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ABSTRACT
Electronic waste concrete is prepared by using E-waste and ground granulated blast furnace slag(GGBS). In general
processing of e-waste in developing countries leads to adverse human health effects and environmental pollution. Hence the
use of E waste is practised as it will reduces the Aggregate cost and provides a good strength for the structures and roads. It
also reduces the landfill cost and energy saving. Ground-granulated blast-furnace slag (GGBS or GGBFS) is obtained by
quenching molten iron slag (a by-product of iron and steel-making) from a blast furnace in water or steam, to produce
a glassy, granular product which is then dried and ground into a fine powder. In this project the concrete specimens prepared
with e-waste material will be subjected to compressive and tensile strength tests. 12mm and 20mm down coarse aggregates are
replaced used as the e-waste material. Different concrete mixes are prepared by replacing normal coarse aggregate with Ewaste material in different ranges like 0%, 20%, 40%, 60%, 80%, 100%. A concrete mix of M30 is taken as the reference mix.
Cement is replaced with GGBS with 0% and 10%.The effect of replacement of coarse aggregate by e-waste material and cement
by GGBS on properties of concrete are studied for compressive strength and split tensile strength for hardened concrete at the
age of 28 days and 90 days.
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1. INTRODUCTION
One of the most rapid growing threats to environment that includes animals and human beings is the electronic waste.
These squanders are physically and artificially unique in relation to different squanders, for example, metropolitan and
modern squanders. The electronic waste or E-squander contains in excess of 1000 risky and nonhazardous substances.
Joined United Nation Environment Program (UNEP) assessed that E-squander is required to be in excess of 50 million
tonnes for each annum. India creates 8,00,000 tonnes of E-squander each year and it is required to increment later on.
E-waste contains most of the toxic elements in the periodic table such as heavy metals, lead, nickel, chromium,
cadmium, arsenic and mercury. These lethal E-squanders were from most created nations that were dumped in India
because of their ecological approaches on reusing the E-squander. The combustion of E-waste in recycling plants
neither reduces environmental pollution nor the effects on humans. The scientists, researchers and environmental
agencies were keen on reducing, recycling and reusing these electronic or E-waste in different ways. One such
application was in using it in the development and building materials. The E-waste was crushed and powdered and it
was used as replacement of fine or coarse aggregates replacement in concrete.
This study focused on attaining designed mechanical properties such as compressive, splitting tensile strength
of the concrete with E-waste as coarse aggregate replacement. To lessen the bond and also to enhance the mechanical
properties, ground granulated Blast furnace slag (GGBS) is added in the matrix. GGBS gained its attention owing to its
physical and chemical properties that attracted several researchers to be used as a partial replacement of cement and
fine aggregates in concrete. The E-waste was collected from the dumping yard at Bangalore. E-Waste used is printed
circuit board (PCB).These PCBs are crushed into 12 and 20 mm in size by using Electronic plastic crusher and used as
E waste aggregate.
2. LITERATURE REVIEW
[1] A. Arun Kumar, R. Senthamizh Selvan (2017)This study is focused to improve strength and durability properties
of green concrete with E waste as fine (10%, 20% and 30%) and coarse aggregates (5%, 10% and 15%) substitution in
fiber strengthened green cement with 30% of ground granulated impact heater slag (GGBS) for the substitution of
bond. From this study it was concluded that the dry density of the control concrete decreased with the increase in the
percentage of replacement with fine and coarse E-waste aggregates. [2] D. Suresh, K. Nagaraju (2015)This
prerequisite is drawn the consideration of specialists to investigate new substitutions of elements of cement. The present
particular report revolves around investigating characteristics of concrete with fragmentary supplanting of bond with
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Ground Granulated Blast warmer Slag (GGBS). From this examination it was presumed that The development of
dampness of GGBS blends, likely due to the thick and solid microstructure of the interfacial total/cover change zone.
[3] Sheikibrahim k, Sathish S (2018)This paper predominantly centers around the quality of the solid by deciding the
compressive quality and rigidity of the solid by different substitution of Flyash and GGBS. The test outcomes
demonstrates that quality expanding with the expansion of flyash and GGBS up to ideal incentive past which quality
esteem begin diminishing with further expansion of flyash and GGBS.
[4] Manikandan m, arul prakash d, manikandan p 2017)This paper introduced a test work have been done to decide
the impacts of reused solid total (RCA) under the relieving states of 2.1 pH in sulphuric corrosive (H2SO4) and 0.5 N
in Hydrochloric Acid (Hcl) severally. The substitution rates of RCA were 0%, 5%, 10% and 15% separately. From this
examination it was presumed that Utilization of fractional substitution of E– squander as a coarse total is the best
option for the traditional cement. The transfer of E– waste can be utilized as a coarse total gives the decrease in weight
on landfill arranging and natural contamination.
[5] Bavan jayrajsinh C, yogendra Tandel (2015)This review paper seeks to study the use of plastic components of Ewaste in construction applications. This is an alternative solution to administer the growing quantity of the E-waste,
due to its economic and ecological advantages. The replacement of coarse aggregate in concrete by volume up to 50%.
The compressive, splitting tensile and flexural strength were reduced with increase in E-plastic. It is recommended that
up to 30% replacement by volume can be done; up to this limit, the characteristic strength of concrete was achieved.
The reduction in tensile splitting strength and flexural strength were relatively less prominent than the reduction in
compressive strength of concrete due to the incorporation of e-plastic aggregate.
[6] Maheshwar Dwivedy, R.K. Mittal (2012)Reverse supply chains that characterize reuse and recycling remains the
primary focus of large businesses in a globalized economy. This article critically examines the environmental and
social benefits of reuse that would result through systematic interventions in the existing WEEE trade chain in India.
WEEE to other users can potentially go a long way in increasing their lifespan. The study uses a Markov chain model
to analyze the underlying relationship that exist within the reverse supply chain partners by quantitatively evaluating
the performance measure of different policy scenarios. Finally we discuss the critical factors affecting the reuse business
in the context of Extended Producer Responsibility.
[7] Sagar R. Raut, Roshani S. Dhapudkar, Monali G. Mandaokar (2018)In this paper the coarse aggregate is
replaced by e-waste and the research strongly shows possibility of e-waste being used as substitute of fine and coarse
aggregate. More use of this waste material tends to reduce the demand of natural resources used in concrete and it is of
prime importance that substitute of coarse aggregate can be explored. From the above experimental study the following
conclusion it is experimentally found that the partial replacement of aggregates by the e-waste is possible up to certain
extent. The 15% replacement of aggregates gives the optimum results for compressive strength test. E- Waste can be
dispose in concrete as a coarse aggregate. Split tensile strength is maximum up to 15% replacement of coarse aggregate
by e-waste. This replacement gives the sustainable approach.
[8] Martin Keppert, Zbysek Pavlík , Robert Cerny, Pavel Reiterman (2012)
From this study it was concluded that the untreated MSWI bottom ash (fraction 0-4 mm) was used as partial sand
replacement in concrete. This ash, by its chemical composition, does not fulfill the standard requirements on concrete
admixtures but the prepared concrete had acceptable properties. The 28-days compressive strength of material with 10
% sand replacement was comparable with the reference concrete; the 90-days strength was lower which can be
explained by different hydration process. The frost resistance of bottom ash containing concrete was very good. The
prepared concrete contained relatively low content of MSWI ash; this approach represents a compromise between the
ecological request on a practical utilization of MSWI ashes and properties of the acquired product. Higher ash dosage –
without any accompanied loss of concrete properties – would be possible only when the ash would be treated in some
way (e.g. by vitrification) but in such case there would arise additional costs suppressing the MSWI ashes utilization
attractiveness for building industry.
3. MATERIALS AND ITS PROPERTIES
3.1 Cement:In this investigation ordinary Portland cement of 53 Grade(ACC Cement) has been utilized. Specific
gravity of cement is 3.15. The chemical composition of cement is given in Table 1.
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Chemical composition of cement

3.2 Coarse aggregate:In this study coarse aggregate of nominal sizes of 20mm &12mm. Which are available from
locally available crushed hard rocks are used. The specific gravity of coarse aggregate is 2.77.
3.3 Fine aggregate: The fine aggregate used in this study is river sand which is obtained from local company and
normal size of 2.36mm. The specific gravity and fineness modulus of sand are 2.7 and 2.90 respectively.
3.4 E-waste: Electronic waste or e-misuse delineates discarded electrical or electronic devices. Used contraptions
which are destined for reuse, resale, salvage, reusing, or exchange is in like manner saw as e-waste. Easygoing
planning of e-waste in making countries can incite hostile human prosperity impacts and natural pollution.
Electronic piece segments, for example, CPUs, contain conceivably hazardous materials, for example, lead,
cadmium, beryllium, or brominated fire retardants. Reusing and exchange of e-waste may incorporate immense
peril to quality of experts and systems in made countries and unbelievable thought must be taken to keep up a key
separation from dangerous presentation in reusing exercises and spilling of materials, for instance, generous metals
from landfills and incinerator red hot garbage. In the present work E-waste which was accumulated at the dumping
yard of Bangalore is used . These are crushed into 12 and 20 mm in size by using Electronic plastic crusher
available at Ananthapuramu. These are shown in fig 1 and fig 2. The specific gravity of E-waste is 1.8.

Fig 1 E-waste Crushing machine

Fig 2 Crushed electronic waste

3.5 Ground granulated blast furnace slag (GGBS):GGBS is obtained from JSW Steel plant, Nandyal, Kurnool(dist),
Andhra Pradesh. Specific gravity of GGBS is 2.9. The chemical composition of GGBS is presented in Table 2.
Table 2 Chemical composition of GGBS
S. No.
Chemical Formula Percentage (%)
01
Cao
30-45%
02
SiO2
17-38%
03
Al2O3
15-25%
04
Fe2O3
0.5-2.0%
05
MgO
4.0-17.0%
06
MnO2
1.0-5.0%
07
Glasss
85-98%
4. METHODOLOGY
4.1Mix Design of E –waste concrete:M30 grade concrete with proportion ( 1:1.63:2.47) with a W/C ratio of 0.44 is
used as a reference mix was based on IS 10262:2009 recommendations. Cement is replaced with GGBS at
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constant percentage of 0% & 10% .The coarse aggregate is replaced with E-waste @ 0%,20%,40%,60%,80%
&100% respectively.
4.2 Preparation of E-waste concrete:
Preparation of E-waste concrete is explained in three steps as follows
Mixing:During the mixing process of E-waste concrete first the materials such as cement, GGBS, coarse
aggregate ,E-waste and fine aggregates are mixed in dry condition about 3-4 minutes then water is added to
the dry mix. The mixing process is done for about 6-8 minutes for proper binding of all the materials.
Casting:After the mixing, immediately E-waste concrete mix is poured into moulds and tamping is done for
proper compaction. Top surface of the mould is properly finished. Moulds used include cubes
(150mmx150mmx150mm) and cylinders (150mmX300mm).
Curing:After 24 hours , moulds are demoulded and kept for water curing. Curing is done for 28 days and 90
days.Then cubes and cylinders are taken out from the water curing kept in 1 hour in dry condition and there
after tests were concluded.
5. RESULTS AND ANALYSIS
In this investigation, mechanical properties of E-waste concrete are studied by using different propotions of Ewaste and GGBS. Mechanical properties such as slump cone test(mm) , compaction factor test, compressive
strength(N/mm2) and split tensile strength(N/mm2 ) of E-waste concrete are studied.
5.1 Slump Cone test:The results of slump cone test on E-waste concrete are presented in Fig 1& 2.
Table 1 slump cone test for E-waste

Fig 1 Slump in mm by using E-waste

Fig 2 Slump in mm by using E-waste and GGBS
From the fig 1&2 it is observed that, increasing the percentage of E-Waste will results in Increasing the value of slump
for with and without using GGBS. As we compare the water absorption for e-waste is less than the coarse aggregates,
the concrete mix has slurry behavior Due to this reason increase in the percentage of E-waste results is the increase of
slump for was with and without GGBS.
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5.2 Compaction factor test: The results of Compaction factor test on E-waste concrete are presented in Fig 3& 4.

Fig 3 Compaction Factor by using E-waste

Fig 4 Compaction Factor by using E-waste and GGBS
From fig 3&4 it can be observed that increasing the percentage of E-Waste will result in Increase is the value of
Compaction factor value for both mixing i.e GGBS. As the percentage of E-Waste increases the value of weight of the
partial compacted concrete decreases. Due to the shape and weight of the E-Waste material and the value of
compaction factor increases.
5.3 Compressive strength:

Fig 5 Compressive strength testing machine
The compressive strength of E-waste concrete are presented in Table 5&6 and fig 6&7.
Table 5 Compression strength for E-waste
28 days avg
90 days avg
Average 28 days
E-Waste
S.No
compressive
compressive
Compressive
(%EW)
load(KN)
load(KN)
strength(N/mm2)
1
0%
855.667
869.33
38.03
Volume 8, Issue 2, February 2019

Average 90 days
Compressive
strength(N/mm2)
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2
3
4
5
6

20%
40%
60%
80%
100%

902.33
778
435.33
413
401

944
801.33
508.667
480.667
447.667

40.104
34.578
19.348
18.356
17.822

ISSN 2319 - 4847
41.956
35.615
22.607
21.363
19.896

Fig 6 Compressive strength of concrete by using E-waste
Table 6 Compressive strength for E-waste and GGBS
28 days avg
90 days avg
Average 28 days
compressive
compressive
Compressive
load(KN)
load(KN)
strength(N/mm2)
885
39.333
902.000

Average 90 days
Compressive
strength(N/mm2)

S.No

%E-Waste
+%GGBS

1

0%+10%

2

20%+10%

932.33

971

41.437

40.089
43.156

3

40%+10%

822.33

35.688

36.548

4

60%+10%

803.000
556.33

585

24.726

26

5

80%+10%

440.33

19.57

22.133

6

100%+10%

498.000
461.3333

18.296

20.503

411.667

Fig 7 Compressive strength of concrete by using E-waste and GGBS
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From the fig 6 &7, it can be observed that when maximum strength is obtained 20% E-waste replaced the natural
coarse aggregate.The compressive strength was maximum value obtained at 20% of E-waste because of plastic
behaviour of E-waste did not fail during compressive strength and also proper bonding between aggregates,cementious
material and E-waste(20%). Now, if more than increasing E –waste (40% ,60%,80%, and 100% ), the compressive
strength was decreasing due to improper bonding between the aggregates, cementious materials and E-waste.Also we
can observed that compressive strength of concrete increases along with the age of concrete for both 28 days and 90
days of curing i.e. strength increases with the increase in age of concrete.
5.4 Split tensile strength:

Fig 8: Split tensile strength machine
The split tensile strength of E-waste concrete are presented in Table 7&8 and fig 9&10.

S.No

E-Waste
(%EW)

1
2
3
4
5
6

0%
20%
40%
60%
80%
100%

Table 7 Split tensile strength for E-waste
28 days avg
90 days avg
Average 28 days Split
tensile
tensile
tensile strength(N/mm2)
load(KN)
load(KN)
208.667
217.33
2.951
229.333
233
3.243
205
210.667
2.899
125.333
143.667
1.772
117.667
138.667
1.664
102
108.667
1.442

Average 90 days Split
tensile strength(N/mm2)
3.073
3.295
2.979
2.032
1.961
1.537

Fig 9 Split tensile strength of concrete by using E-waste
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Split tensile strength for E-waste and GGBS

S.No

%E-Waste
+%GGBS

28 days avg
tensile
load(KN)

1
2
3
4
5
6

0%+10%
20%+10%
40%+10%
60%+10%
80%+10%
100%+10%

213.333
236.333
175.000
144.333
122.333
107.667

90 days avg
tensile
load(KN)
222.333
239.000
177.667
151.000
132.667
111.333

Average 28
days Split
tensile
strength
(N/mm2)
3.017
3.342
2.989
2.041
1.876
1.523

Average 90 days Split
tensile strength((N/mm2)
3.144
3.380
3.050
2.135
1.989
1.574

Fig 10 Split tensile strength of concrete by using E-waste and GGBS
From the fig 9 &10, it can be observed that when maximum strength is obtained 20% E-waste replaced the natural
coarse aggregate.The Split tensile strength was maximum value obtained at 20% of E-waste because of the control of
concrete exhibited brittle failure,where as fibre reinforced green concrete with E-waste as fine and coarse aggregate
showed ductile failure.This was due to cracks offered by given specimens. Also proper bonding between
aggregates,cementious material and E-waste(20%). Now, if more than increasing E –waste (40% ,60%,80%, and 100%
), the split strength was decreasing due to improper bonding between the aggregates, cementious materials and Ewaste. Also we can observed that split tensile strength of concrete increases along with the age of concrete for both 28
days and 90 days of curing i.e. strength increases with the increase in age of concrete.
5.5 Comparison of Compressive strength:Comparison of compressive strength of E-waste concrete(28 days) with and
without using of GGBS are presented in given fig 11.
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Fig 11 28 days Compressive strength of E-waste concrete with or without using GGBS
Comparison of compressive strength of E-waste concrete(90 days) with and without using of GGBS are presented
in given fig 12.

Fig 12 90 days Compressive strength of E-waste concrete with or without using GGBS
From the fig 11&12, it can be observed that the addition of GGBS gave better Compressive strength relative to the
addition of E-Waste, for both 28 and 90 days of curing. Because, with the addition of GGBS (cementitious material) the
setting time of the mix gets reduced and it produces significant amount of heat during hardening of concrete. It
generates rise in temperatures, particularly in thick concrete section pores. This could result in thermal cracking.
A GGBS concrete will have lower strengths at early ages, but its long term strength will be greater, the
reduction in the early strength will be most noticeable at high GGBS levels and low temperatures. Hence, replacing
cement with GGBS helps to avoid early age thermal cracking and increases the pozzolanic reaction. Ultimately
increases the strength of concrete mixtures. Due to this reason, the maximum value of compressive strength was
observed at a 20% replacement of coarse aggregate with E-Waste.
5.6 Comparison of Split tensile strength:
Comparison of split tensile strength of E-waste concrete(28 days) with and without using of GGBS are presented in
given fig 13.
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Fig 13 28 days Split tensile strength of E-waste concrete with or without using GGBS
Comparison of split tensile strength of E-waste concrete(90 days) with and without using of GGBS are presented in
given fig 14.

Fig 14 90 days Split tensile strength of E-waste concrete with or without using GGBS
From the fig 13&14, it can be observed that the addition of GGBS gave better Split tensile strength relative to the
addition of E-Waste, for both 28 and 90 days of curing. Because, with the addition of GGBS (cementitious material) the
setting time of the mix gets reduced and it produces significant amount of heat during hardening of concrete. It
generates rise in temperatures, particularly in thick concrete section pores. This could result in thermal cracking.
A GGBS concrete will have lower strengths at early ages, but its long term strength will be greater, the
reduction in the early strength will be most noticeable at high GGBS levels and low temperatures. Hence, replacing
cement with GGBS helps to avoid early age thermal cracking and increases the pozzolanic reaction. Ultimately
increases the strength of concrete mixtures. Due to this reason, the maximum value of split tensile strength was
observed at a 20% replacement of coarse aggregate with E-Waste.
6. CONCLUSIONS
From the present study the following conclusions are made
1. The use of E-Waste and GGBS as a partial replacement of Coarse aggregates and cement provides us an alternative
source to use the waste into a useful material.
2. E–waste can be used as a partial substitute to and coarse aggregate provides the reduction in burden on landfill
disposing and environmental pollution.
3. The E–waste concrete density is less as compared with the conventional concrete which reduces the cost of the
concrete and produces light weight concrete structure.
4. The value of slump increases with increase in the percentage of E-Waste from 0% to 100% for both with and without
using GGBS.
5. The value of compaction factor increases with increase in the percentage of E-Waste from 0% to 100% for both with
and without using GGBS.
6. The optimal value (maximum value) of compressive strength was observed at 20% E-Waste for 28days and 90 days
curing. After 20% the compressive quality of E-waste concrete is reduced.
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7. The maximum split tensile strength of concrete is obtained at 20% replacement of coarse aggregate by E-waste.
8. This experimental study clearly shows that proper selection of E-waste materials and GGBS can enhance the
strength of concrete.
REFERENCES
[1.] A.ArunKumar and R.Senthamizh Selvan, “Performance of Recycled E-waste as Aggregates in Green Concrete”,
Nature Environment and Pollution Technology, An International Quarterly Scientific Journal 2017.
[2.] D.Suresh and K.Nagaraju,“Ground Granulated Blast furnace Slag(GGBS)In Concrete–A Review”,IOSR Journalof
Mechanical and CivilEngineering (IOSR-JMCE) e-ISSN:2278-1684,p-ISSN:2320-334X,Volume12,Issue4Ver.VI
(Jul. - Aug. 2015).
[3.] Sheik ibrahim k,Sathish S,Mohammed Fahad as,“ground granulated blast furnaceslag(ggbs or ggbfs)andflyash in
concrete”,International
Research
Journal
of
Engineering
and
Technology(IRJET)ISSN:239500056Volume:05Issue2018.
[4.] Manikandan m,arul prakash d,manikandan p,“experimental study one–waste concreteandcomparing with
conventional concrete”,Jr.ofIndustrialPollutionControl 33(S3)(2017)pp1490-1495
[5.] Bavanjayraj sinh C, yogendra Tandel,“A Review on E-waste as construction material”,indian journal of applied
research, Volume-5|Issue-1|JanSpecialIssue–2015.
[6.] Maheshwar D wivedy,R.K.Mittal,“An investigation in toe-waste flows in India”,Journal of Cleaner Production 37
(2012) 229e242.
[7.] SagarR.Raut,RoshaniS.Dhapudkar,MonaliG.Mandaokar“Experimental Study on Utilization ofE-Waste in Cement
Concrete”,TheInternational Journal of Engineering and Science(IJES)ISSN(e):2319–1813ISSN(p)2018.
[8.] Martin Keppert,Zbysek Pavlik,RobertCerny,PavelReiterman,“Properties of Concrete with Municipal Solid Waste
Incinerator Bottom Ash”,IPCSITvol.28(2012)IACSITPress,Singapore.

Volume 8, Issue 2, February 2019

Page 41

