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ABSTRACT- The rapid advancement in technology 

has led to a substantial increase in electronic waste (e-

waste) generation globally. The disposal of e-waste 

presents significant environmental challenges due to the 
presence of hazardous components. In an effort to address 

these concerns and explore sustainable solutions, this 

study investigates the potential of incorporating e-waste 

materials in bitumen mixes for flexible pavement 

applications. This research aims to evaluate the 

performance characteristics of bitumen mixes containing 

varying proportions of e-waste, aiming to determine their 

feasibility and suitability for real-world road construction. 

In this study, e-waste materials, predominantly consisting 

of electronic components like printed circuit boards, are 

processed and treated to be incorporated into bitumen 
mixes. A series of laboratory experiments are conducted 

to assess key performance parameters of the e-waste-

modified bitumen mixes, including rutting resistance, 

fatigue behavior, stability, and moisture susceptibility. 

These results are compared with conventional bitumen 

mixes to ascertain the effect of e-waste on pavement 

performance. Preliminary findings indicate that the 

incorporation of e-waste into bitumen mixes influences 

the mechanical properties of the resulting blends. The 

modified bitumen exhibits improved resistance to rutting 

and enhanced fatigue characteristics in comparison to 
conventional bitumen mixes. Additionally, the stability of 

the e-waste-modified mixes demonstrates promising 

results, suggesting their potential for load-bearing 

applications. However, concerns related to moisture 

susceptibility and long-term durability need further 

investigation. This research contributes to the ongoing 

efforts towards sustainable waste management and eco-

friendly road construction practices. The findings offer 

insights into the viability of utilizing e-waste materials as 

an additive in bitumen mixes for flexible pavements, 

showcasing the potential to reduce the environmental 

impact of both electronic waste disposal and road 
construction. Further studies involving long-term field 

performance and environmental assessments are 

recommended to validate the laboratory findings and 

ensure the safe implementation of e-waste-modified 

bitumen mixes in actual road infrastructure. 

KEYWORDS- e-Waste, Bitumen Mixes, Flexible 

Pavements, Sustainable Construction, Pavement 

Performance. 

I. INTRODUCTION 

The successful administration of waste emerging from the 

development of national street plans exhibits a critical test 

to every partaking party. The expense of managing waste 

has extended basically of late and logically complex 

common institution, close by progressively current and 

better-resourced execution courses of action, and put 

creating impediments on potential exchange outlets. 

Many of the more important authentic waste management 

standards come from the institution of the European 

Union, and these effective strategies have been used 
against Ireland at the Court of Justice of the European 

Union through the uprightness of the proximity to 

unapproved workplaces for the exchange to waste 

improvement. Due to the far-reaching true importance of 

waste in the Waste Management Acts 1996-2011, waste 

problems in the arrangement cycles of road adventures 

should be given an early thought. Around the world, 

manageability is the squeezing need of great importance 

in the development business and towards this end 

utilization of waste material in street development is in 

effect progressively urged to diminish ecological effect. 

Countless materials and technologies were imagined in 
the high way system to determine their reasonableness for 

the design, construction and help of these asphalts. We 

include plastics and rubbers. Rajasekaran, S. et. al [1] 

investigated the significance of plastic in terms of cost 

reduction, increase in strength and durability when these 

plastics are heated and coated upon the aggregates 

(160℃) to compensate the air voids with plastic and binds 

with aggregate to provide stability. 

Infringement of the legislative specifications of the Waste 

Management Acts may be accomplished by deficient 
consideration across the period of operations of waste 

management outlets. Apart from raising the risk of legal 

action, impotence to comply with the institution may 

result in deferments to roadways, and unconstrained use, 

and may encourage close conflicts and media discourse 

[2]. 

These components necessitate that squander organization 

issues be honestly tended to for the span of the life- -cycle 

of a road adventure. This short guide is proposed to 

support all social occasions - fashioners, neighbourhood 

authorities, transitory specialists, etc - on how the trial of 

convincing waste organization could be met in a road 
building setting [3]. A key inspiration driving this file is 

to empower all social occasions to fathom the tangled 

authentic framework that speaks to the organization of 
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wastes delivered by national road improvement 

adventures. A second call attention to set out incredible 

practice standards to ensure that convincing waste 

organization remains a need all through the arrangement 

and advancement periods of these endeavours [4]. The 

aim here is to help reduce the natural impacts of 

improvement waste related to boulevards, and what's 

more the amount of the approved waste being distributed 
and to encourage compliance with the Waste 

Management Acts course of action [5]. Similarly, these 

guidelines seek to provide knowledge to facilitate an 

incredible dialogue between road authoritative experts, 

relevant legislative bodies and outcasts about how to best 

handle squandering in a road-building setting. Certain 

reused materials and waste results have extensive notable 

properties over others and extraordinary advantages 

would be procured when portrayed appropriately and 

consolidated with some other development materials [6]. 

The utilization of these materials in solid originates from 
the ecological imperatives in the protected transfer of 

these items. Utilization of E-squander materials not just 

aids in getting them used in bond, concrete and other 

development materials, it helps in decreasing the expense 

of bond and solid assembling, yet in addition has various 

roundabout advantages, for example, decrease in landfill 

cost, sparing in vitality, and shielding nature from 

conceivable contamination impacts [7]. 

Import of e-squander is legally disallowed no doubt the 

reports indicate that e-squander loads are shipped from 

abroad. Condition service has no details associated with 
e-squander importation, but the above says 100 percent 

outskirts regulation is unthinkable [8]. There is a pressing 

requirement for development in e-squander the executives 

covering innovative improvement, institutional game 

plan, operational arrangement, a defensive convention for 

specialists working in e-squander transfer and last 

however not minimal training of all inclusive community 

about this rising issue representing a risk to nature just as 

open health [9]. 

A. Different Types of Wastes 

There are so many waste resources around the globe that 

are harmful to the surroundings. Specific forms of waste 

include plastic waste, hazardous waste, solid municipal 

waste, bio-medical waste, e-waste, and industrial waste. 

India is the world's 6th largest producer of urban waste. 

The different types of waste categories are given in 

Figure 1. 

 

Figure 1: Different Types of Waste 

 

Figure 2: Percentage Share of Imports 

 

Figure 3: E-Waste Generation in Different Cities 

B. E-Waste 

E-waste is a well-known, easy-going term for simple 

electronic items to satisfy their "life." According to the 
2003 Rules on Hazardous Wastes (Management and 

Handling), e-waste can be defined as "squandering 

electrical and electronic equipment including all parts, 

subassemblies. Different types of E-waste for different 

cities in India with percentage is shown in Fig. 2, 3, 4, 

and 5 respectively.  

 

Figure 4: E-Waste 

 
Figure 5: Sources of E-Waste 
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C. Need of Study 

The transfer of electronic waste is troublesome due to 
non-degradable plastic substance which may prompt 

antagonistic impacts on nature. 

In order to solve the issue, an attempt is made here to 

explore the use of electronic waste and fly-fiery debris as 

an alternative as opposed to ordinary material such as 

total in adaptable asphalt. 

D. Objectives of Study 

Studying the use of e-waste with equal percentages of 

coarse and fine aggregates in bituminous paving 

Standard materials with cost reduction and increase in 

quality and various parameters such as Vv, VMB and 

VFB, etc. in flexible pavements can be found as suitable 

alternatives. 

E. Scope of Study 

The utilization of e-waste plastics blend modifier 

guarantees its protected, helpful and ecological  agreeable 

transfer. 

Use of e-squander is required to yield better and upgraded 

squander the executives and better city cleanliness and 

condition. 

II. EXPERIMENTAL PROCEDURE 

A. General 

This section focuses on two subjects. First to determine 

the properties of used materials such as aggregates, 

bitumen and E-waste. Second to explain how 

experimental research has been performed to attain study 
goals. 

B. Materials Used 

All materials used in this study are taken as per IS code 

requirements. Following materials are used in this 
dissertation work. 

 Bitumen 

Bitumen which is a petroleum product is commonly used 

as road building material. In present research, the 60/70 

penetration grade bitumen is used as binder, and the table 

is given the physical properties of bitumen.  The bitumen 

tests were performed in accordance with the protocol set 

out in the Indian Standards. 
 

 

Figure 6: Material of Bitumen 

 Aggregate 

Aggregate shaping the primary skeleton of asphalt ought 

to be tried against their appropriateness as an asphalt 

development material. 

 

 

Figure 7: Coarse Aggregates 

Coarse aggregates and fine aggregates are shown in Fig. 7 

and 8 respectively. 

 

 

Figure 8: Fine Aggregates 

 Electronic waste plastic 
E-Waste plastic is a term for electronic products that have 

turned out to be obsolete, unworkable or out-of-date and 
have effectively reached the end of useful life. Since 

invention propels at such a high pace various 

technological gadgets become waste after a few brief long 

periods of use. Seventh type of plastic is electronic waste 

material. 

 

  

Figure 9: E-waste 
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 Preparation of E-Waste Powder 
In the wake of gathering E squander, separate e-squander 

plastic from e-squanders (aside from glass, wood pieces 

nuts, etc.)To put e-squander plastic on sun evaporating to 

5 to 7 days (just in daytime). E-squander plastic after  sun 

drying process. During the sun drying process, e-squander 

plastics are totally liberated from sub-atomic water or the 

e-squander plastics are warmed up to 150 ° to 165 °. 

Melded e-squander plastics are cooled up to 15 to 20 

minutes, at that point blenders are utilized to pack them 
into the powder. and so forth., The squashed powder is 

sieved by 600 microns, at that point the fine powder of e-

squander plastics is gathered and utilized for adaptable 

asphalt in the readiness of adjusted polymer bitumen. 

III.    RESULT ANALYSIS 

A. General 

In this section Result and Observation of test did in past 

part is introduced, investigated and examine. In this part 

the aftereffect of different properties of totals. The 

aftereffect of Marshall Stability test is appeared in table 1 

to 3. 

B. Properties of Aggregates 

Different tests as Crushing Value, Impact esteem, water 

assimilation test and so forth are performed for total 

example. The different test properties of totals are given 

in table 1. 

Table 1: Different Test Results of Aggregates 

Test Properties Result of Test Requirements 

Crushing test result 21.58 % Max 30% 

LAAtest Value 19.78 % Maxm30% 

S.G 
F.A 

       C.A 

                          
2.65 

   2.84 

2.5-3.0 
 2.5-3.0 

Elongation results 33.57 % No recognition 

Flakiness results 23.51 % Maxm 25% 

Impact test Value 17.50 % Maxm 24% 

Water absorbed 1.65 % Maxm 2% 

 

C. Properties of Bitumen 

Relaxing point, infiltration esteem, explicit gravity, 
flexibility worth, and consistency were resolved by the 

methodology indicated by AASHTO, and the outcomes 

are summed up in Table 2. 

 

Table 2: Different Test Results of Bitumen 

Properties Tested Test Result 
Specification IS:73-

2013 

S.P Test tempr 0C 46 40 mint 

Penetration value 84 80 mint 

S.G Test 1.05 1.01 mint 

Ductility result 33.57 % 75 mint 

Viscosity <1350C> 23.51 % 250 mint 

 

 Marshall Stability Test 

The Marshall Stability and stream test gives the execution 

desired measure to the Marshall Mix structure procedure. 

Figure 10 &11 shows the Variation of Marshall Density 

and stability with %age of E-Waste. The dauntlessness 

part of the test assesses the most extraordinary weight 

reinforced by the test model at a stacking pace of 50.8 

mm/minute. Weight is associated with the model till 

frustration, and the most extraordinary weight is doled out 

as adequacy. In the midst of the stacking, an associated 

dial check gauges the model's plastic stream (bending) as 

a result of the stacking. The stream regard is recorded in 
0.25 mm (0.01 inch) and enlarges when the most 

outrageous weight is recorded. The results of the Marshall 

preliminary models masterminded with e-waste as filler 

for fluctuating bitumen substance have been presented in 

Table 3.  
 
 

 

 

 
 

 

 
 

Table 3: Marshall Properties of Specimens with Filler E-waste 
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Figure 10: Variation of Marshall Density with % age of E-Waste 

 

Figure 11: Variation of Marshall Stability With %age of E-W 

IV. CONCLUSION AND FUTURE SCOPE 

The following are the different ends drawn from this 

investigation: 

 The outcomes from the exploration office assessment 

show the sensibility of electronic waste in road 

advancement with huge cost savings. Thus, the move 

of hazardous electronic waste in the black-top can 

exhibit to be one of the decisions to make the earth 

greener and black-tops dynamically extreme. 

 Bituminous blends utilizing E-squander as a filler 

demonstrated ideal solidness at 6% bitumen content 

with a developing example of up to 6% and afterward 
rising gradually. 

 The aftereffects of this examination plainly show that 

the dependability of BC blends was essentially 

improved when electronic-squander plastics were 

applied to the blends. 

 The stream estimation of the blend improved with an 

improvement of 3 to 12 percent in the e-squander 

plastic substance in the blend. 

 The diminishing in the Vv esteems demonstrates that 

the nature of the blends improved when e-squander 

plastic was presented. 

 The most extreme e-squander plastic material to be 

utilized is bitumen from 3% to 12%. 

 This technique is earth-amicable and has social, 

political, and social essentialness. 

 The utilization of e-squander in the development of 

streets would address two issues: one to limit 

improvement costs and the other a commitment to 

effective waste administration of this undesirable 

material. 

 The mass thickness is more noteworthy than the blend 

thickness arranged with plain bitumen. 
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 The use of changed bitumen with the extension of 

care of e-abuse by around 6% by weight of bitumen 

serves to significantly expand the strength, 

consistency, exhaustion, and other appealing 

properties of bitumen and less bitumen investment 

funds. 

 The required extent of E-Waste plastic to be switched 
is up to 6% by the heaviness of bitumen material that 

can be utilized for street development in a hot 

situation where bitumen is low-entrance. 

 Stability is expanded by 9 percent as e-squander level 

increments. 

 The residential piece E-Waste plastic can be utilized 

for changed bitumen to create high-quality blends and 

to accomplish more grounded bitumen bond 

properties. 

 It will contribute towards productive waste 

administration. 

 Vacuums stacked with bitumen increment with 

bitumen content. 

 The total interlocking impact brings about a high 

dependability and high slide opposition trench-safe 

layer. 

Future Scope 

The future of binders and bituminous mixtures really is a 

promising one. Super pave will gradually be adopted by 

state transport departments and local authorities, which 
will develop it as their preferred mix design tool. 

 The use of other plastic wastes should be encouraged 

in various applications in civil infrastructure. 

 These mixes can be implemented on roads in less 

traffic conditions for a small stretch and studied 

regularly for different types of failure. 

 These mixes can be tested under different weather 

conditions. 

 The roads constructed with such mixes must be tested 

for their permeability and surface characteristics. 
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