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Abstract— In our modern lifestyle surrounded with plastics 

&plastics waste. My thesis work is based on the possibility of 

using plastic bottles in nominal concrete and concrete blocks 

in civil engineering construction. My works based on the 

Polyethylene Terephthalate (PET) which is waste product of 

plastic. PET bottles are used to storing juice, beer, carbonated 

and non-carbonated drinks. The main parameters were 

examining like cost per unit, need, volume, color, size, shape 

etc. PET have the wide range of application in recycling post-

consumer, PET is sporadic. In the atmosphere PET explore 

ecological in balance. To come out for this problem adopting 

the principle of reuse B and C by Romans. Waste product of 

PET present physically in to fiber pellet and flakey for partial 

replacement of aggregates. This research intends to 

consolidate addressing building construction systems. PET as 

partial replacement of aggregate in concrete manufacturing 

which can helps in minimizing the environmental pollution 

issue. PET as partial replacement of aggregates up to 25% for 

concrete manufacturing. PET without significant reduction in 

physically and mechanical properties compared to normal 

concrete of same grade. Result concluded based on lab test 

for identification of mechanical properties like compressive 

strength, split tensile strength and flexural strength done after 

7 days, 14 days and 28 days of curing. Concrete mixed design 

and experiment were done using relevant Indian Standard. 

The combination of 20% PET shown the optimum 

performance in terms of mechanical strength. 

Keywords: Polyethylene Terephthalate (PET), Compressive 

Strength, Split Tensile Strength, Flexural Strength 

I. INTRODUCTION 

Since the 20th century, plastics have been used progressively 

in a huge range of products because of their satisfactory 

properties, like low density, high strength as compare weight, 

high durability, easy to manufacture and design and low cost. 

Currently plastic products are usually used in almost all field, 

particularly in packaging, building and construction, 

automotive, electrical and electronics, agriculture and other 

industries. The worldwide plastic production in 2012 is 

reported to have increased to 288 million tons (Europe, 2013). 

In the whole consumer products half of this amount were used 

for one off disposal. It produced very large and non-

degradable plastic related waste. Most types of plastics are 

not biodegradable and are chemically unreactive in the 

natural environment; hence, such polymer products persevere 

for decades, even for centuries. The basic common type of 

plastic component like Polyvinyl Chloride (PVC) and Poly 

Carbonate (PC) releases harmful toxic compounds into the 

air, water the under soil that reason it is very serious 

environmental problem in to the whole universe.  

 Europe in the year 2012 45.9 million tons of new 

plastics were consumed; of this, 25.2 million tons of plastic 

converted in to the waste plastic or recyclable plastics. 

(Europe, 2013). In 2012, approximately 26% of total plastic 

waste was mechanically recycled; 0.3% was collected for 

feedstock recycling; 35.6% was recovered for energy; and the 

rest 38.1% was disposed. Muncipal Solid Waste (MSW) is 

useful to collect and incineration also converts it into refuse 

derived fuel material. However, in 19 out of 29 countries, the 

energy recovery rate was lower than the average value of 

36%. Concrete is the world most and common type of 

material used for the civil constructions. It’s the mixture of 

binding material, fine aggregate, fine aggregate, admixture 

and water in a proper proportioning and quantity. In the 

current scenario dispose of the waste from different industries 

or commodities is serious problem. In my thesis work 

recycled plastic were used to prepare in coarse aggregate. In 

whole world there is many plastics recycled plant but most 

common issue occurs that when we recycle waste plastic 

many of them lose their strength. 

II. LITERATURE REVIEWS  

Paul Vriend1, H. Hidayat et al 2021 Several studies have 

suggested Indonesia to be among the top plastic polluting 

countries globally. Plastic research is mostly done on Java 

(59% of the studies). We recommend research methods used 

to quantify plastic pollution to be harmonized. Moreover, we 

recommend a shift in focus of research toward the riverine 

and terrestrial environments and a shift of focus of 

environmental compartments analyzed within these systems, 

an increase in spatial coverage of research across Indonesia, 

and lastly, a larger focus on polymer characterization. With 

these changes we envision future research which can aid with 

the design of more effective and targeted reduction and 

mitigation strategies.  

 Saurabh Gedam, Shubham Sharma et al 2020 Our 

abstract is about the design of plastic recycling which would 

help to Convert the plastic bottle into plastic strips and they’re 

by help in waste management. The strips are cut with the help 

of Blade and send further with the help of motors. It can 

generate various sizes of strips of the multiple size of bottles. 

The strips having various applications in households and 

industrial use. This project is similar to the plastic Bottle 

recycling machine, where we convert a plastic bottle into 

plastic strips. It would also help in reducing the volume of 

waste generated and will thus help in effective waste 

management. Therefore, this project will prove to be a useful 

asset in many ways. 

 Bhupender Kumar, Ashok Pundir et al 2020 Plastic, 

with numerous advantages and disadvantages, has now 

become an integral part of daily human life playing an 

important role in every aspect. This review paper summarizes 

the scientific research data by previous studies and 

developments on Plastics, it's variety, current scenario of 

plastic waste, recent developments and use of plastic fibre in 

concrete mix for construction use and future prospectus. It 

also briefs the noxious effect of microplastic and other plastic 
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debris on the marine life on different tropic levels. There's an 

urgent need for the unbiased study of plastic in order to know 

about the judicious use of plastic instead of exploiting this 

man-made miracle resource. 

 Laurent Lebreton1 & Anthony Andrady 2019 We 

estimated between 60 and 99 million metric tonnes (Mt) of 

MPW were produced globally in 2015. In a business-asusual 

scenario, this figure could triple to 155–265 Mt y−1 by 2060. 

The future MPW load will continue to be disproportionately 

high in African and Asian continents even in the future years. 

However, we show that this growth in plastic waste can be 

reduced if developing economies significantly invest in waste 

management infrastructures as their GDP grows in the future 

and if efforts are made internationally to reduce the fraction 

of plastic in municipal solid waste. Using our projections, we 

also demonstrate that the majority of MPW (91%) are 

transported via watersheds larger than 100 km2 suggesting 

that rivers are major pathways for plastic litter to the ocean. 

 Wonderlich et al, 2014 The idea of using plastic 

bottles in concrete building construction was originated by 

Andreas Froses in Eco-Tec in 2001 where PET bottles are 

installed within the walls along with mortars to shape a 

structure (Froese, 2014). The Engineers without Borders at 

Kansas State University have worked on a method to use 

plastic bottles in wall construction of concrete walls. These 

plastic bottles were installed horizontally with concrete as 

mortar between them and also in the sides. Further tests were 

conducted to examine the compressive strength of concrete 

masonry units with plastic bottle cores. Results of the tests 

according to ASTM C140 showed that compressive strength 

is reasonable however further studies suggested to confirm 

the validity incase used in developing countries. 

III. METHODOLOGY  

A. Properties of OPC 

It was fresh and free from any lumps. For best result cement 

stored in moisture less storage. To find out physical 

properties of cement the following test performs which 

shown in table Table4.1 and the corresponding standard for 

that parameter as per BIS: 8112-2013 is also listed in Table 

3.1. 
S. 

No. 
Properties Values Found 

Reference Value  

(IS: 8112-2013) 

1 
Normal 

Consistency 
31.5% - 

2 
Initial setting 

time 
90 minutes 

30 minutes 

(min) 

3 Final setting time 380 minutes 
600 minutes 

(max) 

4 Fineness 2.5% Less than 10% 

5 Specific gravity 3.15 - 

Table 1: Properties of OPC 43 grade cement 

B. Properties of recycled plastic waste. 

Recycled plastic waste was dried in the sun light till the 

moisture exhaust and after that it was grinded. It is free from 

chemical attack, acid attack, moisture and etc. Some 

properties of Recycled plastic waste given in the table 2. 
S. No. Constituents Percentage present 

1 Moisture 0 

2 Chemical attack No 

3 Hardness Sufficient For Concrete 

4 Acid insoluble 10-12 

Table 2: Properties of raw recycled plastic waste 

C. Workability of concrete as per IS: 1199-1959 

The slump value for each mix is given in Table 3 In order to 

determine the Degree of workability, the slump of each of the 

mix is compared with slump value v/s degree of workability. 

Based on this, the Degree of workability of each mix is 

specified in Table 3. 

Mix 
Hypo 

sludge% 

Polypropylene 

fibre% 

Slump 

(mm) 

Degree of 

workability 

Mix1 0 0 100 Medium 

Mix2 10 0 90 Medium 

Mix3 20 0 70 Medium 

Mix4 0 0.25 90 Medium 

Mix5 10 0.25 80 Medium 

Mix6 20 0.25 60 Medium 

Mix7 0 0.50 84 Medium 

Mix8 10 0.50 70 Medium 

Mix9 20 0.50 54 Medium 

Mix10 0 1.00 55 Medium 

Mix11 10 1.00 45 Low 

Mix12 20 1.00 40 Low 

Table 3: Test results for workability of concrete 

 
Fig. 1: Slump Cone Apparatus 

D. Selection of Water Cement Ratio  

In our study we take maximum water content 0.55 for M-20 

grade of concrete as per IS:456:2000 

E. Selection of Cement Content 

For 25 to 50 mm slump range maximum water content is 186 

liter for 20mm aggregate so adopt 186 liters as per IS:10262-

2009 

Calculation of Cement Content 

Water-cement ratio = 0.55 

Cement content = 186/0.55 = 338 kg/m3 

F. Mix design by Indian Standard Recommendations 

The present investigation includes design of concrete mix for 

M-20 grade of concrete. The guideline given in codes BIS: 

10262-2009 and BIS: 456-2000 has been adopted for mix 

design of concrete. 

1) Step-I Stipulation for proportioning 

Grade designation  :  M-20 

Type of cement               : OPC 43 grade  

Maximum size of aggregate  : 20 mm 

Minimum cement content : 320 kg/m3 

Maximum water-cement ratio : 0.55 

Workability   : 50 mm (slump) 

Degree of supervision  : Good 
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Type of aggregate  : Aangular aggregate 

Test data for materials 

a) Cement used    : OPC 43 grade  

b) Specific gravity of cement  : 3.15 

c) Specific gravity of   

 Coarse aggregate   : 2.65 

 Fine aggregate   : 2.72 

d) Water absorption 

 Coarse aggregate   : 0.5 % 

 Fine aggregate    : 1.0 % 

e) Free (surface) moisture 

 Coarse aggregate   : Nil 

 Fine aggregate    : Nil 

f) Sieve analysis 

 Coarse aggregate                      : Confirming to 

IS: 383-1970 with 50:50proportion of10mm and 

20mm aggregates. 

 Fine aggregates   : Confirming to 

grading    Zone II of table 4 of BIS 383-1970. 

2) Step-II Target Strength for Mix Proportioning 

f'ck= fck + 1.65σ 

Were 

f'ck = target compressive strength at 28 days 

fck = CCS (Characteristic Compressive Strength) at 28 days σ 

= standard deviation 

Standard deviation = 4 N/mm2  

So, target strength   = 20 + 1.65 x 4 = 26.6 N/mm2 

Assumed Standard Deviation (4) (Table 8 of IS: 456-2000) 

 Fine aggregate content and coarse aggregate content 

proportion of volume table 4 of IS: 10262-2009, table shows 

volume of coarse aggregate per unit volume of total aggregate 

for different zones. Volume of coarse aggregate for 20 mm 

size aggregate and fine aggregate (Zone-II) for W/C of 50 is 

0.62 from table 5 of IS:456-2000. 

 In our study water-cement ratio is 0.55. The volume 

of coarse aggregate is required to be decreased the fine 

aggregate content. As water-cement ratio is higher by 0.05, 

the proportion of volume of coarse aggregate is decreased by 

0.01 (at the rate of -\+ 0.01 for every +\- 0.05 change in water-

cement ratio).So that the corrected proportion of volume of 

coarse aggregates for 0.55 water-cement ratio is 0.61 

3) Step-III Mix Calculations 

Mix calculations per unit volume of concrete given bleow: 

a) Volume of concrete   :       1 m3 

b) Volume of cement   : (338/3015)(1/1000)

     =0.1073 m3 

c) Volume of water  :        (186/1)(1/1000) 

     =0.186 m3 

d) Volume of all in aggregate :  (Total volume- 

Volume of Cement-Volume of water):  1-0.1073-0.186 

           =0.7067 m3 

e) Mass of coarse aggregate :  All type concrete 

volume x Volume of coarse aggregate x SG(Specific 

gravity) of coarse aggregate x 1000 

   = 0.7067 x 0.61 x 2.65 x 1000 

     = 1142.40 kg 

e)  Mass of Fine aggregate  :  Volume of all in 

aggregate x Volume of fine aggregate x Specific gravity of 

fine aggregate x 1000 

        = 0.7067 x 0.39 x 2.72 x 1000 

        = 749.70 kg/m3 

G. Preparation of trial mixes 

Based on the concrete mix design by IS method, trials mixes 

were prepared. Trials mixes were prepared with water-

cement ratio of 0.55 and other two mixes were prepared. The 

cubes were casted for each mix and were tested at 7 and 28 

days. The mix proportions for various constituents have been 

summarized in Table 4. 

Mix No. M1 

Water Cement Ratio 0.55 

Slump(mm) 50 

Water (l/m3) 186 

Cement (kg/m3) 338 

Sand (kg/m3) 749.7 

Coarse Aggregates (kg/m3) 1142.4 

Average cube strength at 7 days (MPa) 15.48 

Average cube strength at 28 days (MPa) 26.90 

Table 4: Quantities per cubic meter for trial mixes (M20) 

 The mix M1 was chosen as the control mix because 

its average cube strength is very close to the target mean 

strength of concrete with lowest content of cement among all 

mixes.  

Mix W/C Ratio PET % PET kg/m3 Cement Fine aggregates Coarse Water l/m3 

Mix1 0.55 0 0 338 749.7 1142.4 186 

Mix2 0.55 10 114.2 338 749.7 1028.6 186 

Mix3 0.55 15 171.3 338 749.7 971.04 186 

Mix4 0.55 20 228.4 338 749.7 913.92 186 

Mix5 0.55 25 285.6 338 749.7 856.80 186 

Table 5: Mix proportions of different concrete mixes 

H. Compressive strength of concrete as per IS: 516 -1959 

The compressive strength of concrete cubes was tested under 

Compressive Strength Testing Machine (CTM) Compressive 

strength can find in CTM machine and load applied without 

shock till the end of specimen failure. 

Mix 
PET 

% 

Compressive 

strength 

after7 Days 

N/mm2 

Compressive 

strength 

after14 Days 

N/mm2 

Compressive 

strength 

after28 Days 

N/mm2 

Mix1 0 14.20 22.14 25.37 

Mix2 10 16.89 22.92 25.39 

Mix3 15 12.75 22.98 26.11 

Mix4 20 13.26 24.22 27.65 

Mix5 25 12.50 22.02 25.36 

Table 6: Test results for compressive strength of concrete at 

7 days, 14 days and 28 days 

I. Splitting Tensile Strength as per IS: 5816-1970 

The test consists of applying a load along the opposite 

generator of a concrete cylinder placed with its axis 

horizontal between the compressive plats. Uniform tensile 

stress is developed nearly 2/3 of the loaded diameter, due to 
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compression loading. The magnitude of this tensile stress Fsp 

acting in a direction perpendicular to the line of action of 

applied loading.  

 
Fig. 2: Splitting tensile strength test 

Mix 
PET 

(%) 

Split tensile 

strength after 

7 days 

(N/mm2) 

Split tensile 

strength after 

14 days 

(N/mm2) 

Split tensile 

strength after 

28 days 

(N/mm2) 

Mix1 0 1.75 2.70 3.33 

Mix2 10 2.00 2.80 3.60 

Mix3 15 1.55 2.96 3.70 

Mix4 20 2.01 3.15 3.83 

Mix5 25 1.63 2.52 3.29 

Table 7: Test result of Split tensile strength at 7 days, 14 

days and 28 days 

J. Flexural strength as per IS: 516-1959 

The flexural strength test of beam, a specimen of size 

700*150*150mm is placed over two-point loading 

arrangement and the stress produced during breakage of 

specimen. The flexural strength is reported as Modulus of 

Rupture ft (N/mm) 

Mix 
PET 

(%) 

Flexural 

strength after 

7 days 

(N/mm2) 

Flexural 

strength after 

14 days 

(N/mm2) 

Flexural 

strength after 

28 days 

(N/mm2) 

Mix1 0 1.58 2.0 2.65 

Mix2 10 1.81 2.32 2.75 

Mix3 15 1.82 2.42 2.80 

Mix4 20 1.90 2.52 2.98 

Mix5 25 1.55 2.01 2.23 

Table 8: Test result for Flexural strength at 7 days, 14 days 

and 28 days curing 

IV. RESULT AND DISCUSSION 

A. Final Combine Result of Compressive Strength 

Mix Mix1 Mix2 Mix3 Mix4 Mix5 

PET % 0% 10% 15% 20% 25% 

Compressive 

strength after7 Days 

N/mm2 

14.20 16.89 12.75 13.26 12.50 

Compressive 

strength after14 

Days N/mm2 

22.14 22.92 22.98 24.22 22.02 

Compressive 

strength after28 

Days N/mm2 

25.37 25.39 26.11 27.65 25.36 

Table 9: Final combine Test results for compressive strength 

of concrete at 7 days, 14 days and 28 days 

 From the compressive strength results given above 

the following observation have been done  

1) Compressive strength of concrete increase up to 20% of 

PET material then decrease.  

2) It can be seen that the change in compressive strength 

was minor up to 15% of PET material but beyond 15% 

of PET material, compressive strength due to water 

absorbing ability of PET material which disturbed the 

water-cement ratio was significantly reduction.  

3) At higher dosage of PET material, cement content 

decreases which leads to the weak bonds.  

4) It was observed that the addition of PET material up to 

20% showed the increase in compressive strength of 

concrete. 

 The combination with 20% of PET material (as the 

replacement of aggregate) is recommended for the use for the 

maximum compressive strength. 

 
Fig. 3: Compressive Strength of concrete for all mix at all % 

of PET material. 

B. Final Combine Result of Split Tensile Strength  

Mix Mix1 Mix2 Mix3 Mix4 Mix5 

PET in % 0 10 15 20 25 

Split tensile strength 

after 7 days (N/mm2) 
1.72 2.00 1.55 2.01 1.63 

Split tensile strength 

after 14 days(N/mm2) 
2.70 2.80 2.96 3.15 2.52 

Split tensile strength 

after 28 days 

(N/mm2) 

3.33 3.60 3.70 3.83 3.29 

Table 10: Final combine results for Split tensile strength of 

concrete at 7 days, 14 days and 28 days 

From the Split tensile strength results given above the 

following observation have been done  

1) It can be observed that the splitting tensile strength of 

concrete increase up to 20% of PET material. Then after, 

the spitting tensile strength decreases.  

2) It was observed that the addition of PET material up to 

20% showed the increase in splitting tensile strength of 

concrete. After that the strength decreases for 25%. 

From the above discussion it can be seen that the combination 

with 20% of PET material (as the replacement of aggregate) 

is recommended for the use for the maximum splitting tensile 

strength. 
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Fig. 4: Split Tensile Strength of concrete for all mix at all % 

of PET material. 

C. Final Combine Result of Flexural Strength  

Mix Mix1 Mix2 Mix3 Mix4 Mix5 

PET material % 0 10 15 20 25 

Flexural strength after 

7 days (N/mm2) 
1.58 1.81 1.82 1.90 1.53 

Flexural strength after 

14 days (N/mm2) 
2.0 2.32 2.42 2.52 2.01 

Flexural strength after 

28 days (N/mm2) 
2.05 2.75 2.80 2.98 2.23 

Table 11: Final combine results for Flexural strength of 

concrete at 7 days, 14 days and 28 days 

From the Flexural strength results given above the following 

observation have been done  

1) It can be observed that the flexural strength of concrete 

increase up to 20% of PET material. Then after, the 

flexural strength decreases.  

2) At higher dosage of PET material, cement content 

decreases which leads to the weak bonds. 

3) It was observed that the addition of PET material 25% 

showed the decrease in flexural strength of concrete. 

 The combination with 20% of PET material (as the 

replacement of aggregate) is recommended for the use for the 

maximum flexural strength. 

 
Fig. 5: Flexural Strength of concrete for all mix at all % of 

PET material 

V. SUMMARY AND FUTURE WORK 

A. Summary  

The main purpose of the study was to study the effect of 

partial replacement of PET material with aggregate in 

concrete. 52 concrete specimens were prepared by partial 

replacement of aggregate with PET material 0% to 25%. 

After having trial of mixes, the water-cement ratio selected 

was 0.55 and it was kept constant for all the mixes. In fresh 

concrete workability check after preparing the concrete 

whereas the compressive strength, splitting tensile strength 

and flexural strength of concrete was tested after 7,14 and 28 

days of curing.   

B. Conclusion   

Experimental investigations give the following results which 

is concluded below: 

1) PET material improves the compressive, split tensile 

strength and flexural strength of concrete. 

2) A certain point PET material increases the strength for 

all curing ages. After that there is an abrupt reduction in 

strength of the concrete because concrete loses its ability 

to make a proper bond. 

3) The gradual increase was seen in compressive strength 

and splitting tensile strength of concrete blended with 0% 

to 20% of PET material content for all curing ages. 

Beyond that there is significant reduction in strength. 

This is due to water absorbing capability of PET material 

which disturbed the water-cement ratio. 

4) The mix Mix4 with combination 20% PET material has 

shown the highest compressive as well as splitting tensile 

strength. Therefore, Mix4 is recommended for maximum 

strength. 

5) PET material decreases the cost of concrete but it also 

decreases strength. The disposal cost of paper industry 

also decreases and produced an efficient concrete. Also, 

the environmental effects caused due to the production 

of cement can be minimized at the same time. 

C. Scope for Future 

1) Further studies need to be conducted for the test of 

durability, soundness, thermal insulation, and water 

absorption of the concrete. 

2) Further studies need to be conducted by using other 

plastic materials (combination of artificial and natural 

plastics) as reinforcement with steel fiber could increases 

tensile strength of concrete. 

3) If we increase the melting point of plastic in concrete 

then we increase huge the strength in compressive 

strength and flexural strength. 

4) Experiments can be performed to study the behavior of 

soil reinforced with PET material. 
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