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Abstract - Electronic products have become an integral part of daily life which provides more comfort and security. These
products have a life period of usually 5-10 years. Disposal of large amounts of E-Waste material can be reused in the concrete
industry as E-Waste is an emerging issue posing serious pollution problems to the human and the environment. For solving the
disposal of large amount of E-waste material, reuse of E-waste in concrete industry is considered as the most feasible application.
The work was conducted on M30 concrete. The replacement of coarse aggregate with E-waste in the range of 0%, 5%, 10%, 15%,
20% and 25%. Finally the mechanical properties of the concrete mix specimens obtained from the addition of these materials are
compared with control concrete mix. The test results showed that a significant improvement in compressive strength was achieved
in the E-waste concrete compared to conventional concrete and can be used effectively in concrete.
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1.INTRODUCTION

Fine and coarse aggregates make up the bulk of a concrete mixture. These materials when mixed with water harden with time.
Natural resources are depleting worldwide while at the same time the generated wastes from the industry are increasing
substantially.

The sustainable development for construction involves the use of non-conventional and innovative materials, and recycling of
waste materials in order to compensate the lack of natural resources and to find alternative ways conserving the environment.

Attention is being focused on the environment and safeguarding of natural resources and recycling of waste materials.

Gaps in the current scenario:
a) Shortage of river sand,
b) Skyrocketing cost of construction materials,
c) Increasing environmental concern, and
d) Adaptation of unscrupulous practices.
Therefore, a substitute is required with
a) Similar grain size,
b) Similar mechanical properties,
c) Workable,
d) Cost-effective, and
e) No effect on cement chemistry.

The replacement of coarse aggregate with E-waste in the range of 0%, 5%, 10%, 15%, 20% and 25%.Finally the mechanical
properties of the concrete mix specimens obtained from the addition of these materials is compared with control concrete mix.

2. E-WASTE

Electronic waste, or e-waste, is a term for electronic products that have become unwanted, non-working or obsolete, and have
essentially reached the end of their useful life. Because technology advances at such a high rate, many electronic devices
become “trash” after a few short years of use.
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Whole categories of old electronic items contribute to e-waste such as VCRs being replaced by DVD players, and DVD players
being replaced by Blu-ray players. E-waste is created from anything electronic: computers, TVs, monitors, cell phones, PDAs,
VCRs, CD players, fax machines, printers, etc.

Besides adding harmful elements to the environment, improper disposal of e-waste is a recycling opportunity lost.

Common items of electrical and electronic waste are:

1. Large household appliances (refrigerators/freezers, washing machines, dishwashers)

Small household appliances (toasters, coffee makers, irons, hairdryers)

3. Information technology (IT) and telecommunications equipment (personal computers, telephones, mobile phones,
laptops, printers, scanners, photocopiers)

4. Consumer equipment (televisions, stereo equipment, electric toothbrushes)

5. Lighting equipment (fluorescent lamps)

6. Electrical and electronic tools (handheld drills, saws, screwdrivers)

7. Toys, leisure and sports equipment

8

9

1

N

Medical equipment systems (with the exception of all implanted and infected products)
. Monitoring and control instruments
0. Automatic dispensers.

The major sources producing e-waste are:

IT and Telecom equipment

Large household appliances

Small household appliances
Consumer and lighting equipment
Electrical and electronic tools

Toys and sports equipment

Medical devices

Monitoring and control instruments

PN WD

Almost all electronic waste contains some form of recyclable material, including plastic, glass and metals.
The composition of e-waste is as in Table 1.

Table -1: Composition of e-waste

NAME PERCENTAGE
Steel 50%
Copper, aluminum and 13%
other metals
Plastics 21%
Gold 0.1%
Silver 0.2%
Palladium 0.005%

There are some of the methods for the disposal of E-Waste:

i. Landfill
ii. Incineration
iii. Reuse
iv. Recycling
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2.1 RECYCLING

Recycling of E-Waste is not just a viable solution to eliminate the harmful effects of disposal, but a sound business proposition
initself. E-Waste components are collected and segregation is done. Glass waste and hazardous waste are separated. Shredding
is a process in which it reduces and separates component materials such as plastic, aluminum, copper, steel and precious
metals.

E-Waste such as PCBs can be crushed to coarse grain particles using a jaw crusher then fine pulverizing is done to make as a
fine powder. This can be achieved with the cryogenic grinding method. In this method, samples are made brittle and pulverized
through crushing, shearing or impact actions.

Electrostatic separation is a process in which it separates the insoluble mixtures resulting with the separation of metals and
non-metals. Metals can be recovered and non-metals can be reused.

2.2 HARMFUL EFFECTS

Improper breaking or burning of printed circuit boards (PCBs) and switches may lead to the release of mercury, cadmium and
beryllium which are highly toxic to human health. Another dangerous process is the recycling of components containing
hazardous compounds such as halogenated chlorides and bromides used as flame retardants in plastic, which form persistent
dioxins and furans on combustion at low temperatures.

Improper disposal of these electronic wastes affect the soil, air, and water components of the environment.

3. MATERIALS

The most commonly available Portland Pozzolana cement of 53 grade was selected for the investigation. The cement used was
dry, powdery and free from lumps. Concrete mixes were prepared using locally available M sand. Ordinary crushed stone with
size 20mm was used as coarse aggregate in concrete mixes.

The PCB was broken manually to 20mm size using hammer. Various properties of the materials were tested and the results are
in Table.2

Table -2: Properties of Aggregates

Properties Fine Coarse E-waste
aggregate aggregate
Specific 2.606 2.72 1.46
gravity
Fineness 3.37 5.6 3.08
modulus
Water 1.2 0.5 0.2
absorption

4. CONCRETE MIX

Concrete is a versatile construction material, it is plastic and malleable when newly mixed, yet strong and durable when
hardened. Concrete is the 2nd most consumed substance in the world-behind water. About 10 billion tons of concrete are
produced every year. The oldest known man-made concrete mix dates back to around 500 BC .Concrete can last for thousands
of years. Every major construction project uses concrete in one form or another. The Three Gorges Damn in China is the world’s
largest concrete structure, consuming 35 million cubic yards of concrete.

Concrete, usually Portland cement concrete, is a composite material composed of fine and coarse aggregate bonded together
with a fluid cement (cement paste) that hardens over time—most frequently a lime-based cement binder, such as Portland
cement, but sometimes with other hydraulic cements, such as a calcium aluminate cement.
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When aggregate is mixed with dry Portland cement and water, the mixture forms a fluid slurry that is easily poured and molded
into shape. The cement reacts with the water and other ingredients to form a hard matrix that binds the materials together into
a durable stone-like material that has many uses.

The mixes were designated with the grade of concrete and the type of fine aggregate used. IS method of concrete mix was used
to achieve a mix with cube strength of 30 MPa. Mix proportions were arrived and E-waste was added to the concrete mix with a
w/c ratio 0.45. The percentage of E-waste added by weight was 0, 5, 10, 15, 20 and 25.

Table -3: Mix Proportions

Percentage | Cement Fine Coarse E- Water
of E-Waste (kg) Aggregate | aggregate | Waste | (Lits)
(kg) (kg) (kg)
0% 48.5 63.76 133.5 - 23
5% 38 48 95 5 14
10% 38 48 90 10 14
15% 38 48 85 15 14
20% 38 48 80 20 14
25% 38 48 75 25 14

5. CONCRETE CURING

Water curing is the most effective method of curing. It produces the highest level of compressive strength. In addition to this
the concrete was cured in Sea Water to test the strength of concrete in sea environment.

A proper curing greatly contributes to reduce the porosity and dry shrinkage of concrete and thus achieves higher strength and
greater resistance to physical and chemical attacks in aggressive environments. With these results in mind, proper curing was
done for specified days after the specimens are removed from the moulds.

The curing was carried out in two types of water. One normal water and another is sea water for curing of cubes, cylinders and
prisms.

Seawater is more enriched in dissolved ions of all types compared to fresh water. Scientific theories behind the origins of sea
salt started with Sir Edmond Halley in 1715, who proposed that salt and other minerals were carried into the sea by rivers,
having been leached out of the ground by rainfall runoff. Upon reaching the ocean, these salts would be retained and
concentrated as the process of evaporation removed the water.

6. EXPERIMENTAL PROCEDURE
Preparation of test specimens

For the purpose of testing specimens, various concrete specimens were prepared for different mixes by manual mixing. For
preparation of concrete specimen aggregates, cement and E-waste was added. After thorough mixing, water was added and the
mixing was continued until a uniform mix was obtained.

The concrete was then placed in to the moulds which were properly oiled. After placing of concrete in moulds, proper
compaction was given using the tamping rods manually.

For compressive strength test, cubes of size 150mmx150mmx150mm were cast. For splitting tensile strength test, cylinders of
size 150mm diameter and 300mm height were cast and for flexural strength test, beams of size 700mm x150mm x 150mm
without reinforcement were cast. Specimens thus prepared were demoulded after 24 hours of casting and were keptin a curing
tank for curing.

The total number of specimens casted, cured and tested are as follows:
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Table-4: Details of cube specimen

Properties No. of Specimens
Mix No. Coarse Aggregate E-waste Sea Water Normal Water Total
M1 100% 0% 1 1 2
M2 95% 5% 1 1 2
M3 90% 10% 1 1 2
M4 85% 15% 1 1 2
M5 80% 20% 1 1 2
M6 75% 25% 1 1 2

Table-5: Details of cylinder specimen

Properties No. of Specimens
Mix
No. Coarse E- Sea Normal Total
Aggregate waste | Water Water
M1 100% 0% 1 1 2
M2 95% 5% 1 1 2
M3 90% 10% 1 1 2
M4 85% 15% 1 1 2
M5 80% 20% 1 1 2
M6 75% 25% 1 1 2
Table-6: Details of Prism specimen
Properties No. of Specimens
Mix
No. Coarse E- Sea Normal Total
Aggregate waste | Water Water
M1 100% 0% 5 4 9
M2 95% 5% 5 4 9
M3 90% 10% 5 4 9
M4 85% 15% 5 4 9
M5 80% 20% 5 4 9
M6 75% 25% 5 4 9
Table-7: Specification of Moulds
Test Details Dimensions of Specimens
Compressive Strength Cube:150mmx150mmx150mm
Split Tensile Strength Cylinder:150mm x 300mm
Flexural Strength Prism:700mmx150mmx150mm
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7. TESTING OF SPECIMENS
Comparison of Compressive, Split Tensile, and Flexural Strength

Compressive strength test was carried out cube specimen for which nine cubes were prepared for sea and normal water.
Strength of each cube was evaluated after 7, 14 and 28 days. It is done in compression testing machine.

Cylinder specimens were also casted and tested for 28 days for split tensile strength. This test can be done in compression
testing machine and also in Universal Testing Machine.

Prism specimens were also casted and tested for 56 days for flexural strength for each mix specification following the standard
test procedures. This test is done in Universal Testing Machine.

8. RESULTS AND DISCUSSION
8.1. COMPRESSIVE STRENGTH

The results of compressive strength were presented in Table 8 and Table 9. The test was carried out to obtain compressive
strength of concrete at the age of 7, 14 and 28 days. The cubes were tested using compression testing machine of capacity
2000KN. From the Chart 1 and Chart 2 the compressive strength is maximum when replacing of 10% coarse aggregate by E-
waste in concrete.

Table-8: Compressive Strength of Concrete in Normal Water

Proportion of | Compressive strength (in N/mm?2)
e-waste in
added
Normal water
7 days 14 days 28 days
0% 20 271 30.3
5% 9.81 18.4 22.11
10% 9.84 18.29 22.18
15% 6.73 7.18 14.95
20% 2.73 3.18 7.74
25% 3.18 4.51 5.4
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Chart 1: Compressive Strength of Concrete in Normal Water
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Table-9: Compressive Strength of Concrete in Sea Water

Proportion of | Compressive strength (in N/mm?2)
e-waste in Sea Water
added
7 days 14 days 28 days
0% 18.2 26.5 28.2
5% 7.58 14.9 17.5
10% 7.62 15.62 17.18
15% 495 7.84 12.95
20% 4.95 8.06 11.17
25% 1.74 4.51 8.28
30
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Chart 2: Compressive Strength of Concrete in
Sea Water
8.2. SPLIT TENSILE STRENGTH
The results of split tensile strength were presented in Table 10. The test was carried out to obtain split tensile strength of
concrete at the age of 28 days. The cylinders were tested using compression testing machine of capacity 2000KN. From the

Chart 3 the maximum split tensile strength was observed at 15% replacement of coarse aggregate by E- waste in concrete.

Table-10: Split Tensile Strength of Concrete

Proportion of e- | Split tensile | Split tensile
waste added strength(in strength(in
N/mm?2)in N/mm?)in Sea
Normal Water Water
0% 1.65 1.58
5% 1.27 1.17
10% 1.30 1.12
15% 1.47 1.01
20% 0.56 0.78
25% 0.51 0.39
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Chart 3: Split Tensile Strength of Concrete
8.3. FLEXURAL STRENGTH

The results of flexural strength were presented in Table 11.The test results from Chart 4 shows the maximum flexural strength
is obtained when 5% replacement of coarse aggregate by E-waste in concrete.

This test was carried out using Universal Testing Machine with single point loading.

Table-11: Flexural Strength of Concrete

Proportion of e- | Flexural Flexural
waste added strength(in strength(in
N/mm?2)in N/mm2)in Sea
Normal Water Water

0% 494 4.12
5% 3.72 3.54
10% 3.12 3.07
15% 2.35 2.12
20% 2.12 2.02
25% 1.85 1.55
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Chart 4: Flexural Strength of Concrete
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9. CONCLUSIONS

From the experiments and investigation in this research work, we documented the following facts:

1. Theaddition of E-waste shows increase in compressive strength up to 10% replacement. The maximum strength being
22.18N/mm? for normal water and 17.18N/mm? for sea water for 10% replacement.

2. Gain onsplittensile strength has been observed up to 15% replacement. The maximum strength being 1.27 N/mm?2 for
normal water and 1.17N/mm? for 15% replacement.

3. Maximum flexural strength of 3.72N/mmZfor normal water and 3.54N/mm? for sea water has been observed for 5%
replacement after which it decreases.

4. The results indicates that the increasing the percentage replacement of coarse aggregate by e-waste over a 10% for
compressive, 5% for flexural and 15% for split tensile strength has resulted in reduction of strength for both normal
and sea water.

5. Workability and compaction effort of the concrete decreases after 15% replacement of the e-waste.

6. Currentstudy concluded that electronic waste can replace coarse aggregate up to 5% to 10% as optimum replacement.

7. The probable reason for this decrease would be the difference in structure and shape of e-waste when compare to
coarse aggregate which resulted in poor compaction and because of the hydrophobic property of the e-waste the
hydration of cement retarded.

8. Poor compaction has significantly leaded to formation of honeycomb structures in concrete which also resulted in
decline of strength of concrete as the percentage replacement of e-waste increases.

9. Reaction of e-waste with water lead to the production of pungent odor in honeycombed concrete structures due to the
presence of toxic chemicals.

10. The e-waste as aggregates reduces the bond strength of concrete. Therefore, the failure of concrete occurs due to
failure of bond between the cement paste and aggregates.

11. Introduction of e-waste in concrete tends to make concrete ductile, hence increasing the ability of concrete to
significantly deform before failure. So I suggest this characteristic can make the concrete useful in situations where it
will be subjected to harsh weather such as expansion and contraction, or freeze and thaw.

12. The strength of concrete by partial replacement of e-waste as compared to conventional concrete is less. Hence it can
be used in non-load bearing structures such as partition walls and in parapet walls, lintel, slabs etc.

13. The use of E-waste in concrete can be one of the economical ways for their disposal in environment friendly manner.
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