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Abstract— Cement concrete is a highly consumed building 

material around the globe in almost all the construction 

projects and applications. A matrix containing the 

composition of binding material cement, well graded inert 

materials like fine and coarse aggregates, along with water 

and admixtures is known as the cement concrete. Around 

the globe, the infrastructure development is increasing day 

by day, which resulted into the heavy extraction and 

consumption of naturally available materials like sand, 

stones, lime, water and soil etc. Because of the 

modernization around the globe, the problem faced by the 

excess consumption of cement concrete includes high 

demand of cement concrete production, higher cost of 

cement and concrete making materials, excessive wastage, 

pollution, extraction and consumption of the naturally 

available materials. The above problem made us to think for 

an alternative construction material like HD-PET (High 

Density Polyethylene Terephthalate) Thermoplastics and 

Chopped Strand Mat Glass Fibers obtained from the 

industries of waste plastic and glass recycling units in  the 

production of cement concrete. This dissertation work deals 

with the study of partial replacement of fine aggregates by 

HD-PET Thermoplastics and Cement by Chopped  Strand 

Mat Glass Fibers in M20 grade of cement concrete. HD-

PET and Glass fibers are the waste obtained from the waste 

plastic and glass recycling units. In this project work, we 

have made an attempt to study the compressive, split tensile 

and flexural strength of M20 grade cement concrete by 

using HD-PET Thermoplastics and Glass fibers as partial 

replacement to the fine aggregates and cement. Compressive 

strength test was conducted to study the strength of concrete 

for 7 and 28 days of curing period and the split tensile 

strength and flexural strength are conducted to study the 

strength for 28 days of curing period. The compressive 

strength of cement concrete showed the highest test results 

at 15% HD-PET and 0.5% chopped strand mat glass fibers 

with a value of 8.959 N/mm2 at 7 days and 25.281 N/mm2 

at 28 days, split tensile strength of cement concrete showed 

higher strength at 15% HD-PET and 0.5% chopped strand 

glass fibers with a value of 2.916 N/mm2 at 28 days, the 

highest flexural strength of concrete was obtained at 15% 

HD-PET and 0.5% chopped strand glass fibers with a value 

of 3.944 N/mm2 at 28 days of curing period, which is higher 

than the normal conventional cement concrete. From this 

experimental study, it is concluded that the fine aggregates 

can be partially replaced by HD-PET upto 15% and cement 

by constant 0.5% of chopped strand mat glass fibers. 

Key words: HD-PET Thermoplastics, Chopped strand mat 

glass fibers, Concrete, partial replacement, M20 grade 

concrete 

 

I. INTRODUCTION 

A. General: 

In the construction industry, if any material gains the 

popularity is nothing but concrete. Concrete is the second 

largest material used through the world after water. In the 

present day world, technical breakthroughs have 

revolutionized the construction activity, modern 

construction areas include High rise buildings, dams and 

irrigation networks and energy conversion and industrial 

plants, environmental protection works and specially 

infrastructural works like roads, bridges, railways, airports, 

seaports, satellite launching stations etc. Concrete is nothing 

but a matrix of cement, coarse aggregate, fine aggregate and 

water. Concrete has the property which enables it to be 

molded in any shape. Due to these properties of concrete, 

many researches have been carried on this topic and even 

now it is a hot topic for studies. In the concrete industry or 

we may call it as construction industry the problem 

regarding the availability of raw material for production of 

concrete are very severe especially with the fine aggregates, 

cement cost etc. Due to this situations other alternative 

materials are to be find out to stable the demands in the 

recent times many studies are been made on the recyclable 

materials which can be effectively used as concrete 

constituents such as fly ash, sugarcane bagasse ash, stone 

dust, slag and plastic waste etc. So according to this trend 

this study is conducted on partial replacement of fine 

aggregates with polyethylene terephthalate and glass fiber 

0.5% with cement. This study is to encourage the utilization 

of waste material in concrete and to enhance the properties 

of concrete, if we use the plastic waste in concrete, it not 

only reduces the pressure on the environment but also 

improves the tensile and flexural behavior of concrete, 

because the disposal of plastic is a very major problem, 

which requires huge area and also the plastic takes hundreds 

of years to degrade. Due to this reason, an attempt has been 

made to utilize the waste plastic in cement concrete. 

Coming to the next constituent in the present thesis, 

that is Glass fiber, as we know the utilization of fiber in 

concrete is started in the early 1900 and many works done 

on this topics and now a days efficiently it has been 

practiced in many projects, this type of concrete is normally 

known as Fiber reinforced concrete due to the incorporation 

of fibers in concrete it reduces the development of cracks as 

it act as a crack arrester. 

Due to the modernization, increase in the 

infrastructural development of the country and increase in 

the population has lead to a very high demand of cement 

concrete, which there by causing severe impact on the 
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environment, cost of cement and concrete making materials 

is also increasing. 

It is mandatory to use the natural river sand in the 

manufacturing of concrete. The main source of natural river 

sand are the river bed deposits from which they are 

extracted there by depleting the natural resources. In order 

to extract these natural resources like sand and stones from 

their source points, large amount of energy is applied in the 

form of fuels, equipments, manpower, and cost which is also 

a increasing problem faced by the excessive use of cement 

concrete. Production of cement in the industries leads to the 

large amount of waste generation which is facing a severe 

problem in its disposal, due to this surrounding environment 

is effected. 

Due to usage of potable water in mixing and curing 

leads to depletion of the ground water table hence leads to 

scarcity of drinking water for domestic purpose. 

In the production of cement concrete large amount of carbon 

emissions are generated due to which the surrounding 

habitat gets effected causing severe pollution and 

disturbance. 

Since the natural sand is expensive as well as 

scarcity of it is causing a biggest impact on the concrete 

production.  

Nearby availability of the raw materials for cement concrete 

production has its own impact irrespective of other things 

such as effect due to the transfer and transportation cost 

might cause delay in the construction activities. 

Now a days Government has taken a serious step to 

stop the sand mining and extraction from the river bed 

deposits which has resulted into the severe shortage of sand 

supply to the construction projects and also in the 

production of concrete. This made us to think for an 

alternative construction material which could be utilized in 

place of sand and aggregates in concrete production. There 

are many waste generated from the industries and factories 

such as glass waste, metal waste, stone pieces and stone 

dusts, wooden waste, plastic wastes etc which can be 

utilized as a alternative materials in place of sand and 

aggregates in the concrete production. In order to avoid the 

depletion or scarcity of the natural sand, we shall think of an 

alternative product like waste plastics obtained from the 

plastic recycling units and fibers of glass from the glass 

manufacturing units can be used as a replacement material 

for sand and cement in concrete production. 

Therefore, in this project we have made an attempt 

to carry out a study on whether a plastic waste and fibers of 

glass can be effectively utilized in the preparation of suitable 

mix proportion of cement concrete for its implementation in 

the construction projects and activities. 

In this project work carried, in the preparation of 

cement concrete the natural river sand is partially replaced 

by HD- PET (High Density Polyethylene Terephthalate) 

also called as Thermoplastics and cement partially replaced 

by Glass Fibers and keeping the natural Basalt coarse 

aggregates without any replacement. HD- PET 

(Thermoplastics) are the plastic waste material which is 

obtained from the waste plastic recycling units and glass 

fibers were obtained from the online industrial website 

(India Mart) in google. 

B. Hd- Pet (High Density Pollyethylene Terephthalate) 

Thermoplastics 

Thermoplastic is a material which becomes soft when 

heated and hard when cooled. Thermoplastic can be cooled 

and heated several times, and they can also be recycled, they 

also freeze to a glazy state when cooled enough. 

Thermoplastics are the materials which are manufactured by 

the recycling of waste plastic in the form of plastic granules 

of size ranging from 4- 5mm in length 

C. Glass Fibers: 

Glass fiber is a type of synthetic fiber and also a thermal 

insulating material, glass fiber are available in the flattened 

sheets called as the chopped strand mat glass fibers 

consisting of chopped glass fiber which are binded together 

using a binder of emulsion or powder of polyester. The glass 

fiber can be arranged randomly or flattened into the sheets 

called as the chopped strand mats. The glass fiber are made 

up of various types of glass based upon the use of type of 

fiber glass, these glass consists of silicates or silica, calcium 

oxide, magnesium oxides and some amounts of boron. Fiber 

glass is a strong light weight material which can be used in 

many applications, its bulk strength, weight are also better 

than the many types of metals. Glass fibers enhances 

properties such as reduction in the shrinkage characteristics, 

fatigue characteristics, impact resistance, erosion resistance, 

cavitations as well as increases serviceability, durability and 

tensile strength of concrete. 

II. LITERATURE REVIEW: 

Choi, et al., (2005) in their paper entitled “Studied effects on 

PET bottles (Light weight aggregates)”. He carried study on 

the compressive, flexural and split tensile strength and the 

water-cement ratio were 45, 49 and 53% and replacement of 

PET were 0, 25, 50, 75% by volume of fine aggregates, it is 

found that the compressive strength, flexural and split 

tensile strength was decreased. For some specimen, if water-

cement ratio is reduced, there by increase in the PET 

contents, compressive strength increases. In flexural 

strength, when plastic aggregates is replaced upto 50% the 

flexural strength was found to be increased by 32.8% 

compared to the conventional concrete. 

Batayneh, et al., (2007) in their paper entitled 

“Investigated the effects of Plastic waste on Compressive, 

Flexural and Split tensile strength”. In his work, in a cement 

concrete mix upto 20% fine aggregate were replaced by PET 

there by he concluded that, due to the addition of PET 

reduces the strength properties when 5% of PET is replaced 

to fine aggregates there is a 23% reduction of strength takes 

place compared to the normal concrete, similarly 20% PET 

is replaced which inturns causes 72% strength reduction, 

this shows that reduction is mainly due to poor strength of 

PET, hence plastic replacement should be controlled in 

concrete according to the allowable strength of the structural 

element to be constructed. 

Marzouk, (2007) in his paper entitled “Studied the 

innovative use of consumed plastic bottle waste as sand 

substitute aggregate within composite material for building 

application”. In his work, PET is partially and fully replaced 

in fine aggregate, replacement is done from 2% to 100%, 

this composite offered an attractive low cost material with 

good properties, moreover it helps in resolving the solid 
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waste problem created by the plastic production and helps in 

saving energy. When sand is replaced by PET from 0-50%, 

the strength was found to be decreased when compared to 

the normal conventional concrete. 

Chandra mouli K, et al., (2010) in their paper 

entitled “Strength properties of Glass fiber reinforced 

concrete”. They studied the compressive, flexural and split 

tensile strength of M20, 30 and M40, M50 grade of concrete 

with glass fiber added in the concrete mix. Glass fiber added 

by 0.03% by volume of concrete, it is noted that bleeding 

has reduced due to the addition of glass fiber due to which 

the improvement of surface integrity improves the 

homogeneity reduces the probability of cracking. 20-25% of 

compressive strength improves, 1.5-2% Flexural and split 

tensile strength improves. 

Saritha B, et al., (2011) in their paper entitled 

“Experimental study of light weight concrete by the partial 

replacement of coarse aggregate by thermoplastics”. In his 

project work he had done an experimental study on light 

weight concrete by using thermoplastic aggregates and the 

conventional concrete. Here he used M20 grade mix design 

and replaced coarse aggregates partially by plastic 

aggregates which are brought from the MS Plastic company 

located at sedharapet in Pondicherry. He replaced 30% of 

coarse aggregate by plastic aggregate and carried test on 

both conventional and light weight concrete, and carried out 

comparative study on both conventional and light weight 

concrete. 

Tomas. U. Ganiron Jr, (2012) in his paper entitled 

“Effect of Thermoplastic as fine aggregate to concrete 

Mixture”. The main purpose of his study is to utilize the 

waste plastic in order to avoid harmful effect on human 

beings and soil structure, damage to the health due to the 

degradation of plastic. In his work, the plastic was grounded 

into the pieces he replaced it by 5% to fine aggregates, and 

he carried out strength tests, specific gravity test, slump 

cone test, sieve analysis and moisture content test. 

JNS Suryanarayana Raju, et al., (2013) in their 

paper entitled “Mechanical Study on Concrete with Waste 

Plastic”. In this paper he investigated the effect of waste 

plastic as fine aggregate on the strength characteristics. 

Plastic is one of the non- degradable material in the world 

and the waste can be recycled in many ways to produce light 

weight concrete. He carried out work on partial replacement 

of sand by Plastic waste using M25 grade of concrete and 

the replacement is done at different levels of ranging from 5 

to 20% of fine aggregates by PET or waste plastic in his 

concrete mixes, and carried out the strength test on the 

specimens after 28 days to determine the compressive and 

split tensile strength and his study revealed that the waste 

plastic can be replaced upto a limit of 15% by weight of the 

fine aggregate. 

III. MATERIALS AND METHODOLOGY 

A. Materials Used for the Preparation Of Concrete: 

1) Cement: 

In this project work, Fly ash based PPC (Portland Pozzolana 

Cement) Bharathi Cement is used as the Binding material, 

which is confirming to the IS: 1489 (part 1) 1991. Following 

are the Physical properties of cement given in below table 

3.1. 

 

Sl. No Material Properties Cement Test Results 

1. Initial Setting Time 32 minutes 

2. Final Setting Time 580 minutes 

3. Standard Consistency Test 40% 

4. Specific Gravity 3.0 

5. Fineness 5% 

Table 3.1: Physical Properties of Cement 

2) Glass Fiber: 

In this project, Glass fibers were uses as partial replacement 

material for cement in M20 grade concrete. Chopped strand 

mat glass fibers were obtained from the online google 

industrial website (India Mart) which was available in the 

form of flattened sheets. The Physical properties of Glass 

fibers are given in below table 3.2. 

Sl. No Material Properties Values 

1. Density 450/300 Gsm 

2. Length 42-50mm 

3. Tensile Strength 107 Mpa 

4. Flexural Strength 203 Mpa 

Table 3.2:  Physical Properties of Glass Fibers 

3) Fine Aggregates (Natural River Sand): 

Bheema river sand of Shahapur Taluk was used as fine 

aggregate in our project work. Following are the physical 

properties of natural river sand given below in table 3.3. 

Sl.No Material Properties 
Fine Aggregate (Natural 

River Sand) 

1. Specific Gravity 2.60 

2. Bulk Density (Loose) 1.41 gm/ml 

3. 
Bulk Density 

(Compacted) 
1.596 gm/ml 

4. Bulking of Sand 6.35% 

5. Zone III 

6. Water Absorption 2.4% 

7. Moisture Content 4.74% 

8. Fineness Modulus 2.9 

Table 3.3: Physical Properties of Natural River Sand 

4) HD- PET (Thermoplastics): 

HD- PET (Thermoplastics) was brought from the recycling 

plant of waste plastic in the industrial area of Gulbarga near 

Hagarga road. Physical properties of the Thermoplastics is 

given in below table 3.4 

Sl.No 
Material 

Properties 
HD- PET (Thermoplastics) 

1. Specific Gravity 0.889 

2. Bulk Density 386.7 

3. Water Absorption 0.02 

4. Shape 
Cylindrical shape of length 3-

4mm 

5. Bulkage 6.383% 

6. Impact Value 3% 

7. Crushing Value 2 

Table 3.4: Physical Properties of HD- PET (Thermoplastics) 

5) Coarse Aggregates: 

20mm down size of Normal Basalt Coarse Aggregates 

obtained from the local stone crushing plant were used as 

the coarse aggregates in this project work. The sieve 

analysis of coarse aggregates confirming to IS: 383-1970. 
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The physical properties of coarse aggregates is given in 

below table 3.5 

Sl.No Material Properties Coarse Aggregates 

1. Specific Gravity 2.90 

2. Bulk Density 1581.196 kg/m
3
 

3. Water Absorption 0.62% 

4. Fineness Modulus 4.2 

5. Aggregate Impact Value 17.57% 

Table 3.5 Physical Properties of Coarse Aggregates 

6) Water: 

Clean Potable water was used for mixing and curing of 

concrete confirming to IS: 456-2000 recommended 

specifications. 

 

MIX PROPORTION: 

Cement- 400 Kg/m
3
 

Fine Aggregates- 645.84 Kg/m
3
 

Coarse Aggregates- 1280.64 Kg/m
3
 

Water- 180 litters 

Water Cement Ratio- 0.45 

 

Mix Proportions- Water : Cement : Fine Aggregates : 

Coarse Aggregates 

0.45 : 1 : 1.61 : 3.20 

IV.  RESULTS AND DISCUSSIONS 

A. Slump and Compaction Factor Results: 

Sl.No 

Replacement in 

% 

Slump 

Cone 

Results in 

(mm) 

Compaction 

Factor Results HD- 

PET 

Glass 

Fibers 

1. 0 0 85 0.92 

2. 5 0.5 78 0.86 

3. 10 0.5 70 0.82 

4. 15 0.5 68 0.78 

5. 20 0.5 65 0.75 

Table 4.1:  Slump and Compaction Factor Results for M20 

Grade Concrete 

 
Fig. 4.1:  Slump cone test results for M20 grade cement 

concrete for different replacement intervals. 

 
Fig. 4.2:  Compaction Factor test results for M20 grade 

cement concrete for different replacement intervals. 

B. Compressive Strength Test Results On Cubes IS: 5816-

1959: 

Cubes of size 150 x 150 x 150mm are tested for 

compressive strength test in the compression testing 

machine after the 7 and 28 days of curing period, capacity of 

the machine is 200Tonnes and load was applied on any one 

side of the cube. 

Compressive strength is calculated by the formula: 

    
 

 
 ………..N/mm

2
 

Where, 

L = Load in N 

A = Cross sectional Area in mm
2
 

Sl.No Designation 

Replacement 

in % 

Avg 

Compressive 

Strength in 

N/mm
2
 

HD-

PET 

Glass 

Fibers 

7 

Days 

28 

Days 

1. 
Normal 

Concrete 
0 0 8.041 25.120 

2. 

CC with HD-

PET and 

Glass Fibers 

5 0.5 8.127 24.071 

3. 

CC with HD-

PET and 

Glass Fibers 

10 0.5 8.713 24.563 

4. 

CC with HD-

PET and 

Glass Fibers 

15 0.5 8.959 25.281 

5. 

CC with HD-

PET and 

Glass Fibers 

20 0.5 6.342 19.047 

Table 4.2:  Compressive Strength Test Results for M20 

grade concrete 

 
Fig. 4.3:  Average Compressive Strength test results for 

M20 grade cement concrete for different replacement 

intervals at 7 and 28 days. 
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From the above diagram we can state that as the 

percentage of HD-PET and glass fibers increases the 

compressive strength increases upto 15% replacement with 

constant 0.5% of Glass fiber and beyond that the decrease in 

the percentages has been noticed. 

C. Split Tensile Strength Test for M20 Grade Concrete 

Cylinder Specimens Is: 5816-1970 

To determine the tensile strength on concrete specimen, a 

cylinder of size 150mm diameter and 300mm height was 

filled with concrete and kept for 28 days of curing period, 

under the CTM machine the specimen is placed on a 

horizontal surface, constant loading is applied until the 

failure of the specimen. 

Formula: 

Split Tensile Strength is calculated by: 

    
  

   
 ………N/mm

2
 

Where, 

P = Load applied on the cylinder in N 

L = Length of the cylinder in mm 

D = Diameter of cylinder in mm 

Sl.No Designation 

Replacement 

in % 

Avg Split 

Tensile 

Strength 

in N/mm
2
 

HD-

PET 

Glass 

Fibers 
28 Days 

1. Normal Concrete 0 0 2.213 

2. 
CC with HD-PET 

and Glass Fibers 
5 0.5 2.419 

3. 
CC with HD-PET 

and Glass Fibers 
10 0.5 2.744 

4. 
CC with HD-PET 

and Glass Fibers 
15 0.5 2.916 

5. 
CC with HD-PET 

and Glass Fibers 
20 0.5 1.951 

Table 4.3:  Split Tensile Strength Test Results for M20 

grade concrete 

 
Fig. 4.4:  Average Split Tensile Strength test results for M20 

grade cement concrete for different replacement intervals at 

7 and 28 days. 

From the above diagram we can state that as the 

percentage of HD-PET and glass fibers increases the Split 

Tensile strength increases upto 15% replacement with 

constant 0.5% of Glass fiber and beyond that the decrease in 

the percentages has been noticed. 

D. Flexural Strength Test On Prism Specimens IS: 5816-

1970: 

To determine the flexural strength of concrete, Prisms of 

size 100 x 100 x 500mm is to be casted with concrete and 28 

days of curing is to be done. The prism is to be kept on the 

UTM machine and load is to be applied on the specimen 

until it gets failed. 

Formula: 

Flexural Strength is calculated by: 

ft=  PL/〖BD〗^2  ………N/mm2 

Where, 

P = Load applied in N 

B = Breadth of the specimen in mm 

D = Width of the specimen in mm 

L = Length of the span on which the specimen is supported 

Sl.No Designation 

Replacement 

in % 

Avg Flexural 

Strength in 

N/mm
2
 

HD-

PET 

Glass 

Fibers 
28 Days 

1. 
Normal 

Concrete 
0 0 3.414 

2. 

CC with HD-

PET and Glass 

Fibers 

5 0.5 3.549 

3. 

CC with HD-

PET and Glass 

Fibers 

10 0.5 3.712 

4. 

CC with HD-

PET and Glass 

Fibers 

15 0.5 3.944 

5. 

CC with HD-

PET and Glass 

Fibers 

20 0.5 2.713 

Table 4.4: Flexural Strength Test Results for M20 grade 

concrete 

 
Fig. 4.5:  Average Flexural Strength test results for M20 

grade cement concrete for different replacement intervals at 

7 and 28 days. 

From the above diagram we can state that as the 

percentage of HD-PET and glass fibers increases the 

Flexural strength increases upto 15% replacement with 

constant 0.5% of Glass fiber and beyond that the decrease in 

the percentages has been noticed. 
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Fig. 4.6:  Average Compressive, Split Tensile and Flexural 

Strength test results for M20 grade cement concrete for 

different replacement intervals at 7 and 28 days. 

From the above graph, we can conclude that the 

highest compressive, flexural and split tensile strength was 

found at 15% replacement of natural fine aggregate with 

HD-PET and with a constant 0.5% replacement of cement 

by Glass fibre, this also concludes that  this is the optimum 

replacement interval of sand by thermoplastics and cement 

by glass fibers in M20 grade concrete. 

V.  CONCLUSION 

1) From this study, an acceptable mix proportion for M20 

grade cement concrete using HD-PET (High Density 

Polyethylene Terephthalate) Thermoplastics and 

Chopped strand mat Glass Fibers as a partial 

replacement material for fine aggregates and cement is 

obtained. 

2) Test results of the slump cone test shows that, the 

cement concrete consistency decreases as the 

percentage of fine aggregate by HD-PET 

Thermoplastics increases upto 20% with a constant 

0.5% replacement of cement by chopped strand mat 

glass fibers. 

3) Test results of the compaction factor test shows that the 

cement concrete workability decreases with the increase 

in the percentage of replacement of fine aggregate by 

HD-PET Thermoplastics upto 20% with a constant 

0.5% replacement of cement by chopped strand mat 

glass fibers. 

4) From the experimental investigation, we can conclude 

that, both the fine aggregates and cement can be 

partially replaced by HD-PET Thermoplastics as fine 

aggregates and Chopped strand mat Glass Fibers as 

cement upto 20% HD-PET Thermoplastics and 0.5% 

constant chopped strand mat glass fibers for the cement 

concrete manufacturing. 

5) From the above work, we can conclude that, the 

strength characteristics of cement concrete is showing 

optimum results at 15% replacement of fine aggregates 

by HD-PET Thermoplastics with 0.5% constant 

replacement of cement by chopped strand mat glass 

fibers. 

6) With the above experimental study, the mean target 

strength of the M20 grade cement concrete is gained by 

partial replacement of fine aggregate by HD-PET 

Thermoplastics and cement by chopped strand mat 

glass fibers. 

7) From the above experimental investigation, the 

combined effect by using HD-PET Thermoplastics as 

fine aggregates and chopped strand mat glass fibers as 

cement as partial replacement materials is successfully 

gained in the M20 grade cement concrete. 

8) Cement concrete can be made light weight by the 

partial replacement of fine aggregates by HD-PET 

Thermoplastics and cement by chopped strand mat 

glass fibers. 

9) This study helps in producing and achieving the eco-

friendly, energy efficient and a green sustainable 

cement concrete by partial replacement of fine 

aggregate by HD-PET Thermoplastics and cement by 

Chopped strand mat glass fibers. 
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