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Abstract 

Nowadays, waste plastic disposal is an issue of major concern worldwide because plastic does not decay and therefore is 

increasing in volume. A way to tackle this problem is to utilize this waste plastic. This alternative not only reduces the quantity 

of waste plastic but also conserves both material and energy and provides a comparatively simple way to make a considerable 

reduction in the overall volume of waste plastic. The aim of this study is to investigate an environmental friendly and economical 

approach for the effective utilization of waste plastic in the bituminous concrete mix by the dry process through a comparative 

laboratory study. Marshall Method of mix design was adopted using 60/70 grade bitumen and aggregate gradation of nominal 

maximum aggregate size 13.2 mm to find the optimum binder content and optimum plastic content for the bituminous concrete 

mix and a comparison is made between conventional BC mix and plastic coated aggregate mix with different plastic contents. It 

is concluded from this study that addition of waste plastic to bituminous mix improve the Marshall properties of the mix.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Plastic is used all around the world and it has become very common in today's lifestyle. It comes mostly in the form of plastic 

bottles, carrying bags, packaging, syringes, containers, furniture and much more. In India, nearly 14 million tons of plastics are 

used and it is anticipated to reach 22 million tons by 2020. Waste plastic disposal creates many challenges to the society because 

of its non-biodegradability (according to recent studies, plastics can stay as long as 4500 years on earth).This problem of waste 

plastic will not solve itself and certain steps should be taken to ensure the proper disposal of this waste. 

On the other hand, the rapid increase in traffic intensity , the effect of temperature change on pavement and effect of heavy 

rain on pavement have put us in a situation to think about some alternate ways for the improvement of pavement quality and 

characteristics by using a material which satisfies both aspects , strength  and economical. To improve the quality there are 

several measures which are proven to be effective, like investing adequate funds for maintenance of pavement, improved and 

effective pavement design, use of better quality of materials and modern and effective construction techniques. 

In this paper, the laboratory study on the bituminous concrete mix is carried out by using Marshall Method of mix design to 

find the optimum binder content. Marshall Properties such as Marshall Stability, flow value, bulk density, air voids, voids in 

mineral aggregates and voids filled with bitumen of conventional and plastic coated aggregate bituminous concrete mix are 

compared and conclusions are made on the basis of these results.  

II. OBJECTIVES OF THE STUDY 

The main objectives of this study are: 

1) To study and compare the results of the Marshall Stability test and various other properties of mix using plastic waste with 

that of conventional bituminous concrete mix. 

2) To find the optimum binder content for the bituminous concrete mix for surface course. 

3) To determine the optimum plastic content for the mix for getting a higher value of Marshall Stability. 

4) To perform cost analysis to compare the cost of conventional mix with that of plastic waste modified mix. 

III. MATERIAL 

 Aggregates 

Crushed aggregates collected from the nearby quarry were used to prepare bituminous concrete mix. The aggregates satisfied the 

necessary requirements for bituminous concrete mix and having good quality is used. The physical properties such as strength, 

toughness, hardness, shape and specific gravity of aggregates were tested. The aggregates used are of nominal size 13.2 mm with 
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the mix of both coarse aggregates which is retaining on 4.75 mm sieve and fine aggregate passing 4.75 mm and retained on 

0.075mm sieve is used. Aggregates of size 13.2 mm, 6 mm, stone dust are used and mixed as per specified gradation. 

 
Fig. 1: Gradation Curve for Aggregates. 

 Filler 

The filler used in the study is bangur cement as per given requirement in IRC 111-2009. The quantity of cement used is 2%. 

 Bitumen 

Viscosity Graded (VG)30 bitumen was used in this present laboratory study .Various tests are performed on bitumen to find its 

properties like Ductility test, Penetration test, Specific Gravity, and Softening Point test. Specific gravity of bitumen is found out 

to be 1.03. 

 Waste Plastic 

The waste plastic used in the study was LPDE and it was collected from the local waste plastic dealer. Waste plastic used was in 

the shredded form of size 2mm-8mm. The specific gravity of the plastic is found out to be 0.905. 

IV. METHOD 

In this laboratory study, the Bituminous concrete mix has been designed for 13.2 mm aggregates nominal size, crushed granite 

aggregates from the quarry and binder of grade VG 30 is used. Waste plastic used in the study is in the shredded form of size 

between 2mm to 8mm and dry process is used to mix the shredded waste plastic with aggregates. Laboratory testing has been 

carried out to find the physical properties of Aggregate by conducting tests like Flakiness and elongation Index, Aggregate 

Impact value, Abrasion Test, Crushing value test, Water absorption, Specific Gravity etc. And sieve analysis is done to find the 

Gradation of Aggregate which satisfied the required Gradation for 13.2 mm nominal size of aggregate for BC design as per 

MORTH specifications. 

The various tests on bitumen are done for VG30 including Ductility test , Penetration test, Specific Gravity, Softening Point 

test etc which satisfied the requirement of IS:73-2006.  

Samples are prepared for Marshall Mix design and Optimum bitumen content for VG30 is determined by using different 

binder content. After the determination of OBC for conventional mix samples at a different percentage like 0.5%, 1%, 1.5% and 

2% of waste plastic are prepared with the change in binder content at given plastic content and based on this optimum bitumen 

content and plastic content is determined. 

 Marshall Mix Design 

Bituminous concrete is one of the widely used and costliest types of flexible pavement layer used in the surface course. 

Properties of a good bituminous mix are skid resistance, stability, durability etc. The mix Design should aim at economical 

blends, with the proper gradation of aggregate, an adequate proportion of bitumen and proper gradation of aggregate so as to 

fulfill the desired properties of the mix. Marshall Stability test carried out to find the flow value, air voids, stability, density, 

voids fill with bitumen and finally finding the optimum binder content of the mix. 
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 Marshall Stability test 

In this test, the resistance to plastic deformation of a compacted cylindrical test specimen of the bituminous mixture is measured 

when the test specimen is loaded diametrically at a deformation rate of 50.8 mm/min. Here are two major features of the 

Marshall method of mix design. 

 Stability 

The ‘Marshall Stability’ of the bituminous mix is defined as maximum load carried (kg) at the standard test temperature of 600c. 

Its value is increasing with the addition of plastic content as compared to that of a conventional mix.  

 
Fig. 2: Variation of Stability of BC mix with different Binder and Plastic Content. 

 Flow Value 

Flow is the total amount of deformation which occurs at maximum load. Flow value increases as an increase in binder content 

but with the addition of waste plastic, its values are less than that of conventional values. 

 
Fig. 3: Variation of Flow Value of BC mix with different Binder and Plastic Content. 

 Bulk Density of mix 

The bulk specific gravity or the actual specific gravity of the mix Gm is the specific gravity considering air voids and the bulk 

density of the mix is increasing with increase in binder content up to a certain binder content which is OBC and then its starts 

decreasing. The values of bulk density are decreasing with an addition of plastic content. 

Gm =Wm / Wm – WW 
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Fig. 4: Variation of Bulk Density of BC mix with different Binder and Plastic Content. 

 Air Voids 

Air voids VV is the percent of air voids present by volume in the given specimen and with increase in binder content air voids 

are decreasing also with addition of plastic content its value is decreasing. 

VV = (Gt – Gm) 100 / Gt 

 
Fig. 5: Variation of Air Voids of BC mix with different Binder and Plastic Content. 

 Voids in Mineral Aggregate 

Voids in mineral aggregate VMA are the volume of voids in the aggregates and is the sum of the volume of bitumen and air 

voids. With an increase in binder content, VMA is also increasing also with addition of plastic content VMA values are 

decreasing to that of conventional mix. 

VMA = VV + VB 
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Fig. 6: Variation of VMA of BC mix with different Binder and Plastic Content. 

 Voids Filled with Bitumen 

Voids filled with bitumen VFB is the voids in the mineral aggregate framework filled with the bitumen and with an increase in 

binder content, VFB value is increasing also with the addition of plastic content VFB value is increased as compared to that of 

the conventional mix. 

VFB = VB*100 / VMA 

 
Fig. 7: Variation of VFB of BC mix with different Binder and Plastic Content. 

 Optimum binder content 

The optimum bitumen content (OBC) was calculated by taking the average of the three values given below and it is found to be 

5.33%. 

 The bitumen content corresponding to the maximum stability. 

 The bitumen content corresponding to the maximum unit weight. 

 The bitumen content corresponding to the median of the designed limits of percent air voids in the total mix (4%). 

 Optimum Waste Plastic Content 

The addition of 1% plastic content showed the highest value of stability and optimum binder content is found to be 4.833 against 

the optimum plastic content of 1%. 
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V. COST ANALYSIS 

Some of the basic information is given below  

Optimum percentage of plastic in the blend as per the test results is around 10% (% wt. of bitumen) 

Consider 1 Km length road of width 3.75 m. it uses bitumen approx. 11300 Kg. 

 Total cost of waste plastics = Rs. 20/- per Kg. 

 Cost of Bitumen per ton  = 43000/- 

 Cost of Bitumen per Kg  = 43.00/- 

 Bitumen required for work (approx.) = 11300 Kg. per Km 

 Cost of bitumen per Km = Rs. 485900/- 

 Amount of waste plastic used (10% of weight of binder)  = 1130 Kg. 

 Cost of waste plastic used = Rs. 22,600/- 

 Bitumen saved (approx.)  = 1030 Kg. 

 Cost of Bitumen saved (1030Kg)  = Rs. 44290/- 

 Total savings per Km = Rs. 21690/- 

Hence, it can be concluded from the above analysis that use of plastic waste in flexible pavement for bituminous concrete mix 

will not only enhance the various characteristics of the pavement but also it will help to reduce the cost of the construction of 

pavement by approximately Rs. 21690/- per Km. 
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VI. CONCLUSION 

Based on the results and discussions the following conclusions are made: 

1) From the current investigation, it is found that the value of optimum binder content is 5.33% by weight of the aggregates 

for the conventional mixes. 

2) This study shows that the optimum plastic content is found to be 1% by weight of the aggregates and optimum binder 

content is 4.83% by weight of aggregates when 1% of waste plastic by weight of aggregates is added in the mix. 

3) From using the results of this study it is concluded that the value of Marshall Stability has increased from 12.5KN to 

18.15KN by adding 1% of the waste plastic content  

4) Properties of Bituminous concrete can be improved further by use of waste plastic. 

5) It has been observed that 1% use of waste plastic in BC mix gives optimum results of Marshall Properties. 

6) Use of the innovative technology not only strengthened the road construction but also increase the road life.  

7) The study shows that the use of waste plastic will reduce the binder content from 5.33% to 4.83 % in the BC mix hence, it 

will help to save the total cost of the pavement construction. 

8) The problem of the effect of India’s hot and extremely humid climate condition on pavement can be solved by using waste 

plastic. 

9) This study will help to reduce the disposal problem of waste plastic and also in developing an eco-friendly technique. 
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