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Abstract - This works implies that the characteristics of asphalt concrete mix having different proportion of waste plastic bottles. The 

percentage of waste bottles ranges from 0% , 3 % , 7 % and 10 % to analyze experimentally the Marshall Mix-Design for the making of this 

asphalt concrete. The test conducted is Density, Stability, Deformation, Voids in Total Mix, Total Air voids, Voids in Mineral Aggregate. 

The result shows that the case having waste bottle having 7 % are showing better performance as compared to other cases. This mix can be 

applied in heavy traffic flows.  
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1. Introduction 

Single use plastic is a type of disposable plastic found in items like water bottles, straws, and cups that are only used 

once before being discarded. Businesses prefer to produce single-use plastics due to their low cost. As a result of 

Covid-19-related safety measures, consumers have recently expressed concern about plastic reuse. Because of the 

pandemic's challenges, trade organisations such as the All-India Plastic Manufacturers Association (AIPMA) have 

recommended that the government extend the deadline for phasing out single-use plastic products by one year to 

2023.  

It should be noted that per capita plastic consumption in India is 11 kilogrammes (kg) per year, as opposed to the 

global average of 28 kg per year. According to data from the Ministry of Environment, Forests, and Climate Change, 

India generated over 3.4 million tonnes of plastic waste in 2019-20, up from 3.06 million tonnes in 2018-19. The 

situation worsens when a significant amount of such unrecyclable waste ends up in rivers, oceans, and landfills. The 

greatest challenge to eliminating single-use plastic in India is the lack of a well-established system for effective 

segregation, collection, and recycling. Furthermore, despite environmental concerns expressed by various State 

Pollution Control Boards, India continues to lack a waste recycling policy (SPCBs). 
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2. Materials Used  

The waste plastic used in this research work are collected from Raipur, Chhattisgarh. Each materials have such 

physical properties which is to be studied to produce bitumen concrete blocks. Other than waste plastic, the rest 

material is same as provided in the bitumen concrete. 

 

3. Case Trials for the Considered Study 

In this study, the specimens were utilized for testing to identify the properties. The design is been carried by Marshall 

Mix-design in which four basic requirement is evaluated for Stability, Density, Voids in Mineral Aggregate, Voids 

Filled with Asphalt to obtain optimized Asphalt content from the mix-design.  

Table 1 Case Trails for the Study (All Values are in percentage) 

Test 

Specimen 

Case Id 

Coarse 

Aggregate 

Fine 

Aggregate 

Filler 

(Cement) 
Waste Bottle 

Bitumen 

Asphalt 

Sample 1 34 55 8 - 3 

Sample 2 32 52 8 3 3 

Sample 3 30 49 8 7 3 

Sample 4 28 46 8 10 3 

 

 

 

Fig. 1 Marshall Bitumen-Aggregate Mix   

5. Result 

5.1 Density 

The density of mixture of bitumen with waste foundry sand is previously done by Hakan Koyuncu (2006) in which 

the percentage of foundry sand were from range five to twenty percentage. The result values according to the test are 

given in table and graph below in which the densities are calculated as per equation- 

                                    𝐺𝑚𝑏 =  
𝑊𝑎𝑖𝑟

𝑊𝑆𝑆𝐷− 𝑊𝑤𝑎𝑡𝑒𝑟
      ……………………………………………..(1) 

 

 

 

1 2 3 4 

http://www.jetir.org/


© 2023 JETIR March 2023, Volume 10, Issue 3                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2303023 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a178 
 

Table 3 Density values of Asphalt Bitumen Mix  

Test Specimen Case Id Bitumen Content (%) Waste Bottle (%) 
Average Density 

(gm/cm3) 

Sample 1 3 - 2.38 

Sample 2 3 3 2.32 

Sample 3 3 7 2.26 

Sample 4 3 10 2.21 

 

5.2 Stability Test 

The result values according to the test are given in table and graph below in which the stability is calculated as per 

equation- 

 Gmm =  
𝑊𝑓 + 𝑊𝑏+ 𝑊𝑐𝑎+ 𝑊𝑓𝑎+ 𝑊𝑓𝑠
𝑊𝑓

𝐺𝑓
+ 

𝑊𝑏
𝐺𝑏

+ 
𝑊𝑐𝑎
𝐺𝑐𝑎

 + 
𝑊𝑓𝑎

𝐺𝑓𝑎
+ 

𝑊𝑓𝑠

𝐺𝑓𝑠

                                                    ….…………………………(2) 

Table 4 Marshall Stability values of Foundry Sand–Asphalt Bitumen Mixtures 

Test Specimen Case Id Bitumen Content (%) Waste Bottle (%) Load (KN) 

Sample 1 3 - 10.61 

Sample 2 3 3 10.83 

Sample 3 3 7 11.11 

Sample 4 3 10 10.26 

 

5.3 VTM (Voids in total mixture)  

The results based on void of total mixture are given below which is calculated as per equation (3)  

Voids in Total Mix (VTM) =  (1 −
𝐺𝑚𝑏

𝐺𝑚𝑚
) 𝑋 100    ………………………………… (3) 

where Gmb = bulk specific gravity of mixture and Gmm = maximum specific gravity of mixture 
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Table 5 Air Voids for 3 % Bitumen-Concrete Mixes 

Test Specimen Case Id Bitumen Content (%) Waste Bottle (%) VTA (%) 

Sample 1 3 - 7.23 

Sample 2 3 3 7.86 

Sample 3 3 7 8.23 

Sample 4 3 10 8.47 

 

5.4 VMA (Voids in Mineral Aggregate)  

The results based on mineral aggregate are given in table and graph below which is calculated as per equation (4) - 

Voids in Mineral Aggregate (VMA) =  (1 −  
𝐺𝑚𝑏 𝑋 (1−𝑃𝑏)

𝐺𝑠𝑏
) 𝑋 100………………………..(4) 

Where Pb = asphalt binder content of mixture 

Table 5 Mineral Aggregate Voids for 3 % Bitumen-Concrete Mixes 

Test Specimen Case Id Bitumen Content (%) Waste Bottle (%) VMA (%) 

Sample 1 3 - 14.23 

Sample 2 3 3 14.89 

Sample 3 3 7 15.56 

Sample 4 3 10 15.87 

 

5.5 VFA (Voids Filled with Asphalt) 

The results based on filled asphalt are given in table and graph below which is calculated as per equation (5)  

Voids Filled with Asphalt (VFA) = (1 −
𝑉𝑇𝑀

𝑉𝑀𝐴
) 𝑋 100        …………………………..(5) 

Table 5 Voids in Asphalt for 3 % Bitumen-Concrete Mixes 

Test Specimen Case Id Bitumen Content (%) Waste Bottle (%) VFA (%) 

Sample 1 3 - 70 

Sample 2 3 3 75 

Sample 3 3 7 77 

Sample 4 3 10 81 
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6 Conclusions 

The stability value indicates that the maximum Marshall stability obtained for the mixture having 11.11 KN for the 

mixture with 7 % waste bottle content. The stability first increases with increase in bitumen content reach the extreme 

point then reduces.  
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