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Abstract - India has the second largest population of
around 1.35 billion people, in which 60 million tonnes of
wastes generated for every year. The generated wastes are
classified into Organic wastes (biodegradable wastes),
recyclable wastes (dry wastes) and biomedical wastes
(hazardous  wastes). Dump  yards arethe  greatest
urbanized problem in our country. Several forms of wastes
plastics, bakelites, electronic wastes along with municipal
solid wastes are dumpedat landfill sites without
proper disposals. The effects of dumping wastes cause
pollution, fire hazards, health and safety risks, reduced
property values and impacts on tourism. The waste
bakelites are shredded into coarser and finer size particles
with the help of the shredding machine. The aggregate and
material tests were conducted to determine the strength
characteristics of waste bakelite. Marshall stability test was
conducted to find the optimum binder content, stability and
flow values. This study helps to describe the application of
waste bakelite for the bettermentin the emerging
construction field.
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1.INTRODUCTION

Plastics are the non-metallic substances which can be
molded into different shapes and sizes. The plastics are
manufactured from natural and synthetic resins. Generally
classified into thermosets & thermoplastics. Thermosets
are the cross-linked & strong chemical bonds, these are
hard to recycle and cannot be softened by heating.
Thermoplastics are the long, linear polymers that are
weakly connected by chemical compounds, easy to recycle
and can be softened by heating. The world’s first synthetic
plastic is Bakelite is a kind of thermosetting plastics,
which was invented by American chemist Leo Hendrik
Baekeland, New York in the year of 1903. It is formed from
a condensation reaction of phenol and formaldehyde by
using a basic catalyst. Owing to its electrical and chemical
resistivity it is used in electrical components, insulation of
wires, brake pads, kitchenware such as canisters and
saucepan handles, etc.

A pavement consists of superimposed layers of processed
materials above the natural soil sub-grade, whose function

is to distribute the vehicle loads to the sub-grade. The
pavement structure should have acceptable riding quality,
adequate skid resistance, favorable light reflecting
characteristics, and low noise pollution. The pavement
transmits the wheel and other moving loads to the
subgrade soil.

Flexible pavement is composed of a bituminous
material surface course (coating surface) and base and
subbase courses. The design of flexible pavement is based
on the characteristics of load distribution on a layered
system. It transmits the load to the subgrade through a
combination of layers. It distributes the load over a
relatively smaller area of the subgrade beneath.

Rigid pavement is composed of cement concrete
with or without reinforcement and prestressed concrete
slabs. The pavement design is based on the stress
distribution which occurs due to bending of slabs and
temperature variations in the rigid pavement.

1.1 Need for this study

To use the waste bakelite as an alternative sub-
base course in flexible pavement.

ii. To find the optimum amount of bakelite added to
the bitumen by performing tests on different mix

proportions.
1.2 Scope of this study

The scope of this study is to utilize the waste bakelite
derived from the waste source into a useful material in the
construction field.

2.MATERIALS & METHODS

2.1 Materials

Aggregates: Aggregates such as gravel, crushed stones,
sand, quarry dust, etc. are used as sub-base and base
course materials in flexible pavement. The aggregates size
of 20 mm is used in sub-base course and aggregate size
which is less than 20 mm are used in base course layers.
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Major aggregate tests should be conducted to determine
the characteristics of the aggregates on loading.

Bakelite: Bakelite is a kind of synthetic plastic. The
properties of bakelite are: Strong and durable, it is
resistant to heat, most chemicals & solvents. The colour
range is limited to black or brown. It can be moulded very
quickly, decreasing production time. It does not conduct
electricity. Less in weight.

Bitumen: Bitumen is a viscous material, due to its
excellent binding property it is added to the mixes to
improve the stability and durability of the pavement.

2.2 Methodology

Collection of waste bakelite from the waste source

v

Shredding & Classification of waste bakelite

v

IS Standard testing of aggregates, bitumen and
waste bakelite

v

Preparation of marshall specimens with different
proportions (addition of waste bakelite)

A

Testing of bituminous mixes by using Marshall
apparatus

v

Determination of optimum binder content

y

Results, Conclusions & Recommendations

2.3 Processing of waste bakelite

The collected waste bakelites have some irregularities
such as shapes and finishes are not in perfect dimensions.
For the further works, the material should be shredded
into small pieces with the help of a shredding machine.

E-

Fig -1: Processing & Classification of waste bakelite

3.TESTING OF MATERIALS

The preliminary testing of materials such as coarse
aggregates, fine aggregates, waste bakelite and bitumen
were tested to know about their performance
characteristics and strength.

1) Aggregate Impact Value: This test gives a relative
measure of the resistance of an aggregate to sudden
impact. The test is carried out on the whole of aggregates,
which passes on 12.5mm and retained on 10mm IS sieve.
After the completion of impact load, the same process is
repeated for the same sample. The weight of dry sample
and weight of the sample after impact loading passing
through 2.36 mm is noted.

2) Aggregate Crushing Strength test: The test is carried
out to determine the aggregate crushing value of coarse
aggregate. The material passing 12.5 mm IS sieve and
retained on 10 mm IS sieve. The material is placed on a
cylinder in three equal layers, each layer being tamped 25
times by a plunger. The load is released and the material is
removed from the cylinder and sieved on 2.36 mm IS
sieve. The fraction passing through sieve will be weighed.

3) Los Angeles Abrasion test: This method is carried out
to determine the abrasion value of the coarse aggregates.
The abrasion machine consists of a hollow steel cylinder,
closed at both ends. At the completion of the test, the
material shall be discharged from the machine and a
preliminary separation of the sample made on a sieve
coarser than the 1.70-mm IS Sieve. The finer portion shall
then be sieved on a 1.70-mm IS Sieve.

4) Bulk Density of Aggregates: This method is carried
out to determine the unit weight or bulk density of
aggregates. The test shall normally be carried. out on dry
material when determining the voids, but when bulking
tests are required material with a given percentage of
moisture may be used.

5) Specific Gravity of Aggregates: The test is carried out
in pycnometer bottle in order to determine the specific
gravity of finer size aggregates and finer waste bakelite
particles. The water absorption of the aggregates can be
determined by placing the samples in an oven for 24
hours.

6) Softening point of the bitumen: Softening Point of a
bituminous material is defined as the temperature at
which it gradually changes from semi solid to liquid state
on the application of heat. It is carried out by Ring and Ball
apparatus.

7) Penetration test: Penetration test is used to measure
the consistency of semi solid bitumen, to classify them into
standard grades. The test is carried out with standard
penetrometer loaded with the needle.

8) Ductility Test: Ductility is the property of a material by

virtue of which, a material elongates when subjected to
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tension before breaking (failure). This can be tested in an
experimental set up with briquette mould by pulling their
clips at the both ends.

9) Specific Gravity of the bitumen: Specific gravity of the
bitumen is as similar to the specific gravity of aggregates.
The bitumen is used instead of the aggregate in the test.
The pycnometer method is followed.

10) Marshall Stability test: The Marshall stability and
flow test provides the performance prediction measure for
the Marshall mix design method. The stability test
measures the maximum load of the test specimen at a
loading rate of 50.8 mm/minute. Load is applied to the test
specimen until it fails and the maximum load is taken as
the

stability. The dial gauge is attached which measures the
specimen’s plastic flow (deformation) due to the loading.
The flow value is recorded in 0.25 mm (0.01 inch)
increments at the same time when the maximum load is
recorded.

3.1 Testing Figures

Fig -2 & 3: Preparation of hot bitumen & Extraction of
bituminous specimen from the mould

Fig-4 & 5: Specimen after 24 hours curing period &
Marshall testing Apparatus

4.TEST RESULTS

Table -1: Test results of aggregate and bitumen

Test results
Name of the tests Con.aggreg Waste Standard Codal
ate Bakelite Values Provisions

Aggregate Impact | 21.7% 10.44 % Max 24% IS:  2386-4

Value (1963)

Aggregate 33.24% 21.8% Max 30% IS:  2386-4

Crushing Value (1963)

Los Angel's | 48.94 % 15% Max 30% IS:  2386-4

Abrasion Value (1963)

Bulk density of | 1577.8 1003.3kg/ - IS:  2386-3

aggregates kg/m3 m3 (1963)

Specific gravity of | 2.58 1.38 - IS:  2386-3

aggregates (1963)

Softening point of 46.4°C 45-55°C IS: 1205

bitumen (1978)

Penetration test 65.6 mm 60-70 mm IS: 1203
(1978)

Ductility test 98.3 cm Min 75cm IS: 1208
(1978)

Specific gravity of 1.01 Min 0.99 IS: 1202

bitumen (1978)

Marshall Stability Test: The optimum binder content of
the bituminous mixes, marshall stability and flow values
and marshall properties of the mix can be determined by
performing Marshall Stability Test. Aggregate grading was
done within MORTH specifications for 3 type of
proportions (10%, 20% and 30% of shredded waste
bakelite in the size of 9.5mm, 4.75mm & 2.36 mm) in
bituminous mixes. Each sample is tested as per
specifications and the observations are made.

Table 2 - Addition of waste bakelites in size of 9.5mm

% of
waste Bitumen - Air
Sa;lple bakelite in Content Stall:;\:lty Pl‘::: Voids V‘I;IA VFB %
° 9.5 mm % (kN) (mm) % °
size
1 0% 55 121 3.06 53 18 75
2 10% 55 13.2 3.044 4.3 16 73.13
3 20% 55 12.15 212 3.805 11.54 75.23
4 30% 55 6.15 2.66 2.07 11.56 84.8
Amount of waste bakelite in 9.5 mm Vs Stability &
Flow
15

" -
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Chart -1: Amount of waste bakelite in 9.5mm Vs Stability
Vs Flow
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Waste bakelite of 9.5 mm size Vs Air voids,VMA & VFB
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Chart -2: Amount of waste bakelite in 9.5mm Vs Air voids
%, VMA & VFB

From Chart 1 & 2, the results show that on the addition of
waste bakelite of 9.5 mm sizes in the bituminous mix, the
marshall values were gradually increasing on 10%
(13.2kN, 3.04mm, 4.3%,16% & 73.13%) and 20%
(12.15kN, 2.12mm, 3.805%, 11.54% &75.23%) of waste
bakelite & on the addition 30%
(6.15kN,2.66mm,2.07%,11.56% & 84.8%) of waste
bakelite causes decrease in marshall values.

Table 3 - Addition of waste bakelites in size of 4.75mm

% of
waste Bitumen -, Air
Sar]:llple bakelite Content Stall{);\:lty l:::::’ Voids V‘I;IA VFB %
o in2.36 % (N) f (mm) | g, o
mm size
1 0% 55 12.1 3.06 53 18 75
2 10% 55 11.15 2936 3.02 14.98 79.8
3 20% 55 8.12 2.96 3.75 11.76 75.8
4 30% 55 7.18 3.09 2.02 11.81 85.4
Amount of waste bakelite in 4.75 mm Vs Stability
& Flow
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Chart -3: Amount of waste bakelite in 4.75mm Vs Stability
Vs Flow

Amount of waste bakelite in 4.75 mm Vs Air
voids, VMA & VFB
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Chart -4: Amount of waste bakelite in 4.75mm Vs Air
voids, VMA & VFB

From Chart 3 & 4, the results show that on the addition of
waste bakelite of 4.75 mm sizes in the bituminous mix, the
marshall values were gradually increasing on 20% (9.1kN,
2.85mm, 4.56%,11.65% & 71.86%) of waste bakelite & on
the addition 10% (7.05kN,2.086mm,3.45%,15.35%
&77.5%) & 30% (6.15kN,2.66mm,2.07%,11.56% &
84.8%) of waste bakelite causes decrease in marshall
values.

Table 4 - Addition of waste bakelites in size of 2.36mm

% of
waste Bitumen - Air
sa;lple bakelite in Content Stall();lllty Flow Voids V};IA VFB %
° 475 mm % (kN) (mm) % °
size
1 0% 5.5 12.1 3.06 5.3 18 75
2 10% 5.5 7.05 2.086 3.45 15.35 77.5
3 20% 5.5 9.10 2.85 4.56 11.65 71.86
4 30% 5.5 5.05 2.5 3.87 11.57 75.13
Amount of waste bakelite in 2.36 mm Vs Stability &
Flow
P 121 11.15
2
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Chart -5: Amount of waste bakelite in 2.36mm Vs Stability
Vs Flow
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Waste bakelite of 2.36mm Vs Air voids %, VMA % &
VFB%
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Chart -6: Amount of waste bakelite in 2.36mm Vs Air
voids, VMA & VFB

From Chart 5 & 6, the results show that on the addition of
waste bakelite of 2.36 mm sizes in the bituminous mix, the
marshall values were gradually increasing on 10%
(11.15kN, 2.936mm, 3.02%,14.98% & 79.8%) & 20%
(8.12kN,2.96mm,3.75%,11.76%  &75.8%) of waste
bakelite & on the addition 30%
(7.18kN,3.09mm,2.02%,11.81% & 85.8%) of waste
bakelite causes decrease in marshall values.

5.CONCLUSIONS

From the above test results, the optimum binder content
of bituminous mix is found up to 20% addition of waste
bakelite the marshall values and marshall properties have
an increase with all the sizes of 9.5mm, 4.75mm, 2.36mm.
This study concludes on the addition of waste bakelites in
the bituminous mix gives a better performance than
conventional aggregates. Hence, waste bakelites helps to
decrease the aggregate consumption, it can be used in the
construction of flexible pavement in the upcoming years.
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