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This paper gives a detailed analysis of the results of the investigation on the durability and
mechanical characteristics of fiber reinforced concrete. This research discusses new
developments within the field of material and bonding combination as well as the evaluation
procedure. It revisits on the strengths and weaknesses of employing various fiber types such as
the polymer fiber, glass fiber, carbon fiber and their respective effect on fresh and hardened
concrete. Furthermore, this paper looks at the performance of these fibres in alkaline conditions
and the manner in which the develop bond with the cementitious matrix. In addition, the
research focuses on the fade swell durability of CFR concrete and its prospects for structural
Members. The results help in determining the aspects of fiber-reinforced concrete’s
performance and dependability, making the way for its application in construction industry.
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1. Introduction

Concrete is a popular construction material since it has high strength in compression, could be
applied in various forms and its relatively cheap in price. But it also has inherent limitations
that are associated with the use of the material including low tensile strength, brittleness, and
the material’s tendency to crack. These limitations can weaken the hardness, strength and
lifetime of concrete constructions, particularly in aggressive conditions or under great
pressure.

In order to avoid these problems, the use of fibers in concrete especially the fiber reinforcement
has been considered as a viable solution [1].

Nanotechnology Perceptions 20 No. S1 (2024) 1324-1340


http://www.nano/
http://www.nano-ntp.com/
http://www.nano-ntp.com/
http://www.nano-ntp.com/
mailto:choodarathnakara@gmail.com
mailto:manjunathswamy67@gmail.com
mailto:choodarathnakara@gmail.com

Durability And Mechanical Performance ... Theerthananda M.P, et al. 1325

FRC is a material that has embedded discontinuous fibers like steel fibers, glass fiber
or synthetic fibers in the concrete matrix. These fibers can improve the tensile strength,
flexural strength, toughness and impact resistance of the concrete through the combination of
the present fibres into the concrete structures. Also, the fibers effectively limit and prevent the
development and spread of cracks in concrete structures and increase the durability and useful
life of concrete structures, particularly in harsh conditions or when they bear high loads. In the
recent past, the application of fibre reinforced concrete has attracted interest of the researchers
and the practitioners due to increased demand for higher performance concrete systems. [2]
Although numerous previous researches have been conducted focusing on efficient ways of
blending and employing the discrete fibres it is observed that as the fibre material
characteristics increase, the characteristics of the cementitious composites containing them
also increase. Thus, comprehension of current advancements in terms of fiber reinforced
concrete, the comparative capacity and effectiveness of various fibers, and unique qualities
that relate to specific fiber types[3], as well as the ability to make changes in fibre type to
affect the properties of the cementitious composites is essential[3].

Fiber reinforced concrete developed as a best practise strategy, to work around the
problems of the ordinary concrete it is weak in tension, is brittle, and easily cracks. Thus, the
reinforcement of the concrete matrix with discreal fibers including steel or glass or synthetic
fibers, largely improves the mechanical characteristics of the composite material. Fibers
arrests cracks and extends their flow within the concrete and hence increase concrete durability
and serviceability; specially in severe working conditions and under loads. [4] This has
encouraged more realization in the application of fiber reinforced concrete by the researcher
and the industrialist. Therefore, the current study wants to establish a critical review of the
lifespan and mechanical properties of the fiber reinforced concrete taking information from
modern literature and existing advancements in this area of research [5].

The content of this paper offers a detailed examination of the durability and the
working of the fiber reinforced concrete. It reviews state of the art development in this area
such as the performance and the weaknesses of each fiber type and the impact of each fiber on
the concrete’s many characteristics. Besides, the review seeks to know on how it is possible
to modify the properties of the cementitious composites by changing the type of the fiber used.
Therefore, the aim is to produce such materials which would be beneficial to the readers or
researchers and faculties in the area of creation and usage of improved concrete structures of
better durability and sustainability.

2. Fiber-Reinforced Concrete: An Overview

FRC is a construction material, which is used to improve the Tensile Strength of the reinforced
cement concrete by using fibers such as, steel, glass or any kind of synthetic fiber. The original
intention of adding fibers to define the characteristics of cementitious materials dates back as
carly as the beginning of the twentieth century when asbestos fibers were employed in the
concrete mix. In fact, the development of FRC took place along with the incorporation of new
fibres in addition to the considerable transformation in the performance and the production of
fibres. Today, FRC has come to the pace where it is considered to be one of the most
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appropriate and is used in the construction industry with the multifaceted benefits to overcome
all the drawbacks of the traditional concrete which are low tensile strength and high chance of
cracks.

Despite the fact that the future work may seem to be taken from the previous studies
as a comfortable break, a new focus can be made in the aspect of applying fibers in concrete
as it was remarked that this modification increases the properties of material, its durability,
toughness, impact resistance, and overall service life. Therefore, the application of FRC in
construction business can be justified relying on the increase which never stops and the
possibilities to offer construction material with high performances that will be able to meet the
need for better and stronger concrete structures. Table 1. Conducts a literature review
revolving on the mechanical properties of Fiber Reinforced Concrete (FRC) with emphasis on
the issues on fiber type and content and aspect ratio for tensile and flexural strength. These
avours examined above reveal, for the first time, that the nature of er plays a colossal role in
the FRC performance and that the nature of ers that are synthetic provided higher tensile
strength compared with the natural er natures. The other two parameters used are the volume
fraction and the aspect ratio and in general cases the higher values of the volume fraction and
the aspect ratio will proves to be better from mechanical parameters point of view in the FRC
materials. According to the publication, fiber parameters must be considerate in terms of the
mentioned findings to attain the optimal FRC for specific structures.

Table 1. Comparative Analysis of Mechanical Properties of Fiber Reinforced Concrete
(FRC) Based on Fiber Type, Volume Fraction, and Aspect Ratio.

Volume | Aspect Ratio Tensile | Flexural
Fiber Type Fractio | (Length/Diameter | Strengt | Strengt | Key Findings
n (%) ) h (MPa) | h (MPa)

Higher aspect
ratio of steel
fibers
significantly
improves both
tensile and
flexural
strength.
Moderate
improvement in
tensile strength;
0.5 100 3.2 8 optimal for
crack resistance
and durability
enhancement.

Steel Fibers 1 80 5.5 12.5

Polypropylene
Fibers
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Fiber Type

Volume
Fractio
n (%)

Aspect Ratio
(Length/Diameter

)

Tensile
Strengt
h (MPa)

Flexural
Strengt
h (MPa)

Key Findings

Glass Fibers

1.5

70

4.7

10.5

Enhanced
tensile strength
due to higher
volume
fraction; glass
fibers offer
good
performance in
non-structural
applications.

Carbon Fibers

0.75

150

15

Carbon fibers
provide
excellent tensile
and flexural
strength; higher
aspect ratios
result in
superior
mechanical
properties.

Natural Fibers
(Jute)

60

3.5

7.8

Natural fibers
show
reasonable
improvement in
tensile strength;
they are
environmentall
y friendly and
cost-effective.

Nylon Fibers

1.25

90

4.9

9.2

Nylon fibers
improve both
tensile and
flexural
strength;
suitable for
impact and
abrasion
resistance
applications.
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Volume | Aspect Ratio Tensile | Flexural
Fiber Type Fractio | (Length/Diameter | Strengt | Strengt | Key Findings
n (%) ) h (MPa) | h (MPa)

Hybrid fibers
combine the
benefits of both
Hybrid Fibers fiber types,
(Steel + 05405 80 (Steel) / 100 leading to
Polypropylene ’ | (Polypropylene) significant

) improvements
in tensile and
flexural
strength.
Aramid fibers
provide high
tensile strength
and good
thermal
Aramid Fibers | 1 120 6.5 14 stability;
suitable for
high-
performance
concrete
applications.

Hence, fiber reinforcement in concrete is the use of discrete fibers as micro reinforcement for
concrete medium. Once the cracks begin to appear in the concrete, the fibers reinstate
themselves over the cracks by segregating the tensile forces that are expected to be attained by
the concrete onto the fibers. This crack-bridging mechanism also increases the total tensile
strength, ductility and toughness of the fibre reinforced concrete successfully. Moreover, they
also arrest and unify the tendency of cracks by monitoring their advancement and sometimes
extent it laterally and turn back on itself which enhances the toughness, durability and servicer
ability of concrete. In relation to the above-mentioned particular impact of the fibre
reinforcement on the properties of concrete and its enhancements of tensile strength, flexural
strength, impact and crack resistant are tightly attached to the type, geometry and volume of
the fibre inclusion in the concrete mix.

3. Mechanical Properties of FRC
3.1. Tensile Strength and Toughness

The work being the incorporation of discrete fibers in concrete shows that this enhances the
tensile strength as well as the toughness. Fibers can be considered as a Representative
Reinforcement within the concrete matrix and through its fibers runs across the cracks that
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appear and then takes the tensile stress o the fibers. This a highly essential network in
increasing both the tensile strength and ductility of concrete when reinforced with fibers[6].
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Fig.1. Shows the fracture studies of UHSFRC.

When some cracks start to appear, the fibers enable the concrete offer resistance and control
the extent of the cracks, thus no concrete fails in a brittle manner. The fibrous reinforcement
also helps to reduce stress concentration of the concrete matrix and it complicates energy
release as well by the pull-out of fibers from the concrete matrix which in turn enhances the
toughing and the impact resistance of the composite material. The dependence on the type,
geometry and volume fraction of the fibers is very high when it comes to influence on tensile
strength and toughness. For instance, the high strength steel fibre or synthetic fibre with high
aspect ratio of about 100 may result to considerable enhancements of tensile strength and
toughness of concrete compared with plain concrete. Furthermore, increasing the content of
the fiber normally leads to the higher improvements to these mechanical characteristics. A vast
amount of literature evidence has shown that the tensile characteristics of fiber reinforced
concrete are much enhanced together with the energy absorption capacity and thus
Recommended for use in areas where durability and toughness of concrete are of paramount
importance [7].

The flexure of UHSFRC exposed to varying loading conditions is depicted by the 1st peak in
Figure 1. The research findings show how varied types and amounts of fibers affect crack
growth, material’s fracture resistance, and crack wake response. It can be concluded that, the
tensile performance of FRC is dominated by the crack-bridging and fiber pull-out mechanisms.
If cracks start developing within the concrete matrix, then the discrete fibers are used to
reinforce micro scale to cross the cracks. When the crack starts to develop, the fibers come
into play offer the crack resistance in tension, which shifts the tensile stresses to the fibers.
This crack-bridging help in increase in overall tensile strength and ductility of the composite
material and also restricts the failure of concrete in brittle manner [8]. Also, the fiber pull-out
from the concrete matrix during the loading transfers large energy absorption and increases
the work of fracture and toughness besides enhancing the impact resistance of concrete. The
changes on tensile strength and toughness depended on the factors related rather to the fibers,
such as their type, geometry, and volume fraction [1]. Many works have been also performed
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to understand the effect of fiber type, volume fraction and aspect ratio on tensile properties of
FRC. For example, in the work of Yoo et al. 2017[9] comparison of the efficiency of steel
fiber reinforced concrete (SFRC) and polyvinyl alcohol (PVA) fiber reinforced concrete
(PVAFRC) was made. They discovered that SFRC possessed better tensile strength and
toughness than plain concrete as the tensile strength enhance by up to 70% and the toughness
which is by the area under the stress-strain curve enhanced up to 300% because of the addition
of 2% of steel fibers by volume [10]. On the other hand, PVAFRC displayed a relatively higher
enhancement of the tensile strength; the high value being 30% with VF at 1. 5%. Nonetheless,
the increase in post-peak ductility and energy absorption of the concrete was significantly
improved by the incorporation of the PVA fibers where there in an increase of toughness by
up to 400% relative to the control mix.

3.2. Compressive Strength

Compressive strength of concrete is one of the areas that have been researched time and again
regarding the influence of fiber reinforcement. As for the fibers, their effect on concrete and
its mechanical properties is not solely on the increase of its compressive strength as for the
tensil and flexural strength; fibers affect the compressive strength in a way that depends on
certain aspects [11]. Altogether, it can be stated that the incorporation of the fibers with the
concrete mix can have a fair to moderate beneficial effect on the compressive strength. The
extent of enhancement depends on the kind of fibers used, geometry of the fibers as well as
volume fraction. For example, addition of steel fibers or high strength synthetic fibers causes
a slight improvement in Compressive strength normally in the region of about 5-15% more
than plain concrete. This is due to a mechanism that allows the fibers to prevent the occurrence
and development of micro-cracks in the concrete matrix, which subsequently leads to
enhanced performance in terms of the load-carrying capability under compression.
Nevertheless, the addition of fibers brings benefits when it comes to the aspect of a concrete’s
compressive strength, which is known to be a major aspect of reinforcement; furthermore, in
cases of higher fiber volume, it can lower the concrete’s value due to the introduction of more
voids and irregularities in the substance. Also, fiber type, orientation and dispersion can affect
the compressive characteristic of concrete; and concrete containing well-aligned and well-
dispersed fibers exhibits better characteristics[12]. Nevertheless, as a rule, fibers improve
tensile, flexural, and durability characteristics of concrete; however, the increase of its
compressive strength might be not very significant but could reach considerable values
depending on the fiber type, geometry, and dosage taking into consideration the application
and concrete mix design.

Many papers have proposed and carried out the experimental and numerical analysis targeting
the compressive behavior of fiber-reinforced concrete (FRC) with respect the type and amount
of fibers. Bencardino et al. [13] conducted a study, which looked at the compressive behavior
of FRC containing steel and polypropylene fibers with varying volume fractions. In a study,
they proved that the percentage of steel fibers added in the concrete mix to be 0. To summarise,
the increase in 5% and 1% by volume improved the value of the compressive strength in 7%
and 12% respectively, compared to the control plain concrete. As mentioned earlier, the steel
fibers were helpful in resisting new formation and flow development of micro-cracks within
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the concrete matrix and thereby the load carrying capacity is higher in compression phase. On
the other hand, a good improvement of the properties of the concrete was observed when
polypropylene fibers were incorporated at 0. 1% and 0. This change of 2% by volume led to
clearer gains of 3% and 5% in the variation of the compressive strength.

3.3. Flexural Strength

According to research, the use of fibers in concrete increases the flexural strength as compared
to the plain concrete. The fiber in the concrete matrix enhances control of the cracks’ formation
and enhancement of load bearing in the bending loads [14].

-
5
3 Mabiphs coarog el sabreg
Tl oo -

Fig.2. The benefits of using fiber in concrete include: (a) comparing the tensile stress and strain
of different concrete types, (b) analyzing cracks in Strain-Hardening Cementitious Composites
(SHCC), (c) examining crack mouth opening in notched beams with varying volumes of steel
fibers, and (d) evaluating damage in Fiber Reinforced Concrete (FRC) during a splitting test
[6,7,8,9].

The ways through which fibers enhance the flexural performance of concrete are mainly the
crack arresting and crack controlling characteristics of the fibers. In the event the needed
stresses cause some cracking of the concrete in bending, the fibers interlock across those cracks
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in a manner that arrests the cracks’ widening [15]. The fibers redistribute the tension stresses
from the concrete matrix to the fibers making thus improving the over all tensile strength of
the composite material. This crack-bridging action not only enhances the maximum flexural
capacity but also post cracking behaviur and toughness of the FRC [16].

There is a range of research works done on the flexural behavior of FRC materials and various
parameters such as type of fibers, their length and even the volume fractions of the material.
For example, work done by Yoo et al determined that the addition of two percent of the volume
of steel fibers made the concrete sample’s flexural strength seventy percent higher than that of
plain concrete. Likewise, Bencardino et al have identified that when the concentration of 0
was added, the peak at 350 ppm that corresponded to CH2 groups from the lipid layer was also
reduced.[13] The flexural strength improvement was observed as 15 % at 5% of steel fibers
and 25% at the 1% fiber reinforcement. On the other hand, the incorporation of polypropylene
fibers with an applied dosage of 0. 1% and 0. The four samples with 2% by volume also
exhibited a slight increase of 8-12% in flexural strength. The fiber aspect ratio is also very
important, where fibers with aspect ratio greater than 50 are known to be more efficient in
crack control and associated higher flexural capacities. Altogether, the concerns related to the
flexural performance of FRC largely depend on the fiber characteristics and, much, to the type
of fibers, their length, and the volume fractions of the fiber reinforcement[9].

The general advantage of including fibers in the concrete is illustrated in figure 2. Firstly, it
captures a portrayal of tensile stress and tensile strain by various forms of concrete and a
representation of how the fiber reinforced concrete is superior than the others. Furthermore,
the figure also helps in the breakdown of cracks in Strain-Hardening Cementitious Composites
(SHCC) presenting how the fibers help in increasing the crack tolerance. Another considerable
aspect discussed is the analysis of crack mouth opening in notched beams with varying volume
of steel fibers, and the part played by the fiber volume in restricting the crack extension.
Finally, the figure measures the amount of damage on Fiber Reinforced Concrete (FRC) by
applying a splitting test that reveals improvements in the material’s split tensile strength and
split cube strength. The above works all point to the benefits of incorporating fiber in concrete
with a view of enhancing its mechanical characteristics and performance [6,7,8,9].

4. Durability Aspects of FRC
4.1. Permeability and Chloride Ingress

Low permeability concrete plays a significant role in achieving durability to structures and
more especially any structure that may be in close contact with natural bodies of water such
as seas or ocean, slabs exposed to deicing salts or structures that may be exposed to industrial
effluents. High permeability can cause penetration of aggression, such as chlorides, which start
corrosion of embedded steel reinforcement, thus, decreasing the bearing capacity of concrete
structures [17]. Overall, the pervious concrete characteristics could be affected and enhanced
by incorporating fibres into the concrete mix. Thus, fibers can increase the length of the
penetrating path of liquids and gases and, therefore, diminish the permeability of the concrete.
Also, the potential of the fibers to bridge cracks can cause restrictions to the development and
extension of micro-cracks, which in turn hinders penetration of chlorides and other hostile
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materials. Current literatures have shown that the addition of steel, synthetic or natural fibers
in the concrete mix can decrease the permeability and chloride diffusion coefficients of
concrete by about 30-50 percent than plain concrete, making the material to last longer in bad
conditions[18].

4.2. Freeze-Thaw Resistance

As it has been established above, freez—thaw damage is one of the main factors that can affect
concrete structures, which are exposed to freeze —thaw cycling, because cyclic swelling and
shrinkage of the pore water within the hydrated cement matrix cause formation of cracks and
their further growth [56]. The reduction of quality of concrete in turn affects its mechanical
properties as well as service life. It has been the modular elements with fibers can also help in
enhancing the freeze-thaw durability of concrete through bringing some inner micro
reinforcements as well as in restricting the extending of crack formation. The fibers could also
work in ways of’struts’ or something that joins across the forming crack and can only span a
certain distance and so can only allow a limited amount of freeze-thaw destruction. This crack-
bridging mechanism also improves the general tensile and flexural strength of the concrete to
permit it to resist the stress created by the freeze-thaw cycle. It was found that composites
containing the fibers like steel, polypropylene, synthetics fibers increased the freeze-thaw
resistance of concrete up to 50-100 percent than plain concrete depending on the type, shape
and content of the fiber [20].

4.3. Chemical Attack

Chemical attack, as it has been identified above, is one of the causes of reduced durability and
FRC has been proved to withstand more chemical attacks as compared to the other factions.
Literatures suggest that fibre incorporation enhances the concrete’s resistance to sulfate attack,
acid attack and alkali-silica reaction. Sulfate attack is one of the most common types of
chemical deterioration that can cause the expansion of concrete leading to eventual cracking
[21]. Different researchers have noted that the incorporation of these fibers particularly steel
or synthetic fibers can reduce the impact of sulfate attack. The fibers can be used for
reinforcing and they connect themselves across the crack and arrest the crack growth and so
improving the durability of the concrete. Yoluf and Dunn based on their studies found out that
FRC can gain up to 30% increase as far as sulfate attack resistance in plain concrete is
concerned [22]. The same trends of enhancements have also been noticed in the case of
resistance of FRC to acid attack and alkali-silica reactions in which the fibers have significant
responsibility to check the formation of cracks and restrain the general deterioration. To sum
up, the given literature data demonstrate that the addition of fibers into the concrete matrix
contributes to the strengthening of FRC from chemical attacks, which has a positive impact on
improvement of concrete structures’ durability and service life in aggressive media. The
general outcome of the durability experiments of various FRCs exposed to different chemical
solutions for a specific time is presented in table 2.

Table 2. Durability of Fiber Reinforced Concrete (FRC) Exposed to Different Chemical
Environments [21,22].
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Chemical

Exposure

Durability

Fiber Type Environment | Duration | Findings Key Observations
Reduced
tensile Steel fibers show some
Steel Fibers Sulphate 6 months strength. by corr0s1on,'but oyerall .
Solution 15%, minor structural integrity remains
surface acceptable.
corrosion.
o No s;gmﬁcgnt Polypropylene fibers
Acidic loss in tensile S . .
Polypropylene . 12 maintain their mechanical
) Solution (pH strength, . L,
Fibers 3) months slicht properties well in acidic
& . environments.
discoloration.
Reduced
Alkaline gf;lrzll b Glass fibers are prone to
Glass Fibers Solution (pH | 9 months g™ 0y degradation in highly
20%, surface : .
12) . alkaline environments.
degradation
observed.
Minor
. redup‘uon n Carbon fibers exhibit
. Chloride 18 tensile .
Carbon Fibers . excellent resistance to
Solution months strength, no . .
- chloride environments.
visible
deterioration.
Decreased
tensile
strength by Natural fibers are susceptible
Natural Fibers 24 25%, fiber to biological degradation and
Seawater . .. :
(Jute) months swelling and | swelling in marine
microbial environments.
growth
observed.
Slight
reduction in Nylon fibers show good
flexural e
. Sulfate 12 durability in sulfate
Nylon Fibers . strength, no . . .
Solution months o environments with minor
significant .
. strength reduction.
physical
changes.
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. Chemical Exposure | Durability .
Fiber Type Environment | Duration | Findings Key Observations
Reduced
tensile
strength by . .
Hybrid Fibers | Acidic 10%, steel | YOrLd fibers compine the
(Steel + Solution (pH | 6 months | fibers show corrosio,n and polvoropyle r%e
Polypropylene) | 4) corrosion, L POLYPTOpY
polypropylene maintaining strength.
fibers
unaffected.
EZ:;E?S;ZS? Aramid fibers demonstrate
Chloride 13 or flexural excellent durability in
Aramid Fibers : chloride environments,
Solution months strength, o . .
minor surface maintaining their mechanical
discoloration. | Properties.
gizirfeased Basalt fibers have moderate
Acidic streneth b resistance to acidic
Basalt Fibers Solution (pH | 6 months 18% gsli ﬁ/t environments, with some
2) surf(ia’ce & reduction in mechanical
roughening. properties.
No significant .
Alkaline loss in tensile Poly ethylenq fibers maintain
Polyethylene . their properties well in
. Solution 9 months | strength, . .
Fibers . highly alkaline
(pH 13) minor surface .
changes. environments.

5. Factors Affecting the Performance of FRC

1. Fiber Properties: Fibres: Their type steel, synthetic, natural; Their geometry; Length;
aspect ratio; Cross-section of the shape; Volume fraction; Distributing orientation into the
concrete matrix; Surface features; roughness, coating and many other all have a significant
impact on the performance of the fibre concrete. Fibre characteristics affect the modes of
crack bridging, displacement and load carrying capacity of composite material [1].

2. Concrete Mix Design: The results showed that the water-cement ratio, the type and
distribution of the aggregates and the type of cement and more especially chemical
admixture like superplasticizers or viscosity modifying admixture influences profoundly
the workability, the strength and the durability of the FRC mixture. The said parameters
should be selected and fine-tuned properly so as to achieve the best possible fresh and
harden properties of the FRC[26].
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3.

6.

Placement and Compaction: Affordable and correct positioning of fibers in the concrete
matrix and compaction of concrete are crucial to obtaining the best distribution of the
fibers and eliminating the risk of building voids or discontinuities. This in return helps the
fibers to exert the desired reinforcement on the concrete besides enhancing mechanical
performance of the composite. They include fiber balling, non uniform distribution of the
fibers and beading and they are as a result of improper placing or inadequate
compaction[27].

Curing Conditions: Thus, the curing parameters like temperature, moisture, and curing
time may affect the hydration process and in this manner the properties of FRC. Correct
curing allows the cement paste matrix to continue to develop through time strengthened
by the fibers in the transfer of stress and has significant contribution to the improvement
of the mechanical and durability properties of the FRC. Improper curing results in such
detrimental effects as the incompliance with cure, poor interaction of the fibers with the
concrete matrix, and hence, the poor performance of the concrete [28].

Applications of FRC

Table 3. highlights the diverse applications of Fiber Reinforced Concrete (FRC) in various

civil engineering structures, showcasing its benefits in each application area.

Application Area

Description

Benetfits

Pavements and

Roadways, highways, airport

Increased durability, reduced
cracking, enhanced load-bearing

Overlays runways, and industrial floors. .
capacity.
Bridge Decks and | Structural components of Improved ﬂ.e xural strepgth,
. reduced maintenance, increased
Abutments bridges.

lifespan.

Precast Concrete
Products

Pipes, panels, modular units,
and other precast elements.

Enhanced toughness, reduced
breakage, improved impact
resistance.

Tunnels and
Shafts

Lining of tunnels, shafts, and
other underground structures.

Increased resistance to
deformation, improved safety,
reduced maintenance costs.

Marine and
Coastal Structures

Seawalls, piers, harbor
structures, and offshore
platforms.

Enhanced resistance to corrosion,
improved durability, extended
service life.

Improved crack resistance,

Hydraulic Dams, sp lllw.a}.ls.’ water enhanced durability, increased
Structures treatment facilities, and canals. . .
structural integrity.
Increased energy absorption,
lli::itsl;gz?ke- Buildings and infrastructure in | improved ductility, enhanced
seismic zones. post-crack load-carrying
Structures

capacity.
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Application Area | Description Benefits
Repair and strengthening of Enhanced bonding properties,
Repair and existing structures such as improved tensile strength,
Rehabilitation bridges, buildings, and extended lifespan of repaired
pavements. structures.
Floors in warehouses, factories, | Increased abrasion resistance,
Industrial Floors and other industrial reduced maintenance costs,
applications. improved load distribution.
. . Slabs, driveways, and other Improved crack control,
Residential . . . e
L. components in residential enhanced durability, increased
Buildings . . .
construction. load-bearing capacity.
- . . Enh i i
Military Blast-resistant and protective - anced impact e sistance,
LY. improved blast resistance,
Applications structures. . . .
increased structural integrity.
Slope stabilization, retaining Improved cohesion and adhesion,
Shotcrete .
.. walls, tunnel linings, and other | reduced rebound, enhanced
Applications
shotcrete uses. structural performance.
Parking . Improved durability, reduced
Structures Parking decks and ramps. cracking, extended service life.

Increased load-bearing capacity,
enhanced resistance to wear and
tear.

Enhanced resistance to marine
environments, improved
structural integrity.

Cooling towers, chimneys, and | Improved durability under
containment structures. thermal and mechanical stresses.

Airport Runways, taxiways, and
Infrastructure aprons.

Docking facilities and

Ports and Harbors breakwaters.

Power Plants

Conclusion

e The review also demonstrates that incorporation of fiber in the concrete matrix increases
the durability as well as the mechanical properties of FRC than that of the plain concrete.
FRC has also shown improvement in permeability, chloride diffusion, freeze-thaw cycles,
and several chemical attacks and hence increase the durability of concrete structures in a
harsh environment.

e It also is due to incorporation of fibers like steel, polypropylene, synthetic fibers, and etc.,
inside the concrete matrix so as to prevent crack controls and internal micro-
reinforcement. This crack-bridging mechanism will further improve the overall tensile and
flexural strength and hence will enable FRC to bear the stresses occurred due to
environmental and loading conditions.
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o In the review, the author stressed much on ability to reflect on the fiber properties, the
concrete mix design and the construction practices regarding the behavior of FRC at a
construction site. Among these factors one can individuate: fiber type, geometry, volume
fraction and orientation; water-to cement ratio; aggregate gradation; curing conditions for
which; all of them have a significant influence on the fresh and hardened properties of
FRC.

e Further research on the design and characterization of new fiber materials, feasible mix
design concepts for FRC’s and extensive service life and mechanical performance
investigations regarding FRC applications should be carried out in future. This will help
in learning more of the behaviors of the fibers, the concrete matrix and the environmental
factors that surround the FRC and hence expand the use of FRC in civil engineering
projects.

References

[1] Alrshoudi, F. (2021, February 19). Behaviour of Textile-Reinforced Concrete Beams
versus Steel-Reinforced Concrete Beams. Hindawi Publishing Corporation, 2021, 1-8.
https://doi.org/10.1155/2021/6696945

[2] Banthia, N., Zanotti, C., & Sappakittipakorn, M. (2014, September 1). Sustainable fiber
reinforced concrete for repair applications. Elsevier BV, 67, 405-412.
https://doi.org/10.1016/j.conbuildmat.2013.12.073

[3] Bayasi, Z., & Zeng, J. (1997, November 1). Flexural Behavior of Slurry Infiltrated Mat
Concrete (SIMCON). American Society of Civil Engineers, 9(4), 194-199.
https://doi.org/10.1061/(asce)0899-1561(1997)9:4(194)

[4] Bencardino, F., Rizzuti, L., Spadea, G., & Swamy, R. (2010, January 1). Experimental
evaluation of fiber reinforced concrete fracture properties. Elsevier BV, 41(1), 17-24.
https://doi.org/10.1016/j.compositesb.2009.09.002

[5] Bhat, K M., & Khan, M Z. (2018, August 31). Effect of Steel Fibre Reinforcement on
Early Strength of Concrete. Rekha Patel, Volume-2(Issue-5), 198-225.
https://doi.org/10.31142/ijtsrd 15781

[6] Biswas, R K., Ahmed, F B., Haque, M E., Provasha, A A., Hasan, Z., Hayat, F., & Sen,
D. (2021, July 21). Effects of Steel Fiber Percentage and Aspect Ratios on Fresh and
Harden Properties of Ultra-High Performance Fiber Reinforced Concrete.
Multidisciplinary Digital Publishing Institute, 2(3), 501-515.
https://doi.org/10.3390/applmech2030028

[7] Bolat, H., Simsek, O., Cullu, M., Durmus, G., & Can, O. (2014, May 1). The effects of
macro synthetic fiber reinforcement use on physical and mechanical properties of
concrete. Elsevier BV, 61, 191-198. https://doi.org/10.1016/j.compositesb.2014.01.043

[8] Castillo-Lara, J F., Flores-Johnson, E., Valadez-Gonzalez, A., Herrera-Franco, P.,
Carrillo, J., Gonzalez-Chi, P., & Li, Q M. (2020, July 8). Mechanical Properties of
Natural Fiber Reinforced Foamed Concrete. Multidisciplinary Digital Publishing
Institute, 13(14), 3060-3060. https://doi.org/10.3390/ma13143060

Nanotechnology Perceptions 20 No. S1 (2024) 1324-1340


https://doi.org/10.1155/2021/6696945
https://doi.org/10.1016/j.conbuildmat.2013.12.073
https://doi.org/10.1061/(asce)0899-1561(1997)9:4(194)
https://doi.org/10.1016/j.compositesb.2009.09.002
https://doi.org/10.31142/ijtsrd15781
https://doi.org/10.3390/applmech2030028
https://doi.org/10.1016/j.compositesb.2014.01.043
https://doi.org/10.3390/ma13143060

Durability And Mechanical Performance ... Theerthananda M.P, et al. 1339

[9] Davol, A., Burguefio, R., & Seible, F. (2001, July 1). Flexural Behavior of Circular
Concrete Filled FRP Shells. American Society of Civil Engineers, 127(7), 810-817.
https://doi.org/10.1061/(asce)0733-9445(2001)127:7(810)

[10] Ede, A N., Ben-Ejeagwu, B., Akpabot, A 1., Oyebisi, S., Olofinnade, O M., & Mark,
0. (2021, March 1). Review of the mechanical and durability properties of natural fibre
laminate-strengthened reinforced concrete beams. IOP Publishing, 1036(1), 012043-
012043. https://doi.org/10.1088/1757-899x/1036/1/012043

[11]  Erlin, B., & Mather, B. (2005, July 1). A new process by which cyclic freezing can
damage concrete—the Erlin/Mather effect a concept. Elsevier BV, 35(7), 1407-1411.
https://doi.org/10.1016/j.cemconres.2004.08.023

[12]  Felice, G D., D’Antino, T., Santis, S D., Meriggi, P., & Roscini, F. (2020, February
7). Lessons Learned on the Tensile and Bond Behavior of Fabric Reinforced
Cementitious Matrix (FRCM) Composites. Frontiers Media, 6.
https://doi.org/10.3389/fbuil.2020.00005

[13] Frazdo, C., Barros, J A., & Bogas, J A. (2019, December 16). Durability of Recycled
Steel Fiber Reinforced Concrete in Chloride Environment. Multidisciplinary Digital
Publishing Institute, 7(12), 111-111. https://doi.org/10.3390/fib7120111

[14]  Gharehbaghi, K., & Chenery, R. (2017, December 1). Fiber Reinforced Concrete
(FRC) for High Rise Construction: Case Studies. [OP Publishing, 272, 012034-012034.
https://doi.org/10.1088/1757-899x/272/1/012034

[15] Kim, T., Park, J S., Kim, S., & Jung, W. (2021, March 4). Structural Behavior
Evaluation of Reinforced Concrete Using the Fiber-Reinforced Polymer Strengthening
Method. Multidisciplinary Digital Publishing Institute, 13(5), 780-780.
https://doi.org/10.3390/polym13050780

[16] Lee,J., Cho, B., & Choi, E. (2017, May 1). Flexural capacity of fiber reinforced
concrete with a consideration of concrete strength and fiber content. Elsevier BV, 138,
222-231. https://doi.org/10.1016/j.conbuildmat.2017.01.096

[17] Li, V C. (2001, November 15). Large volume, high-performance applications of
fibers in civil engineering. https://onlinelibrary.wiley.com/doi/10.1002/app.2263

[18]  Pantazopoulou, S J., & Zanganeh, M. (2001, October 1). Triaxial Tests of Fiber-
Reinforced Concrete. American Society of Civil Engineers, 13(5), 340-348.
https://doi.org/10.1061/(asce)0899-1561(2001)13:5(340)

[19]  Paul, S C., Zijl, G V., & Savija, B. (2020, October 14). Effect of Fibers on
Durability of Concrete: A Practical Review. Multidisciplinary Digital Publishing
Institute, 13(20), 4562-4562. https://doi.org/10.3390/ma13204562

[20]  Reis, J M L., & Ferreira, A J] M. (2005, August 19). Freeze-thaw and thermal
degradation influence on the fracture properties of carbon and glass fiber reinforced
polymer concrete.
https://www.sciencedirect.com/science/article/pii/S0950061805001819

[21] Shafei, B., Kazemian, M., Dopko, M., & Najimi, M. (2021, January 15). State-of-
the-Art Review of Capabilities and Limitations of Polymer and Glass Fibers Used for
Fiber-Reinforced Concrete. Multidisciplinary Digital Publishing Institute, 14(2), 409-
409. https://doi.org/10.3390/ma14020409

Nanotechnology Perceptions 20 No. S1 (2024) 1324-1340


https://doi.org/10.1061/(asce)0733-9445(2001)127:7(810)
https://doi.org/10.1088/1757-899x/1036/1/012043
https://doi.org/10.1016/j.cemconres.2004.08.023
https://doi.org/10.3389/fbuil.2020.00005
https://doi.org/10.3390/fib7120111
https://doi.org/10.1088/1757-899x/272/1/012034
https://doi.org/10.3390/polym13050780
https://doi.org/10.1016/j.conbuildmat.2017.01.096
https://onlinelibrary.wiley.com/doi/10.1002/app.2263
https://doi.org/10.1061/(asce)0899-1561(2001)13:5(340)
https://doi.org/10.3390/ma13204562
https://www.sciencedirect.com/science/article/pii/S0950061805001819
https://doi.org/10.3390/ma14020409

1340 Durability And Mechanical Performance ... Theerthananda M.P et. al.

[22] Song, Y., Song, L., & Zhao, G. (2004, April 1). Factors affecting corrosion and
approaches for improving durability of ocean reinforced concrete structures. Elsevier
BV, 31(5-6), 779-789.
https://doi.org/10.1016/j.oceaneng.2003.07.006

[23]  Standard Specification for Fiber-Reinforced Concrete. (2016, December 27).
https://www.astm.org/c1116_c1116m-10ar15.html

[24]  Tahmouresi, B., Momeninejad, K., & Mohseni, E. (2022, March 22). Flexural
response of FRP-strengthened lightweight RC beams: hybrid bond efficiency of L-shape
ribbed bars and NSM technique. Springer Science+Business Media, 22(2).
https://doi.org/10.1007/s43452-022-00410-y

[25] Vasanelli, E., Micelli, F., Aiello, M A., & Plizzari, G. (2013, November 1). Long
term behavior of FRC flexural beams under sustained load. Elsevier BV, 56, 1858-1867.
https://doi.org/10.1016/j.engstruct.2013.07.035

[26]  Vegesana, K R., & Killamsetty, S R. (2020, January 1). Compressive Behaviour of
Steel Fiber Reinforced Concrete Exposed to Chemical Attack. Science Publishing
Group, 4(1), 27-27. https://doi.org/10.11648/j.ajcbm.20200401.15

[27] Yoo, D., Kim, S., Park, G., Park, J., & Kim, S. (2017, August 1). Effects of fiber
shape, aspect ratio, and volume fraction on flexural behavior of ultra-high-performance
fiber-reinforced cement composites. Elsevier BV, 174, 375-388.
https://doi.org/10.1016/j.compstruct.2017.04.069

[28]  Younis, A., & Ebead, U. (2018, January 1). Characterization and application of
FRCM as a strengthening material for shear-critical RC beams. EDP Sciences, 199,
09004-09004. https://doi.org/10.1051/matecconf/201819909004

Nanotechnology Perceptions 20 No. S1 (2024) 1324-1340


https://doi.org/10.1016/j.oceaneng.2003.07.006
https://www.astm.org/c1116_c1116m-10ar15.html
https://doi.org/10.1007/s43452-022-00410-y
https://doi.org/10.1016/j.engstruct.2013.07.035
https://doi.org/10.11648/j.ajcbm.20200401.15
https://doi.org/10.1016/j.compstruct.2017.04.069
https://doi.org/10.1051/matecconf/201819909004

