
Corresponding author: Akansha Sinha 

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Application of plastic wastes as construction material for sustainable development: A 
review 

Vikal Gupta and Akansha Sinha * 

Department of Civil Engineering, Faculty of Engineering & Technology Rama University Uttar Pradesh, Kanpur, India. 

World Journal of Advanced Engineering Technology and Sciences, 2023, 08(01), 302–307 

Publication history: Received on 03January 2023; revised on 18 February 2023; accepted on 20 February 2023 

Article DOI: https://doi.org/10.30574/wjaets.2023.8.1.0059 

Abstract 

The development of a sustainable ecosystem in the present period is seriously threatened by the effective disposal of 
plastic waste. This work aims to reduce the burning issue that leads to environmental pollution by reusing plastic waste 
bags as building materials for sustainable development. In this review study, a modified plastic mixer is created by 
combining shredded plastic waste bags with hot aggregates, and sand. Comprehensive research has been done on the 
use of plastic waste as a binder, aggregate, fine aggregate, modifier, or replacement for cement and sand in the 
production of bricks, tiles, concrete, and roadways. Additionally, the review of impact of plastic waste addition on tensile 
characteristics, water absorption, durability, etc. has been extensively examined. 
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1. Introduction

Plastic is a versatile material, most products today, likely have a plastic component to it. Plastics are being used today 
in the construction industry thanks to several of their properties. The wide variety of uses for plastic in the construction 
industry range from thermal insulation to plumbing, sinks, and baths to roof coverings. Plastic can be a chemically 
resistant, ductile, stable, and fire-resistant material. Its shape shifting abilities allow it to be used in electric insulation, 
and wall finishing, suitable pigments can also be added in the process of manufacturing of plastic materials to get a more 
attractive result for a building structure [1]. 

Currently, plastic materials find use in buildings, mainly in thin coverings, panels, sheets, foams, pipes, etc. However, 
more skillful use of plastics can one day expand the usefulness and durability of conventional building materials and 
help them to function more efficiently and economically [1]. Plastic is even being used to reinforce concrete. The next 
evolution in the technology of cement and demands for 18 delivering more eco-friendly and sustainable construction 
projects paved the way to the idea of disposing of post-consumer waste plastics into structural concrete. The raw plastic 
granulate is used as a partial substitute for sand aggregate, which treats concrete as a medium for disposal of waste in 
the amounts that do not significantly affect its strength. Previous research has proven that concrete reinforced with 
plastic fibers is a more resilient building material than plain concrete, opening the door to the recycling of plastic to 
produce fibers to be used as secondary reinforcement for concrete along the traditional steel rebars[2].  

In India, management of plastic waste is a big challenge, which mostly constitutes PET and PE waste, hence this study 
considered these two major plastic wastes. The primary objective of this study is to evaluate the impacts on the 
environment due to various plastic waste management options. This study also considered collection and 
transportation phase of PET and PE waste recycling and included its impacts in all the four scenarios. The results of this 
study will show the impacts on the environment for collection and transportation of PET and PE waste and the four 
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plastic waste management scenarios (land filling, incineration without energy recovery, recycling of PET and PE waste 
and incineration with energy recovery). This study also analyzed role of informal sectors and recycling industries in the 
process of PET and PE recycling[3]. 

 60% of the plastic waste collected in India gets recycled back into raw materials for further processing into consumer 
products, while the remaining is left unutilized. This is problematic since 1 to 4 percent of India’s municipal solid waste 
by weight is made of plastic waste. The plastic waste that is generated is collected informally, traded, and reprocessed 
by known methods into useful products [4]. 

2. Previous research on utilization of plastic waste 

One of the main contaminants in solid waste around the world is plastic garbage. In marine and terrestrial habitats, 
billions of live animals perish as a result of the gradual decomposition of plastic garbage. To get rid of the plastic People 
from all over the world tried to break down or transform plastic garbage into useable form. The creation of gasoline 
from plastic and the construction of roads using plastic and bitumen as a construction material are likely better uses for 
plastic trash. the most economical and environmentally benign technique of plastic disintegration among all of them is 
thought to be biodegradation [5]. 

The environment faces a serious threat from waste plastic and its disposal, which causes pollution and global warming. 
The characteristics and strength of bituminous mixtures are improved when plastic garbage is added1. In addition it 
will also be a solution to plastic disposal & various defects in pavement viz., pot holes, corrugation, ruts, etc. 
Polyethylene, Polystyrene, and Polypropylene make up the used waste plastic. The waste plastic is crushed, covered 
with gravel, and combined with hot bitumen to create a mixture that is used to create pavement. The pavement will be 
strengthened and become more durable as a result. The titanium dioxide is employed as a smoke-absorbing substance, 
absorbing the smoke produced by the vehicles.The hot, humid atmosphere of India will benefit from this cutting-edge 
technology. In this paper, the authors of this paper had discussed about the soil properties to be considered in design of 
pavement, pavement design, process of construction flexible and plastic-smoke absorbent pavement[6]. 

The field experiments showed that plastic wastes could withstand pressure and be used in road construction. Using an 
additive after proper processing would lengthen the life of the roads and address environmental issues. Road 
construction has long used plastic. As PVC or HDPE pipe mat crossings constructed by connecting PVC (polyvinyl 
chloride) or HDPE (high-density poly-ethylene) pipes to create plastic mats, it is already in use. 3 to 4% of the bitumen 
is combined with powdered waste plastic that has been pulverised and processed. When compared to roads made of 
asphalt made from regular mix, the durability of roads made of shred plastic waste is substantially greater[7]. 

Waste disposal, especially the use of waste plastic bags, has become a significant issue. Waste plastics are burned for 
apparent disposal, which pollutes the environment. The use of used plastic bags in bituminous mixtures has shown that 
they improve the mix's characteristics as well as provide a disposal solution. Using a shredding machine, cleaned plastic 
trash is reduced in size till it can fit through a 2-3 mm sieve. When the aggregate mixture is heated, the plastic coats the 
aggregate efficiently. This plastic-coated gravel is combined with hot bitumen to create a mixture that is used to build 
roads[8]. 

Due to its non-biodegradability and unsightly appearance, waste plastic disposal is a threat and has grown into a severe 
problem on a global scale. To increase the needed mechanical properties for a particular road mix, waste plastic was 
used to partially replace the standard material. The developed methods for using plastic trash in the creation of flexible 
pavements and roads have been evaluated in the current paper. Bitumen is used as a binder in the traditional road 
construction process. Such bitumen can be altered by adding scrap plastic, and the resulting bitumen mixture can be 
utilized as the top coat of flexible pavement. This modified bitumen made from discarded plastic exhibits enhanced 
adhesion, stability, density, and water resistance[9]. 

Nearly 5% of municipal solid waste is discovered to include plastic, which is harmful by nature (MSW). Today, properly 
disposing of plastic garbage is a big issue.Plastic can be used to pave roadways with asphalt. India produces several 
million metric tonnes of plastic garbage annually. The disposal and pollution issues can be greatly reduced if these 
wastes can be used effectively in road construction. Bitumen is a binding agent used in the construction of roads. The 
bitumen can be altered by adding scrap plastic, creating a mixture that can be used as the top layer of flexible pavement 
and exhibits enhanced binding properties, stability, density, and water resistance[10]. 

By including waste plastic into bituminous mixtures, it has been demonstrated that the mixture's qualities are enhanced 
and that some of the disposal issues are partially resolved. Using a shredding machine, the cleaned plastic trash is 
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reduced in size till it fits through a 2.36 mm sieve. When the aggregate mixture is heated, the plastic coats the aggregates 
efficiently. To manufacture the job mix formula, the plastic waste-coated aggregates are combined with hot bitumen. 
The current study examines the use of used plastic in semi-dense bituminous concrete as a modifier. it has been found 
that the Marshall stability value is maximum when 12% plastic waste is added to the mix. The other Marshall parameters 
are also improved with the addition of plastic waste into the bituminous mix[11]. 

Due to changes in lifestyle and population growth, there is a growing amount of plastic garbage in municipal solid waste. 
As a result of plastics' inability to biodegrade, disposing of waste plastic is dangerous and has turned into a major 
problem on a global scale. Since plastic roads outperform conventional roads, they are increasingly used in road 
construction. Plastic trash disposal has grown to be a significant issue, and burning plastic waste to dispose of it pollutes 
the environment. Utilizing waste plastic bituminous mixtures has shown that they improve the mix's qualities while 
also resolving disposal issues[12]. 

A solid waste management system's primary goal is to successfully protect the health, safety, and welfare of the general 
public. Both the construction and plastics recycling industries value the development of new building materials made 
of recycled plastics. A significant amount of study examined the use of resins based on recycled PET plastic waste to 
create polyester concrete, which is a high performance composite material (PC). It may be possible to create high-quality 
PC at a lower source cost by employing resins made from recycled PET. A significant benefit in recycling applications is 
the long-term disposal of PET waste made possible by PC products[13]. 

The advancements in the use of plastic waste as a component of building materials are outlined in this study. It has been 
thoroughly examined if plastic waste may be used in place of cement and sand for making bricks, tiles, concrete, and 
roads as a binder, aggregate, fine aggregate, modifier, or replacement. Additionally, the impact of adding plastic waste 
has been thoroughly discussed with regard to tensile qualities, water absorption, durability, etc. Based on whether they 
discussed the use of plastic waste for bricks, tiles, or concrete for road building, the research studies taken into 
consideration for this evaluation have been divided into two categories[14]. 

3. Methods 

3.1. Selecting and collecting the right plastic  

It is important to only select the correct and unique type of plastic. This is because different types of plastic melt and 
burn at different temperatures and have different physical properties as mentioned in the literature review[15]. The 
process will describe here works well with PETE Water bags. It is important that other types of plastics are not added 
in the process unless they have the same physical and chemical properties. Time and technology in the country limits 
the ability to study these properties but to use literatures and other studies. So for the research, same types of products 
without any other impurities/different kind plastics will be use. Therefore PETE water bags would be used for the whole 
process. These plastic wastes are collected from office wastes, dump sites by plastic collectors and also bought from the 
market.  

3.2. Shredding  

The plastic bags will then cut into smaller pieces using scissors and cutters. In the developed countries this cutting 
process is made using a machine made to cut and grind the plastic in to more simplified and fine pieces. But for this 
research cutting are made manually by scissors and cutters in to small pieces for easy melting process. 

3.3. Washing 

The plastic chunks will then washed to remove glue, paper labels, dirt and any remnants of the product they once 
contained.  

3.4. Drying  

This process is for both the washed plastic and sand. An average sand is filled with humidity which makes it impossible 
to bond with [16]. For the sand, oven drying system or sun drying can be used. For this research, sun drying will be used 
for 24 plus hours for both materials.  
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3.5. Making of the mold 

For this research, to give the molten plastic and sand mix its final shape of the tile, a mold will be prepared. This is to 
have the same size (15cm*15cm) as our comparison specimens of concrete tiles. This was manufactured by welding 
Mild Steel (MS) plates together.  

3.6. Manufacturing 

In developed countries there are plastic shredding, mixing and melting machineries available. But for this research 
purpose melting and production will be made traditionally by burning wood, and then mixing and melting using iron 
bowl or plate.  

3.7. Melting 

This will be done by gradually adding shredded plastic pieces in the melting plate. The source of heat is fire wood. As 
the plastic reached glass transition temperature, more plastic will be added. When it gains some significant amount of 
plastic body formation, will start adding sand to the molten plastic that plays the role of a binder. 

 

Figure 1 Schematic diagram for preparing composites based on waste plastics 

3.8. Analytical techniques 

3.8.1. Compression test 

Compression test was conducted as per the ASTM D 695-2015 (Standard test method for compressive properties for 
rigid plastics). For this, the standard specimen size is 15 x 15 x 25.4mm. The specimen is placed between compressive 
plates parallel to the surface. The specimen is then compressed at a uniform rate. The maximum load is recorded along 
with stress-strain data.  
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3.8.2. Water Absorption test 

In this test, tiles were weighed in dry condition and soaked in fresh water for 24 hours. After 24 hours of immersion, 
specimens were taken out from water and wiped out with clean dry cloth. Then, tiles were weighed in wet condition. 
The difference between weights is the water absorbed by tiles. The percentage of water absorption is then calculated. 
The less water absorbed by tiles the greater its quality. Good quality tiles don’t absorb more than 3% water of its own 
weight. 

3.8.3. Flexural Tensile Strength Test 

Flexural strength testing was done according ASTM C67-0. The loading scheme was modified from third-point loading 
to center-point loading. A total of 5 samples were tested for each of the seven mix designs. A Universal Hydraulic UH 
Series Shimadzu universal testing machine with a maximum load capacity of 1000 KN was used. The machine was set 
up with a Linear Variable Differential Transformer (LVDT) displacement sensor to record mid-span deflection. 

S = 3WL/2bd2 (1) 

where: 

 S = Modulus of rupture of the block at the plane of failure, PSI (Pound per Square Inch) (MPa); 
 W = Maximum load indicated by the testing machine, lbs (N); 
 L = Span length, in (mm); 
 b = Average width of the block at the plane of failure, in (mm); 
 d = Average depth of the block at the plane of failure, in (mm). 

4. Conclusion 

This paper reviewed the perfect use of waste plastics for construction application like road, building etc.The purpose of 
this study was to assess waste plastic material and its management practice as a reuse for construction Material and its 
optimization with respect to its impacts in the construction management fields. The study identified the major impacts 
of the plastic floor finish material and its application in the construction industry in reducing the main problems of the 
sector. 
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