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Concrete for Rigid Pavement Applications 
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Abstract— Synthetic hybrid fiber reinforced concrete is an advanced embryonic construction material which can be described as a 

concrete having high mechanical strength, Stiffness and durable. Fiber reinforced concrete is one type of special concretes comprises of 

light weight concrete, high density concrete, fal-g concrete, polymer concrete, micro concrete and self compacting concrete. This paper 

deals with the effects of addition of various proportions of Polypropylene, Polyvinyl alcohol, Recron 3s fibers on the properties of M35 

grade of concrete with locally available ingredients. The experimental program has been done to explore fibers effects on compressive, 

tensile and flexural strengths under different curing conditions. The main aim of the investigation program is to study the effects of 

Polypropylene, Polyvinyl alcohol, Recron 3s fibers in concrete and find out the optimum fiber content. The individual and combination of 

Polypropylene, Polyvinyl alcohol, Recron 3s fibers were added to the conventional concrete at 0%, 0.2%, 0.4%, 0.6%, 0.8%, and 1% by its 

total weight of concrete. The concrete specimens of cubes, cylinders and beams have been tested at various age levels of 7 days and 28 

days to study the mechanical properties of hardened concrete such as compressive strength, tensile strength, flexural strength 

respectively. 

Index Terms— Concrete, Hybrid fiber reinforced concrete, polypropylene fiber, polyvinyl alcohol fiber, recron 3s fiber.   

——————————      —————————— 

1 INTRODUCTION                                                                     

DUE to the rapid development in civil engineering 
construction, the hybrid fiber reinforced concrete (HFRC) and 
its extensive applications has becomes popular. Hybrid fiber 
reinforced concrete (HFRC) has higher strength, energy 
dissipation ability and deformation ability than Plain 
Concrete, so it can decrease the surface cracks in road 
pavements which consequently improves its service life. 
Hybrid fiber reinforced concrete (HFRC) produces a 
composite material that derives benefits from each of the 
individual fibers and exhibits a synergistic response. The 
hybrid combination of metallic and non metallic fibers can 
improve the properties of concrete as well as reducing the 
overall cost of production of concrete. Hybrid fiber reinforced 
concrete (HFRC) contains fibrous material which increases the 
structural integrity and short discrete fibers which are 
randomly oriented and uniformly distributed. The fiber can 
make the failure mode into more ductile by increasing its 
tensile strength of concrete. The character of hybrid fiber 
reinforced concrete (HFRC) changes with varying concretes, 
fiber materials, geometries, distribution, orientation and 
densities. Improvement of mechanical properties of concrete 
depends upon the addition of short discontinuous fibers. It 
increases elastic modulus, decreases brittleness, controls 
initiation, subsequent growth and propagation of cracks. 
Based on its unique Properties and obtained high range of 
strength values, the hybrid fiber reinforced concrete (HFRC) 
can be used in any kind of construction. 

 
 

2 SYNTHETIC HYBRID FIBER REINFORCED CONCRETE 
2.1 Definition 
Concrete containing cement, water, fine aggregate and coarse 
aggregate with synthetic discontinuous discrete fibers is called 
synthetic hybrid fiber-reinforced concrete (SHFRC). Plain 
concrete fails suddenly once the deflection corresponding to 
the ultimate flexural strength is exceeded, but fiber reinforced 
concrete continue to sustain considerable loads even at 
deflections. 
 
2.2 Fibers Used   

1. Polypropylene fiber (PP) 
2. Polyvinyl alcohol fiber (PVA) 
3. Recron 3S fiber  

 
2.3 Properties of Fibers 
 Polypropylene fiber 
  Color    - White   
  Density    - 0.91gm/cc 
  Melting point   - 160oC                           
  Fiber length   - 12mm 
  Design   - Monofilament fiber 
  Thermal Conductivity  - Low 
  Moisture   - <1% 
  
 Polyvinyl alcohol fiber 
  Density    - 1.29gm/cc 
  Length    - 12 mm 
  Diameter   - 30 micron 
  Tensile strength   - 880 MPa 
  Young’s Modulus  - 25 GPa 
  Melting point   - 130oC 
  
 Recron 3S fiber 
  Chemical composition  -Modified polyester 
  Density    - 0.89gm/cc 
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  Diameter   - 30 micron 
  Melting point   - 240oC 
  Cut length   - 12 mm 
  Specific gravity   - 1.34 
  Elongation   - >20% 
 
2.4 Objectives  

1. Determination of the compressive strength, split 
tensile strength and flexural strength of the synthetic 
hybrid fibre reinforced concrete.  

2. The main aim is to study the strength and behaviour of 

synthetic Hybrid Fiber Reinforced Concrete of grade 

M35 for rigid pavement applications.  

3. Comparison of the conventional concrete with the 
synthetic hybrid fibre reinforced concrete.  

4. The synthetic fibers of polypropylene (PP), polyvinyl 
alcohol (PVA) and recron 3s fibers have been used at 
varying percentage of 0.2%, 0.4%, 0.6%, 0.8% and 1% 
of total volume of concrete individually and 
comparatively.  

 
2.5 Applications of Hybrid Fiber Reinforced Concrete  
 The following are the applications of hybrid fiber 
reinforced concrete  

1. Roads (or) Pavements  
2. Runway and Taxiway pavements 
3. Industrial flooring  
4. Tunnel and canal lining  
5. Slope stabilization  
6. Thin shells  
7. Curtain Walls  
8. Pipes  
9. Manholes  
10. Dams and Hydraulic structures  
11. Roof tiles 
12. Impact resisting structures 

3 LITERATURE REVIEW 

Boulfiza.et.al. determined the effective permeability of 
cracked and uncracked concrete by using modeling. The 
permeability has been effected by crack width variations from 
0.1 to 0.3 mm. The effective permeability of cracked and 
uncracked matrices was showed a difference of 13 orders of 
magnitude compared with the uncracked matrix has 
significantly lower permeability. Results have been showed 
that the saturated concrete can be treated in a binary manner 
with extremely high rates and negligible rates of intrusion 
occurred by well defined surface cracks and dense matrix 
respectively. 
  
Mohammed.et.al. studied the isolated microcell and macro 
cell corrosive behavior on cracked and uncracked segments of 
reinforced concrete beam elements. Several experiments were 
conducted and results showed that the corrosion initiated in 
cracked segments sooner and with higher corrosion rates than 
uncracked. Similar results were also described by others, 
where higher corrosion activity was observed within cracked 
areas than in uncracked areas. 

 
Yoo.et.al. studied the flexural behavior of ultra high 
performance fiber reinforced concrete (UHPFRC) using hybrid 
steel fibers with various scales. Reported that the hybrid use of 
steel fibers at multi scales has been effectively improve the 
post cracking strength, flexural toughness and cracking 
process of concrete by the comparison of use of single steel 
fibers. Moreover, some researchers focused on the flexural 
behaviour of FRC with steel and polyester fibers and found 
there was a positive synergy.  
 
Pajak.et.al. conducted a research on the flexural properties of 
steel-polypropylene HFRC. Results has been showed that steel 
fibers play the most important role in the enhancement of 
mechanical properties, and polypropylene fibers only slightly 
improve the toughness of concrete.  
 
Yap.et.al. studied the flexural toughness of steel-
polypropylene hybrid fiber reinforced oil palm shell concrete. 
Research has been concluded that the dominance of steel 
fibers on the first crack deflection and toughness of concrete 
was evident in the hybrid system.  
 
Almusallam.et.al. investigated on the fracture behavior of 
HFRC by using three types of fibers namely steel, Kevlar and 
polypropylene fiber. Based on the results, analytical models 
were developed using an inverse analysis to predict the 
tension softening diagram of HFRC.  
 
Bentur.et.al. studied on Fiber-reinforced concrete (FRC) was 
well known for its enhanced tensile and flexural strengths, 
tensile ductility, and flexural toughness. The inherent 
properties of plain concrete can be dramatically improved by 
addition of fiber owing to the crack arrest mechanism. These 
properties make FRC attractive for the use in high 
performance structural applications such as pavement, repair 
of structure, deep beam, offshore environment, etc.  
 
Yin.et.al. conducted the Substantial experimental studies on 
both plain concrete and steel fiber reinforced concrete (SFRC). 
The material properties and mechanical behavior of both plain 
concrete and SFRC has been developed by highly concerned 
and numerous investigations. An experimental study has been 
performed on the strength and stress-strain relations of SFRC 
under multi axial stress state. 
 
Prisco.et.al. recognized the strength and ductility of concrete 
is partially improved by inclusion of only single steel fiber (SF) 
or single polypropylene fiber (PF). It has been concluded that 
the optimization of mechanical performance of concrete was 
recently acknowledged by combination of different types of 
fibers. 
 
Iqbal.et.al. improved the splitting tensile strength, flexural 
strength and flexural toughness of the concrete has been 
increased by the volume fraction of steel fibers in high 
strength light weight self compacting concrete (HSLSCC) 
resulted in reduction of compressive strength.  
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Yousefieh.et.al. investigated the effect of fibers on drying 
shrinkage in restrained concrete. It has been shown that the 
elastic modulus of fibers had a significant impact on the 
drying shrinkage of concrete. The inclusion of fibers not only 
reduced the drying shrinkage cracking, but also increased the 
initial cracking time of FRC with respect to plain concrete. 
 
Zhang and Li.et.al studied the effect of polypropylene (PP) 
fibers on durability of concrete composite containing fly ash 
and silica fume. They observed that the addition of PP fibers 
significantly improved the durability properties of concrete. 
An increase in the content of PP fibers up to 0.12% led to a 
gradual reduction in water permeability, carbonation depth 
and drying shrinkage strain of concrete.  
 
Tabatabaeian.et.al. assessed the effect of hybrid fibers on 
rheological, mechanical and durability properties of high-
strength self consolidating concrete (HSSCC). They pointed 
out that the addition of fibers adversely affected the rheology 
of HSSCC. Introducing of steel fibers improved mechanical 
properties of concrete, particularly its splitting tensile 
strength, while replacing a portion of steel fibers with 
polypropylene fibers led to a reduction in the strengths of 
HSSCC.  
 
Blunt.et.al. conducted studies on corrosion resistance of 
hybrid FRC. It has been shown that the hybridization of fibers 
was an effective way to delay the corrosion initiation and 
reduce the corrosion rate by increasing resistance to cracking.  
 
Grija Selvamani.et.al. (2016) studied the waste material from 
paper industry and admixture was hypo sludge and recron 3s 
fiber has been respectively added to the concrete mix. Hypo 
sludge used as an economical cementitious material has some 
chemical properties similar to that of cement. Recron 3s acts as 
reinforcement in concrete which arrests shrinkage cracks 
resistance and improves quality of construction. Experimental 
investigation has been conducted on strength of concrete 
containing hypo sludge and recron 3s fibers. Hypo sludge and 
recron 3s fibers has been added to the concrete at a dosage of 
25%, 50% and 0.5%, 1% by weight of cement. Compression 
test, split tensile test, flexural test, capillary and porosity tests 
were conducted on M30 mix and it has been concluded that 
the results of fiber reinforced concrete compared with the 
conventional concrete. 
 
Amit Rai.et.al. (2014) stated fiber reinforced concrete has a 
number of small fibers are dispersed and distributed 
randomly in the concrete at the time of mixing and improves 
concrete properties in all directions. The fiber helps to transfer 
loads into the internal micro cracks. Steel fibers were 
improving the structural strength to reduce the requirement of 
heavy steel reinforcement. Polypropylene and Nylon fibers are 
using for improve the impact resistance. Freeze thaw 
resistance of the concrete has been improved. Durability of the 
concrete has been improved to reduce the crack widths. Fiber 
reinforced concrete has been developed in recent years and it 
is cement based composite material. It has been concluded that 
the fiber reinforced concrete successfully used in construction 
with its excellent flexural-tensile strength, resistance to 

spitting, impact resistance, excellent permeability and frost 
resistance.  
Yue Chen.et.al. (2018) researched on Modified polyester 
synthetic fiber concrete (MPFC), Monofilament polypropylene 
synthetic fiber reinforced concrete (MPSFC), Reticular 
polypropylene synthetic fiber reinforced concrete (RPFC), and 
Polyacrylonitrile synthetic fiber reinforced concrete (PSFC) to 
improve the durability of airport pavement concrete and 
strength, impermeability and frost resistance has been 
investigated. The flexural strength of MPFC and PSFC has 
been increased by 6% compared with the ordinary concrete 
(PC), but the flexural strength of PSFC increased slightly with 
only 1-2%. Among them impermeability of PSFC was 2.4 times 
of PC and the frost resistance of MPFC was 2 times of that of 
PC. It has been concluded that the fiber content and cost 
benefit analysis has certain influence on the performance of 
synthetic fiber reinforced concrete and the application of fiber 
reinforced concrete in the airport pavement has great 
economic benefits and broad prospects for development. 
 
Navilesh J.et.al. (2017) studied the mechanical properties of 

hybrid fiber reinforced concrete and five mixes were prepared, 

one normal control mix and four hybrid fiber reinforced concrete 

mixes comprising of steel fiber and coconut (coir) fiber. The 

volume of steel fiber was 1% and the volume of coconut fiber 

was 1%, 3%, 5% and 7%. Slump test, compressive test, flexural 

test and split tensile test has been carried out to study the 

mechanical properties of the hybrid fiber reinforced concrete. 

The tests results has been shown that the normal control mix 

shows normal strength development but the hybrid fiber 

reinforced concrete mix gain higher strength then the normal 

control mix. It has been concluded that the strength of hybrid 

fiber reinforced concrete was higher than the strength of normal 

concrete. So with some adjustments of methods and materials, 

further research need to be carried out. 

 

Zhong Xian Li.et.al. (2017) focused on improvement of work 

behaviour of Plain Concrete (PC) of the shear keys in the 

immersed tunnel consisting of series of test programs were direct 

shear, four points flexure, uniaxial tensile, uniaxial compression 

and splitting tensile tests has been carried out to find the 

optimized mixture proportion of the fibers in Hybrid Fiber 

Reinforced Concretes. The experimental studies said, the 

comparisons of mechanical properties of HFRC with different 

fiber content containing 180 kg/m3 steel fibers and 4.5 kg/m3 

basalt fibers has been performed the best in terms of shear 

strength and toughness. The direct shear strength, shear 

toughness and residual shear load were significantly increased 

due to the addition of steel fibers and basalt fibers. It has been 

concluded that the research offers a practical guidance to 

concrete composites designers on the shear strength and shear 

deformation ability of different structures, especially for 

construction of shear keys in the immersed tunnel. 

 
Yin Chi A.M.et.al. (2014) presented the uniaxial compression 
behavior of steel and polypropylene hybrid fiber reinforced 
concrete. The experimental investigation has been done by the 
total of 30 batches of specimens with different fiber reinforced 
indices in terms of volume fraction and aspect ratio with the 
use of orthogonal experimental method. A variance analysis 
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has been done to obtain the optimum proportion of hybrid 
fiber in terms of compressive strength and corresponding 
peak strain and the uniaxial compression strength behavior of 
plain concrete has been improved by inclusion of hybrid 
fibers. The hybrid fiber effected between the volume fraction 
and aspect ratio of steel fiber as well as the polypropylene 
fibers. It has been concluded that the results were used to 
develop the predictive equations for the strength, 
deformation, and complete stress strain relationship of HFRC 
under uniaxial compression and the proposed equations has 
to be useful for further analytical investigations and practical 
engineering simulations. 
 
Susanto Teng.et.al. (2018) investigated the flexural behavior 
and durability properties of high performance hybrid fiber 
reinforced concrete. The mineral admixtures of silica fume (SF) 
and ground granulated blast furnace slag (GGBS) has been 
replaced with the proportions of 10% and 30% weight of 
cement and double hooked end (DHE) steel fibers, single 
hooked end (HE) steel fibers, and polyvinyl alcohol (PVA) 
fibers have been mixed in different proportions in concrete to 
develop hybrid fiber reinforced concrete. Various tests have 
been conducted to obtain compressive strength, flexural 
behavior, rapid chloride migration coefficient and electrical 
resistivity. A very high durable concrete has been achieved by 
simultaneous addition of SF and GGBS in concrete. It has been 
concluded that the substitution of DHE steel fibers with HE 
steel fibers (or) PVA fibers leads to reduction of flexural 
performance of HFRC and also chloride diffusivity of FRC 
was higher while the electrical resistivity of FRC was lower. 
 
R.H. Mohankar.et.al. (2016) studied the mechanical 
performance of Hybrid fiber Reinforced Concrete comprising 
of small closely spaced and uniformly dispersed fibers acts as 
crack resistors and substantially improve its properties. The 
steel fibers and polypropylene fibers have been used as 
Hybrid fibers in different proportions of 0.25%, 0.5%, 0.75% 
and 1%. It has been concluded that the various types of tests 
have been conducted on hardened concrete, to study the 
presence in different proportions of effect of steel fibers and 
polypropylene fibers and compressive strength tests on cube 
and flexural strength tests on beam have been carried out to 
study the properties of hardened concrete. 
 
Mehul J. Patel.et.al (2013) studied the properties of high 
strength concrete additioned by various proportions of 
polypropylene fibers. M40 grade of concrete mix has been 
prepared by locally available ingredients with the presented 
proportions of 0.5%, 1%, and 1.5% of polypropylene fibers. 
Experimental program has been conducted on concrete 
specimens at different age level to explore its effects on 
compressive, tensile, flexural, shear strength and plastic 
shrinkage cracking. Based on test results, it has been 
concluded that the flexural strength, tensile strength and shear 
strengths were notably increased.  
 

Milind V. Mohod.et.al. (2015) noticed the effects of addition of 

various proportions of polypropylene fibers on the properties of 

High strength concrete. M30 and M40 grade of concrete mixes 

have been prepared with the polypropylene fiber proportions of 

0%, 0.5%, 1%, 1.5% & 2%. The main aim of this research is to 

find the optimum Polypropylene fiber content and effect of 

Polypropylene fiber on the concrete mix. The cube compressive 

strength, split tensile strength, flexural strength tests have been 

conducted on concrete specimens at different age level and at 

different curing conditions. The concrete specimens have been 

possessed a notable increase in the compressive, tensile and 

flexural strength and it has been concluded that the further 

investigation need to be recommended and carried out to improve 

more mechanical properties of fiber reinforced concrete. 

 

T.Ch.Madhavi.et.al. (2014) reviewed the embryonic 
construction material of polypropylene fiber reinforced 
concrete which has high mechanical strength, Stiffness and 
durability. Paper presented the comprehensive review on 
behaviour, applications and performance of Polypropylene 
Fiber Reinforced Concrete. Intrusion of polypropylene fibers 
into concrete has been reduced the cost of construction and 
optimum utilization of materials. It has been concluded that 
the manufacture and strength of Polypropylene Fiber 
Reinforced concrete is also studied related to various issues. 
 
Archana P.et.al. (2017) compared conventional concrete with 
the polypropylene fiber reinforced concrete. Research 
program developed on evaluation of performance of 
polypropylene fiber reinforced concrete. By the intrusion of 
polypropylene fibers into concrete the low tensile strength, 
destructive failure, brittle failure has been reduced and 
concrete ductility, energy absorption has been increased. The 
volume fraction of proportions of polypropylene fibers into 
concrete ranges from 0%, 0.2%, 0.4%, 0.6%, 0.8%, 1% to 2%. 
Experimental investigation has been done on polypropylene 
fiber reinforced concrete to exploring properties such as 
compressive strength, flexural strength, split tensile strength 
and shear strength. It has been concluded that the significant 
change has been found in the compressive strength, flexural 
strength, split tensile strength and shear strength of 
polypropylene fiber reinforced concrete compared with the 
conventional concrete. 
 
M. Devi.et.al. (2018) reported on durability studies of 
polyvinyl alcohol fiber reinforced concrete. To achieve the lack 
of durability in our construction materials, inability to provide 
timely maintenance, absence of advanced condition 
assessment tools, lack of long-lasting, cost effective repair 
materials and technologies the polyvinyl alcohol fiber 
reinforced concrete has been supported as an ideal material. 
The PVA fibers have been replaced with the cement weight by 
0%, 0.1%, 0.2%, 0.3% and 0.4% to the conventional concrete. 
The mechanical properties of Compressive strength, Split 
tensile strength and Modulus of rupture of concrete specimens 
have given good results. It has been concluded that the 
durability performance of PVA fiber reinforced concrete has 
been found after immersion of concrete cubes in Sodium 
Chloride (NaCl), Sodium Sulphate (Na2SO4), and Magnesium 
Sulphate (MgSO4) up to 90 days. 
 

L.Kannan.et.al. (2017) studied the flexural behavior of 
polyvinyl alcohol fiber reinforced concrete. To mitigate the 
civil infrastructure problem of apparent lack of tensile 
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strength in concrete has been achieved by using polyvinyl 
alcohol fiber reinforced concrete and acts as an ideal material. 
The PVA fibers have been added to the conventional concrete 
with 0%, 0.1%, 0.2%, 0.3% and 0.4% by the weight of cement. 
Based on the test results of compressive strength, split tensile 
strength and modulus of rupture the optimum content of PVA 
fibers in the concrete has been determined as 0.3%. It has been 
concluded that the flexural behavior of concrete beam was 
studied and compared with conventional concrete. 
 
Korrapati Anil Kumar.et.al. (2017) investigated the 
workability and strength properties of recron 3s fiber 
reinforced concrete. The M25 and M40 grade of concrete 
cubes, cylinders and prisms has been prepared for 7days, 
28days, 56days and 91 days strength by using recron 3s fibers 
in the proportions of 0%, 0.2%, 0.3% and 0.4%. Recron 3s fibers 
were engineered micro fibers with unique triangular cross-
section acts as a secondary reinforcement of concrete. By using 
the recron 3s fibers the mechanical properties of concrete such 
as flexural strength, split tensile strength and transverse 
strengths has been improved along with the abrasion and 
impact strengths and the concrete resisted with  the shrinkage 
cracking. It has been concluded that the workability 
parameters of M25 and M40 grades of concrete were found by 
using slump cone test, Compaction factor test, and Vee-bee 
time test.  

4 CONCLUSION 

The M35 grade of synthetic hybrid fiber reinforced concrete 

have been prepared with the volume fraction of 0.2%, 0.4%, 

0.6%, 0.8%, 1% of Polypropylene fiber, Polyvinyl alcohol fiber 

and Recron 3s fiber mixtures of individual by using 0.41 water 

cement ratio. By the results from literatures, it was observed 

that the compressive strength of PP 0.4%, PVA 0.4% and 

Recron 0.6% and the tensile strength of PP 0.4%, PVA 0.4% 

and Recron 0.6% and the flexural strength of PP 0.4%, PVA 

0.4% and Recron 0.6% was obtained as maximum strength 

then later with increase in fiber content the strengths will fall 

down. 
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