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The most commonly used construction material, concrete, has low tensile strength and is 

susceptible to cracking. To overcome these drawbacks, the integration of fibers, both the natural 

and synthetic ones, has been identified as a viable option. This paper provides an extensive 

analysis of the mechanical advantages of different fibers and the effects on the characteristics 

of fiber reinforced concrete (FRC). This review provides a detailed literature analysis of the 

technical aspects of using both natural and synthetic fibers in concrete to overcome the weak 

tensile strength and high likelihood of cracking. This paper reviews the effects of different 

types of fibers on the characteristics of fiber reinforced concrete and how these discrete fibers 

can be used to improve the performance of concrete in construction works. 

Key words: fiber-reinforced concrete, natural fibers, synthetic fibers, concrete properties, 

durability. 

1. Introduction 

Concrete is one of the most popular construction materials but it has several weaknesses that 

include low tensile strength, brittleness, and cracking. These challenges have been solved by 

the use of fiber reinforcement which is seen as a viable solution. Fiber reinforced concrete 

(FRC) is a composite material which consists of concrete matrix where fibers either natural or 

synthetic are dispersed in the concrete matrix [1]. The objectives of this systematic literature 

review are therefore to examine the use of natural and synthetic fibers in enhancing the 

properties of concrete, compare between the two types of fibers, and discuss on the current 

and future trends in the field of fiber reinforced concrete. In order to achieve the objective of 

this paper which is to present the potential of fiber reinforcement in improving concrete 
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technology, the properties, processing techniques, and comparison between natural and 

synthetic fibers has been discussed in detail [2]. The review not only describes the impact of 

individual fiber types on the characteristics of concrete, but also the impact of the fiber type 

change, as well as the previous research that has established the most efficient ways to 

incorporate and use discrete fibers [3-5]. This paper aims at assessing the types of fibers used 

in concrete, the treatments given to some of the fibers before incorporation in concrete, their 

advantages and disadvantages in concrete, and the impact of the alkali contained in cement. 

However, the use of the fibers natural or synthetic also present some difficulties. The chemical 

interaction between cement matrix and some natural fibers causes alkali-silica reaction that 

affects the durability.  The following is the Life Cycle of Natural Fibers in Fiber Reinforced 

Concrete as illustrated in the Figure 1. The life cycle of natural fibers used in fiber reinforced 

concrete starts from the growing of the fibers and then harvested. These fibers are then treated 

and modified in order to improve their characteristics and then blended into the concrete. After 

being incorporated, they translate to the structural integrity of the concrete through their 

service period. Once the concrete structure has become unusable, it is pulled down and the 

natural fibers being biodegradable, break down hence having minimal effect on the 

environment. 

Fig.1. Shows Life cycle of Natural fibre in Fibers in Fiber Reinforced Concrete. 

As well, the properties of natural fibers depend on factors such as origin, time of harvest, and 

the way they are processed and thus the difficulties in attaining uniformity of concrete 

performance. On the other hand, synthetic fibers have more controllable properties than natural 

ones though the environmental cost and the cost of production of synthetic fibers might be 

relatively high than that of natural fibers [6]. Such trade-offs between the natural and synthetic 

fibers have to be made when choosing the correct fiber type for the specific application. This 

literature review has presented many natural and synthetic fibers that can be incorporated into 

FRC, fiber type, their characteristics and their suitability for FRC applications have also been 

discussed. For instance, there are bamboo, coir, and jute fibers which have been used and 
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researched on widely [1, 5]. These natural fibers have shown their viability in enhancing the 

crack strength, work of fracture, and energy dissipating property of concrete [3]. Conversely, 

synthetic fibers such as glass, steel, and polypropylene have been used often for their high 

tensile strength, durability and the ability of setting their properties [4]. Such things as the 

incorporation of hybrid fiber blends whereby steel fibers are blended with polypropylene fibers 

and other related fibers have been tried with an aim of realizing the combination effects and 

better performances of the fiber reinforced concrete [3].  

This comprehensive review explores the use of natural and synthetic fibers in enhancing the 

characteristics of fiber reinforced concrete. This paper discusses the comparison of the two 

fiber types, uses of the fibers, the problems and prospects of this topic. The review also 

concentrates on performance behavior of different types of fibers on concrete characteristics 

and methods of using discrete fibers successfully. 

2. Natural Fibers 

2.1 Overview of Natural Fibers: This section shall give further explanation of the range of NA 

fibers that are used in concrete works. Natural fibers are obtained from the plant origin 

and have attracted more focus in the area of fibre reinforced concrete because of their 

positive characteristics and advantage. These include bamboo fibers, coir fibers which are 

the fibers got from coconut husks, and jute fibers which are the fibers from the stem part 

of the jute plant and these fibers have been widely researched and incorporated in concrete 

[1,5].  

2.2 In this regard, the natural fibers are chosen for their affordability, easily availability and for 

their ability to enhance concrete’s crack control, brittleness and energy management 

properties. Classify different types of natural fibers used in concrete: Bast fibers: Bast fibers 

can be of premier plane and are pulled out from the stem or trunk of the plant, the most 

important ones are Flax, Jute, Kenaf, and Ramie. Bast fibers are collected from the stem or 

inner bark of the plant being jute, flax as well as hemp fibers. Vegetable fibers are derived 

from the leaves or the sheath of the stem , found in products such as sisal leaf and pineapple. 

Seed/fruit fibers are obtained from the seed’s pods or fruits of plants and are coir which is 

obtained from coconut husk and the cotton fibers. Staple fibers which are derived from grass 

or reed at the stem or the leaves of gramineous plants are bamboo and sugarcane bagasse. All 

these natural fibers have different physical, mechanical, and chemical characteristics which 

affect their performance and their ability to be used in fiber reinforced concrete. It concerns 

various categories of natural<|reserved_special_token_260|> fibres that can be added to 

concrete: bast fibers (jute, flax, hemp), leaf fibers (sisal, banana), seed/fruit fibers (coir, 

cotton), and grass/reed fibers (bamboo, sugarcane bagasse). They all have different 

characteristics, physical, mechanical and chemical, which regulate their performance in 

concrete. The natural fibers available in concrete is depicted in figure 2. Hence, fibers for 

concrete are produced in different sizes and have different shapes. Factors affecting fibre 

reinforced concrete are; water cement ratio, percentage of fibre, diameter of fibre and length 

of fibre. The following are the classifications of fibre reinforced concrete. 
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Fig.2. Shows various types of Fiber-reinforced concrete. 

2.3 Properties and common extraction/processing methods: Generally, natural fibers are less 

dense, more specific strength and highly flexible than conventional reinforcing materials 

recent studies depict that the characteristics of natural fibers largely depend on the species 

of the plant, origin, and processing. The most widely used extraction techniques are 

mechanical, chemical or both mechanical and chemical methods and they influence the 

fibre characteristics. There is often a need for cleaning and sometimes cutting, and 

sometimes chemical treatments in order to enhance compatibility as well as enhance the 

fiber’s performance within concrete. 

2.4 Advantages of Natural Fibers in Fiber Reinforced Concrete: Some benefits of using natural 

fibre in fibre reinforced concrete are; relatively cheap, easily available, probably lighter in 

density and improved mechanical properties like tensile strength, flexural strength, impact 

strength and toughness. Also, the speciation by natural fibers can encourage more durable 

and eco-friendly construction materials that are degradable and have a reduced lifecycle 

than synthetic ones [1,5]. Natural fibers have many benefits, but they also have drawbacks 

and weaknesses that have to be remembered when using fibers in the concrete structures. 

They are fiber type and its naturality, sensitivity to fiber deterioration in the cement matrix, 

interactions of fibers with cement paste, increased water absorption and lastly, poor 

thermal and fire resistance. Also, natural fibers supply and availability may prove to be 

less reliable as opposed to synthetic fibers. To achieve maximum benefits of natural fibers 

in reinforcement of concrete, the mentioned challenges should be sorted out by evaluating 

the right mix design, processing method, and compatibility improvements. 
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3. Synthetic Fibers 

3.1 Overview of Synthetic Fibers: Some of the synthetic fibers applied for the production of 

concrete are polypropylene, polyethylene, polyester, nylon, and the like. These fibers are 

produced through different techniques that include; extrusion, melt spinning and solution 

spinning. Manufacturing of this kind of fibers, for example, polypropylene fibers involves 

extruding the molten polymer through a spinneret then drawing and cutting the continuous 

filaments into short fibers. Based on the results, synthetic fibers showed high tensile strength, 

good durability and resistant to chemical attack. It is because of this possibility that they can 

be designed to have certain characteristics, for instance, in terms of their length and or cross-

sectional dimensions that make them suitable to be used in concrete [7]. 

3.2 Advantages of Synthetic Fibers: It is for this reason that synthetic fibers have several 

characteristics that make them suitable for use in fiber reinforced concrete. They offer higher 

tensile and flexural strength, besides offering better impact and Abrasion resistance. In 

addition to above, the use of synthetic fibers is also greatly useful in checking crack initiation 

and crack extension in concrete thus increasing the toughness as well as ductility of concrete. 

Also synthetic fibers have no variations because they are produced and processed in a 

mechanical way and not in a natural way like the natural fibers. They are also insoluble in the 

alkaline condition of concrete for realizing sustainable performance [8]. 

3.3 Disadvantages of Synthetic Fibers: Although synthetic fibers give many opportunities, 

these materials also have certain disadvantages. However, synthetic fibers normally cost more 

than the naturals; this is one of the significant factors affecting the economy of fiber-reinforced 

concrete. Also, the manufacturing of synthetic fibers is very costly in energy hence negative 

impact if they are not reusable or degrading naturally. These fibers include polyolefins and 

such fibers in particular are reported to have poor bond characteristics with the cement matrix 

and this known to worsen when the fiber is hydrophobic [9]. 

Now this fiber made of polypropylene, polyethylene, polyester, nylon and several other types 

used in concrete are produced through several methodologies. They usually possess 

comparatively high tensile strength, reasonable durability, and sometimes rather well protected 

against chemical aggressiveness, which enables their adjustment to nuances that contribute for 

their enhanced performance. They have better mechanical properties, better control of cracks, 

working performance, and lesser disposal. But they are more expensive and have a higher 

emission level than natural fibers and some need to be modified by compatibility with the 

cement matrix. 

4. Comparative Analysis: Natural vs. Synthetic Fibers 

Thus, when using natural or synthetic fibers within concrete, there is a need to make decisions 

after considering pluses and minuses of each group of fibers. Concerning the properties, it was 

found that, natural fiber gave enhanced mechanical attributes including tensile strength, 

flexural strength, impact strength and hardness [67]. This aspect is attributed to their capacity 

to govern crack start and expansion in the range of cracks, which in turn helps them to bear 

the energy within the concrete matrix. Synthetic fibers being homogenous in their properties 
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and are called high – durability fiber since they are not vulnerable to alkaline solutions in 

concrete and will therefore serve their intended function for the required duration. As for the 

costs, the synthetic fibers are usually more expensive than the natural fibers at the initial stage 

of the construction; therefore, the economy of fiber reinforced concrete is affected. However 

there may be certain circumstances that the quality and performance of the synthetic fibers is 

a PSO making up for for the costs [10]. The characteristic of both the fibers that are being 

compared in detail are summarized in the following table. 1. 

Table 1: Comparative Analysis of Natural vs. Synthetic Fibers in Fiber Reinforced Concrete 

(FRC). 

Criteria Natural Fibers Synthetic Fibers 

Common Types Jute, Coir, Sisal, Bamboo, Hemp Polypropylene, Polyethylene, 

Nylon, Aramid, Carbon 

Source Derived from plants or animals Man-made, produced from 

petrochemicals 

Environmental 

Impact 

Biodegradable, renewable, low 

carbon footprint 

Non-biodegradable, non-

renewable, higher carbon 

footprint 

Tensile 

Strength 

Generally lower tensile strength High tensile strength 

Elastic 

Modulus 

Typically, lower than synthetic 

fibers 

Higher elastic modulus 

Durability May degrade over time due to 

environmental exposure 

Highly durable, resistant to 

chemicals and moisture 

Cost Generally lower cost Higher cost 

Availability Widely available, particularly in 

regions where the fibers are 

grown 

Widely available, though 

dependent on petrochemical 

production 

Workability Can be more challenging due to 

variability in fiber properties 

Consistent quality, easier to 

handle and mix 

Density Lower density, can reduce 

overall weight of composite 

Higher density compared to 

most natural fibers 

Impact 

Resistance 

Good impact resistance Excellent impact resistance 

Crack 

Resistance 

Provides moderate crack 

resistance 

Provides high crack resistance 

Bonding with 

Matrix 

Good bonding, but may require 

surface treatments 

Excellent bonding with minimal 

treatment required 

Moisture 

Absorption 

Higher moisture absorption, can 

affect durability 

Low moisture absorption, 

enhancing durability 

Thermal 

Properties 

Good thermal insulation 

properties 

Varies, but generally good 

thermal stability 
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Sustainability High sustainability due to natural 

origin 

Lower sustainability, dependent 

on fossil fuels 

As for environmental effects as issues of biodegradability, natural fabrics are wholly superior 

and more ecological as compared to the synthetic ones [12]. Manufacture of synthetic fiber is 

a power-hungry process and there may be issues regarding recycle or biodegradability of 

synthetic fiber which may lead to more environmental problem. Basically, the choice of each 

fiber type depends with the need and specifications of the particular use. Areas where natural 

fibers can be of more value include locations where better mechanical properties, low self 

weight and sustainability is desirable as in the case of light weight concrete or precast products. 

Synthetic fibers, for their part, may be enjoyed where consistency in performance, durability 

in the long run and bio resistance or resistance to chemical attack during construction of 

industrial floors or other similar structure [4]. Much attention needs to be paid to the project’s 

needs since it is essential to analyze the peculiarity of every fiber kind and choose the most 

suitable one. Cotton and polyester have their advantages and disadvantages in the application 

of concrete reinforcement. In general, one notices that natural fibers have relatively better 

mechanical properties though these are relatively more erratic. Synthetic fibers makes fabrics 

have better and nearly similar performance levels and better tensile strength but they are 

costlier and also have adverse effect on the environment. In this regard, the choice of which 

of the two fibers is more appropriate for meeting the requirement of that particular application 

will mostly be determined by aspects such as; improved mechanical properties over the 

polymer matrix, low density and durability in the case of carbon fiber, or environmental 

friendliness in the case of glass fiber. Therefore, there is need for one to evaluate the 

advantages and disadvantages of using specific fiber with be respected depending on the 

intended application. 

5. Applications of Fiber Reinforced Concrete 

FRC has been applied in various sectors due to enhancement on mechanical properties as well 

as malleability of the material. Some major application areas include the following: Some of 

them are mentioned in the table 2 below: The following are the brief explanations of some of 

the applications of ANN:  

Table 2. Applications and Benefits of Fiber Reinforced Concrete (FRC). 

Application Description Benefits 

Pavements and 

Overlays 

FRC is used in road pavements, 

airport runways, and industrial 

floors. 

Increased durability, reduced 

cracking, and enhanced load-

bearing capacity. 

Bridges 

Utilized in bridge decks and 

abutments to enhance structural 

integrity. 

Improved flexural strength, 

reduced maintenance, and 

increased lifespan. 

Precast Concrete 

Products 

Used in manufacturing pipes, 

panels, and modular units. 

Enhanced toughness, reduced 

breakage, and improved impact 

resistance. 
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Tunnels and 

Shafts 

Employed in lining tunnels, 

shafts, and underground 

structures. 

Increased resistance to 

deformation, improved safety, 

and reduced maintenance costs. 

Marine and 

Coastal 

Structures 

Applied in seawalls, piers, and 

harbor structures exposed to 

harsh marine environments. 

Enhanced resistance to 

corrosion, improved durability, 

and extended service life. 

Hydraulic 

Structures 

Used in dams, spillways, and 

water treatment facilities. 

Improved crack resistance, 

enhanced durability, and 

increased structural integrity 

under hydraulic pressures. 

Earthquake-

Resistant 

Structures 

Implemented in buildings and 

infrastructure in seismic zones. 

Increased energy absorption, 

improved ductility, and 

enhanced post-crack load-

carrying capacity. 

Repair and 

Rehabilitation 

Used for the repair and 

strengthening of existing 

structures, such as bridges, 

buildings, and pavements. 

Enhanced bonding properties, 

improved tensile strength, and 

extended lifespan of repaired 

structures. 

Industrial Floors 

FRC is commonly used in 

warehouses, factories, and other 

industrial flooring applications. 

Increased abrasion resistance, 

reduced maintenance costs, and 

improved load distribution. 

Residential 

Buildings 

Applied in slabs, driveways, 

and other residential 

construction components. 

Improved crack control, 

enhanced durability, and 

increased load-bearing capacity. 

Military 

Applications 

Used in constructing blast-

resistant and protective 

structures. 

Enhanced impact resistance, 

improved blast resistance, and 

increased structural integrity 

under explosive loads. 

Shotcrete 

Applications 

Employed in slope stabilization, 

retaining walls, and tunnel 

linings using shotcrete methods. 

Improved cohesion and 

adhesion, reduced rebound, and 

enhanced structural 

performance. 

Infrastructure: FRC can be adopted in a number of civil engineering structures such as 

bridges, roads among others due to the following merits of FRC. Because of the enhanced 

tensile and flexural strengths and the FRC ability to arrest cracks, it is ideal to use in concrete 

structures that receive the high loads and impact forces. For example, FRC has been used in 

the area of bridge decks, highway pavements, and airport runways, which results in greater 

durability and longer service life [12]. 

Building and Construction: FRC panel is very common in the construction of houses, 

offices, and other structures of the construction industry. It is widely used in precast concrete 

members and elements like façade panels, beams and columns where the high performance 
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durable property of FRC is cost effective. It has also been used by FRC in the manufacturing 

of concrete pipes, manholes and other proposed precast structure parts [13]. 

Military and Aerospace: Special application of fiber reinforced concrete is in military and 

aerospace industries since the concrete displays high impact resistance, blast resistance and 

non-magnetic characteristics. Some of the specific end uses of FRC have been in the military 

facilities construction, for example, bunkers, hanger and hard skin shelters, aerospace part and 

components. 

Rehabilitation and Repair: FRC is plain silent that it has evolved to be among the key 

solutions in the rehabilitation and reconstruction of existing concrete structures. Based on EIC 

data, FRC in repair and strengthenings application such as jacketing of columns, overlaying 

of bridge decks and concrete repair of spalled concrete show that the material has enhanced 

features and will definitely improve the structural strength of the repaired part. 

Shotcrete and Tunnel Lining: Because of its FRC’s ability to control cracking or prevent 

cracking and give post crack load carrying capacity, FRC is best suitable for shotcrete and 

tunnel lining. FRC shotcrete includes the following, It used in the stabilization of underground 

excavations, slopes, construction of rock support systems. In tunnel lining, FRC increases the 

level of spalling and increases the safety and stability of the structure [14]. 

Specialty Applications: FRC has also been used in special purpose applications including, 

blast resistant structures, seismically resilient buildings, nuclear waste storage structures and 

more. The fiber reinforcement optimizes the energy absorbing capacity and performances 

especially under extreme loading conditions in these specific application [15]. Taken through 

an array of different case scenarios and applications then the application and advantages 

offered by FRC have been well and truly depicted categorizing its prospects of transforming 

concrete construction across different fields. 

FRC has therefore numerous uses in colleges, civil engineering, housing and construction, 

defence and aerospace, retrofitting and reconstruction, spray concrete and linings, and 

specialties. The improved mechanical characteristics of FRC have been summarized early, and 

the versatility of FRC proves its capability to redesign the existing concrete construction 

industry. 

6. Challenges and Future Trends 

However, there are a number of drawbacks that need to be overcome in order to increase the 

effectiveness of fiber reinforced concrete and range of its uses Further developments which 

needs to be implemented in order to come over with the drawbacks are as follows: Two of the 

major difficulties are: One, to ensure that fibers are distributed and dispersed uniformly 

throughout the matrix of concrete. A major challenge persists with attaining an even 

distribution of the fibre; fiber clustering or balling is undesirable since these cause a poor and 

non-homogeneous distribution of the fibre resulting to lower mechanical properties. The 

current research is enclosed towards identifying better procedures of incorporating and placing 

of fibers with assistance of enhanced mixing, vibration and casting techniques and with the 

use of speculative admixtures [16]. 
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Another challenge is the durable of fibre reinforced concrete, especially when exposed to 

aggressive environmental effects. Most fiber types are vulnerable to corrosion, degradation, 

or chemical attacks within concrete structures hence can potentially lead to degradation of the 

concrete structure. Problems such as durability and corrosion are topics that researchers are 

investigating to improve the material selection of fibers, coatings, and protection systems so 

that FRC structures can maintain performance for a long time [17] . As for perspective 

tendencies, it is seen that the integration of the hybrid fiber system that involves the usage of 

the different types of fibers such as steel fibers, synthetic fibers, and natural fibers is 

progressing. These combined systems take advantage of the individual characteristics of each 

fiber type resulting in an overall improvement of the concrete’s mechanical, durability and 

sustainability aspects [18]. Moreover, the focus is shifted on the creation of smart or 

multifunctional FRC materials. They can include, for instance, micro-sensors, repair 

capabilities or energy capturing functions which allow for health monitoring, damage 

detection and additional system functions apart from their structural integration. The change 

of trends connected with the processes of sustainable construction and the circular economy 

shifted the attention to bio- and recycled-based fibers. These fibres can be obtained from 

renewable, waste derived or recycled origins and can be incorporated in FRC; thereby making 

the use of FRC enviro economically sustainable in concordance with the current trend towards 

sustainability in the construction industry globally. Thus, the further developments of the fiber 

reinforced concrete which is still gradually growing in the construction industry will be a result 

of the occurrence of new problems and the search for solutions to these problems that are 

currently awaiting construction science. Thus, there is a prospect to further increase the 

exceptional potential of FRC to develop considerably more strength and long-life concrete 

structures with the added functionalities of self-sensing and self-healing. 

Nevertheless, there are several concerns, which need improvements for the enhancement of 

FRC and usage of it in a variety of constructions. As it has been pointed out, there are several 

benefits, indeed, versatility of fiber reinforced concrete, but there are certain problems, which 

has to be solved to make it even more effective.V Some issues are investigated concerning 

fiber dispersion, particularly about the stability of the fabric material. Today’s trends are the 

hybrid fibers systems, multifaceted or smart fibers and/or Fiber Reinforced Composites, as 

well as the environmental friendly fibers. Thus, the advancement in these challenges by 

research cooperation and development will increase the possibilities of the application of FRC, 

and lead to the new progressive concrete constructions. 

Conclusion 

This review has sought to demonstrate that FRC has many uses and offers numerous 

advantages to numerous organisations in different industries including infrastructure, 

constructing, and specialty industries. These are; improvement in the mechanical properties, 

durability, and versatility of the FRC which has made it a revolutionary material in the concrete 

industry. 

The relevance of fiber reinforcement in concrete technology is based on the following impacts; 

crack, energy absorption, and after mathematics crack load bearing capacity. FRC has 

gradually evolved to the importance of rehabilitation and repair of existing concrete 
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construction besides being used in special Applications such as blast and seismic resistant 

construction. In future developments the problems connected with dispersion of fibers, as well 

as the lifetime of FRC composites, should be solved; moreover, possible trends, such as hybrid 

fiber systems and smart or multifunctional FRC, should be further researched. FRC can be 

regarded as a modern and promising material that, due to the development of research and 

using new technologies, can enhance the creation of more resistant, durable, and ‘smart’ 

concrete constructions. 
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