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Abstract: Concrete being one of the most frequently used construction materials in the field of construction.
The use of concrete has increased with the passage of time as the more and more construction activities are
taking place around the globe. Different materials have been added in to the concrete mix to provide the
concrete more strength and make itmore durable and long lasting. This paper looks into a detailed comparison
of concrete strength when casted with in the presence of carbon fibers, steel fibers and glass fibers. The
compressive strength for cubes and cylinder with carbon fibersis the highest as compare to steel fibers as well
as glass fibers. The compressive strength of concrete is measured on 3 day, 7 day, 14 day and 28 day strength.
The compressive strength of cube on 28" day strength is 37.52 MPa for carbon fiber steel, for steel fiber it is
34.22 MPa and with glass fiber the strength is 29.335 MPa whereas the compressive strength of cylinder with
carbon fibers the 34.88 MPa, with steel fiber it is 34.22 MPa and with glass fiber the strength is 27.447 MPa. For
the cubes the maximum difference between different fibers inducted concrete sample is 28% approximately
and for cylinder it is 27%, respectively. On the other hand, the tensile strength of concrete was also gained with
the carbon fiber. It was determined that carbon fiber provided about 16% and 12.8% tensile strength higher
than glass and steel fibers respectively.
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1. INTRODUCTION:

Concrete is a widely used material in a construction field. It is extremely popular due to its
higher load carrying capacity, fire resistance, impermeability, and ease of being molded into any
shape. Meanwhile it has some deficiencies which include lower tensile strength, brittleness, limited
Fatigue life, low ductility and low deformations, post cracking capacity when they are subjected
to large flexural forces. It is also well known fact that due to its brittle failure, concrete is considered
extremely vulnerable to flexural loading. Concrete being a brittle material exhibits strong response
against compression, but, when the cracks are initiated in it due to flexural loadings, the concrete
loses all its loading capacity at once without any prior intimation. Although steel reinforcement is
added in concrete to deal with its tensile failure, but on the other addition mild steel makes concrete
heavier than plain concrete that is also a matter of great concern for many structural elements,
because heavier the structural element higher is the chances of concrete structures losing their
stability.

Therefore, in order to control and improve the flexural resistance of concrete different kind of
fibers are being preferred to be used as an extra ingredient in order to improve the loading capacity
of concrete once the load has been acted on it [1]. It has also been studied that improvement in the
durability, mechanical properties such as compressive and tensile strength of the concrete can be
made by using the suitable changes in manufacturing ingredients such as cementitious materials,
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introducing different kinds of sustainable aggregates and by adding some special kind of admixtures
into it. Hence, the use of sustainable and safe concrete has a vital role in the construction field.

The presence and development of micro cracks in the concrete structures is always a matter of
a grave concern because these cracks are responsible for the weakness of the concrete particularly in
tension and this vulnerability does not only make concrete structures unsafe but also lead to the
economic losses as well. Although concrete is not sound enough in tension but this deficiency in
concrete can be easily removed by the induction of the fibers in the concrete ~ mix. These fibers can
be in the form of glass fibers, carbon fibers, steel fibers, and other similar fibers made from industrial
waste or natural products such as coconut fiber. The use of fibers in concrete helps to get its
toughness improved and enhances its ability to prevent further growth of the cracks in concrete
structures. Moreover, these fibers are also responsible for forces to be uniformly spread at the internal
micro cracks; and make concrete lighter in weight as compared to the conventional concrete that’s
due to it that fibrous concrete is getting more popularity among the research scholars. Concrete
having fibers as another ingredient other than cement, and aggregates such a concrete with fibers is
named as the reinforced fiber concrete or fiber reinforced Concrete. Thus, it is the composite
material which is formedbythe mixture of fibers and the reinforced concrete. Fibers are preferred to
be added in concrete so that concrete should gain improvement in its mechanical properties. All types
of fibers have a good impact on both fresh and hardened properties of concrete. That's the reason
that extensive research are being made to produce a sustainable concrete with the addition of fibers.

The application of fibers in concrete can be made in the form of an aggregate having extreme
variation in its shape, size and its smoothness. Fibers like other ingredients of concrete possess
proper shape, size and texture. Not all the fibers in the world are applicable for concrete use.
However, the use fibers in concrete have many advantages including environmental and economic.
Fibers gets interlocked and entangled around aggregate particles that’s why all types of fibers reduce
the workability of the concrete whereas concrete mix becomes extremely cohesive than conventional
concrete and less pronounced to the segregation. Furthermore, the fibers are added into a concrete
mix with the random capacity hence it improves the concrete in its all parameters and directions.
Although it depends upon the type of fiber but it is found that the use of fibers helps the concrete to
get post-peak ductility performance, pre-cracks improvement in tensile strength, and impact load
resistance of the concrete emphatic strength of the concrete.

In addition, the presence of fibers in a concrete act as a crack arresters resisting the development
of cracks in the concrete mixture, cement concrete having extremely low tensile capacity and low
impact resistance gets into a strong improved composite which during period of crack resistance
improve its ductility and the post tracking behavior which is beneficial for the concrete strength.
Hence the use of the study allows us to understand the importance of different types of fibers which
are used to improve the compressive strength of the concrete as well as the tensile strength of the
concrete.

2. Literature Review

At present, there are number of different laboratory examination that has been done on these
fiber reinforced concrete samples in order to measure its effectiveness and the strength values. One
of the detailed review studies was carried out by Weli et al., 2020 and, investigated the mechanical
properties of the concrete using different fibers and he concluded that there were good results when
steel fibers were used in comparison with other fibers. In this study it was observed that the
compressive strength of concrete increased from 7 to 19% whereas the splits tensile strength increased
from 19 to 48% however the flexural strength increased by more than half which was around 25%
but after the usage it moved up to 65% and at last the modulus of elasticity improved from 7% to 25%
respectively [2].

Another research on the use of fibers was conducted by Singh, who induced concrete with 0.33%,
0.65% and 1% of GFRP (Glass Fiber Reinforced Polymers) and CFRP (Carbon Fiber Reinforced
Polymers). These two types of fibers are most common now both make concrete strong in tensile
strength and carbon Fiber polymers are getting popularity in making of light concrete as well. In this
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research it was found that due to this addition of GFRP and CCFRP in concrete the Mechanical and
hydrological properties of the matrix were affected. Since, it was a comparative study so it revealed
that the permeability and porosity of the composite concrete with GFRP were higher than the CFRP.
The overall increase in the compressive strength of fibrous concrete was observed and it was
recommended that the concrete became more eco-friendly and cost-effective by using the wasted
CFRP and GFRP [3].

A detailed research on fibers was also conducted on concrete sample by Aksar et al., 2023. In this
experimental work a total 120 pieces of elements were casted which included 48 cubes, 24 beams, and
48 cylinders. The cylinders were having the diameter of 15 cm and the height of the cylinder was 30
cm, the concrete cubes were casted into 15 x 15 x 15 cm where isthe beam work hosted into 15 cross
15 cm and the length of the beam was 56 cm and their testing was done by the single point loading
technique and all standards were strictly followed for determining the true results. For normal
strength 1:1.5: 2.5 was taken as normal strength proportion NLSP) while for low strength 1:2.6:4.2
was taken as low strength proportion (LSP) for mix. All the samples were brought under testing after
7 days curing and 28 days curing age and their densities were recorded properly before being tested
by the help of standard machines. Overall, the result exhibited that the addition of only 0.25% of
chopped Carbon fiber reinforce polymer (CCFRP) on to a concrete increased the compressive
strength of low strength concrete from 9.5 N/mm?2 to 11.2 N/mm?2, the overall increment of strength
was about 10% in total whereas the 5% increment was there for the normal strength concrete.
Meanwhile, the use of 0.25% of CCFRP was exhibited positive response for flexural strength of
concrete. It revealed that at this percentage both LSP and NSP represented increase the split tensile
strength of concrete from 2.5 MPa to 3.6 MPa , which was about 44% of increment in normal
strength proportion (NSP) where as 16.6% for low strength proportion (LSP) concrete mix.
Similarly, the same scenario was with the flexural strength of the concrete which improved from 4.5
MPa to 5.4 MPa. Therefore, it was recommended that 0.25% was the ideal percentage to be added in
concrete [4].

Moreover, another research was conducted in which fly ash was added in concrete with the
ground granulated blast furnace slag incorporated in place of cement of with the varying percentage.
The concrete was modified in order to find the compressive and tensile strength, and durability of
the concrete mixture. The proportion was mixed in different percentage which was 0.1%, 0.2%, 0.3%
and 0.4% whereas the glass fiber length was around 6 mm and 13 mm. It is also important to
underline that the strength and effectiveness of fibers depend upon their length, therefore size of
fibers is selected with a proper care. Hence, experiments were made ffter taking length of fibers
between 6 mm to 13 mm. The results indicated that the addition of the glass fibers caused
improvement in the overall flexural strength of the concrete and also resulted in enhancing the split
tensile strength of the concrete as well. The use of 13 mm glass fiber was more effective than the one
which was around 6 mm as the main reason of this was that with 13 mm large fibers it gets more
area contacted with concrete so overall result was better in terms of greatest strength and durability
performance of the concrete structure [5].

Additionally, the researcher conducted a research using a glass fiber which was 6 to 25 mm
long. The application of fibers in the conventional concrete mixes made the concrete more durable
and strengthened. The addition of these fibers increases the flexural strength of the concrete and
improves the fracture properties of the concrete material. The modulus of elasticity of the glass fiber
reinforced concrete increased by 40%. The main purpose of the research was to understand the
mechanical and flexural properties of thepolymer concrete which was induced using the class fibers
[6].

One of the research which was conducted in 2022, the researcher analyzed the Carbon fiber
reinforced polymer grade by taking consideration of the cyclic behavior in reinforcement ratio,
aspect ratio, and reinforcement configuration. Moreover, for these analysis, two varying type of
concrete specimens were used one of them was 13 concrete share wall which was about 13 in
quantity and secondly 11 credit sample with varying from 1.01 to 2.20 were examined under the
inverted loadings. The results clearly witnessed that the reduction in aspect ratio would directly
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encouraged the ductility of the concrete specimen from 13.8% to 36% with an increment of more than
100%. Secondly, the samples which were casted with carbon fiber reinforced polymer showed the
increment in the loading capacity for the concrete shear wall [7].

In addition, the researcher in 2022 Yoo et al., 2022 used carbon fiber reinforced polymers as a
the main reinforcement in place of mild steel. The main purpose was to check elevation in
temperature along with other properties. It checked the properties of carbon fiber reinforced
polymers as a reinforcement in compression members in a carbon fiber reinforced concrete using the
reinforced concrete columns. For this purpose 24 short columns was used which were subjected to
different temperatures (0, 150, 300 and 450 degree Celsius). And these columns were subjected
to centric loading after the cooling process has been done. from this study the conclusion was made
that as the temperature increases the compressive strength of the concrete samples which were short
columns also increased, what is the increment was from 3 to15% whereas for and for 300 degree
Celsius and 450 degree Celsius the increment was of about 50%. So it was clear that in terms of
increment of the temperature the compressive strength of the concrete increased as well [8].

Another combined research was conducted in 2023 in order to examine the elastic
characteristic of the textile based composite materials with carbon nano-tube (CNT) material in the
concrete samples. The use of carbon nano-tube (CNT) enhances the axial tensile strength of the
concrete as well as makes concrete strong against the bending. It was also determined in this study
that CNT raised the tensile modulus of the concrete by 9% [9, 10].

The detailed study was done in order to examine how wrapping of composite beams may have
effect on the flexural strength of beams made from reinforced fibrous concrete and load caused
deflection. Nine beams were used in this study with three point loading force mechanism and
four point loading mechanism with variation in the shear span to depth ratio. As a result, the ductility
and strength of the beam were enhanced significantly by using of glass fiber reinforced polymers
(GFRP) wraps [11, 12].

In one of the research glass fiber reinforced polymer composite beams well in field with hybrid
use of glass fiber reinforced polymer on composite beam in presence of hybrid fiber reinforced
concrete under the poor point loading and table analyzed experimentally, numerically and
analytically in order to make the proper comparison in between them. The variables which were
used in experiments included GFRP box profiles and Steel bars, which were in conventional form,
hybrid Steel bars and externally wrap class fiber reinforced polymer. As a result it was
evaluated that, concrete it improved the overall strength of the concrete and it made the concrete
more durable [13, 14].

A detailed research was also carried out by using a glass fiber in a concrete sample; maximum
dosage of the class fiber was found as 1.5% of the weight of the cement used. Five different Binder
ratios were used which were in the range from 0.4 to 0.6. As a result, there was an average increase
in the compressive strength and flexural strength which was about 13% 28%, respectively. Along
with that the concrete with the presence of glass fiber showed less resistance to carbonation attack as
compared to the control mix. The addition of fiber added an extra post-cracking flexural strength to
the concrete samples. The overall increment of 44% was observed in the flexible strength of the
concrete as compared to the control concrete sample [15].

High performance fiber reinforced lightweight concrete was made up of by making use of
polyvinyl alcohol fibers with suitable addition percentage, which exhibited an increment of the
flexural strength along with the higher flexural strength ductility in the concrete and improve the
toughness of the concrete as a result [16]. With the addition of the little amount of polyvinyl alcoholic
fiber into a concrete sample the mechanical characteristics of the concrete improved significantly as
an outcome [17]. Whereas on the other hand the addition of a metal into a concrete made from glass
fibers caused, the fibers having chances to get easily pulled out comparatively more than the
chances of being more broken of the fibers, however, the induction of these kinds of chemicals into a
concrete did not provide reasonable results and neither improved much of its Mechanical properties
[18].
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The induction of the high performance polypropylene fibers into the concrete samples
improved all characteristics of concrete such as penetration of chloride in it, water absorption, and
carbonation attacks on an ultrasonic pulse velocity of the concrete which make the concrete more
strengthened and durable as a result [19]. In one of the research, the magnesium phosphate
cement mortar was added into a glass fiber using the dosage of 1.5%, 2.5% and 3.5%. Optimum of the
ideal value of the glass fiber was 2.5% and consequently this addition resulted that the flexural
strength of concrete increased dramatically for all of concrete samples [20]. The compressive strength
of the concrete and the split tensile strength of the concrete both were improved by 9 to 13% and 22
to 50% respectively by the induction of the class fibers into a concrete mix [21]. With an addition of
only 2% of the glass fibers into the lime-made mortar, the darkness of the concrete increases and it
improves the mechanical particularly compressive and tensile behavior and properties of the
concrete mixture [22].

3. Research Methodology

3.1. Methods and Materials Used

Cement as a binding material, Fine aggregates (FA), Coarse aggregate (CA), water, waste glass
a, carbon fibers, and steel fibers were used a fibrous material in order to make the concrete samples.
Groundwater was suitable for preparation of concrete as already studied by [23, 24].

L Cement: The cement which was used for the mix was Ordinary Portland Cement (OPC -
Grade43) having a specific gravity equal to 3.15. The initial setting and final setting time of
the cement was determined as 20 minutes and 30 minutes, respectively.

1L The sand used was Lawrencepur. Lawrencepur sand is coarse sand. According to ASTM,
sand or fine aggregates are that passes through sieve no. 4 and is retained on sieve no.200.
The sand used for casting was passed through sieve no. 4 for larger particles to remove from it.

II. Coarse Aggregate: The aggregates used in the research were obtained from the field. In
addition, normal aggregates of Sargodha source were also used. The size of aggregates was
half inch down for normal aggregates and 10 mm down for field aggregates.

IV. Fibers: The fibers which were used in the casting were of different kinds, steel fibers, carbon
fibers and glass fibers. Approximately the length of the fiber was 1inch long and the
quantity of the steel fibers is calculated as a certain mass per unit volume which was 0.5% of
defined weight of concrete sample.

V. Design Mix Ratio: The mix ratio used is:- ACI 5200 psi target strength Based on conditions of
the materials, the quantities are different. In saturated surface drycondition of the materials,
the quantities are:

Cement = 420 kg/m3; Sand = 638 kg/m3

Coarse aggregates = 1237 kg/m3; Water = 197 kg/m3

The mix ratio becomes 1:1.5:3 with water to binder (w/b or w/c) ratio of 0.5.
If materials are in oven dry condition, the quantities are; Cement = 420 kg/m3
Sand = 632 kg/m3

Coarse aggregates = 1228 kg/m3 Water = 197 kg/m3
The mix ratio becomes 1:1.5:2.9 with a water to cement (w/c) ratio of 0.469.

3.2. Experimental Procedure:

The following table presents the samples, which are to be casted. These include cubes of
150mm and cylinders of size as 200 mm in height and 100 mm diameter.

Table 1. Concrete Cubes and Concrete Cylinder Specification.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2024 do0i:10.20944/preprints202402.1081.v1

6
Sr. No. Shape Size (mm) No. of samples Volume (m?)
1 Cube 150x150x150 60 3.37x10-3
2 Cylinder 200x100Q 30 1.57x10-8

Standard procedure was used to pour ingredients in the mixer. The procedure isto pour the
fine aggregates first, then cement and then coarse aggregates. Start mixing the mix and pour water.
To add fibers in the mix, use a half inch sieve and pour the fibers using it. The fibers should fall
vertical on the mix. The figure 1 is shown below.

Mixing of Materials (b) Concrete Mix

Figure 1. Concrete mix design formation.

The desired slump of the concrete was 20 mm. The following figure shows the slump test on the
concrete. The figure 2 below shows the desired outcome in terms of slump.

-

Slump Test on Concrete

Figure 2. Slump test on concrete mix.

4. Results and Discussion

In this study the workability and mechanical properties of concrete specifically the compressive
strength and split tensile strength were determined. It was a comparative study between various
types’ fibers being commonly used in concrete. The compressive strength of concrete was conducted
under ultimate compressive testing machine and values were noted down for each sample tested
after 3, 7, 14, and 28 days. In total 90 samples were casted out of which 60 were cubes for compressive
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strength and 30 were cylinders for split tensile strength. All samples were checked having fibers
proportion equal to 0.5% for all fibers at once.

L Workability of Concrete

The result exhibited that the workability of concrete kept reducing for various types of fibers. In
other word all types of fibers have a negative impact on workability of concrete. Fibers make concrete
cohesive and reduce segregation and bleeding effect in concrete. Irrespective of fiber type, concrete
experiences continuous declination in its workability as the proportion of fiber increases in concrete.

II. Compressive strength of Concrete
Compressive strength of concrete was checked at 0.5% of each fiber separately after 3, 7, 14, and

28 days curing. The give graph below shows the results of the testing which was done for concrete
casted samples.

Concrete Strength of Cubes using Various Kind of Fibers
40
= 35
b=
£ 30
= 25
g
g 20
i 15
2 10
a
E 5
o 0
g 3 days 7 days 14 days 28 days
© strength strength strength strength
M Carbon Fibers 26.25 31.22 36.55 37.52
m Steel Fibers 25.98 28.98 33.88 34.22
Glass Fibers 23.88 25.39 28.4 29.335

Figure 3. Concrete Strength of Cubes using Various Kind of Fibers.

The results as exhibited in Fig.3 revealed that the compressive strength of concrete is improved
far better with the carbon fibers as compared to any other fiber, and glass fiber was found as a fiber
which provides improvement in strength lower than the carbon and steel. The value of full
Compressive strength of concrete was found as 37.52 MPa with carbon fiber while with addition of
Steel fiber and Glass fiber the strength was reported as 34.22 MPa and 29.335 MPa.

1L Compressive strength of Concrete when Cylinder specimen was used

Compressive strength of concrete was checked at 0.5% of each fiber separately after 3, 7, 14, and
28 days curing. The given graph shown in Fig.4, shows the results of the testing which was done for
concrete casted samples.

The given graph shows the concrete cube and concrete cylinder compressive strength and it is
noted that the strength of cube is more than cylinders. The concrete with carbon fiber is having the
highest compressive strength as compare to others. The 28t day strength for cubes were: with carbon
fibers the 37.52 MPa, with steel fiber it is 34.22 MPa and with glass fiber the strength is 29.335
MPa whereas, the 28 day strength for cylinders were: with carbon fibers the 34.88 MPa, with steel
fiber it is 34.22 MPa and with glass fiber the strength is 27.447 MPa.
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Concrete Strength of Cylinders using Various Kind of Fibers
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5 strength strength strength strength
M Carbon Fibers 24.22 30.55 34.21 34.88
m Steel Fibers 23.22 27.66 32.88 34.22
1 Glass Fibers 21.33 24.77 27.11 27.447

Figure 4. Concrete Strength of Cylinder using Various Kind of Fibers.

Iv. Tensile strength of Concrete:

The tensile strength of concrete was checked for concrete specimens. The split tensile test method
was followed. Cylinders were prepared for testing tensile strength of concrete. The results
elucidated that carbon fibers provide highest strength to concrete to as compared to other fibers. The
carbon fiber is also lighter in weight so makes concrete lighter and sustainable. It was reported that
after 28 days, the tensile strength of concrete with glass fiber was about 2.88 MPa; with steel fiber it
gained strength of about 2.97 MPa; and concrete having carbon fibers as composite material boosted
strength to 3.35 MPa. The fig.5 illustrates the results of study.

Tensile Strength of Concrete
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strength strength strength strength

M Carbon Fibers 1.45 1.98 2.52 3.35
u Steel Fibers 1.39 1.77 2.28 2.97
1 Glass Fiber 1.33 1.67 2.12 2.88

Figure 5. Concrete Tensile Strength of Various Kind of Fibers.

5. Conclusions

The sustainable concrete is the in the high demand due to environment being vulnerable to
carbon dioxide emission. The efforts are being made to use innovative industrial waste materials to
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make concrete stronger and sustainable. Thus, different fibers were added in concrete in order to
enhance its mechanical properties and make it eco-friendly. Fibers such as Carbon, Glass, and steel
were added in concrete and testing was done. The results spelled out that the specimen which was
casted with carbon fibers were having the higher compressive strength as compare to concrete mix
which is formed by using steel and glass fibers for both concrete cubes and concrete cylinders. The
main reason for higher compressive strength for carbon fiber reinforced concrete is the carbon is
toughest material in comparison to steel and glass. Use of carbon fibers in concrete can make the
samples higher in load capacity and as a result we can get more strength value. Overall, for cubes
the percentage difference for 28" day concrete strength of carbon fibers was 28% approximately as
compare to glass fiber reinforced concrete. However, for cylinders the percentage difference is 27%
respectively. On the other hand, the higher tensile strength of concrete was also gained with the
carbon fiber. It was determined that carbon fiber provided about 16% and 12.8% tensile strength
higher than glass and steel fibers respectively. It shows how strong the concrete gets when it is
induced with carbon fibers. However, the excess use of concrete with carbon fibers can make the
concrete more brittle but at the same time the load-carrying capacity of the concrete sample
increases.
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