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Abstract 

In this paper an attempt has been made to study various properties of concrete produced from shredded polythene bags as plastic 

waste and fly ash. Plastics are causing damage to environment, it is require finding out whether they can be successfully used in 

concrete. Conversion of waste into a resource material is an age-old practice of civilization. Fly ash was varied by 0%, 5%, 10%, 

15% and 20% by weight of cement with plastic waste at a constant dosage of 0.6% by weight of concrete. The specimens were 

prepared for M25 grade and water to cementitious material ratio (w/c) was maintained as 0.45. Fresh concrete property like 

workability was examined during casting the specimens. Hardened properties were found out by carrying out the experimental 

work on cubes, cylinders and beams which were casted in laboratory and their behavior under test were observed at 7 & 28 days 

for compressive strength and at 28 days for density, flexural strength, dynamic modulus of elasticity, abrasion resistance, water 

permeability and impact resistance.    
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I. INTRODUCTION 

Concrete is a composite material incorporate cement, aggregate, water and admixture. Concrete is the 2nd most largely used material 

in the world after water. In India, 370 million m3 concrete is being utilized by construction industries per year and it is anticipated 

to broaden 30 million m3 every year. Concrete has many advantageous properties such as good compressive strength, durability, 

impermeability, specific gravity and fire resistance. At the same time concrete has some bitter properties also like weak in tension, 

less resistance to cracking, lower impact strength, heavy weight etc. Reason for some of the bitter properties of concrete is micro 

cracks at mortar aggregate interface which can be overcome by using fibers as ingredient in concrete and such composite materials 

are called fiber reinforced concrete. Origins of all basic ingredients of concrete are nature, which are reducing with increase in 

consumption of concrete due to popular growth of construction industry. Therefore it is require finding alternate material which 

can be utilized in the production of concrete. The revolutionary in construction industry called green concrete, which is produced 

by adopting the waste. 

 Plastic Waste (Polythene Bags) 

Plastic is a synthetic or semi-synthetic organic polymer product which can be moulded into desired shape while they are soft and 

then hardened to get the required shape.  

The growth of plastic industry is very fast. The production of plastic has been increasing at an alarming rate. In present time, 

plastic waste has turned out to be a requisite part of man’s life. India produces roughly 56 lakh tons plenty of plastic waste each 

year, of which Delhi by itself give 689.5 tons every day. Within the capital of India approximately 60 percentage of the total plastic 

waste is accumulated and recycled day-to-day, at the same time 40 percentages remains uncollected, destroyed or is discarded as 

litter. 

 Fly Ash 

Electricity is the key for development of any country. Coal is a major source of fuel for production of electricity in many countries 

in the world. In the process of electricity generation large quantity of fly ash produced and becomes available as a byproduct of 

coal based power stations. R.E. Davis and his associates at university of California published research details on use of fly ash in 

cement concrete in 1937. This research had laid foundation for its specification, testing & usages. 
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India alone produces about 75 million tons of fly ash per year the disposal of which has become a serious environmental problem. 

Carbon dioxide is being emitted during production of cement. It can be said that 7% of the world’s carbon dioxide emission is 

attribute to Portland cement industry. Because of the significant contribution to the environmental pollution and due to high 

consumption of natural resources like limestone etc., cement cannot be produced more and more and there is a need to economies 

the use of cement with supplementary cementitious materials like fly ash, silica fume and slag etc. Hence using fly ash as concrete 

admixture not only extends technical advantages to the properties of concrete but also contributes to the environmental pollution 

control. 

II. LITERATURE REVIEW 

Dan Ravina et al.[9] (1986) examined the effect of replacement of cement by class F and class C fly ash in various percentages from 

35% to 50%. Workability, water requirement, bleeding and setting time are examined. Workability of all concrete mixtures 

containing fly ash was found to be better than that of the control mixtures (without fly ash). The water requirement for obtaining 

the designated slump (5 cm) of all concrete mixtures containing fly ash was reduced by 5-10%. Depending on type and fly ash, the 

bleeding of water was either higher or same as of control mix. Setting time was delayed for both fly ash types and at all levels of 

fly ash substitution compared with the control mixture. 

Naik et al.[28] (1996) used post-consumer high density polyethylene (HDPE) waste plastic in concrete as soft filler by shredding 

the plastic into small particles. These plastic particles added into concrete in varying percentage of 0%, 0.5%, 1% and 2% of total 

weight of concrete. In order to enhance the bonding with concrete, plastic samples were treated by three chemical methods viz. 

water, bleach and bleach plus NaOH and compressive strength was measured for each test mixture. The results showed that for 

bleach plus NaOH treatment, the compressive strength value was highest and also beyond 0.5% plastic addition, compressive 

strength of concrete decreased drastically. Therefore it was concluded that to generate best result regarding compressive strength, 

plastic concentration in concrete must be controlled. 

N. Bouzouba and M. Lachemi[30] (2001) investigated properties of fresh concrete and mechanical properties of hardened 

concretes such as compressive strength and drying shrinkage for nine SCC mixtures and one control concrete. The content of the 

cementitious materials was maintained constant. While the water to cementitious material ratios (w/c) ranged from 0.35 to 0.45. 

Cement was replaced by class F fly ash in 40%, 50%, and 60% in the self-compacting concrete. They concluded that an economical 

SCC could successfully be developed by incorporating high volumes of Class F fly ash. 

Prinya Chindaprasirt et al.[33] (2005) presented an experimental investigation on the effect of fly ash fineness on compressive 

strength, porosity and pore size distribution of hardened cement pastes. Class F fly ash with two fineness were used viz. (1) original 

fly ash (Median particle size of 19.1 µm) and (2) classified fly ash (Median particle size of 6.4 µm). Fly ash partially replaced 

Portland cement at 0%, 20%, and 40% by weight and water to cemetitious material ratio (w/c) adopted as 0.35. They concluded 

that the blended cement paste with classified fly ash produced paste with higher compressive strength than that with original fly 

ash. The incorporation of classified fly ash decreased the porosity and average pore size of the paste as compared to that with 

ordinary fly ash. The total porosity and capillary pores decreased while the gel pore increased as a result of the addition of finer fly 

ash at all replacement levels. 

Marzouk et al.[25] (2007) used polyethylene terephthalate (PET) bottles as replacement of fine aggregate by different volume 

percentage of plastic 2%, 5%, 10%, 15%, 20%, 30%, 50%, 70% and 100%. He examined various properties of concrete like bulk 

density, compressive strength, flexural strength and modulus of elasticity. Results showed that with rise in percentage of plastic 

waste, the bulk density, compressive strength, flexural strength and modulus of elasticity decreased. All these mechanical 

properties remained similar to reference mortar up to 30% replacement. Thus he reached to conclusion that plastic bottles shredded 

into small particles could effectively used to replace fine aggregates to some extent. 

Halit Yazici et al.[14] (2008) replaced cement with Class C fly ash varying from 30% to 60%. Durability properties of various 

self-compacting concrete (SCC) mixtures such as, freezing and thawing and chloride penetration resistance have been investigated 

besides mechanical properties. Similar tests were carried out with the incorporation of 10% silica fume to the same mixtures. Test 

results indicate that SCC could be obtained with a high volume FA. Additions of 10% of silica fume to the concrete positively 

affected both the fresh and hardened properties of SCC. Although there is a little cement content, these mixtures have good 

mechanical properties, freeze thaw and chloride penetration resistance. 

J.M. Khatib et al.[20] (2008) studied influence of including fly ash to replace the Portland cement in 0% to 80% on the properties 

of self-compacting concrete (SCC) at water to cementitious material ratio of 0.36 for all mixes. The results indicated that high 

volume of fly ash can be used in SCC to produce high strength and low shrinkage. Shrinkage was reduced systematically with 

increase in fly ash content and at 80% of fly ash content the shrinkage reduced by two third compared with the control at 56 days. 

Ismail and Hashmi[18] (2008) used waste plastic containers mainly consist of approximately 80% polyethylene and 20% polystyrene 

in different volume proportion of 0%, 10%, 15% and 20% as partial replacement of sand in concrete. Various properties like 

workability, density, compressive test, flexural test and toughness indices were examined. Results showed that by increasing the 

plastic waste content, the slump, density, compressive strength and flexural strength reduced. The outcome also showed that the 

arrest of the propagation of micro cracks by introducing plastic waste of fabric form shapes to concrete mixture. 

M. L. Berndt et al.[27] (2009) studied suitability of using more sustainable concrete for wind turbine foundations and other 

applications involving large quantities of concrete by partial replacement of cement with fly ash and blast furnace slag and by 

using recycled concrete aggregate. Five basic concrete mixes were considered viz. (1) conventional mix with no material 
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substitutions, (2) 50% replacement of cement with fly ash, (3) 50% replacement of cement with blast furnace slag, (4) 70% 

replacement of cement with blast furnace slag and (5) 25% replacement of cement with fly ash and 25% replacement with blast 

furnace slag. The result showed that concrete mix containing 50% blast furnace slag gave the best performance whereas 50% fly 

ash content had relatively poor performance. 

Albano et al.[1] (2009) studied the mechanical behavior of concrete containing recycled polyethylene terephthalate (PET) with 

maintaining w/c ratio as 0.50 and 0.60. Fine aggregate was swapped with 10% and 20% volume of two different PET particle sizes 

(0.26 cm, 1.14 cm) and mix of both sizes with equal quantity. It was observed that properties like compressive strength, splitting 

tensile strength, modulus of elasticity and ultrasonic pulse velocity of concrete gave better result with 10% PET replacement. The 

lower particle size and w/c ratio showed significant improvement over high particle size and w/c ratio. 

Vidivelli and Mageswari[38] (2010) carried out investigation on concrete with partial replacement of cement by fly ash at various 

percentages like 10%, 20%, 30% and 40%. The basic ingredients used were Ordinary Portland cement of 53 grade, Natural River 

sand as fine aggregate, 20 mm size coarse aggregate. The mix was designed for 1:1.66:3.61 with water to cementitious material 

ratio (w/c) varied from 0.39 to 0.48 and workability was maintained to 40-60 mm. Various tests like compressive, flexural and 

split tensile strength were carried out at the ages of 28, 45, 60, 90 and 180 days. They observed that at 10% and 20% replacement 

compressive, flexural and tensile strength increased at all the ages of curing whereas at 30% and 40% replacement compressive, 

flexural and tensile strength decreased for all curing ages in comparison to conventional concrete. 

Frigione et al.[12] (2010) investigated the influence of the 5% substitution of fine aggregate by waste PET bottle by weight. It 

was discovered that the waste PET concretes gave same workability characteristic as conventional concrete. It was also noticeable 

that the addition of waste PET particle reducing the compressive strength and splitting tensile strength of concrete than the 

conventional concretes. 

Md Moinul et al.[26] (2010) studied the effect of fly ash on strength development of mortar and optimum use of fly ash in mortar. 

Replacement of cement by fly ash up to 50% in mortar exhibit satisfactory results for both compressive and tensile strength test. 

The optimum fly ash content may be about 40% of cement. 

Rafat Siddique et al.[34] (2011) examined properties of self-compacting concrete (SCC) made with Class F fly ash. The mixes 

were prepared with 5% of class F fly ash ranging from 15% to 35%. He concluded that carbonation depth increased with the 

increase in age for all the SCC mix. Maximum carbonation depth for that concrete mix was observed in which 20% cement 

replacement was done by fly ash. The pH value was greater than 11 for all five SCC mixes. Very low chloride permeability 

resistance was observed in SCC mixes made with fly ash. 

Kandasamy and Murugesan[21] (2011) carried out the experimental investigation on the properties of concrete containing 

domestic waste plastic bags at dosage of 0.5% by weight of cement. The properties examined were compressive strength and split 

tensile strength for M20 concrete mix. Six cubes (size of specimen 150×150×150 mm) and three cylinders (size of specimen 150 

mm diameter and 300mm height) were prepared for compression test and three cylinders (size of specimen 150 mm diameter and 

300 mm height) were prepared for split tensile test and tested at the age of 7 and 28 days. The addition of 0.5% of waste polythene 

bags to concrete increases the cube compressive strength, cylinder compressive strength and split tensile strength of concrete in 28 

days. Hence they concluded that the mixing of polythene waste to concrete increases the various mechanical properties of concrete 

mixes. 

Ghernouti et al.[13] (2011) used recycled waste plastic bag material as replacement of fine aggregate in various percentages like 

10%, 20%, 30% and 40%. The recycle plastic bags were given the heat treatment followed by cooling and crushing to get the 

ultimate product. The bulk density, workability (slump test), compressive strength, flexural strength and ultra-sonic pulse velocity 

experiment were performed for determining the fresh and hardened properties of concrete. On testing, it was examined that 

workability increases but the bulk density, compressive strength, flexural strength and ultra-sonic pulse velocity reduced. Up to 

20% replacement mechanical properties remained close to the reference concrete. Hence, it was concluded that the waste plastic 

bag aggregates can be used successfully as partial replacement of conventional aggregates in the production of concrete. 

Jayeshkumar et al.[19] (2012) used fly ash in concrete as a partial replacement to cement at various percentages like 10%, 20%, 

30%, and 40%. The concrete mix was designed for M-25 grade and M-40 grade. Ordinary Portland cement, natural river sand, 

coarse aggregate of size 20mm were used with water cementitious material ratio w/c ratio of 0.40 for M-25 and 0.30 for M-40 

concrete. Tests like compressive and tensile strength were conducted and results were compared with conventional concrete. The 

conclusion of the experiment was that with increase in fly ash content, the compressive strength and spilt tensile strength decreases. 

Chandrashekar et al.[7] (2012) carried out investigation on steel fiber reinforced concrete. Steel fibers of different dimensions 

were used. Two mixes were casted viz. (1) 0.25% flat fibers and 0.25% wire fibers and (2) 0.50% flat fibers and 0.5% wire fibers). 

Various tests like compressive strength for 7, 28, 56 and 90 days, split tensile strength for 28 days, flexural strength for 28 and 90 

days and modulus of elasticity for 28 days was carried out. The compressive strength was observed to be increased by 8% for 1 st 

mix and 18% for 2nd mix. Increase in tensile strength was observed to be 28% to 42% and improvement in elastic modulus was 

found to be 36% to 50%. 

Bhogayata et al.[4] (2012) used non recycled polyethylene plastic bags, shredded into fiber form of 20 micron thick in M25 

concrete mix. The bags were shredded in form of fibers through two ways (1) manually and (2) by using shredders and introduced 

into concrete in different proportions like 0%, 0.3%, 0.6%, 0.9% and 1.2% of the volume of concrete. Cubes of 150 

mm×150mm×150 mm size were prepared for the compressive strength tests at the 7 and 28 days of curing. The shredded fibers 

had good workability and get well mixed and evenly sprayed in the mix compared to hand cut fibers because hand cut fibers were 

having lower aspect ratio or bigger size. Addition of fibers also affected the compressive strength by reducing the compressive 
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strength value with increase in percentage of fiber. The hand cut macro fibers showed higher strength loss, compared to shredded 

fibers. For this reason, it was concluded that the plastic bags would be used preferably in shredded form to avoid difficulty in 

workability and achieve higher strength properties. 

Raghatate et al.[35] (2012) studied the use of plastic bags pieces as fiber form in concrete mix to enhance the properties of 

concrete. The properties of concrete containing varying percentages 0%, 0.2%, 0.4%, 0.6%, 0.8% and 1% of plastic bags, were 

tested for compressive strength and split tensile strength. On addition of plastic with varying percentage was found to decrease the 

compressive strength of concrete. It was found that addition of 1% of plastic in concrete causes about 20% reduction in strength 

after 28 days curing. It was also seen that up to 0.8% addition of plastic enhance splitting tensile strength, thereafter decreased. 

Hence, the use of plastic in concrete is one of the best plastic disposal method and which can be possible to enhance the properties 

of concrete. 

Baboo et al.[3] (2012) studied fresh and hardened properties of waste plastic mix concrete of M30 grade. Sand was partially 

replaced by waste plastic flakes in varying percentages like 0%, 5%, 10% and 15% by volume. Superplasticizer Conplast SP 320 

was used. Samples were prepared by using plasticizer and without using superplasticizer. It was observed that fresh density 

decreased below the reference mix at 5%, 10% and 15% of waste plastic flakes, whereas dry density of all mixtures was reduced 

at all curing ages. Workability was low without superplasticizer. When superplasticizer was added workability becomes medium 

till 10% of plastic content. Compressive strength decreased when superplasticizer was not used. Compressive strength increased 

when superplasticizer was used till 10% of plastic flakes. As the percentage of waste plastic flake increased flexural strength 

decreased. 

Prahallada and Prakash[32] (2013) studied the properties of plastic fiber reinforced concrete with replacement of cement by fly 

ash in varying percentages like 0%, 5%, 10%, 15%, 20% and 25%. The addition of plastic fibers was 0.5% by volume of concrete 

mix. The concrete mix was designed for M30 grade. Basic ingredients used in concrete were Ordinary Portland cement of 53 grade, 

natural river sand as fine aggregate, coarse aggregate of 10 mm size, portable water free from impurities and salts. Water to 

cementitious material ratio (w/c) adopted was 0.46. Fly ash used was obtained from Harihara Polyfibres Plant (Kumarpatnam). All 

the samples were tested at 28days of curing. It was observed that impact strength, workability, tensile strength, flexural strength, 

compressive strength increased upto  10% addition of fly ash into it after 10% addition of fly ash all the strengths was decreased. 

Bhogayata et al.[6] (2013) investigated the strength properties of concrete containing plastic waste in different proportion from 

0%, 0.5%, 1% and 1.5% of the volume of concrete along with fly ash was also added from 0% to 30%. The polythene waste bags 

were shredded to the macro pellet form. All specimens of standard size were prepared, cured and test for compressive, split tensile 

and surface tensile strength tests. Compressive strength, split tensile strength and surface tensile strength were reduced by 56%, 

43% and 56% respectively at 1.5% fly ash content. It was also seen that the additions of fibers from 0.5% to 1% in the concrete, 

produced similar compressive strength, split tensile strength and surface tensile strength as conventional concrete. For this reason 

it was concluded that the addition of plastic fibers to the concrete could be a secure option for the disposal problem of plastic 

wastes. 

Kumar et al.[22] (2014) carried out experimental study on utilizing shredded polythene bags into fiber form as partial replacement 

of cement in different percentage like 0%, 0.5%, 0.75% and 1% by weight of cement together with 0.4% super plasticizer in the 

production of eco-friendly concrete. The workability and compressive strength test (size of specimen 100mm×100mm×100mm 

cubes) were carried out for 7, 28 and 56 days curing. It was determined that the workability of concrete was decreased with the 

increase in dose of waste polythene. Till 0.75% addition of polythene, compressive strength of concrete increased. Beyond which 

further addition of polythene resulted into lowering of compressive strength; but compressive strength at 1% waste polythene was 

greater than the referral concrete. Hence, it was concluded that concrete mixture can be prepared with polythene waste as fibrous 

form to fortify the strength of concrete mixture. 

Patil et al.[31] (2014) investigated the use of recycled plastic aggregate as replacement of coarse aggregate to the production of 

concrete. M20 grade of concrete with six different volume percentages of plastic (0%, 10%, 20%, 30%, 40% and 50%) used as 

replacement of coarse aggregate in concrete mixes were cast. Various tests such as density of concrete, compressive test and 

flexural test were conducted. It was observed that the density of concrete and compressive strength reduced with increase in the 

percentage of recycle plastic aggregate for 7 and 28 days. Also it was seen that growth in flexural strength up to 10% addition of 

plastic waste, thereafter flexural strength was reducing. It was recommended that the feasibility of changing 10% coarse aggregate 

with plastic will fulfil the permissible limits of strength. 

Usman et al.[37] (2015) investigated the performance of concrete made with polythene bags as coarse aggregate. Coarse aggregate 

was replaced with shredded plastic waste in various percentages like 0%, 2%, 5% and 7%. The concrete mix of M25 grade was 

made to produce concrete specimens. The compressive strength test for 7 and 28 days, split tensile strength test and workability 

test were carried out. The result of investigation showed that the increase in the percentage of the waste polythene reduces the 

compressive strength of the mix as well as its weight. The workability of the concrete decreased as the amount of the polythene 

waste. The overall experiment performance revealed that the polythene waste up to 5% as replacement of coarse aggregate in 

concrete can be utilized for the construction purposes effectively because the strength characteristics of concrete containing waste 

polythene was nearly equal to conventional concrete. 

Sabarinathan and Suresh[36] (2016) investigated the fresh and hardened properties of concrete with waste plastic fiber and stone 

dust as coarse and fine aggregate replacement respectively. The different percentage 0%, 5%, 10%, 15%, 20%, 25% of waste 

plastic fiber and stone dust were utilized to evaluate the workability, compressive strength, and split tensile strength of concrete. 

It was examined that the workability of concrete decreased as the percentage of waste plastic fiber increase. It was also examined 
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that the compressive strength and split tensile strength of concrete increase by the addition of waste plastic fiber and stone dust but 

all these properties decrease after 10% replacement. Hence, it was concluded that the 10% is nominal for replacing both waste 

plastic fiber and stone dust in concrete mix. 

Zerdi et al.[39] (2016) studied the characteristic of concrete with the addition of waste high density polyethylene (HDPE) granules 

as partial replacement of coarse aggregate. The varying percentage of waste HDPE granules 0%, 10%, 20%, 30% were used to 

determine the compressive strength of concrete. The result of investigation signified that the compressive strength of concrete 

decreases with the addition of waste HDPE but the optimum compressive strength was obtained at 10% HDPE replacement. It was 

also concluded that the use of waste HDPE in the concrete lowers the unit weight of concrete which is sufficient enough to produce 

light weight concrete. 

Al Hadithi and Hilal[2] (2016) carried out the experimental investigation on the properties of self-compacting concrete by adding 

waste plastic fiber of HDPE bottles. The various percentage of waste plastic fiber contents of 0%, 0.25%, 0.5%, 0.75%, 1%, 1.25%, 

1.5%, 1.75% and 2% were added to measure the workability, density, compressive strength, flexural strength of concrete mix. The 

result showed that the workability and density of concrete decreased with the increase in waste plastic fiber content. It was reported 

that the compressive strength and flexural strength increase with the increase in fiber content while lowest strength was achieved 

at 2% waste HDPE replacement. Hence it was concluded that the plastic fibers have adverse effect on the fresh properties of self-

compacting concrete and improvement by hardened properties. 

Islam and Gupta[17] (2016) studied the strength, plastic shrinkage, and permeability of concrete incorporating polypropylene 

fiber. The plastic fibers were added to the mix with different proportion from 0%, 0.10%, 0.15%, 0.2%, 0.25% and 0.3% by the 

volume of concrete. It was examined that with the addition of polypropylene fiber the compressive strength decreased. The 0.10% 

fiber content was achieved optimum for which reduction of compressive strength about 2% compared to reference concrete. It was 

reported that the plastic shrinkage cracks were reduced by 50% to 99% compared to reference concrete by addition of 0.1% to 

0.3% plastic fibers. The results also showed that the water and gas permeability was increased with the addition of polypropylene 

fibers. It was concluded that the fiber reinforced concrete would work better for plastic shrinkage susceptible structural elements 

(flat elements such as slab) and requires careful judgment while applying to a water retaining structures. 

III. CONCLUSIONS 

This study shows the comparative study of (1) mechanical properties (compressive strength and flexural strength), (2) durability 

properties (water permeability, dynamic modulus of elasticity and abrasion resistance) and (3) impact behaviour of nominal 

concrete mix (concrete with 0% plastic and 0% fly ash) to that of concrete mixes incorporated with wastes (0.6% plastic addition 

by total weight of concrete and fly ash in varying percentages like 5%, 10%, 15% & 20% by weight of cement) to find the 

permissible dosage of wastes. As it is a review paper, so final results and detailed work, graphs, diagrams etc. will be discussed in 

final paper 
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