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ABSTRACT

In the present scenario road plays an important role by connecting different cities, rural areas
to the main national highways or state highways. However, the construction cost of road is
quite high. It is the need of the situation to propose an alternative material as the replacement

of conventional ones in order to reduce the total cost without compromising with its actual
specifications. India has the second largest road network after China while secured the 12t

place in producing of the waste also. Therefore, utilisation of the waste materials in the
construction of flexible pavement that will prove as a cost-effective method as well as eco-
friendly. Various studies were conducted across the world by focusing on the utilisation of
different waste materials like plastic waste (i.e. polythene, plastic bottles, plastic bags,
wrappers), waste tire rubber, granite sludge etc. Based on the findings of these studies it was
concluded that these waste materials could be used in the flexible pavements. According to
previous studies, it was examined that the utilisation of waste material up to 30% has been done
without compromising its properties and utilisation of waste material in rural areas for
development of connectivity of roads is good option and by using waste materials overall
construction cost could reduce and areas can develop in better way.

Keywords: Flexible pavement, Waste LDPE, CRMB, Waste engine oil.
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CHAPTER 1

INRODUCTION

1.1 General

According to present scenario, Population is increasing day by day and people are using more
plastic polymers, automobiles etc. and due to this pollution is also increasing day by day with
waste polymers. There are different challenges coming in day to day life for decomposition of
waste polymers. There are need of disposal of these waste materials because if these waste
materials will not have decomposed then they will remain same on earth for hundreds of years
which can increase environmental pollution. There is a solution of decomposing these material
is recycling or reusing the waste materials into useful way.

There are new advance researches into new and innovative techniques for utilising waste
materials. There are many private companies and highway agencies completed many advance
researches and projects for utilising the waste polymers for road construction which are
environmentally suitable and by using it performance will also increase. These studies are done
for trying to match safe and economical disposal of waste material or for more cost efficiency
in road construction. These studies mainly show the waste materials which is having substitute
for conventional construction material. In the researches there is main focus on new and

innovative invention for utilising waste materials.

1.2 Bitumen

Bitumen is defined by Indian standard institution that it is black or dark brown in colour. It is
crystalline and having adhesive properties. It is mainly coming from crude oil by naturally or
by refinery processes. Mainly bitumen is adhesive in nature and mixture of hydrocarbons which
are generally found in tar, asphalt etc. It is mainly used for

e Road construction

e Construction of platform and runways.

e For water proofing.

e Construction of mastic flooring.

e Lining of canals

e Damp proof course (DPC)
Advantages of bitumen:

e Economical production of bitumen

e Physical and rheological properties are adaptable
1



e Optimum melting point

e Bitumen is recyclable

e Good binding strength
According to the different reports, it is estimated that around 100 million tonnes of bitumen is
used by the world and 80% of bitumen is used for road construction. It is also used for
pavements of parking, runways etc.
1.3 Use of waste material
In a road construction, if bitumen is less adhesive in nature then in summers, bleeding from
surface may occur or in winters can come which can create serious damage to road due to less
load capacity or higher axial load. According to present condition, in the term of high
infrastructure development, India has to increase its transportation system. Mainly bituminous
mix compromises the crushed and fine aggregates with bitumen which act as a binding agents.
If all the polymer waste could have added into it according to the physical and chemical
properties of waste materials. On the other side, worldwide authorities of highways is realising
that modified bitumen is economical in road construction. In this modified bitumen with waste
polymers are best material for flexible pavement. It has ability to reduce maintenance cost but

also solve the issues of disposal of waste materials.



CHAPTER 2

LITERATURE REVIEW

2.1 General

Different types of waste materials i.e. waste plastic, CRMB and many more were used in
bituminous mix design by researchers across the world. It was observed that the utilization of
waste material as the replacement of bitumen can improve the life of the flexible pavement too.
Different guidelines were proposed by the researchers across the world regarding the utilization
of waste material in the different proportion which is discussed in detail below.

2.2 Literature review

In a recent study, Ahmadinia et al. (2011) investigated on waste polymer like plastic bottles
for stone mastic asphalt and said asphalt mixture with a polymer is a costly mixture for
pavement of roads so it's better to use waste polymers. In this theory plastic bottles were used
which is a type of polyethylene terephthalate and it is a polymer which is used for disposable
dishes plastic bottles containers and other. In this research material used was waste polymer
Portland cement bitumen and crushed aggregates. The waste polymer was used as an additive
to the mixture for increased durability and stability.

For testing, the wet and dry process was performed. First was a wet process and in this waste,
the polymer was added with the binder or in the second test which was dry process waste
polymer blended with crushed aggregates but there were certain steps which were also taken
that aggregates were first heated for two hours at 200°C temperature. Bitumen content was 5%
to 7%. After selecting appropriate content, it was heated up for 1hour at temperature 150°C.
After that bitumen aggregates and filler was mixed. The waste polymer was blended for a few
minutes and its % varies b/w 2% to 10%. Marshall compactor was used them for compaction
at a temperature of 145°C. After that marshal stability test was performed where polymer
stability value increases to a maximum 6% after that it started decreasing. Stability value was
higher with all the sample except sample with 10% PET. In marshal flow sample of
polyethylene terephthalate (PET) until 4% decreasing after that it starts increasing which means
stability of high % PET decreased. In this analysis of variance is used for comparing the
different asphalt mixtures and the result of this theory was stability started decreasing after 6%
of Polyethylene terephthalate and PET also increases and stiffness and a perfect match was 6%
of PET mixture.

Arabani et.al. (2010) examined the effect of the waste tire on asphalt mixture or pavement.
According to the author, cracking is the main issue in normal pavement and cracking can occur

in after several years in every type of pavement, so for increasing the service life of the
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pavement, author used a high modulus tire cord mesh, Bitumen of 60/70 grade and different
size of aggregate according to the passing % is used as a material in this experiment and
different test like marshal test, indirect tensile stiffness modulus test, the dynamic creep test,
and indirect test was done on this by taking different tire thread sample of content
0%,1%,3%,5% on the basis of overall wt. of bitumen. These tests are done by using standard
marshal apparatus and Nottingham asphalt tester.

In this binder content was taken off 5.3%, 5.5% and 5.7% for all samples and according to
marshal test optimum bitumen content for sample 0% or 1% was 5.3% and for the sample, 3%
or 5% was 5.7%. In this indirect tensile fatigue test was done for finding out the fatigue
characteristics, indirect tensile strength and for examination of material cracking ITFT test was
used. According to the resulting sample having 3% of waste, tire thread is having better
stiffness than other samples. The conclusion of using waste tire thread material is having
desirable properties of pavements. Its stiffness is also high as compare to non-reinforcement
samples. On the basis of the results of creep test, rutting depth was found to decrease after 600
MPa. It is due to increase in sample content after 3%. while fatigue life was increasing due to
gradually increase in waste tire content. Utilization of waste tire thread was resultant in the
improvement in the properties of bitumen.

Akbulut et al. (2012) conducted a research study to utilize granite sludge as a filler material
in bituminous hot mixtures. They focused on using a waste material as fillers material in the
bituminous mix for increasing the ratio of fine aggregate and stress-bearing capacity,
decreasing the void ratio. In the study, granite sludge (sludge is formed during polishing and
cutting of granite) was utilised as a filler material. Initially, different tests were conducted to
examine the properties of aggregate i.e. abrasion, impact value, presence of voids and many
more. It is to note that the weak aggregate should not be included in the mix as these aggregates
can warp under the effect of freezing and thawing.

On the basis of the test results, aggregates stripping and adhesion resistance values were found
within the limit. In bituminous hot mix test, recycled filler material was added in five different
quantitative values for testing. Tests were done for each 0.5% bitumen increment and flow test
was conducted. In the test wt. of specimen, wt. in water & surface dry saturated to water were
noted. Several curves were made to examine the relationships b/w % of bitumen content and
stability, specific gravity, % of void filled with bitumen, and % of void. Resultant optimum
bitumen ratios for different design groups i.e. 0%,2%,4%,6% and 8% were found out around
3.83%,4.04%,4.10%,4.76% and 5.11% respectively.

These tests told about the use of waste granite filler materials in bituminous mix design. In
this, increase in durability shown by using 6.4 % filler material in bituminous mix. On the basis

of result, the maximum stability values came with 0%, 4%, 6% and 8% mix. The Maximum
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value came with 8% filler Content which was around 1650 kg. The % of voids for different
samples containing filler additives in different proportion i.e. 0%,2%,4%,6% and 8% were
found out around 3.8%,3.0%,3.2% and 2.5% respectively. Tests samples containing ideal
bitumen content were relieved in a water shower at 60°C for 48 hours. Then, the marshall
stability test was performed. According to this, the stability loss was lower in 8% filler samples
than in others.

After that Indirect filler test was conducted to determine the resistance to plastic deformation
of the bituminous hot mixtures at a varying range of temperatures. (5°C, 25°C and 40°C) and
the stiffness modulus of bituminous mixes. Indirect tensile strength at 40°C was less than that
at 25°C.change in filler level from 6%to 8% at 40°C showed Change in Indirect tensile strength
from 264.0kPa to 264. 6kPa. at 5°C. Thus the serving period of 8% filler particles was
concluded to be more. Therefore, it was concluded the granite sludge can be reused as a filler
material. Optimum bitumen content levels were calibrated i.e. 5.11%, 4.76%, 4.10%, 4.04%,
and 3.83% for varying proportion of filler material (i.e. 0%, 2%, 4%, 6%and 8% values
respectively). Thus by increasing, recycled granite sludge bitumen level fell under the
economical limits. Specimens with 8% filler contents had maximum stability values by filling
micro voids in the bituminous hot mixture. Different properties of bituminous hot mixtures
with variation in filler type and content indicated that fillers significantly affected the mixture
properties. The capacity of bitumen hot mixtures in wearing courses was supposed to be
improved if the filler were to be utilised at 7.3%.

Ahmad 2014, utilized low-density polythene was utilised in the bituminous mix design. In this
study material taken as waste plastic low-density polyethylene (LDPE), bitumen of VG30
grade and aggregates. Different samples were made with a % of 2%, 4%, 6%, 8%, 10%, 12%,
according to the overall wt. of bitumen. There was a various test conducted on the bitumen by
following IS code. According to LDPE, in this polythene waste and plastic bottles are cut into
small pieces for making different samples of size 2mm- - 3mm. According to MORT&H
specification stone aggregates and for filler material stone dust and cement was used in a ratio
of 3:2.

In this various test conducted on samples and result was sample having 12% waste having
better stability value. Inflow value tests the value was decreased by 34 % as compared to plain
bitumen with 12% of LDPE waste which show more stability and in bulk density test value
increased by 25% with the same sample. In an air void test, the value decreased by 44% with
12% of the plastic waste sample which shows more stability. So this study concludes that the
overall quality improved by 14% by using 12% of LDPE waste sample.

Bhageerathy et al. (2014) examined on the utilisation of plastic waste in construction of road.

The materials used in the study were bio-medical syringe plastic waste, bitumen, and
5



aggregates. During the study three normal mix specimens were made and samples containing
bitumen content of 4.5 %, 5%, and 5.5% respectively and conducted a marshal test on samples.
The optimum bitumen content was 5%. Marshall test was performed on different plastic
modified mix samples having plastic values in different proportion like 2%, 3%, 5%, and 7%.
In this optimum plastic content (OPC) was recorded as 5 %. On the basis of static creep test,
% of permanent strain to plastic and normal modified specimens were found around .33 and
.54 respectively. The test results of indirect tensile stiffness modulus tests revealed that the
normal mix had less tensile stiffness modulus than the modified mix with plastic. Aggregates
with 5% of plastic were tested to examine different properties like aggregate crushing %,
aggregate impact value %, los angeles abrasion value %, specific gravity of 13 mm aggregates,
specific gravity of 19 mm aggregates, specific gravity of 9.5 mm aggregates, water absorption
of 19 mm aggregates %, Water absorption of 13 mm aggregate %, water absorption of 9.5 mm
aggregate %. From the test results it was revealed that, aggregate crushing value get decreased
by 29% after coating the aggregate with the plastic. While, the aggregate impact value was
found to decrease up to 17.7 percent. Los Angeles abrasion value test of coated aggregates
were seen to be reduced by 8%, and water absorption for coated aggregates was 0%.

Thus, from this investigation, it was concluded that the optimum value of plastic content will
be equal to 5% of wt. of bitumen. The marshal stability value of normal mix was seen to be
53% less than a modified mix with plastic, indicating an increase in load capacity. The
reduction in crushing value and impact value of aggregate was found around 27% and 17.7%
respectively. Reduction in los angeles abrasion value of coated aggregates with plastic
indicated that, these have a superior abrasion resistance as compared to normal mix. In this the
permanent strain was decreased by 0.23%, there was an indication towards the increased tensile
strength of Plastic modified mix as its average tensile modulus was found to be increased by
47.8% than the normal mix design. Hence, the biomedical waste can be disposed of easily and
conveniently by incorporating it in bituminous mixes.

Bansal et al. (2017) worked on waste rubber and plastic material in modified bituminous mix
design as the replacement of bitumen. In this study, crushed plastic bottles, plastic bags, waste
tire were used as a waste material. In the study, three samples were made by mixing of rubber,
plastic with bitumen in individual and combined manner. In this study different type of test
like penetration test, ductility test and softening point test was done. For the purpose of testing.
In this different samples were made by utilizing the plastic and rubber in varying proportion
i.e. 4%, 6%, 8%, 10% and 5%, 10%, 15 % respectively. Maximum stability value was obtained
when the mix was prepared in different proportion i.e. 84% of bitumen, 6% plastic, and 10%
rubber. In marshal flow value test, the higher value was obtained with the rubber content more

than 10%. In case of bulk density, values were found higher for all mixes rather than the
6



conventional method. However, mix having 8% of waste was depicting higher value than other
mixes. While the air void found to be increased due to variation in the density of the waste
material. This study reveals that the use of waste in road construction will prove more
economical than the conventional method and also improves the quality of roads.

Ghalyan and Rana (2017) partial replaced the bitumen by using plastic waste in bituminous
concrete. In this study, plastic waste, aggregates, bitumen of 60/70 penetration grade was used
as a material. According to study waste was collected from different resources and washed
properly for the removal of impurities in the waste. After that waste plastic was cut out in small
pieces of size 2.36mm to 4.75mm because small pieces can mix properly and give the better
result. After this aggregates were heated at 160°C and waste plastic was added to the heating
chamber for giving a coating to aggregates. After that bitumen was also added and heated at
the same temperature. Several tests were carried out like an impact value test, ductility test,
and marshal stability test according to proper guideline and with different % of plastic samples.
So according to the test result, this study concludes that the increase of waste plastic in mix
design increase the property of aggregates and enhance the strength. The advantage of using
waste plastic is, it's economical and eco-friendly.

Himshoglu and Agar (2004) investigated a study on the utilization of the waste plastic
material in the bituminous mix design. The material used in this study was bitumen AC-20,
waste high-density polyethylene (HDPE) and crushed limestone used as an aggregate. Marshal
test method was used in this study for finding out the resistance with or without HDPE modified
concrete. In this sample made by mixing waste HDPE in 6%,4% and 8% according to the wt.
of bitumen content, HDPE, bitumen & aggregates heated up separately at the temperature of
155°C and 165°C and mixed with the help of the mechanical mixer. In this void ratio in samples
were around 3.07% to 3.35%. After this process samples were kept in the room for cool down.
After samples were kept in water at the temperature of 60°C for 30 minutes and test was done
with Marshall test apparatus. All the results were found from each mixed sample.

According to the result, the stability decreases by increasing of waste HDPE content. The
maximum stability increases with 4% of HDPE. In this flow increases according to the increase
of HDPE content. According to flow result sample having 4%, bitumen content was having the
smallest flow value of 3.8 mm. According to Marshall quotient result, the sample with 4%
fulfilled all the specification of Marshall quotient. This study concludes that sample with 4%
HDPE is having better stability for using in the construction of roads. Marble waste was used
as a filler material in the construction of bituminous roads/ flexible pavement by Karasahin
and Terzi (2007). It is to note that the limestone dust is utilizing across the world in large
quantity which works as a filler material. However, there is a number of filler material which

exhibits different properties. For the same purpose marble dust was treated first due to the
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presence of different marble content. Consequently, a marshal sample with 75-100 penetration
asphalt cement was prepared. Later on, several samples were cast in order to carry out several
tests. After doing several tests and analysis stability of limestone dust was found higher in
comparison to marble dust. The void ratio was found higher in case of marble dust
comparatively void ratio observed in the case of limestone. In this process, four type of marble
dust sample was taken in which two was from the different place and other two was from the
different place and used without doing any process on that sample and in the test the optimum
bitumen content was 4.7 %. So according to the test result sample having limestone dust the
plastic deformation decrease by 8% after that it started increasing which means plastic
deformation decrease to a point after that, it starts increasing because the different type of filler
material fills the void in the material and increase its stability but after some time. The second
sample was which is having marble dust and the result was that it can be used directly without
doing any process on it and according to the plastic deformation test marble dust is having
higher plastic deformation. By doing all the test the conclusion for limestone dust sample and
marble dust was that plastic deformation decreases by 7% after that it starts increasing and both
the samples of lime dust and marble dust having the same plastic deformation but marble dust
can be used directly in asphalt mix and it is having higher plastic deformation and this type of
mix can be used for link roads or local roads.

Kumar and Vikranth (2017) conducted a study on the utilisation of plastic polypropylene
(PP) in flexible pavements. The material utilised in this study was aggregates, bitumen and
waste plastic. Various tests were conducted to compare normal aggregate and plastic coated
aggregate as well as standard bitumen & bitumen mixed with plastic waste. The value of
specific gravity of coated aggregate was more than the normal aggregate and the water
absorption test indicated that, coating with plastic reduces the moisture absorption & increases
the quality of aggregate. The coating of plastic improved the Aggregate Impact value. The
Aggregate crushing value was lower of plastic coated Aggregate thus; it could withstand more
load. The Los Angeles abrasion test showed a decreased value of wear and tear for plastic
coated Aggregates thus, indicating a longer life. When plastic was added to bitumen the
penetration of bitumen decreased. With the increase in plastic waste, the softening value
increased. The viscosity value of plastic coated bitumen was Low as compared to conventional
bitumen. On addition of polypropylene to bitumen fire point and flash point increased thus
preventing hazards. The value of conventional bitumen was less as compared to plastic coated
bitumen. From the study, it was concluded that the optimum value of plastic waste added was
9-10% by wt.. On adding plastic waste to bitumen and aggregate, their properties increased by
reducing bitumen up to 9-10% cost of construction of Flexible Pavements also decreases and

moreover it’s a useful way to preserve our environment.
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Kawade et al. (2018) Investigated a study on design and qualitative analysis of flexible
pavement containing waste materials. The waste materials utilised in this study as the
replacement of natural aggregates were namely crushed stone, steel slag, recycled concrete and
CRMB (by cutting waste rubber tires in pieces that could pass through 2.36 mm sieve and were
retained on 1.18mm sieve. Marshall Stability test was performed for each type of mixes
containing different waste material as the replacement of aggregates and VG-30 bitumen mix.
In the case of steel slag, the impact value and crushing value was found to be around 9.33%
and 15.42% respectively which is appropriate for highways construction as per to Indian road
congress (IRC). While impact value and crushing value of recycled concrete aggregate was
24.69% and 31.47% respectively which are not as per the IRC’s specifications. Marshall
stability and the flow value of mix containing steel slag was found to be 990.6kg and 2.1mm
respectively, which satisfies the IRC's guidelines.

On the other hand, stability and the flow value of the mix containing 100 % of recycled concrete
aggregate (RCA) (692.33kg and 1.83mm respectively) was not found as per the IRC
specifications. Though, the mix containing 50% RCA as the replacement of natural aggregates
was showing the stability value around 1340.3l kg while flow value was found to be 1.96.
Therefore, it can be concluded that properties of bitumen mix increase with the addition of
rubber crumb up to 50% as the replacement of natural aggregate.

Prasad and Prasad (2009) conducted a study on the performance of waste tire rubber on the
model flexible pavement. The materials used in the study were soil, fly ash gravel Road metal
and waste tire rubber. Direct shear tests, California bearing ratio test and cyclic load tests were
carried out. The results showed that Cohesion and angle of internal friction values for gravel
materials were increased from 11. 79 to 27. 48 Kn/m square. And 35°C to 44°C respectively
with 6.0 percent of waste tire rubber and after that it decreased. The Cohesion and angle of
internal friction values were decreased from 7. 83 to 18. 61 KN/ meter square and 32°C to 38°C
respectively for the fly ash with 6.0 percent of tire waste rubber chips and after that, it
decreased. From this test, it was concluded that the optimum range of waste tire rubber for
gravel and fly ash were 6% and 7% respectively California bearing ratio test results showed
that for gravel and fly ash subbase materials, the values increased from 8.1 to 13. 33 and 5. 0
to 8. 71 for 6. 0% and 7. 0 % of waste tire rubber respectively.

Therefore, the optimum % of waste tire rubber for gravel and fly ash were 5% and 6%
respectively. The cyclic load test results showed that the load carrying capacity had shown an
upward increase in pavement made with waste tire rubber as a component. From the above
study, it was concluded that the optimum % of waste tire rubber is 5% and 6 % of dry unit Wt.
of soil respectively for gravel and fly ash material reinforced by tire waste rubber. The load

carrying volume of the pavement reinforced with waste tire rubber increased and the gravel
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reinforced waste tire rubber model flexible pavement showed improved performance than fly
ash subbase reinforced with waste tire rubber.

Pasandin and Perez (2017) conducted a study on the performance of bituminous mixt made
with recycled concrete aggregates and waste crumb tire rubber. The material used in this study
were, bitumen, normal aggregates, and recycled concrete aggregates and waste rubber tire. In
this study samples were made with inclusion of 0 %, 35% and 42% RCA. The specimens were
made with varying optimum bitumen content (OPC) value i.e. 4% to 6% for different samples.
The stiffness of the bituminous mix and fatigue life prediction was calculated. The test results
showed that the type of strip loading is responsible for the split pattern. Results of the stiffness
test depicted that the primary stiffness of the mix will achieve at hundred cycles against the
primary micro-strain at the tenth cycle and the same trend was observed for all the samples.
Later, bituminous mix of 35/50 grade containing CRMB was prepared (without addition of
recycled concrete aggregates i.e. 0%) which was depicting higher stiffness value in comparison
to the mix of same grade having 0% of CRMB and RCA. Consequently, it was concluded that
the bitumen mixed having waste CRMB shows the higher stiffness. On addition of recycled
concrete aggregates to the mixture in different proportion (35% and 42% recycled concrete
aggregates), no difference was noticed in the property of the mix when compared to the normal
mix (0% RCA and CRMB) and the bituminous mix of 35/50 grade having CRMB.

However, when recycled aggregates was not added to the mixture the properties of the bitumen
were more prominent. From the results, it could be seen that fatigue life of the bituminous
mixtures was getting increased due to the inclusion of recycled aggregates. Fatigue life of the
bitumen mix of 35/50 grade containing rubber was found lower than the conventional mix of
35/50 grade. For recycled concrete aggregates, initial micro strain was found 303.1pum without
addition of recycled concrete aggregates while addition of 35% recycled concrete aggregates
was depicting 226.6um initial micro-strain value. Consequently, increment in the initial macro
strain value i.e. 264.7um was observed with the addition of 42 % recycled concrete aggregates.
Therefore, it could be seen that there was no co-relation b/w the initial macro-strain limit and
recycled concrete aggregates % (%).

The result also showed that the recycled concrete aggregates % produced more changes in
fatigue loss than the type of bitumen used. Consequently, during the ITFT test, fatigue
mechanism was found prevalent instead of permanent formation mechanism because of the use
of recycled concrete aggregates and the waste tire rubber as a good modifier. Fatigue life of
the bitumen in the mixture was found to be increase with the increase in the % of recycled
concrete aggregates. When waste rubber tire was used as a modifier, the fatty performance of
hot mix asphalt (HMA) made with recycled concrete aggregates was found to be affected.

Initially, the mixtures made with bitumen containing rubber of 35/50 grade was showing more
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fatigue life as comparison to mix made with only bitumen 35/50 grade. However, for initial
macro-strain mixtures with bitumen containing rubber of 35/50m grade was depicting higher
fatigue life.

Rokade (2012) also utilised the waste plastic and waste rubber tires in Flexible highway
pavements. The material used in the study was crumbled rubber, low-density polyethylene
(LDPE) and bituminous mix. The semi dense bituminous concrete was made using marshal
method of bituminous mix design, using conventional 60/70 grade bitumen to which varying
%s of LDPE was added and 60/70 grade bitumen added with different %s of CRMB. The
results depicted that with 5% bitumen content, density, and Marshall Stability value were
higher. Values for Flow value, Bulk Density, Air Voids, Voids in mineral aggregate (VMA),
Voids filled with bitumen were within the parameters of MORT&H.

The test showed that 10% of CRMB of the wt. of bitumen is the best dose for improving the
strength of the SDBC mix. The study concluded that Marshall Stability value has shown
ascending value and the maximum value has reached by about 25% on addition of low-density
polyethylene (LPDE) and (CRMB modified bitumen (CRMB). The density of mix has also
increased in case of LDPE and CRMB when compared with 60/70 grade bitumen.

Reddy et al. (2017) performed a study on the properties of pavement using waste plastic in
Road Construction. The materials used in the study were bitumen, waste polyethylene
terephthalate, crushed granite (coarse aggregate). Marshall test was conducted to obtain a
crushing value, impact value, los angeles abrasion value, flakiness index, Elongation index, the
specific gravity of coarse aggregates, the specific gravity of fine aggregates, water absorption
test values of aggregate. Similarly, physical properties of bitumen like penetration, softening
point, ductility, flash point and fire point, specific gravity, and viscosity were also recorded.
The optimum binder content was found to be 5.5% for 80/100 grade of bitumen with the
stability value of 1190 kg. The flow value along with Maximum stability was 3. 6mm. Gm was
found to be maximum of 2.394 gm/cc at 5.5% of bitumen. Percent air void (Vv) varied from
2.5% to 4% by different % from 5% to 6%. Vv was found to be 3.5% with the bitumen content
of 5.5%. Plastic was added to the hot aggregate mix with a varying range of 0-12%.

The results showed that with the increase in the % of plastic waste the optimum stability was
found to be in the range from 1930 to 1950 kg. The flow values varied from 4.0 to 4.5mm at
8% of plastic waste. The bulk density was found to be maximum b/w 2.29 to 2.35 gm/cc at 8%
of waste plastic, and there was a decrease from 2.14 gm/cc at 12% plastic. The study concluded
that the Vv was found to be 4.9%to 4.6% at 8% of plastic waste. The properties of bitumen
were increased by adding 12%-14% plastic waste as compared to unmodified bitumen. This

study also approached towards preserving our environment.
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Sultana and Prasad (2012) performed a study on the use of waste plastic as a strength modifier
in the surface course rigid and flexible pavement. The materials used in the study were waste
polymer low-density polyethylene, High-density polyethylene and polypropylene (PP),
bitumen 80/100 penetration grade, cement concrete and water. Plastic coated aggregates,
polymer modified bitumen, and concrete cubes were prepared. Aggregate tests, Rheological
tests, Performance tests were done on modified mix and unmodified mix.

The results showed, increase in properties of aggregates like impact value, abrasion value, and
los-angeles abrasion value. On the basis of result, penetration and ductility value decreases and
softening point value increases. Marshall stability test was conducted both on plastic coated
aggregates and modified bitumen with waste material and marshall stability value increased by
addition of waste material in mix. Loss of stability test resulted that mixes with an index of
more than 75% were approved. On the basis of test report, properties of aggregates were
improved by using waste material with aggregates. The rheological properties were also
improved by adding waste plastic material to unmodified bitumen mix. Penetration and
ductility value decreases and softening point value increases. The marshall stability test
concluded that low-density polyethylene (LDPE) showed better values as compare to
polypropylene (PP). The optimum value for low density poly ethylene was noted 8% for sample
made with waste plastic material. On the basis of performance test there was an improvement
in flexible pavements than rigid pavements.

Shedame and Pitale (2014) performed a study on bituminous concrete containing plastic
waste material. The materials used in the study were aggregates of size (20mm, 10mm),
bitumen (60/70grade), stone dust and cement as filler, waste plastic in shredded form. The
penetration test, Ductility test, Specific gravity test, and Softening point test were performed
on bitumen. On Aggregates Specific gravity, Water Absorption Test, Impact value test,
Abrasion test, crushing value test, stripping value Test were conducted. Marshall stability test
was carried out to determine the Optimum Binder content for bitumen content (BC) mixes. The
properties that were checked in this test included stability, flow value, Bulk specific gravity,
Air voids, Voids filled with bitumen and Voids in mineral aggregate. The Plastic Waste was
added to 0% to 1% by the increment of 0.25%. Marshall specimen with varying waste plastic
content was tested for Bulk density and Stability. The average Optimum Waste Plastic Content
value was 0.76%.

The study concluded that when 0.76% plastic by wt. of aggregate and 3% filler was used, it
improved the volumetric properties of bituminous mixes which resulted in better performance
of BC with plastic waste. Addition of plastic increased the melting point of bitumen. Plastic

roads idea was eco-friendly and also increased the road life along with being eco-friendly.
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Sutradhar et al. (2015) utilized stone dust, waste concrete, and brick dust as filler material in
the bituminous mix design. In this study coarse aggregate of size 2.36 mm, bitumen of grade
85/100, fine aggregates which were kept in 0.075mm sieve and waste filler material like fine
sand and stone dust mix, waste concrete dust and brick dust was used as a material. For testing
purpose, the marshal test was conducted.

According to the test result, the optimum bitumen content for brick dust and waste concrete
dust was found similar to the conventional filler material. It was concluded that the waste
concrete dust and brick dust is having the same properties as compared to conventional one
and can be used as filler materials.

Somani et al. (2016) conducted a study on strengthening of the flexible pavement by using
waste plastic and Rubber. The materials that were used in the study were low-density
polyethylene (LDPE), CRMB, aggregate, and bitumen. For aggregate, the tests that were
carried out were aggregate impact value test, aggregate crushing value test, flakiness, and
elongation index test. For bitumen the tests that were carried out were penetration test,
softening point test, ductility test, and viscosity test. Semi-dense bituminous concrete was
prepared by adding conventional bitumen with different %s of LDPE and bitumen with the
addition of different %s of CRMB.

The results depicted that the Marshall stability and the density will be increased with the
addition of vitamin content was up to 6 %. All the other parameters or properties were found
as per the specification of MORT&H. It was observed that the mixing of 8% LDPE and 6%
bitumen content will result in the higher Marshall stability value (i.e. 945 kg with 3. 26 mm
flow value).

Shaikh et al. (2017) conducted a study on the Use of Plastic Waste in Road Construction. The
materials used in the study were bitumen 60/70, aggregates, cement, and shredded plastic waste
of 2.36mm size. Marshall stability test was performed on both the modified and unmodified
bituminous mix. On aggregate the tests performed were aggregate impact value, los angeles
abrasion test, water absorption test, specific gravity test, stripping value test. On bitumen the
tests performed were penetration value test, ductility test, flashpoint test, fire point test,
Softening point test. Marshall stability test was then performed by adding plastic waste. The
specific gravity increased from 2.5 to 2.66 and 2.77 on the addition of 10% and 15% plastic
content respectively. Aggregate impact value decreased from 10.79% to 8.94% on addition of
15% plastic. Los Angeles abrasion value declined from 12.85% to 10.65% on addition of 15%
plastic waste. Water absorption value decreased to 1.1% at the plastic waste of 15% and
stripping value was decreased to nil by adding 15% plastic waste. On addition of 15%, plastic
waste by wt. of bitumen the marshall stability value increased from 950kg to 1980kg, and the

flow value increased from 3.1mm to 5mm at plastic waste 0f15% by wt. of bitumen.
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Thus, the study conducted that modified mix improved the marshall characteristics. With the
addition of plastic waste marshall stability value increased, flow value decreased, thus it could
withstand heavy loads, hence, increasing the durability of roads and also preserving the
environment. Recently,

Sharma et al. (2018) examined the performance of bituminous paving mix containing waste
plastic. The material used was crushed basalt type of course aggregate 20 mm, crushed basalt
type of fine aggregate 2.36 and down,80/100 penetration grade bitumen, basalt stone dust, and
cement as a mineral filler. While the waste plastics namely polyethylene terephthalate (PET),
polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), low-density polyethylene
(LDPE), high-density polyethylene (HDPE) was used in the shredded form. Marshall Stability
test was carried out with varying % of plastic waste in order to check the stability of the mix.
Later, a comparison b/w the results of BC (Bituminous concrete) mix with waste plastic and
plain BC mix was made. Consequently, the stability value of optimum plastic content OPC
(optimum plastic content) was found to be 30.1, which was much higher than the optimum
bitumen content OBC (optimum bitumen content). The volume of voids in BC mix containing
plastic waste was found lower than the plain BC mix. These results were within the parameters
of MORT&H-2001 specifications.

The test concluded that the OPC mix showed higher stability as compared to OBC mix and
intermolecular binding b/w bitumen and waste plastic enhances the strength, durability, and
life of roads.

Sarma and Srikanth (2018) utilised waste polythene in the bituminous paving mix design.
The materials used in the study were bitumen, aggregate and waste plastic. Marshall stability
test was performed and carried out in two parts to determine optimum bitumen content (OBC)
and optimum plastic content (OPC). Different samples were made with different ratio of
bitumen, aggregates, and plastic. After that test was conducted at the temperature of 60°c to
check the OBC which was found to be 5.8%. Later, disposed milk packets were used to
determine OPC. In this. The specific gravity and softening point were taken from the report of
milk packets manufacturer and report specified the specific gravity and softening point value
around 0.92 and 115°C respectively. So according to the result, the value for plastic content
corresponding to maximum stability was equal to 10%. The value of binder content
corresponding to maximum bulk specific gravity was found to be equal to 7.5%. Average of
the above values came out to be 8.75%.

The results from the test stated that, the OBC was 5.8% and the OPC was concluded to be
8.75%. Thus, it was concluded that addition of plastic waste material content in bitumen

increases the stability as comparison to conventional bituminous mix.
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Tiwari et al. (2018) conducted a study on modified bituminous binder using plastic waste. The
materials utilized in the study were bitumen 60/70 grade, plastic waste (LDPE) shredded into
the size of 2.36mm. Bitumen was modified by melting at a temperature of 150°c and adding
shredded pieces of low-density polyethylene (LDPE) ranging b/w 2.36mm to 4.75mm.
Different tests like penetration test, softening point test, ductility test were performed on
modified bitumen. The results showed that penetration value of plastic modified bitumen was
reduced by 19.4% for LPDE waste. By adding 2% and 4% plastic the penetration values were
65mm and 62mm, this led to an increase in strength and load-bearing capacity. Ductility value
was decreased by about 21.79% for plastic modified bitumen. For 2% to 10% addition of plastic
ductility value decreased from 75cm to 61cm. Softening point value increased by 18.6% when
plastic was added.

The results showed that on the addition of 2% and 4% plastic the softening point in increased
to 49°c and 52°c respectively. The study concluded that use of plastic waste in the proportion
of 2% -4% gave penetration values and softening point under the IS code (1S-1203-1978)
specifications. Adding 2%-4% plastic higher softening value of 52°c was obtained which
helped in withstanding higher temperature susceptibility. In the same way decrease in
penetration value gave higher load-bearing capacity. Addition of plastic waste to the
bituminous mix also reduced its aging. Thus, it was proved that using plastic waste modified
bituminous mix in road construction increased the durability of roads.

Wayal and Wagle (2013) investigated a study on the use of waste plastic rubber in aggregate
and bitumen for road materials. The material used in this study was aggregate, bitumen, plastic,
and rubber. Different tests were performed to calibrate different properties i.e. crushing values,
impact value, abrasion value, the specific gravity of aggregate and bitumen penetration value,
ductility, softening point. For checking moisture absorption and void measurement hot stone
aggregates (150°c) is mixed with hot bitumen (170°c) and coated with rubber and plastic. This
showed a decrease in porosity and improve in quality with respect to soundness, voids and
moisture absorption. The soundness test confirmed that the plastic and rubber-coated aggregate
didn't show any wt. loss. To study the aggregate impact value, the aggregate was coated with
1%and 2% plastics and rubber by wt. and then subjected to aggregate impact value test. It was
seen that the coating of plastic and rubber on aggregate improves the quality. Los Angeles
abrasion test found out that there was less wear and tear values of 1% and 2% plastic and
rubber-coated aggregate as compared to conventional aggregates. Softening point, ductility and
penetration point of bitumen was studied by heating bitumen 10-140 degrees, to this 10% and
20% plastic and crumbled rubber (split in 5%and 10%) was taken in proportion by wt.. Then
these values were compared with the conventional values and found better. Hence proving that

use of waste rubber and plastic increased the durability and life of roads lastly, Marshall
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stability test was performed to determine the stability of bituminous mix. For this 1200 GM's
of mix was taken with thickness 63.5 mm, approximately 1200 GM's of filler and aggregate
was heated at 180-200°C, the values were compared with the conventional mix. This study
concludes that on adding 8% polymer and crumbled rubber in the blended mix, the Marshall
test, flow(mm), Gmb(gm/cm3), AV (%), VMA (%)VFB (%) increases compared to
conventional mix.

Vashisht and Saini (2017) utilized waste plastic and CRMB in the flexible pavement. In this
study, the wet and dry process was adopted for preparing the modified bitumen. Samples were
prepared according to the ministry of road transport and highway (MORT&H) specification.
In the wet process, first bitumen was heated at the temperature of 160°C and temperature was
recorded at the time of softening of material. Later, waste material was added in the mix for
avoiding agglomeration in the material. In this % of modified agent vary from 1% to 16 %. In
the dry process, it was only done with plastic waste by cutting it into small size of around 3mm-
6mm and mixed with the aggregate at the temperature of 165°C. On the other hand, bitumen
was heated at a temperature of 160°C for having good binding strength. After that sample was
made with 8% of plastic waste and 16% of plastic waste. In the present study, CRMB was not
utilized in order to make the sample because of the poor bonding quality (i.e. b/w CRMB and
aggregates).

As per the result, impact value was found to be increased up to 10% due to the addition of
plastic waste (i.e. worked as a coating material for aggregate). The specific gravity of plain and
modified aggregates was found to be same while penetration value and ductility value of

modified bitumen was lower than the conventional one.

Summary

On the basis of past studies, several methods were identified for utilizing different waste
materials i.e. plastic waste, industrial waste, agricultural waste and many more in road
construction resultant in a sustainable environment. Use of different waste materials as the
replacement of bituminous was found appropriate for the road construction (flexible pavement)
as different properties of bitumen were found to be increased or within the limit as specified
by Indian standards. Therefore, waste material can be utilized in the construction of low volume
roads (i.e. traffic movement will be minimum) which will be beneficial and economical. The
main problem which hinders the development of such technologies is the absence of proper
guideline of mix design procedures regarding the same. From the present study, it is revealed
that the waste materials can be utilized to create a sustainable environment without
compromising the actual requirements (i.e. strength). From the future point of view, a study

can be extended by proposing an alternative of bitumen (based on waste material) for
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construction of flexible pavement or maximum utilization of waste material by mixing these
wastes in the combined manner (by looking at their chemical properties) in order to replace the
bitumen partially or fully.

2.3 Research Objectives

e Minimising the use of bitumen by partially replacing the bitumen with waste material
like waste LDPE, HDPE, CRMB, motor oil, steel slag.

e Utilization of waste material in pavement construction to create sustainable
environment, cost effectiveness without compromising with the requisite properties.

e Minimising greenhouse emission and landfill scarcity.
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CHAPTER 3

METHODOLOGY

3.1 General

The project has been started by deciding the topic. When topic was decided then | started with
reading journals related to my topic for literature review and for finding out the gaps and
problems. After finding out, what we have to do in our project. | selected some material for
project and started collecting material. After collecting all the material, | started testing the
material with proper guideline and procedure of testing.

G

A

3.2 Methodology flow chart

[ Problem Identification ]
v
Ar[ Material Collection ]
v
Prepare desigh mix & suitable testing ]
v
[ Result Analysis ]

If No Appropriate

or Not

[ Design for Bituminous mix ]

A

Finish

Figure 3.1 Methodology flow chart
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3.3 Selection of Material

In the present study, VG10 or 80/100 penetration grade bitumen was selected with different
waste material i.e. LDPE, HDPE, CRMB, Engine oil for testing process by making different
samples of different compositions. In this study all the waste material selected with respect to
their chemical compositions which are discussed in the next sub-section of the present chapter.

3.3.1 Chemical composition of bitumen
Chemical composition of bitumen has been tabulated in Table 3.1 below.

Table 3.1 Chemical Composition of bitumen (Raha Bitumen Co.)

Chemical elements Element ranges Unit
Carbon 80.2-84.3 %
Nitrogen 0.2-1.2 %
Hydrogen 9.7-10.7 %
Sulphur 0.8-6.8 %
Oxygen 0.5-1.1 %
Nickel 11-137 ppm
Vanadium 8-1595 ppm
Iron 6-149 ppm
Manganese 0.1-3.8 ppm
Calcium 1-335 ppm
Magnesium 1-134 ppm
Sodium 6-157 ppm

3.3.2 Chemical composition of Polyethylene (LDPE and HDPE)
Chemical composition of Polyethylene has been tabulated in Table 3.2 below.

Table 3.2 Chemical composition of Polyethylene (CHEMIK 2013, 67, 5, 4357445)

Chemical elements Element %
Carbon 81.90
Nitrogen 0.45
Hydrogen 12.38
Sulphur 1.94
Oxygen 0.0
Calcium 0.98
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3.3.3 Chemical composition of waste engine oil
Chemical composition of waste engine oil has been tabulated in Table 3.3 below.

Table 3.3 Chemical composition of waste engine oil (Ikhajiagbe, et.al P.,2014)

Chemical elements Weight (mg/kg)

Iron 3253.65
Manganese 12.36
Zinc 54.13
Copper 33.53
Chromium 23.23
Lead 12.45
Nickel 11.84
Vanadium 8.21
Cadmium 24.85

3.3.4 Physical compositions of CRMB
Physical composition of CRMB has been tabulated in Table 3.4 below.
Table 3.4 Physical composition of CRMB (Behnia, A et.al ., 2017.)

Elements Elements %
Acetone 9.3
Ash content 8.5
Carbon 28.1
Rubber hydro carbon 50.2
Heat loss 0.9
Metal content 0.8
Fibre content 1.5

3.3.5 Chemical composition of CRMB
Chemical composition of CRMB has been tabulated in Table 3.5 below.
Table 3. 5 Chemical composition of CRMB (Donga et.al., 2016.)

Elements Elements % Unit
Carbon 87.53 %
Oxygen 9.25 %

Zinc 1.75 %
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Sulphur 1.07 %
Silicon 0.21 %
Magnesium 0.13 %
Aluminium 0.09 %

3.4 Waste production in India

On the basis of different studies and report India is producing different waste materials which
can be used for road construction. According to report by FICCI, India generally produce 20
Kg plastic waste in a year. In this maximum waste comes from household items like plastic
bags, plastic bottles and packaging material which are mainly of single use and these waste are
impossible to decompose without recycling them. These waste are also polluting seas and land.
According to the report of National rural road development agency, they constructed a road of
7600 km in 2016, which means construction of road by utilising waste plastic is a good option.
According to the report of Lalatendu Mishra, there are around 1 billion of tyres made annually
and same replaced in a year. According to the report, only 8% of waste tyres are recycled 10%
tyres are burnt for fuel and 6 % tyres are send for other rubber processing and remaining 76%
waste tyres are sent for illegally dumping and for landfill. According to this report, India
generally produce 12 % of tyres annually. India is also recycling these waste tyres from last 3
decades but still 60% tyres are of no use. Utilization of waste tyre in construction of road can
reduce the problem of landfill scarcity & can be dumped in useful manner.

On the basis of different reports, there are gallons of waste oil produced annually by vehicles
in India. There are many waste oil recycling plants in India, which can only recycle up to 50%
of waste engine oil and other 50% is totally waste. This waste oil can be utilised with
bituminous mix for laying in road construct which can reduce the cost of road construction and

waste can be utilised in a good manner.

3.5 Methods for testing samples or construction of roads

1. Dry Process
2. Wet process

1. Dry Process:

In dry process aggregates are heated up at particular temperature and shredded pieces or liquid
of waste material added in hot aggregates chamber for giving them glossy look when covers
the aggregates then bitumen will add to the hot aggregates for making bituminous mix.

Generally, this process is use for constructing of roads.
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[ Aggregates ]

l

[ Heating up Aggregates at particular temperature ]

l

[ Addition of waste material in hot aggregates chamber
[ Addition of hot bitumen at 160°C temp ]

l

[Preparation of Bituminous]

l

[ Laying of Bituminous mix on road ]

—

Figure 3.2 Flow chart of dry process
2. Wet Process
In this process bitumen is heat up at around 160°C and shredded pieces of waste
material is added in hot bitumen for mixing waste with bitumen after that aggregates

added in bitumen mix with aggregates. Generally, this process of construction of road
is rarely use.

[ Heating of Bitumen at 160°C ]

[ Adding of shredded pieces of waste in hot bitumen ]

|

[ Mixing of waste material in bitumen for 30 to 45 minutes ]

A

[ Adding of aggregates in mixed bitumen ]

|

[ Laying of bituminous mix on road ]

Figure 3.3 Flow chart of wet process



3.6 Test conducted on bitumen with different waste by using wet process

1. Penetration test (IS 1203,1978)
Penetration test of bitumen is done by using apparatus penetrometer. It is done by
following proper guideline of IS 1203. Penetration test is done for knowing the hardness
or the consistency of bituminous mix. There are different grades of bitumen which are
having different penetration value.eg. 80/100 penetration grade means penetration
value lies b/w 80 to 100. Penetration test is done in specified load, time, and temp. and
reading are comes in millimetre(mm).

2. Ductility test (1S 1208,1978)
The ductility test is done to measure a strength of bitumen. It is done for finding out the
ability of stretching of bitumen. Ductility is an important part of construction of road.
I ability of stretching of bitumen is less, then cracks can come in road due to less
strength in bituminous material. Ductility test result is measured in cm and test of
sample is done at specified speed and temperature. For performing ductility test, IS
1208 is followed.

3. Softening point test (IS 1205,1978)
Softening pt. test is done for finding out the softening temperature of bitumen. Its id
done by following IS 1205. Softening point test is done by using ring and ball apparatus.
Softening point is noted when sample is unable to take the wt. of ball and touches the
steel plate.

4. Specific gravity test (IS 1202,1978)
Specific gravity test of bitumen may define as the ratio of mass of specific volume of
bituminous material at specific temperature which is equal to volume of water at same

temperature. It is done by using density bottle and by following IS 1202.

These test were conducted according to IS standards by making different samples of waste
LDPE with bitumen.
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3.7 Material used for sample preparation.

In this different samples were made with 0%, 3%, 6%, and 9% LDPE waste, 0% ,2%, 4%, 6%,
8% and 10% engine oil, 0%, 2%, 5%, 8%, 10% CRMB powder, 0%, 2%, 5%, 7% and 9% Of
HDPE waste and mixed composition of 2% LDPE + 3% HDPE + 4% Engine oil, 3% HDPE +
4% Engine oil + 5% CRMB powder, 4% Engine oil + 5% CRMB powder + 2% LDPE and 5%
CRMB powder + 2% LDPE + 3% HDPE with VG 10 or 80/100 bitumen grade and conducted

different test for result and comparison b/w samples.

Fig. 3.4 shredded pieces of waste LDPE

3.8 Sample preparation

In this, wet process was carried out for conducting different tests. So first bitumen was heated
up at hot plate for melting after few minutes the bitumen was heated up on induction plate at
temperature 160°C. when bitumen started boiling then shredded pieces of waste material was
added in it and mixed up for 30 minutes. When mixing was completely done then the bitumen
was added in different mould for carrying out different tests. After that | kept the mould for 30
minutes for cooling down then putted into water bath chamber at 25°C temperature for 1 hour
and after 1 hour different tests of bitumen penetration test, specific gravity test, softening point

test, ductility test was carried out.
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CHAPTER 4.

RESULTS ANALYSIS

4.1 General

In the present chapter, result analysis of different test which were conducted for bitumen by
using different composition of waste i.e. LDPE, CRMB and waste engine oil gas has been done

in order to find out the optimum usage value as the replacement of bitumen.
4.2 Testing of bitumen with waste LDPE

4.2.1 Penetration test result of bituminous mix with waste LDPE

Penetration test carried out by following proper guideline of IS code IS 1203 with different
sample of bitumen with 0%, 3%, 6%, and 9% LDPE.

Table 4.1 Penetration test result of bitumen with waste LDPE

Samples with different compositions Test result
0% 80
3% 45
6% 60
9% 85
12% 70
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Fig. 4.1 Penetrometer Fig. 4.2 Sample for penetration test

9 Penetration Test Results
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Bitumen with different percentage of waste content

Fig. 4.3 Penetration test result graph

The Penetration test which was conducted by using penetrometer shows that, samples having
0% LDPE is having maximum penetration value. According to the results the LDP is lowering

the penetration value of VG 10 grade bitumen but penetration value is increasing by increasing
the LDPE content in bitumen sample.

4.2.2 Ductility test result of bitumen with waste LDPE

Ductility test was done with proper guideline of IS 1208 with different samples of bitumen
with 0%, 3%, 6%, 9% samples.
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Table 4.2 Ductility test result of bitumen with waste LDPE

Samples with different compositions Test result
0% 75cm
3% 77cm
6% 78 cm
9% 80 cm
12% 75cm

Fig. 4.4 Ductility test sample

Measurement cm

Ductility test result
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Fig. 4.5 Ductility test result graph
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The ductility test which was done by following IS 1208 and done by using ductility testing
machine shows that the increase of waste LDPE content in bituminous mix is increasing the
ductility value of modified bitumen which is showing more strength in bitumen with more

waste LDPE content.

4.2.3 Softening point test result of bitumen with waste LDPE

Softening point test was conducted with different samples 0%, 3%, 6%, and 9% of LDPE
mixed with bitumen and there are different results of samples which are

Table 4.3 Softening point test result of bitumen with waste LDPE

Sample with different compositions Test result
0% 46°C
3% 59°C
6% 55°C
9% 49°C
12% 52°C

Fig. 4.6 Softening point test apparatus
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Fig. 4.7 Softening point test result graph

The softening point test done was by following IS code 1S-1205. The test was conducted by

using ring and ball apparatus with different samples 0%, 3%, 6%, 9% LDPE waste with

bitumen. According to the test result, increasing content of waste LDPE in bitumen increasing

the softening temperature of bitumen.

4.2.4 Specific gravity test result of bitumen with waste LDPE

Specific gravity test result was conducted by two different specific gravity bottles of different

size for different samples 0%, 3%, 6%,9% of LDPE waste mixed with bitumen and result is as

follow.
Table 4.4 specific gravity test result of bitumen with waste LDPE
Sample with | Wt. of empty | Wt. of bottle | Wt. of bottle | Wt. of bottle Specific
LDPE waste bottle with distilled |with half-filled| with bitumen gravity
water bitumen and distilled | calculation
water

0% 55gm 114gm 80gm 115gm 1.04
3% 55gm 114gm 80gm 115gm 1.04
6% 30gm 84gm 64gm 85gm 1.03
9% 30gm 84gm 64gm 85gm 1.03
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Fig. 4.8 specific gravity test result graph

5
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In specific gravity test, test was conducted with two different bottles and different samples of

modifies bitumen and result of all four samples were almost same.

4.2.5 Marshall stability test result of bitumen with waste LDPE

Marshall stability test result was conducted by making sample of bitumen with different

compositions of waste material which was 0%, 3%, 6%,9% of LDPE waste, which was mixed

with bitumen. In this different size of aggregates were taken by following proper guideline and

result is as follow.

Table 4.5 Marshall stability test result with waste LDPE

Bitumen Stability of | Stability of | Stability of | Stability of | Stability of
Content in % | conventional |mix having 3%|mix having 6%|mix having 9% mix having 12
mix 0% (KN) | LDPE waste | LDPE waste | LDPE waste % LDPE
Waste
3 5.4 5.1 5.6 6.1 5.9
4 7.1 5.8 6.2 6.8 6.9
5 6.2 6.5 6.7 6.8 6.4
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Marshall stability test result
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Fig. 4.9 Marshall stability test result graph with waste LDPE

Marshall stability test was conducted with four different samples and according to the result,

sample having 9% of LDPE waste is showing maximum stability value.

4.3. Testing of bitumen with waste engine oil

4.3.1 Penetration test result of bitumen with waste engine oil
Penetration test carried out by following proper guideline of IS code IS 1203 by making

different sample of bitumen with 0%, 2%, 4%, 6%, 8% and 10 % waste engine oil.

Table 4.6 Penetration test result of bitumen with waste engine oil

Samples with different compositions Test result
0% 80
2% 55
4% 65
6% 80
8% 90
10% 85
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Fig. 4.10 Penetration test result graph of bitumen with waste engine oil
The Penetration test which was conducted by using penetrometer shows that, samples having
8% waste engine oil is having maximum penetration value. According to the results the waste
engine oil is lowering the penetration value of VG 10 grade bitumen but penetration value is

increasing by increasing the waste engine oil content in bitumen sample till 8% of waste engine

oil content.

4.3.2 Ductility test result of bitumen with waste Engine oil

Ductility test was done with proper guideline of IS 1208 by making different samples of
bitumen with 0%, 2%, 4%, 6%, 8% and 10% of waste engine oil.

Table 4.7 Ductility test result of bitumen with waste engine oil

Samples with different compositions Test result
0% 75cm
2% 60 cm
4% 63 cm
6% 70 cm
8% 76 cm
10% 72 cm

32



Ductility test result of waste engine oil
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Fig. 4.11 Ductility test result graph

The ductility test which was done by following IS 1208 and done by using ductility testing
machine shows that the increase of waste engine oil content in bitumen is increasing the
ductility value of modified bitumen till 6% of waste engine oil content and it is showing more

strength in bitumen with 6% of waste engine oil content.

4.3.3 Softening point test result of bitumen with waste Engine Oil

Softening point test was conducted with different samples 0%, 2%, 4%, 6%, 8% and 10% of
waste engine oil mixed with bitumen and there are different results of samples which are

Table 4.8 Softening point test result of bitumen with waste engine oil

Sample with different compositions Test result
0% 46°C
2% 55°C
4% 53°C
6% 52°C
8% 48°C
10% 51°C
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Softening point test result of bitumen with waste engine oil

100
$
L 50
2 46 55 58 - 48 51
S o0
S 0% Waste engine 2% Waste engine 4% Waste engine 6% Waste engine 8% Waste engine  10% Waste
GE) oil oil oil oil oil engine oil
= Bitumen with different % of waste engine oil

Fig. 4.12 Softening point test result graph

The softening point test done was by following IS code 1S-1205. The test was conducted by
using ring and ball apparatus with different samples 0%, 2%, 4%, 6%, 8%, and 10% waste
engine oil with bitumen. According to the test result, increasing content of waste in bitumen

increasing the softening temperature of bitumen till 6% of waste engine oil content.

4.3.4 Specific gravity test result of bitumen with waste engine oil

Specific gravity test result was conducted by two different specific gravity bottles of different
size for different samples 0%, 2%, 4%, 6%, 8%, and 10% of waste Engine oil mixed with
bitumen and result are as follow.

Table 4.9 Specific gravity test result of bitumen with waste engine oil

Sample with | Wt. of empty | Wt. of bottle | Wt. of bottle | Wt. of bottle Specific
Engine oil bottle with distilled |with half-filled| with bitumen gravity
waste water bitumen and distilled | calculation
water

0% 55gm 114gm 80gm 115gm 1.03

2% 43gm 95gm 78gm 95gm 0.97

4% 30gm 84gm 64gm 85gm 1.03

6% 30gm 84gm 64gm 85gm 1.03

8% 35gm 88gm 72gm 93gm 1.04

10% o5gm 114gm 80gm 115gm 1.03
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Specefic gravity test result of bitumen with waste engine oil
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Fig. 4.13 Specific gravity test result graph

In specific gravity test, test was conducted with different size of bottles and different samples

of modified bitumen and result of all samples were almost same.

4.3.5 Marshall stability test result of bitumen with waste Engine oil

Marshall stability test result was conducted by making sample of bitumen with different

compositions of waste material which was 0%, 2%, 4%,6%,8% and 10% of Engine oil waste,

which was mixed with bitumen. In this different size of aggregates were taken by following

proper guideline and result is as follow.

Table 4.10 Marshall Stability test result of bitumen with waste engine oil

Bitumen Stability of | Stability of | Stability of | Stability of | Stability of
Content in % | conventional |mix having 2%|mix having 6%|mix having 8%| mix having 10
mix 0% (KN) | Engine oil Engine oil Engine oil | % Engine oil
waste waste waste waste
3 5.4 Sample failed 5.7 5.9 54
4 7.1 Sample failed 6.3 7.3 6.1
5 6.2 Sample failed 6.5 6.7 6.4
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Marshall stability test result
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Fig. 4.14 Marshall stability test result graph

Marshall stability test was conducted with three different samples and according to the result,

sample having 8% of Engine oil waste is showing maximum stability value.

4.4 Testing of bitumen with waste CRMB powder

4.4.1 Penetration test result of bitumen with waste CRMB

Penetration test carried out by following proper guideline of IS code IS 1203 by making
different sample of bitumen with 0%, 2%, 5%, 8 % and 10% of waste CRMB.

Table 4.11 Penetration test result of bitumen with waste CRMB

Samples with different compositions Test result
0% 80
2% 35
5% 65
8% 85
10% 80
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The Penetration test which was conducted by using penetrometer shows that, samples having
8% waste CRMB is having maximum penetration value. According to the results the waste
CRMB is lowering the penetration value of VG 10 grade bitumen but penetration value is

Fig. 4.15 Penetration test result graph of bitumen with waste CRMB

increasing by increasing the waste content in bitumen sample till 8% of content.

4.4.2 Ductility test result of bitumen with waste CRMB.

Ductility test was done with proper guideline of IS 1208, by making different samples of

bitumen with 0%, 2%, 5%, 8% and 10% of waste CRMB powder.

Table 4.12 Penetration test result of bitumen with waste CRMB

Samples with different compositions Test result
0% 75cm
2% 30 cm
5% 52 cm
8% 77cm
10% 59 cm
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Ductility test result
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Fig. 4.16 Ductility test result graph of bitumen with waste CRMB

The ductility test which was done by following IS 1208 and done by using ductility testing
machine shows that the increase of waste CRMB content in bitumen is increasing the ductility
value of modified bitumen till 8% of waste CRMB content and it is showing more strength in

bitumen with 8% of waste CRMB content.

4.4.3 Softening point test result of bitumen with waste CRMB powder

Softening point test was conducted with different samples 0%, 2%, 5%, 8% and 10% of waste

CRMB mixed with bitumen and there are different results of samples which are

Table 4.13 Softening point test result of bitumen with waste CRMB powder

Sample with different compositions Test result
0% 46°C
2% 58°C
5% 53°C
8% 47°C
10% 52°C
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Softening point test result of bitumen with CRMB
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Fig. 4.17 Softening point test result graph of bitumen with waste CRMB powder

The softening point test done was by following IS code 1S-1205. The test was conducted by
using ring and ball apparatus with different samples 0%, 2%, 5%, 8%, and 10% waste CRMB
with bitumen. According to the test result, increasing content of waste in bitumen, increasing

the softening temperature of bitumen till 8% of waste CRMB content.

4.4.4 Specific gravity test result of bitumen with waste CRMB powder

Specific gravity test result was conducted by two different specific gravity bottles of different
size for different samples 0%, 2%, 5%, 8% and 10% of waste CRMB powder mixed with
bitumen and result are as follow.

Table 4.14 Specific gravity test result of bitumen with CRMB powder

Sample with | Wt. of empty | Wt. of bottle | Wt. of bottle | Wt. of bottle Specific
Engine oil bottle with distilled |with half-filled| with bitumen gravity
waste water bitumen and distilled | calculation
water
0% 55gm 114gm 80gm 115gm 1.03
2% 39gm 98gm 64gm 99gm 0.97
5% 32gm 85gm 67gm 87gm 1.06
8% 35gm 94gm 60gm 95gm 0.99
10% o5gm 114gm 80gm 115gm 1.03
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Fig. 4.18 Specific gravity test result of bitumen with CRMB powder

In specific gravity test, test was conducted with different size of bottles and different samples

of modified bitumen and result of all samples were almost same.

4.4.5 Marshall stability test result of bitumen with waste CRMB powder

Marshall stability test result was conducted by making sample of bitumen with different

compositions of waste material which was 0%, 2%, 5%,8% and 10% of CRMB waste, which

was mixed with bitumen. In this different size of aggregates were taken by following proper

guideline and result is as follow.

Table 4.15 Marshall Stability test result of bitumen with CRMB

Bitumen Stability of | Stability of | Stability of | Stability of | Stability of
Content in % | conventional |mix having 2%|mix having 5%|mix having 8%| mix having 10
mix 0% (KN) | CRMB waste | CRMB waste | CRMB waste | % CRMB
Waste
3 5.4 55 5.9 6.3 6.5
4 7.1 6.8 7.3 7.4 7.2
5 6.2 6.4 6.5 6.7 6.9
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Marshall stability test result
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Fig. 4.19 Marshall stability test result graph

Marshall stability test was conducted with four different samples and according to the result,
sample having 8% of CRMB is showing maximum stability value.

4.5 Testing of bitumen with High Density Poly ethylene (HDPE)

4.5.1 Penetration test result of bitumen with waste HDPE

Penetration test carried out by following proper guideline of IS code IS 1203 by making
different sample of bitumen with 0%, 2%, 5%, 7 % and 9% of waste HDPE.

Table 4.16 Penetration test result of bitumen with waste HDPE

Samples with different compositions Test result
0% 80
2% 45
5% 70
7% 80
9% 65
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Fig. 4.20 Penetration Test Results graph of Bitumen with different compositions of waste HDPE

The Penetration test which was conducted by using penetrometer shows that, samples having
7% waste HDPE is having maximum penetration value. According to the results the waste
HDPE is lowering the penetration value of VG 10 grade bitumen but penetration value is

increasing by increasing the waste content in bitumen sample till 7% of content.

4.5.2 Softening point test result of bitumen with waste CRMB powder

Softening point test was conducted with different samples 0%, 2%, 5%, 7% and 9% of waste

HDPE mixed with bitumen and there are different results of samples which are

Table 4.17 Softening point test result of bitumen with waste HDPE

Sample with different compositions Test result
0% 46°C
2% 57°C
5% 51°C
7% 48°C
9% 50°C
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Softening point test result of bitumen with HDPE
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Fig. 4.21 Softening point test result of bitumen with HDPE

The softening point test done was by following IS code 1S-1205. The test was conducted by
using ring and ball apparatus with different samples 0%, 2%, 5%, 7%, and 9% waste HDPE
with VG10 bitumen. According to the test result, increasing content of waste in bitumen,

increasing the softening temperature of bitumen till 7% of waste HDPE content.

4.5.3 Ductility test result of bitumen with waste HDPE.

Ductility test was done with proper guideline of IS 1208, by making different samples of
bitumen with 0%, 2%, 5%, 7% and 9% of waste HDPE.

Table 4.18 Ductility test result of bitumen with waste HDPE.

Samples with different compositions Test result
0% 75cm
2% 37cm
5% 57 cm
7% 78 cm
9% 73 cm
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Fig. 4.22 Ductility test result graph of bituminous mix with waste HDPE

The ductility test which was done by following IS 1208 and done by using ductility testing

machine shows that the increase of waste HDPE content in bitumen is increasing the ductility

value of modified bitumen till 7% of waste HDPE content and it is showing more strength in

bitumen with 7% of waste HDPE content.

4.5.4 Specific gravity test result of bitumen with waste HDPE

Specific gravity test result was conducted by different specific gravity bottles of different size

for different samples 0%, 2%, 5%, 7% and 9% of waste HDPE mixed with bitumen and result

are as follow.

Table 6.19 Specific gravity test result of bitumen with waste CRMB powder

Sample with | Wt. of empty | Wt. of bottle | Wt. of bottle | Wt. of bottle Specific
Engine oil bottle with distilled |with half-filled| with bitumen gravity
waste water bitumen and distilled | calculation
water

0% 55gm 114gm 80gm 115gm 0.96

2% 47m 106gm 65gm 108gm 1.04

5% 31lgm 90gm 56gm 89gm 0.96

7% 45gm 105gm 71gm 107gm 1.04

9% 51gm 110gm 76gm 111gm 1.03
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Specefic gravity test result of bitumen with waste HDPE
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Fig. 4.23 Specific gravity test result graph of bitumen with waste HDPE

In specific gravity test, test was conducted with different size of bottles and different samples

of modified bitumen and result of all samples were almost same.

4.5.5 Marshall stability test result of bitumen with waste HDPE

Marshall stability test result was conducted by making sample of bitumen with different
compositions of waste material which was 0%, 2%, 5%,7% and 9% of HDPE waste, which
was mixed with bitumen. In this different size of aggregates were taken by following proper

guideline and result is as follow.

Table 4.20 Marshall stability test of bitumen with waste HDPE

Bitumen Stability of | Stability of | Stability of | Stability of | Stability of
Content in % | conventional |mix having 2%|mix having 5%|mix having 7%| mix having 9
mix 0% (KN) | HDPE waste | HDPE waste | HDPE waste | % HDPE

Waste
3 5.4 5.1 5.5 5.7 5.4
4 7.1 5.8 6.2 7.1 6.7
5 6.2 5.4 6.4 6.6 6.8

45



Marshall stability test result
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Fig. 4.24 Marshall stability test result graph of bitumen with waste HDPE

Marshall stability test was conducted with three different samples and according to the result,
sample having 7% of HDPE waste is showing maximum stability value.

4.6 Testing of bitumen with mixed composition of waste HDPE, LDPE,
Engine oil and CRMB powder.

4.6.1 Penetration test result of bitumen with waste HDPE, LDPE, Engine oil
and CRMB powder.

Penetration test carried out by following proper guideline of IS code IS 1203 by making
different sample of bitumen by making four samples mixed composition of different waste
content with VG10 bitumen. Samples were made with 2% LDPE + 3% HDPE + 4% Engine
oil, 3% HDPE + 4% Engine oil + 5% CRMB powder, 4% Engine oil + 5% CRMB powder +
2% LDPE and 5% CRMB powder + 2% LDPE + 3% HDPE.
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Table 4.21 Penetration test result of bitumen with waste HDPE, LDPE, Engine oil and CRMB powder.

Samples with different compositions Test result

0% 80

2% LDPE + 3% HDPE + 4% Engine oil 80

3% HDPE + 4% Engine oil + 5% CRMB 89
powder

4% Engine oil + 5% CRMB powder + 2% 85
LDPE

5% CRMB powder + 2% LDPE + 3% HDPE. 82
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Fig. 4.25 Penetration Test Results graph of Bitumen with mixed composition of different waste

The Penetration test which was conducted by using penetrometer shows that, samples having

3% HDPE + 4% Engine oil + 5% CRMB powder is having maximum penetration value.
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4.6.2 Softening point test result of bitumen with waste HDPE, LDPE, Engine
oil and CRMB powder.

Softening point test was conducted with different samples with mixed composition of different
waste content with VG10 bitumen. Samples were made with 2% LDPE + 3% HDPE + 4%
Engine oil, 3% HDPE + 4% Engine oil + 5% CRMB powder, 4% Engine oil + 5% CRMB
powder + 2% LDPE and 5% CRMB powder + 2% LDPE + 3% HDPE.

Table 4.23 Softening point test result of bitumen with waste HDPE, LDPE, Engine oil and CRMB

powder.
Sample with different compositions Test result
0% 46°C
2% LDPE + 3% HDPE + 4% Engine oil 47°C
3% HDPE + 4% Engine oil + 5% CRMB 42°C
powder
4% Engine oil + 5% CRMB powder + 2% 45°C
LDPE
5% CRMB powder + 2% LDPE + 3% HDPE. 48°C
Softening point test result
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Bitumen with different % of waste CRMB

Fig. 4.26 Softening point test result graph
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In softening point test result, the test was conducted with four different sample made with

different composition and On the basis of result, sample having 5% CRMB powder + 2% LDPE

+ 3% HDPE shoes maximum softening point value.

4.6.3 Ductility test result of bitumen with waste HDPE, LDPE, Engine oil

and CRMB powder.

Ductility test was done with proper guideline of IS 1208, by making different samples with

mixed composition of different waste content with VG10 bitumen. Samples were made with
2% LDPE + 3% HDPE + 4% Engine oil, 3% HDPE + 4% Engine oil + 5% CRMB powder,
4% Engine oil + 5% CRMB powder + 2% LDPE and 5% CRMB powder + 2% LDPE + 3%

HDPE.

Table 4.24 Ductility test result of bitumen with waste HDPE, LDPE, Engine oil and CRMB powder.

Samples with different compositions Test result
0% 75cm
2% LDPE + 3% HDPE + 4% Engine oil 72 cm
3% HDPE + 4% Engine oil + 5% CRMB powder 87 cm
4% Engine oil + 5% CRMB powder + 2% LDPE 82 cm
5% CRMB powder + 2% LDPE + 3% HDPE. 79 cm
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Fig. 4.27 Ductility test graph of bitumen with mixed composition
In ductility test result, the test was conducted with four different sample made with different

composition and On the basis of result, sample having 3% HDPE + 4% Engine oil + 5% CRMB

powder shoes maximum ductility value.

4.6.4 Specific gravity test result of bitumen with waste HDPE, LDPE, Engine
oil and CRMB powder.

Specific gravity test result was conducted by two different specific gravity bottles of different
size for different samples with mixed composition of different waste content with VG10
bitumen. Samples were made with 2% LDPE + 3% HDPE + 4% Engine oil, 3% HDPE + 4%
Engine oil + 5% CRMB powder, 4% Engine oil + 5% CRMB powder + 2% LDPE and 5%
CRMB powder + 2% LDPE + 3% HDPE.
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Table 4.25 Specific gravity test result of bitumen with waste HDPE, LDPE, Engine oil and CRMB

powder.
Sample with | Wt. of empty | Wt. of bottle | Wt. of bottle | Wt. of bottle Specific
Engine oil bottle with distilled |with half-filled| with bitumen gravity
waste water bitumen and distilled | calculation
water
0% 55gm 114gm 80gm 115gm 1.03
2% LDPE + 48gm 98gm 59gm 99gm 1.1
3% HDPE +
4% Engine oil
3% HDPE + 31gm 85gm 64gm 89gm 1.06
4% Engine oil
+ 5% CRMB
powder
4% Engine oil 43gm 94gm 77gm 95gm 1.03
+ 5% CRMB
powder + 2%
LDPE
5% CRMB 57gm 112gm 83gm 111gm 0.96
powder + 2%
LDPE + 3%
HDPE.
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Fig. 4.28 Specific gravity test graph of bitumen with mixed composition

In specific gravity test, test was conducted with different size of bottles and different samples

of modified bitumen and result of all samples were almost same.

4.6.5 Marshall stability test result of bitumen with waste HDPE, LDPE,

Engine oil and CRMB powder.

Marshall stability test result was conducted by making sample of bitumen with different

samples with mixed composition of different waste content with VG10 bitumen. Samples were
made with 2% LDPE + 3% HDPE + 4% Engine oil, 3% HDPE + 4% Engine oil + 5% CRMB
powder, 4% Engine oil + 5% CRMB powder + 2% LDPE and 5% CRMB powder + 2% LDPE

+ 3% HDPE.
Table 4.26 Marshall stability test result of bitumen with waste HDPE, LDPE, Engine oil and CRMB
powder.
Bitumen Stability of | Stability of | Stability of | Stability of | Stability of
Content in % | conventional |mix having 2%|mix having 3%|mix having 4%|mix having 5%
mix 0% (KN) | LDPE + 3% | HDPE + 4% | Engine oil + [CRMB powder
HDPE + 4% | Engine oil + | 5% CRMB |+ 2% LDPE +
Engine oil 5% CRMB | powder + 2% | 3% HDPE.
powder LDPE
3 54 59 6.3 6.7 6.5
4 7.1 7.3 7.1 7.5 6.9
5 6.2 6.4 6.7 6.5 7.1
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Marshall stability test result
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Fig. 4.29 Marshall stability test result graph of mixed composition with bitumen

Marshall stability test was conducted with four different sample of mixed composition and
according to the result, sample having Stability of mix having 4% Engine oil + 5% CRMB

powder + 2% LDPE waste is showing maximum stability value.
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CHAPTER S

DISCUSSION AND CONCLUSION

5.1 General

In the present study different waste material were taken i.e. waste LDPE, HDPE, CRMB and
Engine oil and replaced the bitumen partially in several ranges which are already discussed in
Chapter 3. In this study different samples were made with different composition of waste with
VG10 bitumen. Waste material are taken according to their chemical composition which is
required on the basis of Indian standard. In this sample are made with 0%, 3%, 6%, and 9%
LDPE waste, 0% ,2%, 4%, 6%, 8% and 10% Waste engine oil, 0%, 2%, 5%, 8%, 10% CRMB
powder, 0%, 2%, 5%, 7% and 9% Of HDPE waste and mixed composition of 2% LDPE + 3%
HDPE + 4% Engine oil, 3% HDPE + 4% Engine oil + 5% CRMB powder, 4% Engine oil +
5% CRMB powder + 2% LDPE and 5% CRMB powder + 2% LDPE + 3% HDPE with VG 10
or 80/100 bitumen grade.

5.2 Discussion and conclusion

In this study, testing of bitumen with waste LDPE, HDPE, waste CRMB and waste engine oil
has been used and the result shows that, utilizing of waste LDPE is lowering the penetration
value but when we are increasing the waste content in bitumen then penetration value is also
increasing. In softening point test result, the result shows that the increasing of LDPE in
bitumen is decreasing the softening point of modified bitumen, same like this the ductility value
is first decreased then started increasing by increasing the waste content as compare to
conventional method and specific gravity of all the samples are almost same. In the case of
waste engine oil, first penetration value is decreased but by increasing waste content, the value
also increased but only till 8% of waste engine oil content in bitumen. According to ductility
test and softening point test result, the value increased till 6% of waste engine oil content which
means 6% of waste engine oil can be used with bitumen. According to test result of bitumen
with CRMB powder, the penetration value, ductility value and softening point test result value
increased till 8% of waste CRMB content, which means 8% content can be used with VG 10
grade Bitumen. In the case of waste HDPE sample with VG10 bitumen, the penetration test
result shows the decreasing in resulting while utilising 2% of waste HDPE with bitumen but
after increasing the waste content, the penetration value also increased till 7% of waste HDPE
content. In ductility test result the result shows, decrease in value of ductility while utilising
2% of waste content but value started increasing by increasing the waste content. In softening
point test result, the value first increased with 2% waste content but started decreasing by

increasing the waste content. According to the mixed composition of all the sampled made with
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four different waste, the sample with 3% HDPE + 4% Engine oil + 5% CRMB powder is having
maximum penetration value. In softening point test result the result shows that sample is having
5% CRMB powder + 2% LDPE + 3% HDPE is having maximum value of softening point.
According to the result of ductility test, the result shows that the sample having 3% HDPE +
4% Engine oil + 5% CRMB powder is more ductile then other samples and in specific gravity
test result, the values of all samples are almost same.

5.3 Future scope

From the future perspective, present study can be extended by increasing the percent utilisation
of waste material as the replacement of bitumen (i.e. individually or in combine manner).
Beside this, other suitable waste materials can be introduced based on their chemical and
physical analysis. Different loading effect due to the movement of traffic and the temperature

stresses (i.e. responsible for the pavement failure) can be examined in the future.
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