressive strength testing machine with
capacity 3000 KN. Minimum 3 nos. of cube- specimens having 150 mm
size for compression and 3 cylindrical specimen of 150 mm dia for spit
tensile are casted for each trial mix and kept as air dried for 24 h and
then allowed for curing prior to test.

3. Result analysis
3.1. Fresh state properties

The properties of various SCC mixes on fresh state are conducted in
the laboratory and the values obtained were compared with the EFNARC
[8] classification. The results revealed that all the trial mixes are satis-
fied with the EFNARC limit and the workability results has been
improved with the addition of CS.

3.1.1. Slump flow test and T500 sump flow

Fig. 1 represented the slump and T500 slump flow values of control
SCC mix, SCC with RCA mix and RAC based SCC with CS mixes. Fig. 1(a)
showed the slump flow value of all the mixes which were likely to be in
the range of 583-745 mm and satisfies the EFNARC [8] limits. It has
been observed that the slump value declined when the RCA substitution
increased in the mix. However, the SCC mix with 33% RCA showed
improved workability with respect to control and other RCA mixes. The
flow value of SCC mix containing 66% and 100% RCA is decreased by
4.58% and 11% respectively with respect to the control mix. The down
grading in the flowability of fresh concrete is due to the high-water
absorption and lower density of RCA which increased the coarse
aggregate volume and reduced the free water content in the mix. Further
the flow values shown in the figure has been increased up to 14% with
respect to control mix by the addition of copper slag in RCA based SCC
mix, reaching 745 mm for the mix containing 33% RCA and100% CS
(S33R100C). The even surface of CS grains with low water absorption
capacity boosted the passing ability of SCC mixtures, resulting in an
increase in slump flow [19]. Fig. 1 (b) described the T500 slump flow



S. Kumar et al.

Materials Today: Proceedings 93 (2023) 480-488

Table 2
Details of mix proportions with mix designations.
Group Mix description Cement (kg/m3) FA (kg/m3) NFA (kg/m3) CS (kg/m3) NCA (kg/m3) RCA (kg/m3) Water (kg/ma) SP (1t/m3)
S-Control 309 133 913 0 860 0 190 6.63
Series 1 S33R0OC 309 133 913 0 576 284 190 6.63
S66R0C 309 133 913 0 292.4 567.6 190 6.63
S100R0OC 309 133 913 0 0 860 190 6.63
Series 2 S33R20C 309 133 730 183 576 284 190 6.63
S33R40C 309 133 365 548 576 284 190 6.63
S33R60C 309 133 548 365 576 284 190 6.63
S33R80C 309 133 183 730 576 284 190 6.63
S33R100C 309 133 0 913 576 284 190 6.63
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Fig. 1. Slump flow and T500 slump flow test results of various SCC mixes.

measurement of all SCC mixes which met the permissible limit of
EFNARC (2-5 s). The figure indicated that the time elapsed by mixtures
for reaching 500 mm diameter is decreased as the copper slag content
increased. The T500 slump flow increased initially by 6% with the in-
clusion of 33% RCA to SCC but with the inclusion of CS from 20 to 100%
the T500 value has been reduced from 6 to 36 % as compared to the SCC-
control. This could be due to the lack of cohesiveness between the new
and old attached mortar at the surface of RCA as well as low water ab-
sorption properties of CS.

3.1.2. V-funnel test

Fig. 2 presented the V-funnel test results of SCC mixes that determine
the viscosity of the flow i.e., the maximum time taken to vacant the
funnel. The values of all mixes were obtained are within the range of
EFNARC [8] limits i.e., 6-12sec. The maximum time taken is found 8.48
for SCC- control whereas the value increased by 0.15 times with the
addition of RCA from 0% to 100%. However, because of the smooth and
glassy appearance of CS grains the SCC mixes have reduced viscosity and
the funnel empty time was decreased with increased in copper slag
content. It has been decreased to 27% and 16% respectively in com-
parison to SCC-control and RCA mix (S33R0C) when the CS is added up
to 100%. However, the mixture containing 100% fine aggregate grasped
maximum time to empty the funnel as compared to the other mixes.

3.1.3. L-box test
The L-box measured the capacity of mix to pass through narrow
passages and clogged reinforcements. The L-box ratio at various
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replacement level of mixes was shown in Fig. 3. The values obtained for
all the mixes from the current study are found within the range of 0.83 to
0.97 confirmed to the guidelines of EFNARC [8]. From the Fig. 3 it has
been observed that the SCC mixes showed improved passing ability with
the addition of RCA due to high water absorption capacity than that of
NCA. The values increased by 8.4% as the RCA content increased from
0 to 100%. S.C Kou et al. [17] inferred the similar results where the L-
box values varies between 0.85 and 0.93 in SCC mixes using 100% RCA
with various percentage of recycled fine aggregate. Similarly, the L-box
values has been increased at a constant rate in all RCA based SCC mixes
with CS content from 20 to 100% which revealed that all the mixtures
were made with appropriate passing ability and are ready to use.

3.2. Hardened properties

3.2.1. Compressive strength test

Fig. 4 represented the compressive strength test results of various
SCC mixes at the age of 7- and 28-days curing. From the figure it has
been found that in the first series the compressive strength of SCC mixes
reduced both at 7 and 28 days with the increased in RCA content.
However, the SCC mix with 33% RCA showed negligible reduction in 28
days strength of about 2.5% with respect to the control mix. The SCC mix
with 100% RCA showed maximum reduction i.e., about 19.3% at 28
days. The results were validated to the previous research works
[13,17,18] i.e., reduced SCC compressive strength will result from an
increase in RCA replacement. This is probably caused by the RCAs’ high
porosity and the weak mortar matrix that the RCAs were bonded to.
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Fig. 4. Compressive strength of SCC mixes.

Contrarily, RCAs are more compact than NCA, that increases the ag-
gregates’ specific surface area and, facilitates the production of a sig-
nificant number of interfacial transition zones (ITZ), thus Compressive
strength is reduced.

Similarly, the 7-days compressive strength of RAC based SCC mixes is
decreased with the increase of CS content in comparison to control mix.
The maximum reduction in strength of about 19% was found on 100%
substitution of CS whereas the reduction percentage was minimum i.e.,
17%, 16%, 13%, 9.7% and 4% respectively on 80%, 60%, 40%, 20% and
0% substitution of CS. The reduction of strength is may be either due to
the high porosity and weak mortar characteristics of RCA or due to the
large particle size of CS grain [25] which delays the process of early
hydration causing loss of strength. However, with the inclusion of CS up

to 40 % the 28-days compressive strength of RCA based SCC mix showed
increasing nature with respect to the SCC-control. It was increased by
4% and 7% respectively with respect to control concrete for mix con-
taining 20% and 40% CS. lower water absorption property than that of
NFA and smooth glassy texture of CS may accelerate the strength of RAC
based SCC mix.

3.2.2. Split tensile strength test

Fig. 5 shows split tensile strength test of control, RCA mixes and RCA
based SCC mixes at various replacement level of CS as fine aggregate
from 7 to 28 days curing. The results indicated that, with the addition of
RCA in first series the tensile strength reduction was marginal at higher
level of replacement. The strength is decreased to 1.77% and 7.69%
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Fig. 5. Split tensile strength of SCC mixes.
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respectively with respect to the control mix for mix with 66% and 100%
RCA. However, the strength is increased to 1.47% for SCC with 33% RCA
(S33R0C). This minor variation in strength is attributed to the strong
bonding between the recycled concrete aggregate and mortar. Other
investigations also discovered that the RCA replacement in SCC did not
significantly contribute to the reduction in tensile strength [13,26].

Similarly, in the second series of test the split tensile strength is
enhanced up to 28% as compared to control SCC with the addition of CS
to the 33% RAC mix. The maximum strength is found in RCA based SCC
mix with 40% CS substitution from 7 to 28 days curing. It has been
increased from 2.38 to 3.10 at 7 days and 3.43 to 4.34 at 28 days for RCA
based SCC mix from 0 to 40% CS substitution. The angular edges of
copper slag grains enhanced the cohesiveness of the concrete matrix
which led to improve the strength of mix [25]. However, the tensile
strength of SCC mix is continuously decreased as the CS content
increased from 60 to 100% which is attributed to the low water ab-
sorption and high-density characteristics of slag grains as compared to
the NFA.

3.3. Microstructural analysis

In this research work, the morphological behaviour of various SCC
mixes has been studied by using SEM technology. The powdered form of
various SCC matrix obtained after performing 28 days compression test
is used for SEM analysis and studied the microstructural performances
like the formation of hydration products with un-hydrated cement inside
the matrix of SCC sample. However, in the present study the SEM
micrograph of SCC-control, S33R0C and S33R40C is provided to observe
the major changes as these mixes have higher compressive strength than
the other mixes which are represented in Fig. 6, Fig. 7 and Fig. 8. The
image of SEM indicates the formation of hydrated products like calcium
hydrate (CH), calcium silicate hydrate gel (CSH), formation of ettringite
and voids in the samples of SCC mixes.

The micrograph of RCA based SCC mix without CS (Fig. 7) shows a
comparatively more porous and less dense structure as compared to
SCC-control (Fig. 6). The cracks are more prominent with the formation
of ettringite in S33ROC mix which influences the mechanical charac-
teristics of mixes. This is due to the weak interfacial transition zone (ITZ)
developed between the aggregate and cement matrix [27]. The Fig. 8
shows the SEM morphology of S33R40C mix which exhibited a compact

Materials Today: Proceedings 93 (2023) 480-488

dense microstructure as compared to SCC-control and S33R0OC mix. The
morphology of 40% CS mix shows a clear spread of CSH gel over the
entire matrix with small pores and voids as compared to SCC-control.
This could be due to the lower water absorption value of CS than that
of NFA which increased the water content in the SCC mixes. This excess
free water is absorbed by RCA resulting less voids and micro cracks
formation in the cement matrix, thus increased the strength of the mix.

3.4. Cost and environmental benefit analysis

As the RCA and CS are the waste materials used in this study for
developing a sustainable self-compacting concrete so it is important to
examine the economic and environmental benefit of SCC. The economy
of SCC was determined by calculating the cost of different RCA based
SCC mixes utilizing market and industry data and compared the benefit
with SCC-control. The embodied CO2 emission (ECO-e) of various SCC
mixes were estimated to assess the environmental benefit of RCA based
SCC with sand/ CS over SCC control. The ECOse is the amount of carbon
dioxide that is released during the extraction of raw materials, trans-
portation, manufacture, and installation of any product system. The
environmental (ECO2e) factors of the ingredients used in the study were
gleaned from the related research work [20,28,29]. The detail calcula-
tions of cost and ECOe various SCC mixes are presented in Table 3.

It has been observed that, the RCA based SCC mix using CS as a
replacement for NFA produced a more cost-effective material as
compared to SCC-control. The cost is reduced by 8% and 11% respec-
tively with the incorporation of 40% and 100% CS to the RCA based SCC
mix. From an ecological point of view, the ECOze of SCC-control,
S33R40 CS and S33R100C are found to be 324, 321 and 317 kg COze/
m® which shows that the mixtures including CS reduced approximately
about 1.22% to 2.33% carbon foot print with respect to the SCC-control.

4. Conclusion

From the experimental study, it was examined how different frac-
tions of CS as fine aggregate affected the characteristics of RCA-based
SCC. The study revealed that it is practicable to produce SCC with
33% RCA and maximum replacement of NFA with CS up to 40% in the
mix design. The main conclusion of this research work are as follows.

EHT = 20.00 kV

Signal A= HDBSD

Date: 30 Dec 2022

Fig. 6. Micrograph of SCC-control.
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Fig. 7. Micrograph of S33ROC mix.

Fig. 8. Micrograph SEM image of S33R40C mix.

Based on the findings of several tests performed on freshly mixed SCC
containing RCA and CS, the values obtained are within the EFNARC
limits. The values of slump flow and L-box ratio of SCC mixes are
increased with the increasing of CS content whereas T500 slump and
V-funnel time shows a downward trend which is attributed to the
even and glassy texture with relatively low water absorption ca-
pacity of CS than that of NFA.

The compressive strength of SCC in the first series is decreased with
the increased in RCA content as the amount of mortar increased on
RCA surface at higher replacement level. However, there is a minor
variation in split tensile strength with the increased amount of RCA.
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- The compressive strength of recycled aggregate based SCC mixes is
enhanced up to 7% at 28 days with the incorporation of CS up to 40%
and beyond that the strength remain decreased due to high specific
gravity of CS grains.

- The split tensile strength of RCA based SCC mixes shows maximum
strength at 7 and 28 days respectively with the inclusion of CS up to
40% because of cohesiveness of the concrete matrix.

- The SEM micrograph shows a formation of dense CSH gel and rela-
tively less voids in S33R40C mix which enhances the strength in
comparison to the control and S33R0C mix
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Table 3
Cost and environmental benefit analysis of different SCC mixes.
Ingredients Data for each material Cost (INR/m?) ECOqe (kgCOZe/m3)
(Per kg)
COST (Rs.) ECOe (kgCO2e) S S33R40C S33R100C S S33R40C S33R100C
OPC 10 0.93 3090 3090 3090 287.4 287.4 287.4
FA 0.80 0.027 106.4 106.4 106.4 3.6 3.6 3.6
NFA 0.50 0.0098 456.5 182.5 - 8.95 3.57 -
NCA 1 0.024 860 576 576 20.64 13.82 13.82
RCA 0.50 0.029 - 142 142 - 8.24 8.24
CS 0.05 - - 18.25 45.65 - - -
SP 70 0.25 464 464 464 3.98 3.98 3.98
TOTAL 4977 4579.15 4424.05 324.57 320.61 317
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. . . . . . matpr.2022.04.414.
to ]_)e beneficial from economical as well as ecological point of view [6] R. Sharma, R.A. Khan, Durability assessment of self compacting concrete
as it cuts the cost of concrete and shows a comparable carbon foot- incorporating copper slag as fine aggregates, Constr. Build. Mater. 155 (2017)
print with respect to the control mix. 617-629, https://doi.org/10.1016/j.conbuildmat.2017.08.074.

[7] B. Krishna Chaitanya, I. Sivakumar, Influence of waste copper slag on flexural
strength properties of self compacting concrete, Mater. Today:. Proc. 42 (2020)

So, in the current study recycled aggregate based SCC incorporating 671-676, https://doi.org/10.1016/j.matpr.2020.11.059.
copper slag up to 40% as a substitution of fine aggregate is proved to be [8] EPG, ERMCO The European Guidelines for Self-Compacting Concrete, Eur. Guidel.
the best replacement over SCC-control. The usage of CS as a substitution 9] zelf)]Compact.MCOOnCl‘i FZS (152' ting C te, J. Adv. C Technol. 1 (2003)

3 . . Kamura, . Ouchi, sel-Compactin, oncrete, J. v. Concr. lechnol.
of fine aggregate in RCA based SCC has been proven to have techno- 5.15. pactme
logical, financial, and environmental advantages. Reusing of CS and [10] N. Kisku, H. Joshi, M. Ansari, S.K. Panda, S. Nayak, S.C. Dutta, A critical review
RCA as fine and coarse aggregate in SCC not only minimizes the amount and assessment for usage of recycled aggregate as sustainable construction

. . . 3 . material, Constr. Build. Mater. 131 (2017) 721-740, https://doi.org/10.1016/j.

of material disposed in landfills, but it also advances the development of -

. X 8 . X R A conbuildmat.2016.11.029. L
environmentally friendly substitute building materials with improved [11] M. Gesoglu, E. Giineyisi, H.O. Oz, 1. Taha, M.T. Yasemin, Failure characteristics of
performance. self-compacting concretes made with recycled aggregates, Constr. Build. Mater. 98

(2015) 334-344, https://doi.org/10.1016/j.conbuildmat.2015.08.036.
[12] M. Fadaee, R. Mirhosseini, R. Tabatabaei, M.J. Fadaee, K. Branch, INVESTIGATION
CRediT authorship contribution statement ON USING COPPER SLAG AS PART OF crvihoe f, (n.d.).
[13] H. Sasanipour, F. Aslani, Durability properties evaluation of self-compacting
concrete prepared with waste fine and coarse recycled concrete aggregates, Constr.

Sanjay Kumar: Conceptualization, Methodology, Editing and Su- Build. Mater. 236 (2020), 117540, https://doi.org/10.1016/].
pervision. Anasuya Sahu: Methodology, Investigation, Writing — orig- conbuildmat.2019.117540.
inal draft. A.K.L Srivastava: Supervision, Conceptualization, Writing — [14] M. Tuyan, A. Mardani-Aghabaglou, K. Ramyar, Freeze-thaw resistance, mechanical

and transport properties of self-consolidating concrete incorporating coarse
recycled concrete aggregate, Mater. Des. 53 (2014) 983-991, https://doi.org/
10.1016/j.matdes.2013.07.100.
[15] N.K. Bairagi, K. Ravande, V.K. Pareek, Behaviour of concrete with different
Declaration of Competing Interest proportions of natural and recycled aggregates, Resour. Conserv. Recycl. 9 (1993)
109-126, https://doi.org/10.1016/0921-3449(93)90036-F.
[16] M.A. Salau, O.J. Oseafiana, T.O. Oyegoke, Effects of elevated temperature on
The authors declare that they have no known competing financial concrete with Recycled Coarse Aggregates, IOP Conf. Ser. Mater. Sci. Eng. 96
interests or personal relationships that could have appeared to influence - 22815)’ htépgi/ /doi.org/10.1 088/f 1 75“7*8995(/ 96/1/012078. A with
P . 7] S.C. Kou, C.S. Poon, Properties of self-compacting concrete prepared with coarse
the work reported in this paper. and fine recycled concrete aggregates, Cem. Concr. Compos. 31 (2009) 622-627,
https://doi.org/10.1016/j.cemconcomp.2009.06.005.
Data availability [18] M. Nili, H. Sasanipour, F. Aslani, The effect of fine and coarse recycled aggregates
on fresh and mechanical properties of self-compacting concrete, Materials (Basel).
. . 12 (2019), https://doi.org/10.3390/ma12071120.
Data will be made available on request. [19] N. Gupta, R. Siddique, Strength and micro-structural properties of self-compacting
concrete incorporating copper slag, Constr. Build. Mater. 224 (2019) 894-908,
https://doi.org/10.1016/j.conbuildmat.2019.07.105.

review & editing.

ACRDOWIedgments [20] F. Ameri, P. Shoaei, M. Zahedi, M. Karimzadeh, H.R. Musaeei, C.B. Cheah, Physico-
mechanical properties and micromorphology of AAS mortars containing copper
The authors would like to acknowledge the faculty members and slag as fine aggregate at elevated temperature, J. Build. Eng. 39 (2021), 102289,
.. . . . https://doi.org/10.1016/j.jobe.2021.102289.
staff of Department of Civil Engineering, for their guldance and support [21] 1S-12269:, Specification for 53 grade ordinary Portland cement, Bur. Indian Stand.
and the Director, National Institute of Technology, Jamshedpur, India (1987) New Delhi,India. https://law.resource.org/pub/in/bis/S03/is.12269.
for his permission to publish the paper. b.1987.pdf.

[22] IS 10262, Concrete Mix Proportioning- Guidelines, Bur. Indian Stand. Second Rev
(2019) 1-40.
References [23] IS 516, Method of Tests for Strength of Concrete, Bur. Indian Stand. (1959) 1-30.
[24] IS 5816-1999, Indian standard Splitting tensile strength of concrete- method of

[1] M. Mavroulidou, Mechanical Properties and Durability of Concrete with Water test, Bur. Indian Stand. (1999) 1-14.

Cooled Copper Slag Aggregate, Waste Biomass Valoriz. 8 (2017) 1841-1854, [25] R. Sharma, R.A. Khan, Fresh and mechanical properties of self compacting concrete
https://doi.org/10 1007/9126&9—016—9819—% ’ containing copper slag as fine aggregates, Constr. Build. Mater. 155 (2017)

[2] UMD.E.CD.E. Los, No TEMEBRBETLL LIEESHEICH T3 BEDE 617-629.
1518 |0 T B I BAEE S Title, (n.d.) [26] H. Salahuddin, A. Nawaz, A. Magsoom, T. Mehmood, B. ul A. Zeeshan, Effects of

[3] R. Sharma, R.A. Khan, Sustainable use of copper slag in self compacting concrete elevated te'mperature on performance of recycled coarse aggregate cr_mcrete,
containing supplementary cementitious materials, J. Clean. Prod. 151 (2017) Constr.. Bmld', Mater. 202 (2019) 415-425, https://doi.org/10.1016/j.
179-192, https://doi.org/10.1016/j.jclepro.2017.03.031. conbuildmat.2019.01.011.

[4] B.M. Mithun, M.C. Narasimhan, Performance of alkali activated slag concrete

mixes incorporating copper slag as fine aggregate, J. Clean. Prod. 112 (2016)

837-844, https://doi.org/10.1016/j.jclepro.2015.06.026.

N. Singh, A. Gupta, M.M. Haque, A review on the influence of copper slag as a

natural fine aggregate replacement on the mechanical properties of concrete,

[5

—

487


https://doi.org/10.1007/s12649-016-9819-3
https://doi.org/10.1016/j.jclepro.2017.03.031
https://doi.org/10.1016/j.jclepro.2015.06.026
https://doi.org/10.1016/j.matpr.2022.04.414
https://doi.org/10.1016/j.matpr.2022.04.414
https://doi.org/10.1016/j.conbuildmat.2017.08.074
https://doi.org/10.1016/j.matpr.2020.11.059
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0045
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0045
https://doi.org/10.1016/j.conbuildmat.2016.11.029
https://doi.org/10.1016/j.conbuildmat.2016.11.029
https://doi.org/10.1016/j.conbuildmat.2015.08.036
https://doi.org/10.1016/j.conbuildmat.2019.117540
https://doi.org/10.1016/j.conbuildmat.2019.117540
https://doi.org/10.1016/j.matdes.2013.07.100
https://doi.org/10.1016/j.matdes.2013.07.100
https://doi.org/10.1016/0921-3449(93)90036-F
https://doi.org/10.1088/1757-899X/96/1/012078
https://doi.org/10.1016/j.cemconcomp.2009.06.005
https://doi.org/10.3390/ma12071120
https://doi.org/10.1016/j.conbuildmat.2019.07.105
https://doi.org/10.1016/j.jobe.2021.102289
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0110
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0110
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0115
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0120
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0120
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0125
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0125
http://refhub.elsevier.com/S2214-7853(23)04417-6/h0125
https://doi.org/10.1016/j.conbuildmat.2019.01.011
https://doi.org/10.1016/j.conbuildmat.2019.01.011

S. Kumar et al. Materials Today: Proceedings 93 (2023) 480-488

[27] P. Abhishek, P. Ramachandra, P.S. Niranjan, Use of recycled concrete aggregate [29] L.K. Turner, F.G. Collins, Carbon dioxide equivalent (CO2-e) emissions: A
and granulated blast furnace slag in self-compacting concrete, Mater. Today:. Proc. comparison between geopolymer and OPC cement concrete, Constr. Build. Mater.
42 (2020) 479-486, https://doi.org/10.1016/j.matpr.2020.10.239. 43 (2013) 125-130, https://doi.org/10.1016/j.conbuildmat.2013.01.023.

[28] R.K. Majhi, A.N. Nayak, Production of sustainable concrete utilising high-volume
blast furnace slag and recycled aggregate with lime activator, J. Clean. Prod. 255
(2020), 120188, https://doi.org/10.1016/j.jclepro.2020.120188.

488


https://doi.org/10.1016/j.matpr.2020.10.239
https://doi.org/10.1016/j.jclepro.2020.120188
https://doi.org/10.1016/j.conbuildmat.2013.01.023

	Effect of copper slag on recycled aggregate based self-compacting concrete
	1 Introduction
	2 Experimental programme
	2.1 Materials required
	2.2 Mix proportioning
	2.3 Concrete properties

	3 Result analysis
	3.1 Fresh state properties
	3.1.1 Slump flow test and T500 sump flow
	3.1.2 V-funnel test
	3.1.3 L-box test

	3.2 Hardened properties
	3.2.1 Compressive strength test
	3.2.2 Split tensile strength test

	3.3 Microstructural analysis
	3.4 Cost and environmental benefit analysis

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	References


