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ABSTRACT

The work was conducted on M20 grade mix. The replacement of coarse aggregate with E-waste in
the range of different percentages (0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%) and 15% replacement
of cement with marble dust. Finally, the fresh and harden properties of concrete mix specimens
obtained from the addition of these materials are compared with control concrete mix. The test
results shows that a proper improvement in compressive strengths were achieved in the E-waste
and marble dust concrete compared to conventional concrete and can be used effectively in
concrete. The reuse of E-waste leads in waste reduction and resources conservation.
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1. INTRODUCTION

Waste management is typically dealt
depending on the type of waste, quantity of
waste generated and the degree of associated
problems with the environment. It is believed
that recycling of industrial wastes is
technically economical and also has several
environmental benefits. Wastes from the
industries can be used as the constituents of
concrete by replacing or partially replacing
the cement or aggregates which makes it cost
effective and also conserves the natural
resources. Concrete is the important material
in construction other than steel and timber
and its main constituents are cement, sand,
fine and coarse aggregates, and water. But,
one of the greatest environmental concerns in
construction industry are the production of
cement which emits large amount of co, to
the atmosphere. It is estimated that
production of one ton of clinker/cement
releases equally one ton of co,. Therefore, the
past two decades of research is diverted
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primarily in making concrete without cement
or at least partially in low or high volumes,
replacing cement by suitable alternatives like
fly ash, silica fume, ground granulated blast
furnace slag, rice husk ash. China, India,
united states of America is the order of
countries having largest cement consumption.
E-waste describes as loosely thrown-out, not
needed any more, no longer useful/no longer
used, broken, electrical or electronic devices.
Fast technology change, low initial cost has
resulted in a fast growing of electronic waste
around the globe. Several tons of E-waste
need to be disposed per year. Traditional
place where garbage and trash is dumped
method is not a related to surrounding
conditions or the health of the Earth friendly
solution and the disposal process is also very
complicated. How to reuse the non-
disposable E-waste becomes an important
research topic. The processing of electronic
waste causes serious health and pollution
Problems due to electronic equipment
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contains serious contaminants such as lead,
Cadmium, Beryllium, Poisonous metal,
Mercury, Nickel, Silver, Zinc. In India, E-waste
is mostly generated in large cities like Delhi,
Mumbai and Bangalore. In these cities a
complex e-waste handling infrastructure has
developed mainly based on a long tradition of
waste recycling. Sixty five cities in India
generate more than 60% of the total e waste
generated in India. Ten states generate 70%
of the total E-waste generated in India.
Because of increment in cost of typical coarse
aggregate it has constrained the civil
engineers to discover appropriate other
options to replace it. E-waste can be utilized
as one such option for coarse aggregate.
Owing to shortage of coarse aggregate for the
planning of solid, incomplete supplanting of E-
waste with coarse aggregate was tried.

1.2 E-waste

E-waste refers to electronic products nearing
the end of their “useful life” for example,
computers, televisions, VCRs, stereos, copiers,
and fax machines. Many of these products can
be reused, refurbished, or recycles. In this
project these e-waste were crushed and used
in the place of 20mm coarse aggregate.

1.2 Marble dust is obtained from “cutting and
manufacturing industries of marble”. In India
near about 3,500 metric tons of marble dust
slurry per day is generated. So, Marble dust is
very easily available with very less cost. Some
of industries used to wash out this marble
powder with water in natural streams which
cause water pollution and is harmful for our
environment. So, it is advisory to use marble
dust as partial replacement with cement as it
has properties similar to cement and one of
good pozzolanas.

2. LITERATURE REVIEW

Sunil Ahirwar et.al The waste materials that
come from the construction field can also be
reused that gives better economic and
environmental benefit. Sunil Ahirwar along
with his colleagues tried to make the best out
of e-waste as they inappropriately found rapid
disposal of Electronic-waste. So, they tried the
including the e-waste into coarse aggregate
replacement. The aim of their study was the
investigation of the change in mechanical
Behaviour & Properties of concrete when the
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addition of E-Waste is done in concrete. The
Coarse aggregate is replaced partially by E-
waste in 0% to 30% proportions. They also
included 10, 20, and 30 Percent of flyash
partially replacing the cement. As per the
tests conducted on various specimens made
with different percentage inclusions of e-
waste and fly ash as partial replacement of
coarse aggregate and cement respectively,
they have come to results: 30% of cement
replacement with fly ash along with electronic
waste gives the best result. The strength of
concrete increased by 17.8% by the inclusion
of 7.5% e-waste. Many favorable results were
obtained like concrete is lightweight and thus
the weight of the structure is reduced.
Workability was increased as increase in
percentage inclusion of e-waste. Makes
concrete more flexible and hence bear seismic
loads. They concluded that E- waste can be
used replace the coarse aggregate
somewhere between 10 — 20%.

Manikandan et.al Manikandan along with his
team focused on the improper disposal of e-
waste. In our Country (India), primary source
of Electronic waste generated was from public
& private sector which are 70% from the total
waste being generated. The annually
estimated generation of E-waste was around
4,00,000 tons. It is found that most of the e-
waste generated is from cities like Bombay,
Delhi, Bengaluru, and Madras was estimated
approx. 10,000 , 9,000, 8,000 ,and 6,000
Tonnes Respectively. only 4% of total waste
generated is recycled per annum, it's a
disappointment. So, they made efforts for
usage of E-waste components as for partially
replacing the coarse(10-12) mm Aggregate.
The major conclusions drawn by them are:
Density of Electronic Waste as Replacement
of Coarse or Fine Aggregate in concrete is less
when compared to Existing Normal or
Conventional concrete as resulting in the
lightweight blocks emerge which also reduced
the cost of concrete blocks. Up to 15%
replacement is allowable as it increased
compressive strength and durability
compared to conventional concrete.

2.3 Objective of the study

The present study deals with the replacement
of coarse aggregate with E-waste in the range
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of 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%
and replacement of cement with marble
powder by 15% in the preparation of M20
grade concrete mix.

1. To study the effect of adding different
percentages of coarse aggregates
replacement with E-Waste (0%, 5%,
10%, 15%, 20%, 25%, 30%, 35%) and
15% cement replacing with marble
powder.

2. To determine the workability of
freshly prepared concrete by Slump

3. EXPERIMENTAL WORK
3.1 Materials Used

e Cement

e (Coarse Aggregates

e Fine aggregates

e Water

e E waste (Electronic waste)

e Marble dust
Cement
Cement used in the investigation was found
to be Ordinary Portland Cement (53 grade)
confirming to IS: 12269 — 1987.

Table. 1: Physical properties of cement.

Result

34%

41min

315min

3.10

Test.

3. To determine the compressive
strength of cubes at 7, 14, 28 days
curing

Property

Standard Consistency

Initial Setting Time

Final Setting Time

Specific gravity
Aggregates

Coarse aggregates: The coarse aggregate
used is from a local crushing unit having
20mm nominal size. The coarse aggregate
confirming to 20mm well-graded according to
1S:383-1970 is used in this investigation.

Fine aggregates: The fine aggregate used was
obtained from a nearby river course. The fine
aggregate confirming to zone — Il according to
Is 383-1970 was used.

Table .2: Physical properties of fine aggregates & coarse aggregates.

Property CA FA
Water absorption 0.7% 0.3%
Specific gravity 2.67 2.55
Impact value 8% -
Crushing value 14.21% -

Water

Water is an important ingredient of concrete
as it participates in the chemical reaction with
cement. Water cement ratio used in the mix is
0.50.

E — Waste (Electronic waste)

E-waste refers to electronic products nearing
the end of their “useful life” for example,
computers, televisions, VCRs, stereos, copiers,
and fax machines. Many of these products can
be reused, refurbished, or recycles. In this
project this e-waste were crushed and used in
the place of 20mm coarse aggregate.

Table .3 Physical properties of E — waste.

Properties

Values

Water absorption

0.04

Specific gravity

1.21

Crushing value

2.35%

Marble dust
Marble Powder is obtained from the
transformation of pure limestone. The purity
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of marble depends upon the color of the
marble. Since the ancient times, marble is
widely used in monuments and historical
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buildings for decorative purpose. In India,
tonnes of marble waste has been produced
from the industries. But there are some
impurities present in the waste that cannot be
easily deposed off. Such type of impurities

with soil it reduces the porosity and
permeability of the soil. Also, if it mixes with
water it pollute the water and make the water
unfit for use. So, it is necessary to use the
waste in functional manner.

mixed with soil and water. When they mixed

Table. 4: Physical properties of marble powder.

Property Value
Specific gravity 3.06
Fineness value 3%

3.2 METHODOLOGY

For this research project ordinary Portland cement of grade 54, river sand is used as fine aggregate,
natural crushed aggregate is used as a coarse aggregate and crushed e-waste plastic of which is
passed from 20 mm sieve and retained on 4.75 mm sieve is employed in this research project. As per
IS 10262:2019 mix design is done. M20 mix prepared which contain 0% to 35% electronic waste as
partial replacement to coarse aggregate along with this 15% Marble dust as a partial replacement of
Cement. Once design of mix has been prepared then 150*150*150mm cubes is casted for these
mixes, 9 cubes for each mix is casted which is going to tested after 7,14 and 28 days of curing i.e.
total 81 cubes is casted.

3.3 Mix design

3.3.1 Mix Proportions

M20 grade of concrete is considered. Natural coarse aggregate is replaced with E-Waste with various
percentages 0%, 5%, 10%, 15%, 20%, 25%, 30% & 35%. Cement is replaced with marble dust by 15%.
The mix design for concrete is carried out as per IS 10262. Details of mix proportion for M20
concrete given below:

Table. 5: Individual weight of materials M20 grade.

Item name For 1 cube
(gms)

Cement 1496.88

Fine aggregates 2494.8

Coarse aggregates 5613.3

water 748.44

3.3.2 Mixed design proportions for Marble dust & E-Waste Concrete
e In this research work 15 Standard cubic specimens of size 150mm (nine sample for each
percentage) were casted for the compressive strength of concrete and it was kept under
curing for 7, 14 days & 28 days of age. Total cubes for compressive strength testing was 81
(9 cubes * 9 proportions).
e Mass of ingredients required will be calculated for 9 no’s cubes assuming 10% wastage
e Volume of the Cube = 9*1.10*(0.15)3 =0.0334125 m?
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www.neuroquantology.com

71



NeuroQuantology | October 2020 | Volume18 |Issue 10 | Page 68-76|doi: 10.48047/nq.2020.18.10.NQ20234

Md Azam et al/ EXPERIMENTAL INVESTIGATION OF CONCRETE BY USING E-WASTE & MARBLE DUST

Table. 6: Material proportions cubes (M20).

MP - | 0%-0% | 15%- 15%- 15%- 15%- 15%- 15%- 15%- 15%-
Ewaste 0% 5% 10% 15% 20% 25% 30% 35%
Cement | 13.471 | 11.450 | 11.450 | 11.450 | 11.450 | 11.450 | 11.450 | 11.450 | 11.450
(Kgs) 2 52 52 52 52 52 52 52 52
Marble | 0 2.0206 | 2.0206 | 2.0206 | 2.0206 | 2.0206 | 2.0206 | 2.0206 | 2.0206
powder 8 8 8 8 8 8 8 8
(kg)
water 7.4095 | 7.4095 | 7.4095 | 7.4095 | 7.4095 | 7.4095 | 7.4095 | 7.4095 | 7.4095
(lit) 56 56 56 56 56 56 56 56 56
Fine 22.453 | 22.453 | 22.453 | 22.453 | 22.453 | 22.453 | 22.453 | 22.453 | 22.453
aggrega | 2 2 2 2 2 2 2 2 2
te (Kgs)
E waste | O 0 2.5259 | 5.0519 | 7.5779 | 10.103 | 12.629 | 15.155 | 17.681
(kg) 7 55 94 9 9 89
Coarse | 50.519 | 50.519 | 47.993 | 45.467 | 42.941 | 40.415 | 37.889 | 35.363 | 32.837
aggrega | 7 7 8 73 7 7 8 8 81
te (Kgs)

3

.3.3 Sample Production Slump Test

The cement, fine and coarse aggregates were
weighted according to mix proportion of Mao.
All are mixed in a bay until mixed properly
and water was added at a ratio of 0.5. The
water was added gradually and mixed until
homogeneity is achieved. Any lumping or
balling found at any stage was taken out,
loosened and again added to the mix.

For the second series of the mixture, the
marble dust was added at 5%, 10%, 15%, 20%
,25%, 30% and 35% by weight of coarse
aggregates and the marble dust was added
15% by the weight of cement. Immediately
after mixing, slump test was carried out for all
the concrete series mixture. A standard
150x150x150mm cube specimen were
casted.

The samples were then stripped after 24hours
of casting and are then be ponded in a water

curing. As casted, a total of (91)
150x150x150mm cubes specimens were
produced.
3.3.4 Curing

The method of curing adopted was the
ponding method of curing and produced
samples were cured for cubes at 7days,
14days, 28 days and beams at 28days.

3.4 Test for Fresh Properties of Concrete
(Workability Test)
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which can be employed either in laboratory or
at site of work. It is not a suitable method for
very wet or very dry concrete. It does not
measure all  factors contributing to
workability, nor is it always representative of
the placability of the concrete. It is not a
suitable method for very wet or very dry
concrete. It does not measure all factor
contributing to workability. The slump test
was carried in accordance with B.S:1882
PART2:1970.

3.5 Test for Harden Properties of Concrete
Compressive Strength of Concrete (IS 516-
1959)

The compression test was conducted
according to IS 516-1959.This test helps us in
determining the compressive strength of the
concrete cubes. The obtained value of
compressive strength can then be used to
assess whether the given batch of that
concrete cube will meet the required
compressive strength requirements or not.
For the compression test, the specimen’s
cubes of 15 cm x 15 cm x 15 cm were
prepared by using hwa concrete as explained
earlier. These specimens were tested under
universal testing machine after 7 days, 14
days and 28 days of curing. Load was applied
gradually at the rate of 140kg/cm? per minute
till the specimens failed. Load at the failure
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was divided by area of specimen and this gave
us the compressive strength of concrete for
the given sample.

4. RESULTS AND DISCUSSIONS

4.1 Comparative graphs for E-waste and
Coarse aggregates

The results for material
absorption test, specific
aggregate crushing value test,
impact value test are given below.

test on, water
gravity  test,
aggregate

16
14
12
> 10
o
2 8
2
o 6 B E Waste
4 Natural aggregates
2 I ——
0 |
IMPACT water specific
TEST absorption gravity
(%)
Experiment

Fig. 1: Aggregates and E waste comparison with testing.

From the above graph, it observe that the
mechanical properties (Crushing & Impact
value) of e waste more than normal natural
aggregates. The water absorption value of E-
waste approximately zero.

4.2 Fresh Properties of Concrete

Slump Test

The Slump test was performed on the E-
Waste & Marble concrete to check the

workability of it at different replacements viz.
5 % - 35% by coarse aggregates and 15% by
Cement, the following results were obtained,
according to which it can be concluded that
with the increase in % E - Waste from 0 to 35
% , workability increases. The results obtained
for Slump test are shown below in Table 7.

Table. 7: Results of slump test.

Mix Marble dust% - Ewaste% Slump value (cm)
M1 0% - 0% 60
M2 15% - 0% 70
M3 15% - 5% 73
M4 15% - 10% 77
M5 15% - 15% 82
M6 15% - 20% 84
M7 15% - 25% 87
M8 15% - 30% 90
M9 15% - 35% 95
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mix.
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4.3 Harden properties of concrete
Compressive Strength Test

Fig. 2: Slump test results.
The above fig. 2 shows the slump results. It
was observed that, the slumps increases as
the E-WASTE content were increased in the

The compressive strength test was performed
on the cubes of size 15 cm x 15 cm x 15 cm to
check the compressive strength of E - Waste
& MD concrete and the results obtained are

given in Table 8.
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Table. 8: Results of compressive strength test.
Mix Marble dust% | Compressive strength of cubes (Average results)
- Ewaste% 7 days (N/mm?) 14 days (N/mm?) 28 days (N/mm?)
M1 0% - 0% 15.32 20.1 24.2
M2 15% - 0% 17.57 22.86 26.45
M3 15% - 5% 17.02 22.57 25.98
M4 15% - 10% 16.53 21.21 24.31
M5 15% - 15% 14.95 19.48 22.92
M6 15% - 20% 12.68 17.72 20.43
M7 15% - 25% 11.21 15.37 18.23
M8 15% - 30% 9.32 13.82 16.43
M9 15% - 35% 8.5 12.68 15
30
N
€2
2
< 20 —
D
c ——
£ 15 74/ —  —e—7days
4 \q\ 14 days
g1 —
o 28 days
o
e 5
(@}
@)
0
M1M2M3M4AM5M6M7M8M9
MIX

Fig. 3: Compressive strength v/s mix.
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From the above results it was observed that
with the increase in percentage of E-Waste
from 5% and 10% in concrete the
compressive strength more than control mix
(M1).

5. CONCLUSIONS
From the above study following conclusions
are drawn-

1. The Compressive Strength of E-waste
concrete with 10% replacement as
coarse aggregate and 15%
replacement as cement is higher than
that of control mix concrete (M1).

2. The Flexural Strength of E-waste
concrete with 10% replacement as
coarse aggregate and 15%
replacement as cement is higher than
that of control mix concrete (M1).

3. The workability increases as the E-
WASTE (fixed 15% Marble dust
replacement by cement) content
were increased in the mix.

4. E- waste can effectively been used as
construction materials and its
mechanical properties are greater
then that of natural coarse
aggregates. The Water absorption
value of E waste is approximately
zero.

5. The use of E-waste in concrete is
possible to improve its mechanical
properties and can be one of the
economical ways for their disposal in
environment friendly manner.

6. The concept of replacement of E-
waste and Marble dust in concrete
would be environment friendly and
reduces the disposal of E-waste in
landfills.
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