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ABSTRACT 
The escalation in various types of productions together with population growth has resulted in a 
massive increase  in  production  of  various  types  of  waste  material  world  over  creating  a  
problem  of  its disposal in  eco-friendly  way.  To deal with the problem here an attempt is made 
to study the use of e-waste as an alternative to conventional material like aggregate in a DBM 
layer of flexible pavement along with partial replacement of bitumen with plastic by the wet mix 
process. Number of laboratory tests were conducted using marshall stability testing machine to 
check the suitability of e-waste and plastic as an alternative to conventional materials like 
aggregates and bitumen respectively. The results obtained in laboratory investigation indicate 
not only the increase in strength but also a considerable reduction in cost is seen. From the 
experimental work, it is clear that the properties of laboratories designed bituminous mix for 
DBM are much more superior to those of the control mixes entirely composed of mineral 
aggregates and can be effectively used in practical applications. 

Key Words  : Replacement, E-waste, Plastic waste, Flexible pavement, 
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INTRODUCTION 

Plastic is a multipurpose material. Due to its 
large scale production plastic seemed to be a 
cheaper and valuable raw material for every 
fundamental sector of the economy starting 
from agriculture to packaging, building constru 
-ction, electronics, electrical, automobile and 
communication sectors. Every sector is almost 
revolutionized by the applications of plastic. Due 
to the change in scenario of life style the polymer 
demand is increasing everyday across the globe. 
Plastic is a non-biodegradable material and 
researchers have found that the material can 
remain for long duration on earth without 
degradation. Several studies have proven the 
health hazard caused by improper disposal of 
plastic waste. The health hazard includes 
reproductive problems in human and animal 
genital abnormalities etc. Looking forward the 
scenario of present life style a complete ban on 
the use of plastic cannot be put although the 
waste   plastic   taking   the  face  of  devil  for the  
present and future generation. We cannot ban use 
of plastic but we can reuse the plastic waste. 

Several studies have verified that plastic 
(LDPE/HDPE) can be used in experimental 
works related to flexible pavements bitumen and 
bituminous mixes are modified in order to 
improve the performance of bituminous concrete 
mixtures. There are two different processes the 
wet method involves the use of ready mixed 
modified bitumen, while the dry process involves 
adding waste polymers/rubbers (in powder 
shredded or granular form) to the aggregate 
followed by bitumen during mixing process at 
the hot mix plant.1 The effect of such 
modification varies with the percentage of the 
modifier used. In general consumption of such 
waste materials in the highway sector is a 
valuable dumping alternative, which reduces the 
disposal cost and save the environmental 
pollution.2 consequently with improved durabi-
lity and resistance against deformation to 
conventional bituminous mixes the durability of 
the roads is increased.3 In this work, focus has 
been given on the strength of flexible pavement 
and disposal of plastic in eco-friendly way. To 
deal with the problem attempt is made on use of 
to plastic waste as partial replacement by wet 
mix process. *Author for correspondence 
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AIMS AND OBJECTIVES 
To study the use of electronic waste and waste 
plastic in bitumen roads by wet mix process. To 
find an alternative method for disposal of 
electronic waste and plastic waste in eco-friendly 
way. To compare the properties of conventional 
bituminous      mix     with     polymer    modified 
bituminous mix by wet mix process. Find a 
suitable alternative over conventional materials 

with cost reduction and improvement in strength 
and other parameters in flexible pavements. 

MATERIAL AND METHODS 
Bitumen 
The bitumen of 80/100 penetration grade is used 
as binder in present work and the physical 
properties of bitumen are given in Table 1. All 
tests conducted on bitumen were in accordance 
with procedure laid down in Indian standards. 

Table 1 : Physical properties of bitumen 

S/N Tests 
conducted Unit Reference Results 

obtained 
Permissible as per 

MORTH4 
1 Ductility cm IS 1208-1978 70.54 cm 75 cm minimum 
2 Softening point °C IS 1205-1978 48.25°C 40°C-55°C 

3 Penetration mm IS 1203-1978 90 80/100 

4 Specific gravity g/c m3 IS 1202-1978 1.03 ≥  1.00 

The basic test properties on bitumen and 
modified bitumen indicates that the replacement 
of bitumen by waste plastic reduces the 
penetration and ductility values, whereas 
increases in softening point and specific gravity 
values, when about 7.5% by weight  of   bitu-
men having 5.5% optimum bitumen content is 
replaced by waste plastic.  

Aggregate 
Aggregate forming the main skeleton of 
pavement should be tested against their 
suitability as a pavement construction 
material with reference to MORTH.4  

Number of tests were carried out on 
aggregate the results obtained are shown in 
Table 2. 

Table 2 : Physical properties of aggregates (Ref. IS 2346, Part IV) 

S/N Property Name of the test Actual 
value 

Permissible value as per 
MORTH4 

1 For strength 

Crushing strength 19.7 % 30 % max 

Los angeles abrasion 
value 

16.77 % 30 % max 

Impact value 14.45% 24 % max 

2 Average specific 
gravity Specific gravity 2.6 2-3 

3 Water absorption Water absorption 1.26 % 2 % max 

5 Particle shape 
Flakiness 12 % 30 % max 

Elongation 14 % 30 % max 

6 Stripping 
Coating and stripping 
of bitumen aggregate 
mixture 

Retained 
97 % 

Minimum retained 95% 
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Plastic  
The plastic waste constitutes two major 
categories of plastics, thermoplastics and 
thermo set plastics. Thermoplastics, constitutes 
80% approximately and thermo set constitutes 
approximately 20% approximately of total post-
consumer plastics waste generated in India.The 
thermoplastics are recyclable plastics which 
include. Polyethylene Terephthalate (PET), 
Low Density Polyethylene (LDPE), Poly Vinyl 
Chloride (PVC), High Density Poly Ethylene 
(HDPE), Polypropylene (PP), Polystyrene (PS) 
etc. Most of thermoplastics on heating soften 
at temperature between 130-140°C. The 
analysis of thermoplastics has proven that 
there is no gas evolution in the temperature 
range of 130-180°C and beyond 180°C gas 
evolution and thermal degradation may occur. 
Thus the waste plastic can easily be blended 
with the bitumen as the process for road 
construction using bitumen is carried out in the 
range of 155-165°C.  
Wet mix process 
Waste plastic is ground and made into powder 
plastic in trial percentage is mixed with the 
bitumen. Plastic increases the melting point of 
the bitumen and makes the road retain its 
flexibility during winters resulting in its long 
life. Use of shredded plastic waste acts as a 
strong binding agent for tar making the asphalt 
last long. By mixing plastic with bitumen the 
ability of the bitumen to with stand high 
temperature increases. The vigorous tests at the 
laboratory level proved that the bituminous 
concrete mixes prepared using the treated 
bitumen binder ful filled all the specified 
marshall mix design criteria for surface course 
of road pavement.  
Tapase and Kadam reported that 7.5% of 
bitumen can be replaced by plastic waste in 
bituminous layer having 5.5% optimum 
bitumen content by wet mix process. The basic 
test properties indicate that the replacement of 
bitumen by waste plastic reduces the 
penetrateon and ductility values, whereas 
increases in softening point and specific 
gravity values, when about 7.5 %  by weight of 
bitumen having 5.5% optimum bitumen 
content is replaced by waste plastic.5  

Ranadive and Tapase investigated the benefits 
of use of plastic in bituminous mix in shredded 
form. Conventional (without plastic) and mix 
with variation in plastic waste (5%,10%, 15% 
and 20%) as replacement to bitumen mixtures 
were subjected to performance test including 
marshall stability. Based on the experimental 
study it is observed that the 10% of bitumen 
can be replaced by plastic waste in bituminous 
layer having 5.5% optimum bitumen content. 
Cost reduction in bitumen is nearly about 
8.00% when the bitumen is replaced by 10%  
plastic waste.6  
The sudden increase in stability is because of 
natural aggregates are coated with plastic 
waste before mixing with bitumen which do 
not allow water to enter inside and increases its 
stripping value. It is found that the recycled 
polyethylene bags may be useful in bituminous 
pavements resulting in reduced permanent 
deformation in the form of rutting and reduced 
low temperature cracking of pavement surface- 
ing. 
It have been decided to use HDPE plastic 
waste carry bags in shredded as well as in 
powdered form in the present work as a 
replacement to bitumen by following wet 
process and also to find the optimum bitumen 
that can be replaced by plastic waste.  
Ranadive M. S. and Shinde Kumar Mahesh 
investigated that filler replacement of fly ash 
and e-waste for asphalt and aggregate respecti 
-vely enhances properties of bituminous 
concrete along with the reduction in cost. The 
bitumen used was of 60-70 penetration grade 
with 4.5%, 5% and 5.5%, 6% along with 5%, 
10% and 15% replacement of e-waste for 
aggregate by volume.7 
It is reported that flow rate increases along with 
increase in bitumen that also with increase in e-
waste content as cohesive properties of 
aggregates are reduced after addition   with e-
waste. They also found that modified mix with 
5.5% bitumen content and 10% e-waste 
replacements gives the best  results  for stability. 
Standard control mix samples give 2.4gm/cc 
bulk density, where in it decreases with increase 
in e-waste addition. Sample  of  modified  mix of  
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5.5% bitumen content and 10% e-waste 
content gives reduced 3.12% bulk density. 
This paper explains that modified mixes 
show the varying nature of percent air voids 
and V. M. A. and thus perfect zone is not 
observed.  Overall, it is observed that 5.5% 
bitumen content with 10% e-waste gives 
maximum stability.8 Thus the paper gives 
that partial replacement of e-waste is 
technically feasible, where 5.5% bitumen 
content and 10 percentage e-waste 
replacements attains 11.28 percentage higher 
stability than control mix. In case of cost 
effective-ess 10 percentage aggregate and 
5.33% bitumen saving is achieved so 
construction cost is reduced.9 Here the scope 
is to invest-tigate the effect of electronic 
waste in a DBM layer of flexible pavement 
along with 7.5% replacement of bitumen 
with plastic by the wet mix process.  
Experimental set up 
Most asphalt technologist believes that 
fundamental changes must be made in the 
composition of hot mix asphalt and its 
testing methods. Though there are many 
methods being followed the basic principle 
behind them is to arrive at the optimum 
binder content given the gradation selected 
and the mechanical properties desired. Here 
the specimen used is prepared as per 
standard marshall stability test.10 Which is 
cylindrical 100mm diameter compacted with 
marshall compacting  hammer on  either  
side  with  75 number blows and loaded 
circumferentially.11-13 Number of bimanous 
mix samples were prepared and tested for 
different percentage of bitumen content, 
electronic waste and for combination of e-
waste and plastic waste. The gradations 
adopted for DBM mix are taken as specified 
by manual for construction and supervision 
of bituminous works MORTH, India.14,15  
Steps for sample preparation for control 
mix with different bitumen content 
a) Oven dried aggregate for approximately 

12 hours at around 105oC to 110oC was 

separated into the individual specified 
sizes by dry sieving.  

b) Individual aggregates were recombined to 
the correct proportions for approximately 
1200 gm specimens according to mix 
design. 

c) The aggregates were thoroughly mixed on 
mixing pan. 

d) Then after the hot bitumen as per trial 
percent (say 4.5% of total mix weight) is 
mixed   with aggregate at temperature of 
160 o C. 

e) After properly mixing aggregate with 
bitumen the mix was filled in a mould at a 
time and compaction plate was placed on 
which 75 number of blows were given on 
either sides of sample manual by Marshall 
hammer. 

Sample preparation for different percent of 
bitumen replaced by plastic waste 
All the steps up to (c) were carried out as 
mentioned earlier in than the steps from (d) 
were followed as mentioned below : 
(d) Before mixing hot bitumen at nearly about 
170 o C with natural aggregates at 160oC the 
powdered plastic waste as trial percent (say 
5%, 7.5%, 10 % and 12.5%) of replacement 
of bitumen was manually sprinkled into the 
hot bitumen. Plastic gets mixed with bitumen 
modifying the properties of bitumen. 
(e) Required quantity of modified bitumen as 
per trial percent was added to the sample. Mix 
it thoroughly at temperature of 160oC. 
(d) Same procedure was repeated for filling 
the sample in the mould as mentioned earlier. 

RESULTS AND DISCUSSION 
Maximum density of compacted specimen is 
observed at 5.5% bitumen content for all 
cases, which is clear from Fig. 1. and Fig. 2. 
Bulk density varies in the range of 2.18gm/cc 
to 2.46gm/cc from Fig. 3. Maximum percent 
V. M. A. is observed in specimen with 5.5 % 
bitumen content for all cases. Percent V. M. 
A. varies in the range of 13.79% to 18.21%.  
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Fig. 1 : Bulk density (gm/cc) vs bitumen content (percentage) for all cases 

 

Fig. 2 : Percent air voids vs bitumen content (percentage) for all cases 

 
Fig. 3 : Percent V. M. A. vs bitumen content percentage for all cases 

From Fig. 4, It is observed that at 5.5% 
optimum bitumen content in which 7.5% of 
bitumen is replaced by plastic and 7.5% of 
aggregate replaced by e-waste which gives 
highest stability value as 11.90KN when 

compared with the above result. The use of 
modified bitumen prepared by partial 
replacement of bitumen with the processed waste 
plastic of about 7.5% by weight of bitumen helps 
in improving the Marshall stability and other 
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desirable properties of bituminous concrete mix 
with marginal saving in bitumen usage in 

comparison with the untreated or ordinary 
bitumen.  

 
                      Fig. 4 : Stability (KN) vs bitumen content percentage for all cases 

Experimental results from tests performed on 
various percent replacements of aggregates 
with e-waste specimens to know the stability, 
flow value, bulk density, percent air voids and 
percent V. M. A. are evaluated for bitumen 
content varying from 4.5% to 6%. 
It has been observed that at 7.5% replacement 
of aggregate by e-waste with 5.5% of bitumen 
content gives maximum bulk density bulk 
density. 
The percent air voids is minimum for 10% 
replacement of aggregate by e-waste with 
5.5% of bitumen content which is 2.87 and 
maximum for 10% replacement of aggregate 
by e-waste with 5% of bitumen content which 
is 7.17%, whereas 7.5% replacement of aggre 
-gate by e-waste with 5.5% of bitumen content 
gives 3.84%. 
The V. M. A. value (%) is minimum for 7.5% 
replacement of aggregate by e-waste with 
4.5% of bitumen content which is 13.79% and 
maximum for 12.5% replacement of aggregate 
by e-waste with 6% of bitumen content which 
is 18.61% whereas 7.5% replacement of 
aggregate by e-waste with 5.5% of bitumen 
content gives 15.73%. 
The stability value (KN) is minimum for 15% 
replacement of aggregate by e-waste with 
5.5% of bitumen content which is 2.29KN  and 
maximum   for  7.5% replacement of aggregate  

by e-waste with 5.5% of bitumen content 
which is 9.25%. 
The flow value (mm) is minimum for 10% 
replacement of aggregate by e-waste with 
4.5% of bitumen content which is 2.06 mm 
and maximum for 12.5% replacement of 
aggregate by e-waste with 6% of bitumen 
content which is 3.33 mm, whereas 7.5% 
replacement of aggregate by e-waste with 
5.5% of bitumen content gives 2.96 mm. 

CONCLUSION 
It is concluded that at 5.5%  bitumen content in 
which 7.5% of bitumen replaced by waste 
plastic and 7.5%  aggregate replaced by e-
waste shows increased stability keeping all the 
other parameters within limits. From the 
experimental work, it is clear that the 
properties of laboratorial designed bituminous 
mix for bituminous concrete are much more 
superior to those of the control mixes entirely 
composed of mineral aggregates and can be 
effectively used in practical applications.  
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Environment should be put in 
the category of our national 
security. Defense of our 
resources is just as important 
as defense abroad. Otherwise 
what will remain there to 
defend? 

                        Robert Redford 

 
 

 
 


