
 

1073 | P a g e  

 

SYNTHESIS AND CHARACTERIZATION OF 

POLYPROPYLENE FIBER REINFORCED CONCRETE 

1
Charan Abhesinh Ramlal,  

2
Dr. G.R. Selokar 

 
1
Research Scholar, Sri Satya Sai University of Technology and Medical Sciences, (India) 

 

ABSTRACT 

The capability of durable structure to resist weathering action, chemical attack, abrasion and other degradation 

processes during its service life with the minimal maintenance is equally important as the capacity of a structure to 

resist the loads applied on it. Although concrete offers many advantages regarding mechanical characteristics and 

economic aspects of the construction, the brittle behavior of the material remains a larger handicap for the seismic 

and other applications where flexible behavior is essentially required. Recently, however the development of 

polypropylene fiber-reinforced concrete (PFRC) has provided a technical basis for improving these deficiencies. 

Here we study the synthesis and characterization of polypropylene fiber reinforced concrete. 

I INTRODUCTION 

Ceramics were the first engineering materials known to mankind and they still constitute the most used materials in 

terms of weight [1, 2]. Hydraulic cements and cement-based composites including concretes are the main ceramic-

based materials. Concrete offers many advantages in the application due to its improved mechanical characteristics, 

low permeability and higher resistance against chemical and mechanical attacks. Although concrete behavior is 

governed significantly by its compressive strength, the tensile strength is important with respect to the appearance 

and durability of concrete. The tensile strength of concrete is relatively much lower. Therefore, fibers are generally 

introduced to enhance its flexural tensile strength, crack arresting system and post cracking ductile behavior of basic 

matrix. Concrete modification by using polymeric materials has been studied for the past four decades [3]. In 

general, the reinforcement of brittle building materials with fibers has been known from ancient period such as 

putting straw into the mud for housing walls or reinforcing mortar using animal hair etc. Many materials like jute, 

bamboo, coconut, rice husk, cane bagasse, and sawdust as well as synthetic materials such as polyvinyl alcohol, 



 

1074 | P a g e  

 

polypropylene (PP), polyethylene, polyamides etc. have also been used for reinforcing the concrete. Research and 

development into new fiber reinforced concrete is going on today as well. 

Polypropylene fibers were first suggested as an admixture to concrete in 1965 for the construction of blast resistant 

buildings for the US Corps of Engineers. The fiber has subsequently been improved further and at present it is used 

either as short discontinuous fibrillated material for production of fiber reinforced concrete or a continuous mat for 

production of thin sheet components. Since then the use of these fibers has increased tremendously in construction 

of structures because addition of fibers in concrete improves the toughness, flexural strength, tensile strength and 

impact strength as well as failure mode of concrete. Polypropylene twine is cheap, abundantly available, and like all 

manmade fibers of a consistent quality. 

II PROPERTIES OF POLYPROPYLENE FIBERS 

The raw material of polypropylene is derived from monomeric C3H6 which is purely hydrocarbon. Its mode of 

polymerization, its high molecular weight and the way it is processed into fibers combine to give polypropylene 

fibers very useful properties as explained below 

 There is a sterically regular atomic arrangement in the polymer molecule and high crystallinity. Due to 

regular structure, it is known as isotactic polypropylene. 

 Chemical inertness makes the fibers resistant to most chemicals. Any chemical that will not attack the 

concrete constituents will have no effect on the fiber either. On contact with more aggressive chemicals, the 

concrete will always deteriorate first. 

 The hydrophobic surface not being wet by cement paste helps to prevent chopped fibers from balling effect 

during mixing like other fibers. 

 The water demand is nil for polypropylene fibers. 

 The orientation leaves the film weak in the lateral direction which facilitates fibrillations. The cement 

matrix can therefore penetrate in the mesh structure between the individual fibrils and create a mechanical 

bond between matrix and fiber. 

The fibers are manufactured either by the pulling wire procedure with circular cross section or by extruding the 

plastic film with rectangular cross-section. 
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III PROPERTIES OF POLYPROPYLENE FIBER REINFORCED CONCRETE 

Before mixing the concrete, the fiber length, amount and design mix variables are adjusted to prevent the fibers from 

balling. Good FRC mixes usually contain a high mortar volume as compared to conventional concrete mixes. The 

aspect ratio for the fibers are usually restricted between 100 and 200 since fibers which are too long tend to "ball" in 

the mix and create workability problems. As a rule, fibers are generally randomly distributed in the concrete; 

however, placing of concrete should be in such a manner that the fibers become aligned in the direction of applied 

stress which will result in even greater tensile and flexural strengths. There should be sufficient compaction so that 

the fresh concrete flows satisfactorily and the PP fibers are uniformly dispersed in the mixture. The fibers should not 

float to the surface nor sink to the bottom in the fresh concrete. Chemical admixtures are added to fiber-reinforced 

concrete mixes primarily to increase the workability of the mix. Air-entraining agents and water-reducing admixtu- 

res are usually added to mixes with a fine aggregate content of 50% or more. Superplasticizers, when added to fiber-

reinforced concrete, can lower water: cement ratios, and improve the strength, volumetric stability and handling 

characteristics of the wet mix. The properties of PFRC with various fiber volume % are shown in Table 1. 

Polypropylene fibers are used in two different ways to reinforce cementitious matrices. One application is in thin 

sheet components in which polypropylene provides the primary reinforcement. Its volume content is relatively high 

exceeding 5%, in order to obtain both strengthening and toughening. In other application the volume content of the 

polypropylene is low, less than 0.3% by volume, and it is intended to act mainly as secondary reinforcement for 

crack control, but not for structural load bearing applications [11]. The performance and influence of the 

polypropylene fibers in the fresh and hardened concrete is different and therefore these two topics are treated 

separately. 
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3.1 Effects on Fresh Concrete 

The main parameter, which is often used to determine the workability of fresh concrete, is the slump test. The slump 

value depends mainly on the water absorption and porosity of the aggregates, water content in the mixture, amount 

of the aggregate and fine material in the mixture, shape of the aggregates and surface characteristics of the 

constituents in the mixture. The slump values decrease significantly with the addition of polypropylene fibers as 

shown in Table 2. The concrete mixture becomes rather clingy resulting in increasing of the adhesion and 

cohesiveness of fresh concrete. During mixing the movement of aggregates shears the fibrillated fibers apart, so that 

they open into a network of linked fiber filaments and individual fibers. These fibers anchor mechanically to the 
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cement paste because of their large specific surface area. The concrete mixture with polypropylene fibers results in 

the fewer rate of bleeding and segregation as compared to plain concrete. This is because the fibers hold the concrete 

together and thus slow down the settlement of aggregates. Due to its high tensile and pull-out strength, the PP fibers 

even reduce the early plastic shrinkage cracking by enhancing the tensile capacity of fresh concrete to resist the 

tensile stresses caused by the typical volume changes. The fibers also distribute these tensile stresses more evenly 

throughout the concrete. As the plastic shrinkage cracking decreases, the number of cracks in the concrete under 

loading is reduced, due to decrease in cracks from the existing shrinkage cracks. If shrinkage cracks are still formed, 

the fibers bridge these cracks, reducing at the same time their length and width.  

 

Table 2 Effect of polypropylene fibers 

3.2 Effects on Hardened Concrete 

The addition of polypropylene fibres in the concrete did not significantly affect the compressive strength and the 

modulus of elasticity but they do increase the tensile strength. Splitting tensile strength of PFRC approx ranges from 

9% to 13% of its compressive strength. Addition of PP fibers in concrete increases the splitting tensile strength by 

approx 20% to 50%. 

3.3 Flexural Tensile Strength 

The flexural tensile strength increases with increase in volume fraction of fiber. It is also observed that there was 

increase in strength for with the increase in aspect ratio of fibre. 

3.4 Bond strength 

It is necessary that there should be a good bond between the fiber and the matrix. If the critical fiber volume for 

strengthening has been reached then it is possible to achieve multiple cracking. This is a desirable situation because 

it changes a basically brittle material with a single fracture surface to fracture into a pseudo ductile material which 

can absorb transient minor overload and shocks with little visible damage. So the aim is to produce large number of 
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multiple cracks at as close spacing as possible so that the crack widths are very small, almost invisible to naked eye 

so that the rate at which aggressive materials can penetrate the matrix is reduced. High bond strength helps to give 

close crack spacing but it is also essential that the fibers should give sufficient ductility to absorb impacts. But in 

terms of physiochemical adhesion there is no bond between the fiber and the cement gel. The use of chopped and 

twisted fibrillated polypropylene fibers with their open structure has partially remedied the lack of interfacial 

adhesion by making use of wedge action at the slightly open fiber ends and also by mechanical bonding through 

fibrillation. The general pull out loads of twisted fibrillated fibers may range from 300-500N for commonly used 

staples but the accurate calculation of bond strength is complicated by a lack of knowledge of the surface area of 

fiber in contact with the paste. 

3.5 Flexural Impact Properties 

The number of blows required to develop the first visible crack on the beam’s lower surface is defined as the initial-

crack impact number (Ncr). Failure impact number Nf is defined as the number at which one main macro-crack 

develops from bottom to top of the beam. Impact ductility index is defined as the ratio of failure impact number to 

initial crack impact number, which can be used to present the flexural impact ductility. 

J=Nf / Ncr 

where J is impact ductility index, which for plain concrete is 1. The flexural impact test results are shown in table 3 

by researcher [10]. The results indicate that significant improvement in impact resistance of concrete can be 

achieved with relatively low volume fraction of polypropylene fibers. 

 

Table 3 impact properties of fiber reinforced concrete 
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IV CONCLUSION 

Innovations in engineering design and construction, which often call for new building materials, have made 

polypropylene fiber-reinforced concrete applications. In the past several years, an increasing number of 

constructions have been taken place with concrete containing polypropylene fibres such as foundation piles, 

prestressed piles, piers, highways, industrial floors, bridge decks, facing panels, flotation units for walkways, 

heavyweight coatings for underwater pipe etc. This has also been used for controlling shrinkage & temperature 

cracking. Due to enhance performances and effective cost-benefit ratio, the use of polypropylene fibers is often 

recommended for concrete structures recently. PFRC is easy to place, compact, finish, pump and it reduces the 

rebound effect in sprayed concrete applications by increasing cohesiveness of wet concrete. Being wholly synthetic 

there is no corrosion risk. PFRC shows improved impact resistance as compared to conventionally reinforced brittle 

concrete. 
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