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ABSTRACT 
The use of plastic is increasing day by day, although steps were taken to reduce its consumption. This creates substantial 
garbage every day which is much unhealthy. A healthy and sustainable reuse of plastics offers a host of advantages. The 
suitability of recycled plastics as coarse aggregate in concrete and its advantages are discussed here. The initial questions 
arising of the bond strength and the heat of hydration regarding plastic aggregate were solved. Tests were conducted to 
determine the properties of plastic aggregate such as density, specific gravity and aggregate crushing value. As 100% 
replacement of natural coarse aggregate (NCA) with plastic coarse aggregate (PCA) is not feasible, partial replacement at 
various percentage were examined. The percentage substitution that gave higher compressive strength was used for 
determining the other properties such as modulus of elasticity, split tensile strength and flexural strength. Higher compressive 
strength was found with 20% NCA replaced concrete. 
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1. INTRODUCTION 
Concrete is the most widely used man made construction material in the world and its second only to water as the most 
utilized substance in the planet. Seeking aggregates for concrete and to dispose of the waste from various commodities 
is the present concern. Today sustainability has got top priority in construction industry. In the present study the 
recycled plastics were used to prepare the coarse aggregates thereby providing a sustainable option to deal with the 
plastic waste. There are many recycling plants across the world, but as plastics are recycled they lose their strength with 
the number of recycling. So these plastics will end up as earth fill. In this circumstance instead of recycling it 
repeatedly, if it is utilized to prepare aggregates for concrete, it will be a boon to the construction industry. Most of the 
failures in concrete structures occur due to the failure of concrete by crushing of aggregates. PCAs which have low 
crushing values will not be crushed as easily as the stone aggregates. These aggregates are also lighter in weight 
compared to stone aggregates. Since a complete substitution for NCA was not found feasible, a partial substitution with 
various percentage of PCA was done. Both volumetric and grade substitution was employed in this investigation 
Generation of plastic waste is one of the fastest growing areas.  

Every year more than 500 billion plastic bags are used (nearly one million bag per minute). Hundreds of thousands of 
sea turtles, whales and other marine mammals die every year from eating discarded plastic bag for mistaken food. On 
land many animals suffer from similar fate to marine life. Collection, hauling ad disposal of plastic bag waste creates 
an additional environmental impact. In a landfill or in environment, Plastic bags take up to 1000 year to degrade. Many 
researches were conducted to use industry by products such as fly ash, silica of concrete.   Flume, glass cullet, coir 
fibers, e-plastic waste in concrete to improve the properties. (17%) is higher than for the plastic industry elsewhere in 
the world. India has a population of over 1 billion and a plastic consumption of 4 million tonnes. One third of the 
population is destitute and may not have the disposable income to consume much in the way of plastics or other goods. 
The virgin industry does not target this population to expand its markets. However, one third of the population is the 
middle class whose aspirations could be molded to increase consumption. Plastic manufacturers create needs for this 
segment of population. The rising needs of the middle class, and abilities of plastics to satisfy them at a cheaper price 
as compared to other materials like glass and metal, has contributed to an increase in the consumption of plastics in the 
last few years. 

2. MATERIALS USED 
In this project Plastic waste materials were utilized to produce Structural concrete. The following materials were used 
in this investigation 
2.1 Cement 
Cement is one of the binding materials in this project. Cement is the important building material in today’s 
construction world. 53 grade Ordinary Portland Cement (OPC) conforming to IS: 8112-1989. Table 2.1 gives the 
properties of cement used. 
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Table 2.1: Properties of cement 

Description of test Test results 
obtained 

 

Requirements of IS: 
8112 1989 

Initial setting time 65 minutes Min. 30minutes 

Final setting time 270 minutes Max. 600minutes 

Fineness (specific surface by 
Blaine’s air permeability test) 412.92 m2/kg Min. 225 m2/kg 

 2.1.1 The physical properties of cement 

• Setting Time 

• Soundness 

• Fineness 

• Strength 

2.2 Plastic 

Plastics collected from the disposal area were sorted to get the superior one. These were crushed into small fraction and 
washed to remove the foreign particles. Then it was heated at a particular temperature so that the necessary brittleness 
was obtained. After extrusion the molten plastic was cooled down and collected in boulders of 100 mm size 
approximately. These plastic boulders were crushed down to the size of aggregates. (Figure 2.1) 

 
Figure 2.1 Plastic 

2.2.1 Physical properties 

PHB is similar to polypropylene with three unique features: thermoplastic processability, 100% resistance to water, and 
100% biodegradability (Hrabak, 1992).PHB is an aliphatic homopolymer with a melting point of 179°C and highly 
crystalline (3HB) molecules within bacteria are amorphous (Barnard and Sanders,1989; Amor, et al., 1991; Kawaguchi 
and Doi, 1992) and exist as water insoluble inclusions. Water is a minor component of PHA inclusions and therefore it 
was suggested that water could act as plasticizer (Barnard and Sanders, 1989). About 5 to 10% of water was estimated 
to be present in the nascent PHB inclusions, which upon removal allows for the polymer chains to rearrange into 
lamellar crystals. 

The densities of crystalline and amorphous PHB are 1.26 and 1.18 g/cm3, respectively. The Mw of P(3HB) produced 
from wild-type bacteria is usually in the range of 1 x 103 to 3 x 106 g/mol. The family of PHAs exhibits a wide variety 
ofmechanical properties from hard crystalline to elastic, depending on composition of monomer units which broadens 
its application area, for example, MCL-PHAs are semi-crystalline elastomers with low melting point, low tensile 
strength and units to form PHA copolymers can also improve other properties such as crystallinity, melting high 
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elongation to break and can be used as biodegradable rubber after cross linking. The glass transition temperature of 
PHB is around 4oC while the melting temperature is near 180oC. Mechanical properties like Young’s modulus (3.5 
Gpa) and the tensile strength (43Mpa) of P(3HB) material are close to those of isotactic polypropylene. Bacterially 
produced polyhydroxybutyrate and other PHAs have sufficiently high molecular mass to have polymer characteristics 
that are similar to conventional plastics such as polypropylene.Bio plastics are made by the building blocks of complex 
carbohydrates like cellulose or starch and reconstructing (polymerizing) them into plastics chemically, biologically or 
thermally using microorganisms. The degradation of the polymer may be caused by naturally occurring micro-
organisms, the assistance of UV and heat radiation, sunlight, hydrolysis by water and oxidation by air. There are four 
main types of bioplastics available in the market today: 

• Thermoplastic starch 

• Cellulose acetates 

• Polyhydroxy alkanoates (PHA) 

• Polylactides 

The three types of biodegradable plastics introduced are photodegradable, semi-biodegradable, and completely 
biodegradable. Photodegradable plastics have light sensitive groups incorporated directly into the backbone of the 
polymer as additives. Extensive ultraviolet radiation (several weeks to months) can disintegrate their polymeric 
structure rendering them open to further bacterial degradation. However, landfills lack sunlight and thus they remain 
non-degraded. Semi-biodegradable plastics are the starch-linked plastics where starch is incorporated to hold together 
short fragments of polyethylene. The idea behind starch linked plastics is that once discarded into landfills, bacteria in 
the soil will attack the starch and release polymer fragments that can be degraded by other bacteria. Bacteria indeed 
attack the starch but are turned off by the polyethylene fragments, which thereby remain non-degradable. 

2.3 Fine Aggregate 

Locally available river sand conforming to Grading zone I of IS: 383 –1970.Clean and dry river sand available locally 
will be used. Sand passing through IS 4.75mm Sieve will be used for casting all the specimens. 

2.4 Water 

Water is an important ingredient of papercrete as it actively participates in the chemical reaction with cement. It should 
be free from organic matter and the pH value should be between 6 to 7.                 

3 MATERIAL CHARACTERISTICS 
3.1 Cement 

The type of cement used was Portland Pozzalona Cement. Test results are given in Table.3.1 

Table 3.1: Test results of cement 

S.NO DESCRIPTION RESULT 

1. Specific gravity 3.15 

2. Fineness (by sieve analysis) 2% 

3. Consistency 31% 

4. Initial setting time 110minutes 

 

 

 

 

 

 

 

3.1.1specific Gravity 

The density bottle was used to determine the specific gravity of cement. The bottle was cleaned and dried. The weight 
of empty bottle with brass cap and washerW1 was taken. Then bottle was filled by 200 to 400g of dry cement and 
weighed as W2.The bottle was filled with kerosene and stirred thoroughly for removing the entrapped air which was 
weighed as W3.It was emptied, cleaned well, filled with kerosene and weighed as W4. 
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Specific gravity of Cement (G) =                      (W2-W1)  

                                                                     (W2-W1) - (W3-W4) 

W1 = Weight of empty density bottle with brass cap and washer in gm. 

W2 = Mass of the density bottle & cement in gm. 

W3 = Mass of the density bottle, cement & kerosene in gm. 

W4 = Mass of the density bottle filled with kerosene in gm. 

3.1.2 Fineness (By Sieve Analysis) 

The fineness of cement has an important bearing on the rate of hydration and hence on the rate of gain of strength and 
also on the rate of evolution of heat. Finer cement offers a greater surface area for hydration and hence faster 
development of strength. 

100 grams of cement was taken on a standard IS SieveNo.9(90 microns). The air-set lumps in the sample were broken 
with fingers. The sample was continuously sieved giving circular and vertical motion for 15 minutes. The residue left 
on the sieve was weighed. 

3.1.3 Consistency 

The objective of conducting this test is to find out the amount of water to be added to the cement to get a paste of 
normal consistency. 500 grams of cement was taken and made into a paste with a weighed quantity of water (% by 
weight of cement) for the first trial. The paste was prepared in a standard manner and filled into the vicat mould 
plunger, 10mm diameter, 50mm long and was attached and brought down to touch the surface of the paste in the test 
block and quickly released allowing it to sink into the paste by its own weight. The depth of penetration of the plunger 
was noted. Similarly trials were conducted with higher water cement ratios till such time the plunger penetrates for a 
depth of 33-35mm from the top. That particular percentage of water which allows the plunger to penetrate only to a 
depth of 33-35mm from the top is known as the percentage of water required to produce a cement paste of standard 
consistency. 

3.1.4 Initial Setting Time 

The needle of the Vicat apparatus was lowed gently and brought in contact with the surface of the test block and 
quickly released. It was allowed to penetrate into the test block. In the beginning, the needle completely pierced through 
the test block. But after sometime when the paste starts losing its plasticity, the needle penetrated only to a depth of 33-
35mm from the top. The period elapsing between the time when water is added to the cement and the time at which the 
needle penetrates the test block to a depth equal to 33-35mm from the top was taken as the initial setting time. 

3.2 Coarse Aggregate 

20mm down size aggregate was used. Test results are given in Table.3.2 

Table 3.2: Test results of coarse aggregate 

S.NO Description Values 

1 Specific gravity 2.68 

2 Bulk density 1642.45 

3 Surface moisture 0.08% 

4 Water absorption 1% 

5 Fineness modulus 6.98 

3.2.1 Specific Gravity 

A pycnometer was used to find out the specific gravity of coarse aggregate. The empty dry pycnometer was weighed 
and taken as W1. Then the pycnometer is filled with 2/3 of coarse aggregate and it was weighed as W2. Then the 
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pycnometer was filled with part of coarse aggregate and water and it weighed as W3.  The pycnometer was filled up to 
the top of the bottle with water and weighed it as W4. 

Specific gravity of Cement (G) =                       (W2-W1)  

                                                                     (W2-W1) - (W3-W4) 

 W1 = Mass of empty pycnometer in gm. 
 W2 = Mass of pycnometer& coarse aggregate in gm.  
 W3 = Mass of the pycnometer, coarse aggregate & water in gm. 
 W4 = Mass of the pycnometer filled with water in gm. 

3.2.2 Bulk Density 

Bulk density is the weight of a material in a given volume. It is expressed in Kg/m3.A cylindrical measure of nominal 
diameter 250mm and height 300mm was used. The cylinder has the capacity of 1.5 liters with the thickness of 4mm. 
The cylindrical measure was filled about 1/3 each time with thoroughly mixed aggregate and tampered with 25 strokes. 
The measure was carefully struck off level using tamping rod as straight edge. The net weight of aggregate in the 
measure was determined. Bulk density was calculated as follows. 

Bulk density = (Net weight of coarse aggregate in Kg)/ (Volume) 

3.2.3 Surface Moisture 

100g of coarse aggregate was taken and their weight was determined, say W1. The sample was then kept in the oven for 
24 hours. It was then taken out and the dry weight is determined, says W2. The difference between W1 and W2 gives the 
surface moisture of the sample. 

3.2.4 Water Absorption 

100g of nominal coarse aggregate was taken and their weight was determined, say W1. The sample was then immersed 
in water for 24 hours. It was then taken out, drained and its weight was determined, says W2. The difference between 
W1 and W2 gives the water absorption of the sample. 

3.2.5 Fineness Modulus: 

The sample was brought to an air-dry condition by drying at room temperature. The required quantity of the sample 
was taken (3Kg). Sieving was done for 10 minutes. The material retained on each sieve after shaking, represents the 
fraction of the aggregate coarser then the sieve considered and finer than the sieve above. The weight of aggregate 
retained in each sieve was measured and converted to a total sample. Fineness modulus was determined as the ratio of 
summation of cumulative percentage weight retained (F) to 100.  

3.3 Properties Of Water 

Water used for mixing and curing shall be clean and free from injurious amounts of Oils, Acids, Alkalis, Salts, Sugar, 
Organic materials Potable water is generally considered satisfactory for mixing concrete Mixing and curing with sea 
water shall not be permitted. The pH value shall not be less than 6. 

3.4 Properties Of Plastic 

According to the Indian standard specifications the property of aggregates such as specific gravity, aggregate crushing 
value and density were determined [6], [7]. From Table I comparing the properties of aggregate for both NCA and PCA 
it is observed that the specific gravity and density for PCA is much lower than NCA which offers a light weight 
concrete. A lower crushing value indicates the complexity with which a PCA concrete could be crushed under 
compressive stresses. 

  Table 3.3: Physical Properties plastic aggregate 

Property NCA PCA 

Specific gravity 2.74 0.9 

Crushing value 28 2 
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Density 3.14 0.81 

4. EXPERIMENTAL PROCEDURE 
4.1 Introduction 

This chapter describes the experimental work. First, the material, mix proportions, manufacturing and curing of the 
specimens are explained. This is then followed by description of types of specimens used, test parameters, and test 
procedures. Development of the process of making Plastic Waste concrete. 

4.2 Mixing, Casting & Curing 

The Plastic Waste concrete is manufactured by as similar to the classical concrete. Initially the dry materials Cement, 
Aggregates & Sand are mixed. The liquid component of the mixture was then added to the dry materials and the 
mixing continued for further about 4 minutes to manufacture the fresh concrete. The fresh concrete was cast into the 
moulds immediately after mixing, in three layers for cube specimens. For compaction of the specimens, each layer was 
given 60 to 80 manual strokes using a rodding bar, and then vibrated for 12 to 15 seconds on a vibrating table. Before 
the fresh concrete was cast into the moulds, the slump value of the fresh concrete was measured.(Figure 4.1,Figure 4.2 
& Figure 4.3) 

          
Figure 4.1 Mixing                            Figure 4.2  Casting                                   Figure 4.3 Curing 

The Plastic Waste concrete specimens should be wrapped during curing at elevated temperature in a dry environment to 
prevent excessive evaporation. Extensive trails revealed wrapping of concrete specimens by using vacuum bagging film 
is effective for temperature up to 100c for several days of curing. To tighten the film to the concrete moulds, a quick 
lock seal or a twist tie wire was utilized. The later was used in all further experimental work due to its simplicity and 
economics. Preliminary test also revealed that Plastic Waste -based concrete did not harden immediately at room 
temperature. When the room temperature was less than 30c, the harding did not occur (rather than setting time used in 
the case of OPC concrete ) for Plastic Waste -based Concrete .  

5 TESTING PROCEDURE 
5.1 General Procedure 

Within the experimental research program concerning the development of mechanical properties of a Plastic waste 
concrete of grade M30 was considered with the following composition, accordingly. The w/c-ratio is 0.46. Coarse 
aggregates were chosen, having a particle size mainly varying between 12 mm and 20 mm. In order to mitigate this and 
to prevent early-age cracking, additional internal curing water will be provided by means of SAP.  

An intensive experimental program is performed to study the effect of internal curing on different types of concrete 
properties: (i) fresh properties (slump and density); (ii) mechanical properties (compressive strength, flexural strength, 
splitting tensile strength). 

5.2 Compressive Strength Test 

At the time of testing, each specimen must keep in compressive testing machine. The maximum load at the breakage of 
concrete block will be noted. From the noted values, the compressive strength may calculated by using below 
formula.(Figure.5.1) 

Compressive Strength  = Load / Area   

Size of the test specimen = 150mm x 150mm x 150mm 
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Figure.5.1 Compression Test                    Figure 5.2  Split Tensile Test                Figure5.3 Flexural Strength Test 

5.3 Split Tensile Test 

The size of cylinders 300 mm length and 150 mm diameter  are placed in the machine such that load is applied on the 
opposite side of the cubes are casted. Align carefully and load is applied, till the specimen breaks. The formula used for 
calculation.(Figure.5.2) 

 
5.4 Flexural Strength Test 

During the testing, the beam specimens of size 700mmx150mmx150mm were used. Specimens were dried in open air 
after 7 days of curing and subjected to flexural strength test under flexural testing assembly. Apply the load at a rate 
that constantly increases the maximum stress until rupture occurs. The fracture indicates in the tension surface within 
the middle third of span length. (Figure.5.3) 

6.TEST RESULT 
6.1 Ratio For Special Concrete (Extra Ingredients) 

RATIO –I  
Plastic Waste–5% by replacement of Aggregate 
RATIO - II    
Plastic Waste – 10% by replacement of Aggregate 
RATIO – III: 
Plastic Waste – 15% by replacement of Aggregate 
Above all ingredients are added by weight of Aggregate 
6.2 Test Result At Age Of 7 Days,14 Days And 28 Days 

6.2.1 Compressive Strength Of Cube     

Fig 11 Compressive Strength , Split Tensile Strength and  Flexural Strength At 7 Days 14 days   and 28 days are shown 
from Figure 6.1 to Figure 6.9          

 
Figure 6.1 Compressive Strength At 7 Days                             Figure. 6.2 Split Tensile Strength At 7 Days 
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Figure. 6.3 Flexural Strength At 7 Days                             Figure.6.4  Compressive Strength At 14 Days 

 
Figure 6.5  Split Tensile Test For Cylinder 14 Days                Figure.6.6 Flexural Strength At 14 Days 

 
Figure 6.7 Compressive Strength At 28 Days                      Figure 6.8 Split Tensile Strength At 28 Days  

 
Figure.6.9 Flexural Strength At 28 Days 
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7. CONCLUSION 
This study intended to find the effective ways to reutilize the hard plastic waste particles as concrete aggregate. 
Analysis of the strength characteristics of concrete containing recycled waste plastic have the following results. 

 It is identified that plastic waste can be disposed by using them as construction materials. 
 Since the plastic waste is not suitable to replace fine aggregate it is used to replace the coarse aggregate. 
 The compressive strength and split tensile strength of concrete containing  plastic aggregate is retained more or 

less in comparison with controlled concrete specimens. However strength noticeably decreased when the plastic 
content was more than 20%. 

 Has been concluded 20% of plastic waste aggregate can be incorporated as coarse aggregate replacement in 
concrete without any long term detrimental effects and with acceptable strength development properties. 
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