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Abstract— Concrete is strong in compression but weak in 

tension and brittle also. Cracks also start forming as soon as 

the concrete is placed. These 3 drawbacks don’t permit the 

use normal concrete in pavements as they lead to lack of 

ductility along with fracture and failure. These weaknesses in 

concrete can be mitigated by using fibers as reinforcement in 

the concrete mix. Waste materials in the form of polyethylene 

and tires cause environmental pollution which leads to 

various health problems. Polyethylene and waste tires can be 

recycled and used effectively in the concrete as reinforcement 

in the fiber form. Polyethylene is a synthetic hydrocarbon 

polymer which can improve the ductility, strength, shrinkage 

characteristics etc. This paper deals with the effects of 

addition of polyethylene fiber on the properties of concrete. 

Polyethylene and tire fibers were cut into the size of 30mm x 

6mm and they were used 1.5% each by volume. Grade of 

concrete used were M30, M35 and M40. IRC 44:2008 was 

followed for the design of concrete mix. In this study, the 

results of the Strength properties of Polyethylene fiber 

reinforced concrete have been presented. 4 point bending test 

and double shear test were performed in the laboratory for 

flexure and shear strength determinations. There was seen an 

increase of 18% in the 28 day compressive strength along 

with an increase of 39% in flexure and 32% in shear strength. 

22% decrease in 4 point bending test and 36% decrease in 

double shear test in deflection was found out from the 

experiments. Theoretical analysis of deflection was carried 

out by the help of energy methods. Practical values were 

verified with the theoretical values within the permissible 

limits. Finally it can be concluded that polyethylene and tire 

can be used effectively in reinforced cement concrete. 
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I. INTRODUCTION 

For a developing nation such as India, road networks play a 

crucial role in providing a durable and comfortable surface 

for vehicles. Pavements are mostly made using bitumen. 

However, in certain situations concrete pavements are also 

preferred. Many additives have been explored for beneficial 

use of concrete as a paving material. A recent research has 

shown that fiber reinforced concrete (FRC) can be used for 

the construction of pavements as it is found to be very good 

in strength and it also exhibits other desirable properties. The 

definition of FRC given by ACI Committee 544 is “fiber 

reinforced concrete is a concrete which is made of cements 

containing fine and coarse aggregates along with water for 

obtaining cementious properties and discontinuous fibers”. 

The fibers used are of various types such as steel fibers, 

polymer or natural fibers etc.. As said earlier, fiber reinforced 

concrete is that form of concrete where fibers are put into the 

concrete as reinforcement in order to increase the strength 

characteristics and other mechanical properties of the 

concrete. Fiber reinforced concrete is not just provided for 

local strengthening in tensile region but it is provided for 

obtaining a gain in compression and tension along with 

reduced deflections and shrinkage and increased ductile 

property. Apart from the above mentioned properties, 

polymeric fibers also help in corrosion reduction. Commonly, 

Recron 3s, polyester and polypropylene have been used for 

the purpose of FRC. Recently, other forms of recycled fibers 

like plastic, disposed tires, carpet waste and wastes from 

textile industry are also being adopted for the same purpose. 

Basic function of these fibers is to act as crack arresters. 

Fibers help in resisting the minor cracks and would not let 

them grow into macro cracks. Hence, the material transforms 

into a material with improved ductility and toughness to 

failure. Since it has been established that fiber introduced 

concrete has the property of obtaining extra strength in 

flexure, compression, fatigue and impact, it can successfully 

be reinforced in concrete to get more strength as a whole and 

use it for pavements as concrete in itself is weak in tension 

and impact. Fibers in combination with concrete also results 

in a mix with improved early resistance to plastic shrinkage 

cracking, reduced water absorption, greater impact resistance, 

enhanced flexural strength and tensile strength of concrete 

and thereby protects the concrete from drying shrinkage 

cracks. Standard documents such as IS: 456:2000 –

Amendment No.7, 2007 and IRC: 44-2008 –Cement 

Concrete Mix Designs for Pavements with fibers, IRC: SP: 

76:2008 – Guidelines for Ultra-Thin White Topping with 

fibers, Vision: 2021 by Ministry of Surface Transport, New 

Delhi etc. include the use of polymer fibers with concrete. 

Many national bodies such as Central Public Works 

Department (CPWD), Airport Authority of India, Military 

Engineering Services, Defense Airfields, NF/Southern 

Railway, ISRO (Bangalore) etc. have also approved the use 

of polymer fiber reinforced concrete. 

Plastics are very strong and non-biodegradable in 

nature. The chemical bonds in plastics make it extremely 

sturdy and impervious to ordinary common techniques of 

degradation. The daily use of plastics has increased very 

rapidly and it has become a common habit of people to just 

throw out the plastic and causing environmental pollution. 

Over 1 billion tons of plastic have been produced since 1950s, 

and the same is likely to remain as such for many years [28]. 

These wastes get mixed with MSW or they are simply thrown 

causing nuisance to the society. There is a big need of 

recycling of the plastics as well waste tires because we don’t 

have any other option of disposing them without securing 

environment from pollution. For example, there are two 

processes for the disposal of wastes: land filling and 

incineration. If the wastes are simply dumped, they cause soil 

and water pollution and if they are incinerated, they cause air 

pollution. Hence, there is a need to recycle the wastes into 

something useful which will not hamper the environment and 

the process in which it is used [28]. The present work is aimed 
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at using two polymeric waste materials, such as polyethylene 

and tire fibers as reinforcement in concrete pavement. The 

basic objective of this work is to assess the advantages of 

using such waste materials such as increase in compressive, 

flexure and shear strength and decrease in deflection 

characteristics of the resultant concrete and also the 

determination of the deflection in the laboratory testing then 

its comparison to the theoretical deflection and check whether 

the errors are in the permissible limits of 20%. 

The main goal of the study is to utilize waste 

materials polyethylene and tire to achieve greater concrete 

strength properties in order to recycle them into something 

very useful and helping in reducing the environmental impact 

that the both of them have. 

II. LITERATURE REVIEW 

Fiber reinforced concrete (FRC) is made by mixing polymer 

fibers into a conventional concrete mix. The definition of 

FRC given by ACI Committee 544 is “FRC is a concrete 

which is made of cements containing fine and coarse 

aggregates along with water for obtaining cementious 

properties and discontinuous fibers.”  

A. Role of polymer in pavement 

There is a need of improvement in the quality of the 

pavements as the steady increase of wheel loads, change in 

climatic conditions, tire pressure & daily wear and tear 

adversely affect the performance of vehicles over the 

pavement. Synthetic polymer fibers can be used to overcome 

the above mentioned problems which are faced in daily life. 

Modifying the concrete with the polymers can improve the 

crack arresting capability, fatigue life and many other 

mechanical prospects of pavement. 

Polymer fibers as an option to conventional 

reinforcement 

Fibers are known to have been used initially by the ancient 

Egyptians back in 1500 B.C. These people used the hair of 

animals as reinforcement for not only mud bricks but walls in 

housing also. Various studies have provided an overview of 

the developmental stages of Fiber Reinforced Concrete. In the 

1960s, polymer fibers were taken seriously for using in 

reinforcement concrete and it then picked its momentum from 

then. 

B. Types of Fiber Reinforced Concrete 

ACI has divided fiber reinforced concrete into 4 categories 

namely SFRC, GFRC, SNFRC and NFRC. Here SFRC 

means steel fiber reinforced concrete, GFRC stands for glass 

fiber reinforced concrete, SNFRC is synthetic fiber 

reinforced concrete and NFRC is an acronym for natural fiber 

reinforced concrete. There are also discussed many 

theoretical and practical insights about different design 

applications and physical and mechanical properties. Another 

method of classification was adopted by Cement and 

Concrete Institute in which fibers are divided into the 

following types, glass fibers, steel fibers, synthetic fibers and 

natural fibers. 

C. Synthetic Fibers 

Synthetic fibers include polyethylene, polypropylene, acrylic, 

carbon, aramid, nylon, polyester etc [2]. Synthetic fibers can 

be further classified into macro-fibers and micro-fibers. Both 

of these subtypes have different properties with respect to 

each other. We have used polyethylene and tire in the form of 

macro-fibers as the reinforcement. Chosen size is 30mm x 

6mm. 

D. Fiber Properties 

The effect of all types of fibers has been studied by many 

researchers. They have studied the physical properties along 

with mechanical properties of concrete. But there hasn’t been 

done much research on polyethylene fiber reinforced concrete 

and waste tire fiber concrete. The knowledge regarding these 

fibers as a reinforcement in concrete is limited. 

The way fibers are distributed in the concrete 

significantly affects the properties of FRC. It was found out 

in a study that the fibers which are of higher volume fractions 

and longer in size showed balling at the time of mixing. This 

leads to stiffening of the concrete paste. When the volume 

fractions of fibers are increased, it further leads to a reduction 

in workability. This will in turn have an impact on the 

mechanical properties of concrete and its quality [6]. 

Synthetic fibers are used mainly to control cracking and 

plastic shrinkage. 

E. Ductility 

Ductility can be defined as “the ability of material to undergo 

large deformations without rupture before failure”. It is 

considered a good warning indicator before failure. When 

fibers are induced into the conventional concrete, they 

increase the ductility of the concrete. High damage tolerant 

beam-column joints can be achieved by using high 

performance fiber reinforced cement composites. When this 

joint is constructed with 1.5% by volume of ultra-high 

molecular weight polyethylene fibers tend to show very good 

strength characteristics along with reduction in deformation. 

F. Fracture Toughness 

Under a static, dynamic or impact load, the energy absorption 

capacity of material is measured through fracture toughness 

[4]. Post-cracking behavior of concrete beam is checked at 

mid span by determining the deflection for fracture 

toughness. There have been made many studies over the 

effects of toughness on fiber type, dosage, properties, and 

bonding conditions. These affects can further be found in ACI 

544 and other literatures are also available [13, 14 and 16]. 

Conventional reinforcement such as steel is provided in the 

concrete because it fails in tension. Similarly due to very good 

ductile and toughness properties fibers can also be induced 

into the concrete as reinforcement in order to improve the 

tensile resisting capacity of the concrete by redistributing the 

stress concentration [17]. Studies done on concrete to 

understand this stress redistribution result that crack surface 

is the surface in the concrete matrix where fibers restrain 

cracks. There are 3 regions of stress redistribution which are 

- traction free zone where much larger crack openings are 

found with respect to the other zones, fiber 6 bridge zone 

where frictional slip of fiber is responsible for stress transfer 

and micro-macro crack growth zones where interlock 

between aggregates is found to have transfer the stress. 
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G. Other properties 

Fiber reinforcement causes reduction in early age shrinkage 

as well as the drying shrinkage in concrete. Fiber in a concrete 

captures the micro cracks and prevent it from turning into a 

macro crack even at the very early ages. Concrete when 

reinforced with polyethylene fibers in 2 to 4% by volume 

shows a linear deflection curve up to the first crack formation 

but it transfers the load to the fibers until the fibers break. 

There have been shown increase in the compressive 

strength up to 20% and flexural strength up to 40% at 28 days 

when fiber induced are steel or polypropylene. Further when 

waste tire fibers are used in the concrete, under Impact 

loading, resistance is shown for cracking. The reinforced 

concrete thus made, shows increase in the toughness of the 

concrete. The toughness of waste tire modified concrete is 

found to be much larger than conventional concrete. Hence 

its energy absorption capacities are much larger compared to 

the normal concrete. Further, the failure occurred in ductility 

rather than in brittleness. Waste tire fibers have been found to 

have capture the cracks when minor impacts are made on 

concrete. Waste tires also contribute towards ductility in case 

of compression failure. 

Casting of concrete cubes and beams for 

compression and flexure tests were according to the IS 

456:2000. Further, mix design was followed as per the IRC 

44:2008 in order to maintain the quality of the pavements. 

Compression testing machine was used for determining 

compressive strength. For determining flexural strength, 4 

point bending test and double shear test were carried out. 

Deformations were calculated using the practical 

investigation while theoretical analysis was also compared. 

Energy methods are helpful in calculating deformation 

formula for theoretical comparisons. Both formulas of 

deflection for 4-point bend test and double shear test were 

calculated using the Castigliano’s first theorem. 

III. EXPERIMENTAL WORK 

A. Methodology 

1) Crushing resistance of aggregates 

2) Test of concrete 

3) Physical inspection of concrete 

4) 28 day compressive strength test 

5) Flexural strength test 

6) Shear strength test 

The flexural strength test to be conducted is 2-point load test 

(4-point bend test) and the shear strength test to be conducted 

is double shear test. 

B. Tests on Aggregates Abrasion resistance of aggregates 

The Los Angeles abrasion test is conducted to calculate the 

abrasion resistance of coarse aggregate. 

1) Procedure 

1) Aggregates dried in oven at 105 - 110 °C to constant 

weight conforming to any one of the grading. E.g. 1250 

gm of 40-25 mm, 1250 gm of 25-20 mm, 1250 gm of 20- 

12.5 mm, 1250 gm of 12.5-10 mm with12 steel balls. 

2) Aggregate weighing 5 kg is placed in cylinder of the 

machine (W1). 

3) Machine is rotated @ 30- 33 rpm for 500 revolutions. 

4) After 500 complete revolutions machine is stopped and 

complete material is taken out including dust. 

5) Then the complete material is sieved through 1.7 mm 

sieve. 

6) Then the retained mass is washed thoroughly, oven dried 

for 24 hours and then weighed(W). 

7) So the weight of the mass passing = W1 – W = W2. 

8) Then the abrasion resistance is calculated in terms of Los 

Angeles abrasion value (LAAV). 

LAAV = (W2 / W1) x100 

Where W2 = Weight of fines passing 1.7 mm 

W1 = Weight of the sample 

In this experiment 

Weight of the sample = W1 = 5000gms 

Weight of fines passing 1.7 mm = W2 = 1180gms 

So LAAV = W2x100 / W1 

=1180 x 100/5000 

=23.6 

C. Impact resistance of aggregates 

The Impact value test is conducted to measure the resistance 

of the aggregate towards impact load. The impact test 

machine is used to determine the aggregate impact value of 

coarse aggregate as per IS 2386 Part IV - 1963 -Methods of 

test for aggregates. 

1) Procedure 

1) Aggregate passing through 12.5 mm IS sieve and 

retained on 10 mm sieve is taken. 

2) The aggregates are filled in the cylindrical measure in 3 

layers by tamping each layer by25 blows. 

3) Excess aggregates are stroke off using the tamping rod as 

a straight edge. 

4) The net weight of aggregate in the measure is (W1). 

5) The hammer is raised to height of 38 cm above the upper 

surface of the aggregates in the cup and is allowed to fall 

freely on the specimen. 

6) After subjecting the test specimen to 15 blows, the 

crushed aggregate is sieved through IS2.36 mm sieve. 

7) The fraction passing through IS 2.36 mm sieve is 

weighed (W2). 

8) The impact resistance of the aggregates were expressed 

in terms of impact value. 

Impact value = (W2 / W1) x100 

Where W2 = Weight of fines passing 2.36 mm 

W1 = Weight of the sample 

In this experiment 

Weight of the sample = W1 = 327gms 

Weight of fines passing 2.36 mm = W2 = 71.3gms 

So Impact value = W2x100 / W1 

=71.3 x 100/327 

=21.8% 

D. Crushing resistance of aggregates 

The Crushing value test is conducted to measure the 

resistance of the aggregate towards crushing load. 

Procedure 

1) Aggregates passing 12.5 mm and retained on 10 mm are 

selected for this test. 

2) 3.25 g of the sample is taken and filled in the cylindrical 

measure in 3 layers, tamping each layer 25 times. 



A Study on Use of Polymeric Waste Materials in Concrete for Road Pavements 

 (IJSRD/Vol. 5/Issue 09/2017/075) 

 

 All rights reserved by www.ijsrd.com 316 

3) After leveling the aggregates at the top surface the test 

sample is weighed (W1). 

4) The cylinder is now placed on the base plate. 

5) The cylinder with the test sample and plunger in position 

is placed on compression machine. 

6) Load is applied at a rate of 4 tons per minute up to 40 

tons. 

7) The crushed aggregate is taken out and sieved through 

2.36 mm IS sieve. 

8) The materials passing through 2.36mm sieve is weighed 

(W2). 

9) The crushing resistance of the aggregate is then 

expressed in terms of crushing value. 

Crushing value = (W2 / W1) x100 

Where W2 = Weight of fines passing 2.36 mm 

W1 = Weight of the sampleIn this experiment 

Weight of the sample = W1 = 353gms 

Weight of fines passing 2.36 mm = W2 = 75.2gms 

So Impact value = W2x100 / W1 

=75.2 x 100/353 

=21.3% The experimental data is tabulated in table 

E. Test on aggregates 

L.A. 

ABRASION 

TEST 

IMPACT 

VALUE 

TEST 

CRUSHING 

VALUE TEST 

1) Maximum 

value 

allowed in 

fiber 

introduced 

concrete = 

30% 

1) Maximum 

Value allowed 

in fiber 

introduced 

concrete = 

45% 

1) Maximum 

value allowed 

in fiber 

introduced 

concrete = 

30% 

2) Test results 

on average 

= 23.6% 

2) Test 

results on 

average = 

21.8% 

2) Test results 

on average = 

21.3% 

F. Mix Design 

The proportion of concrete mix is to be designed to ensure the 

workability of concrete and to make the concrete possess the 

required strength, toughness and durability at the hardened 

condition. 

The design mixes M30, M35 and M40 are carried 

out in accordance to codes IRC 44:2008. The specifications 

of material used are 

Cement: - OPC 43 grade 

Fine aggregate: - Zone 3 

Coarse aggregate: - Crushed rock (10mm and 20mm) 

Admixture: - Plasticizer 

The water cement ratio for design was chosen in between 0.4 

to 0.45. 

The coarse aggregates 10mm and 20mm are used in ratio 90 

to 10.In case of fiber introduced concrete, the polyethylene 

fibers and tire fibers each are used in 1.5% v/v of concrete 

mass. 

The design mix proportion is shown in the table. 

G. Mix Design 

GRA

DE   

OF 

CON

CRE

TE 

W

AT

ER 

CE

ME

NT 

FINE 

AGG

REGA

TE 

COA

RSE 

AGG

REGA

TE 

(10m

m) 

COA

RSE 

AGG

REGA

TE 

(20m

m) 

ADMI

XTU

RE 

M30 
0.4

5 
1 2.1 3.06 0.34 0.019 

M35 
0.4

3 
1 1.6 2.7 0.3 0.022 

M40 0.4 1 1.8 2.7 0.3 0.023 

Specific gravity of polyethylene = 0.94 

Specific gravity of tire (without steel wires) = 1.14 

H. Compressive strength of conventional concrete cubes 

RADE 

OF 

CONCR

ETE 

SPECI

MEN 

NO. 

FAIL

URE 

LOAD 

(Tons) 

COMPRE

SSIVE 

STRENGT

H 

(N/mm2) 

MEAN 

COMPRE

SSIVE 

STRENGT

H 

(N/mm2) 

M30 

1 83 36.88 

37.18 2 84 37.33 

3 84 37.33 

M35 

1 95 42.22 

42.66 2 97 43.11 

3 96 42.66 

M40 

1 104 46.22 

46.96 2 108 48 

3 105 46.66 

I. Point Bend Test 

 

J. Point bend test Load vs Deflection for M30 concrete 
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IV. RESULT ANALYSIS 

The values of deflection are calculated theoretically and the 

obtained values are compared with the values obtained in the 

respective experiments. Some standard values are taken into 

consideration: 

Poisson’s ratio (µ) = 0.2 

Modulus of elasticity (E) = 5000 √fck Where fck = 

characteristic strength of concrete 

So for M30, E =27386.13 MPa M35, E = 29580.40 MPa M40, 

E = 31622.77 MPa 

As in case of fiber introduced concrete the mean of the cube 

strengths are taken into consideration, same will be done for 

conventional concrete. 3. Moment of inertia (I) = bd3/12 

=100x753/12 

=3515624 mm4 

The effective length is taken as the length of the specimen 

So L = Leff = 400 mm 

V. DISCUSSIONS 

Where petroleum and its by-product levels are shrinking by 

the day, concrete pavements are a better substitute of 

bituminous pavements for highway road applications. 

Locally available normal OPC can be used for pavement 

replacing bitumen which is a distillation product of crude 

petroleum. 

Use of non-biodegradable substance like waste 

polyethylene is an economic and environment friendly 

approach in the field of transportation. Unlike steel fibers it is 

non-corrosive, light weight and has less cost. Similarly 

wasted tire fibers (with steel wires striped out) can be used in 

concrete effectively. These two material together when 

incorporated with concrete fulfill two main requirement of 

pavement material, cost effectiveness and reduced pollution. 

It can be seen that the FRC made by using wasted materials 

like polyethylene and tire fiber significantly increase the 

strength of concrete. The fiber introduced concrete exhibited 

good strength against compression, flexure and shear, three 

most important properties of concrete. It also made the 

concrete tougher and significantly reduced the deflection that 

it undergoes when subjected to any external loads. 

VI. CONCLUSIONS 

The following inferences have been drawn from the 

experiments done on concrete with polyethylene and tire 

fibers: 

1) There is a gain of 17.93%, 15.98% and 16.1% in 

compressive strength of M30, M35 and M40 grade 

concrete respectively. 

2) Gain in flexural strength were found to be 37.34%, 

39.70% and 39.66% for M30, M35, and M40 

respectively. And respective reduction in deflection were 

22.22%, 23.53% and 20.78%. 

3) There is a significant amount of gain found in shear 

strength. Gain in shear strength were found to be 31.33%, 

32.56% and 32.72% for M30, M35, and M40 

respectively. And respective reduction in deflection were 

38.69%, 36.23% and 33.75%. 

4) From the above observations it can be seen that the gain 

in flexural strength is more than gain in shear strength. 

However the center point deflection due to shear force is 

much more reduced than deflection due to flexure. 

5) From theoretical analysis of results it is observed in case 

of 4-point bend test that the percentage of variation of 

deflection in fiber introduced concrete is much higher 

than that of conventional concrete and it goes on 

increasing with increase in characteristic strength for 

both conventional concrete and fiber introduced 

concrete. 

6) The percentage of variation of deflection in conventional 

concrete is found to be 4.76%, 6.59% and 12.5% for 

M30, M35 and M40 respectively and for fiber introduced 

concrete it is found to be 13.7%, 17.3% and 19.31%. 

7) However in case of double shear test that the percentage 

of variation of deflection in fiber introduced concrete is 

nearly equal to that of conventional concrete and it goes 

on increasing with increase in characteristic strength for 

conventional concrete and decreases for fiber introduced 

concrete beams. 

8) The percentage of variation of deflection in conventional 

concrete is found to be 12.19%, 17.86% and 19.5% for 

M30, M35 and M40 respectively and for fiber introduced 

concrete it is found to be 16.98%, 13.72% and 10.41%. 

From the above mentioned findings it can be 

concluded that the wasted polyethylene and tire fibers can be 

used effectively to positively influence the mechanical 

properties of the fiber reinforced concrete. 
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