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Abstract

The study is based on designing the mix design of the concrete for the class named MR_DK_E1: C30/37, one of the most
widely used classes of normal concrete. To see the effect of the fibers on concrete, we will design three mixtures that in
other components are similar to the first mixture "Normal Concrete", but as an additive, we will add 0.75%, 1.5%, and
2.0% of steel fiber (Romfracht SRL Company Profile) to the mass of concrete. Although some researchers have already
detailed the favourable qualities of steel fiber reinforced concrete (SFRC), there is very little data regarding the design and
performance of this type of concrete. To get to know something more in terms of the properties of steel fiber
reinforced concrete, during the realization of this work we will perform some experimental tests based on European
standards to understand closely how fibers affect the growth and improvement of properties of concrete with lime aggregate
and local cement CEM 11/BM (WL) 42.5N, applying different percentages of fibers to the volume of the concrete. For all
mixtures, the necessary tests on the properties of wet concrete and hardened concrete will be performed, while the obtained
results will be compared between the same kinds, where conclusions and recommendations will be drawn that can serve
for further studies and use in engineering practice in our country. Three different mixtures of fibre content were applied.
Experiments show that for all selected mixtures of fibre content, a more ductile behaviour and higher load levels in the
post-cracking range were obtained. The study forms the basis for the selection of suitable fibre types and content for their
most efficient combination with regular steel bar reinforcement. Also, special attention will be given to the use of SFRC
for constructive elements. This experimental research concerning SFRC has been performed in the building materials
laboratory near UBT, the Proing laboratory-Pristina, and GIM-Skopje (Kosovo).
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1. Introduction

Concrete is a general term for artificially obtained conglomerates made of cement, sand, and gravel. These
ingredients, when mixed with water, form a dough in a plastic state that, after a while, binds and hardens, in which case
the "strong" material called concrete is obtained. In the field of construction, it has been one of the most used materials
since the early 1800s. However, it is known that concrete has poor traction. Low tensile strength combined with
brittleness results in a failure condition without warning. This property is not desirable for any building materials. Thus,
concrete requires some form of reinforcement to compensate for its brittle behavior and improve its tensile strength.
Historically, steel rods have been used as the material of choice for reinforcing tensile concrete elements [1]. Advances
based on cement technology, such as concrete technology, have led to the development of fiber-reinforced concrete
materials (FRC) [2]. The concept of using fibers to improve the mixing properties of concrete dates back to ancient
times. Then they used animal hair and straw to reinforce the bricks. In the early 1900s, asbestos fibers began to be used.
In 1911, Porter discovered that fibers could also be used in concrete. In the 1950s, reinforced concrete with other fibers
became a field of great interest after it was discovered that asbestos was dangerous to health [3]. Mixing concrete with
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fiber content can accept or retain a considerable amount of load even after the appearance of cracks. The main role of
fibers is to create bridges between cracks and to resist their formation. The advantages of adding fibers to a matrix
include increased compressive strength, tensile strength, increased flexibility, shear strength, durability, and resistance
to external influences. The physical properties of the mixture depend on the type and dose of fibers added. Basically,
four types of fibers can be used in concrete composition: steel fibers, glass fibers, natural fibers, and synthetic fibers [4-
7]. Glass fibers provide a very good reinforcing effect, but they have poor resistance to alkalis. Natural fibers, such as
palm wood, coconut, and vegetable fibers, have the advantage of being cheaply and easily renewable, but their durability
is low [8].

There are many types of fibers, in different sizes and shapes, available for commercial and experimental use. The
basic types of fibers are steel fibers, synthetic fibers such as polypropylene, glass, carbon, and polyolefins, as well as
fibers from solid waste scraps. Using these fibers individually as well as on a hybrid basis has mechanical effects on
fiber reinforced concrete (FRC) [9, 10].

Fiber-reinforced concrete as a building material in accordance with its properties in order to create a long-lasting
building for the client at a low cost. The chapters on the properties, design, and processing of fiber-reinforced concrete.
Fiber-reinforced concrete as an extension of concrete offers considerable advantages for building practice, which, based
on the material properties, allows a very long service life [11-13]. First of all, we will explain how fibers are classified
in some of the most important regulations. As it can be seen in Figure 1, in this paper we will consider two standards
recommendations. First of all, we will deal with the classification of fibers according to European standards EN-14889-
2. In this study, we will use only steel fibers. Concrete reinforcement fibers are short elements and have a length/diameter
ratio of 20 to 100, with different cross-sections, and are so small that they can be easily distributed non-uniformly in the
concrete mix using the procedures of mixing. Steel fibers can be categorized into five groups depending on the
production process and their shape and cross-section: cold-drawn wires, thin-cut plates, factory scrap steel waste,
modified wire in tow, and waste extracted from smelting [14]. Steel fibers have a modulus of elasticity (Young's
modulus) of 205 MPa, tensile strength varies from 345 to 1700 MPa, and the length of the fibers varies from 19 to 60
mm [9]. To get the desired result from concrete, the fibers must have high tensile strength and elasticity modulus
(Young's modulus). In addition to steel fibers, these properties also have synthetic fibers. A very large category of
synthetic fibers is represented by plastic fibers, which can be found in two forms: micro-plastic fiber and macro-plastic
fiber. Micro-plastic fibers are between 5 and 100 mm in diameter and 5 to 30 mm in length. These are effective in
controlling cracks from plastic shrinkage of wet concrete, while in hardened concrete their effect is minimal [8]. Macro-
plastic fibers have a tensile capacity of 300-600 MPa and Young's modulus of 4 to 4010 GPa. Macro-plastic fibers are
widely used in concrete paths as well as in tunnels [15].

We have based this study on experimental results to understand the impact of steel fibers on the properties of concrete
and to provide opportunities for further studies and the use of SFRC as a material in structural elements. To enable new
areas of application, SFRC must be designed to withstand external forces, have sufficient ductility, high durability, and
adequate workability. We know that reinforced concrete with steel fibers is not the same as conventional concrete, so
we cannot use the same standards for design. The results obtained from this study are expected to contribute to the
efforts made to characterize the mechanical properties of SFRC. This experimental research related to SFRC was
conducted in the building materials laboratory at UBT-Higher Education Institution Prishtina based on experimental
results performed according to European standards for SFRC testing to see the relationship between stress-strain in
compression and traction by taking into account the number of fibers and the grade of concrete. The objectives of the
paper are:

e Through experiments, we will notice the influence of fibers on the solidity of compressed concrete in class
MR_DK_E1: C30/37, one of the most widely used classes of ordinary concrete;

e The study was carried out using the experimental method. We will also conclude on the influence of fibers on
tensile strength in the aforementioned concrete class and how fibers affect the strain-deformation relationship;

o Also, during the experimental phase, we will control the impact of fibers on shear forces. Analytically, we will use
general expressions for SFRC design based on the fib standard Model Code 2020;

e The data are analysed and experimental research concerning (SFRC) has been performed in the building materials
laboratory near UBT, the PROING laboratory-Pristina, and GIM-Skopje (Kosovo).
2. Materials and Methods

The experimental work was carried out in two phases. Initially, slump tests were performed to determine the
properties of fresh concrete, and the volume of concrete was measured for each SFRC mix. In the second stage, the
properties of hardened concrete are defined.
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2.1. Experimental Program

An experimental program was created to analyze the impact of the type of steel fibers used to reinforce the concrete
matrix. This separated the behavior of ordinary concrete from that of fiber-reinforced concrete. Different mixtures were
created to have the same matrix but different amounts of fiber content (starting from one fiber-free mixture and three
mixtures with 0.75, 1.5, and 2.0% by mass of concrete).

2.2. Presentation and Analysis of Results

Table 1 shows the number of samples tested in compressive for different quantities of fiber content and the age of
tested samples. We tested three samples after 7 days from each content of the volume quantity against the concrete mass,
and the other remaining samples we tested after the age of 28 days.

Table 1. Samples tested in compressive

150x150%150 (mm) Volumetric amount of fiber content (Vr)
Age of samples BZ 0.75% 1.5% 2.0%
7 days 3 3 3 3
28 days 3 3 3 3

The test results presented in Table 2, express the solidity of the cubic specimens subjected to compressive forces.

Table 2. Test results of cubic specimens by compressive forces

Solidity in compression f. (C30/37)

Vi =0% V; = 0.75% Vi = 1.5% Vi = 2.0%
150%150x150 (mm)

(KN) (MPa) (KN) (MPa) (KN) (MPa) (kN) (MPa)

Age Name Fin fc Fin fc Fin fc Fin fc
| 664 29.51 673.5 29.93 674 29.95 689 30.62
7 days 1 686.2 30.49 651.3 28.94 655.8 29.14 669.65 29.76
11 641.8 28.52 695.7 30.92 692.2 30.76 708.35 31.48
| 1036.3 46.06 1029 45.74 1025 45.55 1028 45.68
28 days 1] 1013.1 45.03 1060 47.10 1045 46.45 1045 46.45
11 1024.7 45.54 1044.5 46.42 1035 46.00 1035.5 46.10

From which we understand that the fibers have a minimal impact on the compressive strength of concrete. In Figure
1, we have the comparison of test results suggesting that fiber-free mixtures are destroyed immediately after passing the
peak load. In the mixture with a content of 0.75% of the fibers, the destruction comes shortly after the peak of the load.
It is noticed that even after reaching the peak of the load, the sample continues to resist, which means that the volume
of fibers has entered the work after cracks.

o

Figure 1. Procedures for preparing samples for testing: a) placing the sample in the cutting machine b) cutting to form the
nozzle c) mounting the steel plates on both sides of the nozzle d) mounting the sensor for measuring CMOD

It is observed that increasing the number of fibers does not increase the compressive strength at visible values. It is
clear that mixtures with fiber content to the concrete volume of 1.5% and 2.0% do not increase the solidity at high values
compared to the mixture with a content of 0.75% of fibers. Some previous studies have concluded that increasing the
fiber content also increases the air content in concrete. This affects not increasing the compressive strength of concrete
by increasing the amount of fiber. We have approximately a 1% increase in compressive strength from fiber impact,
which is negligible (Table 3). In Table 3, the average values of the results for the compressive strength from the cube

sample tests are shown.
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Table 3. Average compressive strength results from cubic sample tests

Average compressive strength f_,, (C30/37)

VE=0% Vf = 0.75% Vf =1.5% Vf = 2.0%
150x150x150 (mm)

(kN) (MPa) (kN) (MPa) (kN) (MPa) (kN)  (MPa)

Age Fth fcm Fth fcm l"th fcm l"th fc:m
7 days 664 29.51 673.5 29.93 674 29.95 689 30.62
28 days 1024.7 45.54 1044.5 46.42 1035 46.00 1036.5 46.10

We also tested samples of different ages and with the same fiber content, where it is seen that the concrete of class
C30/37 for seven days has reached 65% of 28-day solidity, which conforms to the standard of increasing solidity in
percentage to the age of concrete.

50
45
40
35
30
25
20
15
10
5
0
Vi=0.0 % Vf=0.75 % Vi=15% Vi=2.0%
Average compressive strength
= 7 days ™= 28 Days

Figure 2. BZ and SFRC concrete results with fiber content were tested for 7 and 28 days

From Figure 3, we understand that the average results of compressive strength in cubic specimens for concrete grade
C30/37 are excellent. From four different mixtures, we have obtained an average solidity that is close to the perfection
proposed by the standard BS 8110-1 (1997) [16], which defines the properties of concrete for structural use.

fed=20 fck=37 fem=47
0.10 L | | |
0.08 L | | |
0.06 L | ! C 30/37
2 | |
5004 | | |
[a)
|
0.02 | dck-/(f. 5%0.87)
| 1 | |
0 10 20 30 40 50 60 70

Cubic solidity N/mm?

Figure 3. Definitions of compressive strength according to BS 8110-1 (1997) [16] adapted from Bamforth et al. (2008) [17]
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As it was pointed out above in the literature review, the biggest problem with this type of concrete is the distribution
of fibers. This problem we have also proved in the compression tests. In Figure 4 we can see that the fibers are
concentrated around the edges of the samples.

Figure 4. Distribution of fibers through the cross-section of samples

2.3. Results and Comparisons of Tensile Strength Tests - Solidity in Indirect Traction (Crack)

During this experimental program, we also tested the tensile strength of the crack. For this test, we used three cubes
for each of the mixtures for each age, the results for each of the cubes are presented in Table 4 and Figures 5 to 8.

Table 4. Crack tensile test results for cubic specimens 150x150x150 (mm)

Tensile strength from cracking f, and f ., (C30/37)

gﬂ 150x150%150 (mm) BZVE=0% VEf=0.75% Vf=1.5% Vf =2.0%
X (kN) (MPa)  (kN)  (MPa) (kN) (MPa) (kN)  (MPa)
Age Name Fon  fo fetm Fin fer fom  Fan  fo fom  Fun fer fetm
| 7277 2.06 9149 259 97.14 275 100.3 2.84
7 days 1 68.47 193 206 9432 267 259 9533 269 275 973 275 283
1] 7710 217 88.66 2.50 98.95 2.80 103.3 292
| 1138 3.22 1389 3.93 1535 4.34 156 440
28 days 1 1089 3.08 3.15 14135 4.00 4.00 154 433 434 159 45 445
1] 111.3 3.15 1438 4.07 153  4.32 1575 4.45

Figure 6. Results of cubic samples from indirect attraction (crack) for SFRC with V¢ = 0.75%
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Figure 8. Results of cubic samples from indirect attraction (crack) for SFRC with V; = 2.0%

As can be seen from the results, both the 7-day and the 28-day ones have an increase in the attractive force from the
crack. In the 7-day-old samples, the increase is for 25.9% of the tensile strength from the crack to the mixture, with a
content of 0.75% of fibers to ordinary concrete. In the mixture with a content of fibers of 1.5%, we see an increase of
33.5% compared to ordinary concrete without fiber content. We also have an increase of 38% in the mixture with fiber
content in the amount of 2.0% (see Figure 9).

Medium tensile strength from the crack fctm (7 days) ,_f,
3
25
2
15
1
0.5
0
VFf=0.0% VF=0.75 % V=15 % VF=2.0%

Figure 9. Results of average solidity in crack retraction for 7-day-old samples

However, even the test results of the 28-day-old samples show a nice, good increase in tensile strength from cracking
into mixtures with additions of steel fibers (Figure 10). Solidity to crack has an increase of 28% in SFRC with content

= 0.75% of fibers, compared to ordinary concrete, increasing the number of fibers in the mixture also increases the
attractive solidity by 38% for SFRC with content V¢ = 1.5% versus ordinary concrete, and with 8.5% to the mixture with

= 0.75% of fibers to the volume of concrete, but with the addition of fibers in quantities of V¢ = 2.0% we have an
increase of 3% compared to SFRC with V¢ = 1.5%, and to ordinary concrete, the increase in solidity in indirect tensile
is by 42%.
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Figure 10. Presentation of retraction sample results from 28-day-old cracking

The ratio of compressive strength and tensile strength is shown in Figure 11. It is clear that the increase in
compressive strength is in direct relation to the solidity in indirect tensile strength, with the addition of fibers in the
mixture, we have increased solidity in both cases, but with increasing the amount of fiber, we have minimal increase in
pre-mixing. We also compared the results of our tests with the analytical model proposed by Ashour et al. (1992) [18]
for the relationship between compressive strength and crack retraction according to Equation 1.

= Jeur
foo = Goom H 07+ VF (1)

Tensile strength from cracking (MPa)

11 L --- Test results
--- Ashour et al.
0.5 +—

45.55 46.42 46 46.1
Solidity in compression (MPa)

Figure 5. Relation of compressive strength to crack tensile strength for test results and comparison with the analytical
model by Ashour et al. (1992) [18]

The test results and those derived from the analytical model are presented in Table 5.

Table 5. Average results of compressive strength and crack tensile strength

Percentage of fibers V; Density (kg/m?) Comps)?(:iscs‘:% i(nM Pa) Teré?gilfit ;Sr}?\;r;;r)om A;?:?,\r/,%taz;l'
0% 2412 45.54 3.15 34
0.75% 2448 46.42 4.00 3.74
1.50% 2450 46.00 434 3.32
2.00% 2451 46.10 4.45 3.37
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2.4. Solidity in Indirect Tensile Bending

We also tested ordinary concrete prisms for resistance to indirect traction by bending, for this test we used another
indirect method which is pure bending, we tested only three samples for the age of 28 days. The results of these tests
are presented in Table 6.

Table 6. Results of bending tensile tests for ordinary concrete prisms

150x150x550 (mm) Ordinary concrete BZ C30/37
| ] i
F(kN) f,(MPa) F(kN) f,(MPa) F(kN) f, (MPa)
28 days 35.93 7.98 37.18 8.26 29.67 6.59
foom (MPa) 7.61

According to previous studies, it is assumed that the minimum tensile strength by bending for ordinary concrete
should be approximately 10% of the compressive strength for the same mix. From our results, it is seen that we have
passed this value fim, 8Bz) >10% ficm, B2). These results tell us that we have completed the concrete recipe and can now
proceed with other tests that are recommended for dimensioning structural elements with SFRC steel fiber reinforced
concrete.

For the design of elements with SFRC according to fib Model Code (2010) [19], the characteristics of the material
must be known first. One of the main properties according to this standard is the tensile strength after cracking. To
derive these values of SFRC, following the instructions of BS EN 14651: (2005) + Al, (2007) [20], we performed the
bending test to obtain the CMOD values. For each of the mixtures with different percentages of fibers we tested from
three prisms, the calculator enabled us to take the numerical data obtained from the sensors and convert it into diagrams
of the force/crack opening ratio. The method of calculating the required forces is shown in Figures 12 and 13. We have
presented one of the three samples tested for CMOD, where the maximum cracking is also seen.

Figure 7. Prism from SFRC Vi = 0.75% tested for CMOD

Figure 14 shows the diagrams of the force-crack width ratio (CMOD) obtained from the software of the testing
machine for all three SFRC samples for mixing with fiber content Vs = 0.75%, it is clear that in all three cases the results
are different, which shows that even here the distribution of fibers plays a special role.
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Figure 8. Load-width crack diagram (CMOD) diagram for all three SFRC prisms with fiber content V= 0.75%

Table 6 presents the results for the tensile strength remaining after cracking f(r, j) as well as the limit ratio fcf—tL for

each of the samples tested by mixing with a fiber content of Vt = 0.75%. The value of the results is obtained automatically
from the data of the testing machine but, they have been checked according to the expression that the standard instructs
us (BS EN 14651:2005+A1, 2007) [20].

Table 7. Test results for LOP and f (r, j) for prisms from mixture with V¢ = 0.75%

Ve Nr. Sample Frp (N'MM?)  fry (NMM?) o g (NIMM?) fraye (NFMM?) fra e (N/mm?)
| 5.04 1.50 1.90 1.29 2.30
I 5.06 2.30 2.64 2.77 2.89
0.75% m 150x150x550
3.20 248 3.06 2.88 3.04
Average 4.43 2.09 2.53 231 2.74

Also, Figure 15 shows the average graph for testing the force-CMOD relation, from which the average results for
this type of mixture are derived. The same procedures were followed for testing both groups of samples with V¢ = 1.5%
and Vs = 2.0%. Figure 8 shows the tested sample for the fiber content of 1.5%.

Figure 9. Prism from SFRC Vi = 0.75% tested for CMOD

The results are presented in tabular form in Tables 7 and 8, also in the graphical form presented in Figures 14 and
16, respectively.
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Figure 10. Load-width crack diagram (CMOD) diagram for all three SFRC prisms with fiber content V= 1.5%

Table 8. Test results for LOP and f, j for prisms from mixture with Vi = 1.5%

Fpp frik fr2k fr3k frax
Vi Nr. Sample (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
! 497 3.28 434 478 494
I 6.35 455 5.91 5.41 6.23
15% n 150x150x550
4.24 2.77 3.81 410 418
Average 5.19 3.53 4.69 4.76 5.12

In Figure 17, we have presented the prismatic sample for the content of the number of fibers of Vi = 2.0% tested

according to (BS EN 14651:2005+A1, 2007) [20] to obtain the force-CMOD relation.

Figure 11. Prism from SFRC Vs = 2.0% tested for CMOD

In the Figure 18, diagram is shown Crack load-width ratio (CMOD) diagram for all three SFRC
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Figure 12. Crack load-width ratio (CMOD) diagram for all three SFRC prisms with Vs content = 2.0%

Table 9 shows all the results obtained from the testing of prismatic samples to find the resistance remaining after
cracking. It is clear that with the increase in the number of fibers we have an increase in the resistance in question.

Table 9. Test results for LOP and fr, j for prisms from mixture with Vs = 2.0%

Ve Nr. Sample Frp (NIMM?)  frgp (NIMM2) frpp (N'MM?) oy (NFMM?) fryy (N/mm?)
| 3.26 2.58 3.17 3.0 3.20
1 5.74 3.95 4.98 5.52 5.64
2.0% 150%150x550
11 7.30 5.35 7.00 7.22 6.99
Average 5.43 3.96 5.05 5.24 5.27

Figures 19 and 20 show all the diagrams of the average force applied (F) to the crack opening (CMOD) where the
increase in the applied force is seen, which means that we have an increase in the remaining resistance of the SFRC after
the first cracks. This increase in strength is attributed to the steel fibers, i.e., the content of the volumetric amount of
fibers to the volumetric mass of concrete.

6 WVf=0.75%  mVf=15% = Vi=2.0%
5.43 507
5.19 505 524 512 >

FL.k fR1,k fR2,k fR3,k fR4,k

Figure 13. Comparison of results depending on fiber content
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Figure 14. Crack load-width ratio (CMOD) diagram for all three SFRC prism tests averages with different fiber contents

To see the relation between F-displacement and F-CMOD in the testing of the 11l prismatic sample of the fiber
content of V= 0.75%, we simultaneously tested both relations. Figure 21 shows the graph for both relations.

10.0

9.0

8.0

7.0 1

6.0

5.0

Force F (kN)

4.0

3.0 I -
I F-CMOD
l

2.0 —— F-Displacement —
1.0 {
0.0

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

CMOD/ Displacement

Figure 15. Comparison of the F-CMOD and F-Shift relation curve

From the diagram, it is clear that the displacements and CMOD have a close relationship. From both diagrams, we
can derive the forces with approximate values that we need to calculate the residual resistance after cracks f (j in the
formwork of SFRC material. Figure 22 again shows the relationship diagram, but also adds the diagram obtained from
fib Model Code 2010 [19] (equation 11.1 section 3.5.2.2) for approximate displacement calculations if we have CMOD
data. From the presentation of the results, we see that the three diagrams are very similar, and it is proved that the
relations are equivalent to F-displacement and F-CMOD. This increase in resistance is attributed to the steel fibers, i.e.,
the content of the volume amount of fibers to the volume mass of concrete.
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Figure 16. Comparison of the F-CMOD, F-Displacement, and Approximate Equation Relation Curve

Following the instructions of (fib Model Code 2010) [19] for the use of SFRC for structural elements after testing,
which is one of the main conditions, the classification of the material should be done to understand whether it meets the
above conditions and requirements. From Table 10, with the classification of the material, we see that the mixture with
fiber content Vs = 0.75% belongs to the material named 2.0a, the mixture with content Vi = 1.5% and Vs= 2.0% is
classified in the materials of class 3.0d and 3.0e. From the instructions of (fib Model Code 2010) [19] from the
classification, we understand that mixing with the content of the number of steel fibers of Vi = 0.75% is not for
constructive use, as it cannot reduce the amount of reinforcement required of the element where it should be used.

Table 10. SFRC material classification

SFRC characteristics obtained from EN14651 testing Unit

The amount of content of steel fibers Vi =0.75 Vi =1.5 Vi =2.0 (%)
fix 4.43 5.19 5.43 MPa

frak 2.09 3.53 3.96 MPa

frak 2.31 4.76 5.24 MPa

Classification 20a 3.0d 3.0e frar/fr1k
Secure coefficient. ye 13 1.3 13 TipB
frax/frik > 0.5, fryk/fix > 0.4 No Yes Yes Constructive Use

3. Conclusion

To understand the mechanical behavior of SFRC as noted above, we have analyzed mixtures with different amounts
of fiber content; 0.75%, 1.5%, and 2.0% by volume of concrete. All results are compared with ordinary concrete without
fiber content but for the same grade as MR_DK_E1: C30/37. The greatest attention has been paid to CMOD testing as
one of the conditions to obtain the values of solidity left after cracking, which is crucial for the design of structural
elements with material from SFRC. The use of fibers showed satisfactory results on the mechanical properties but gave
negative results on the properties of wet concrete. From these results, we understand that with the increase in the number
of fibers, the workability of wet concrete becomes more difficult. If we think only of improving the mechanical
properties of hardened concrete, it often happens to negatively affect the workability of the material. Increasing the
number of fibers does not mean the same for compressive strength. The values obtained from the results of SFRC
compression tests are negligible compared to characteristic concrete. Increasing the number of fibers increases the
porosity of concrete. From our results, it is seen that the improvement in compressive strength, although minimal, comes
from mixing with a fiber content of 0.75% to the volume of concrete. This analysis has shown good results. With the
increase in the number of fibers, the increase in solidity is linear. For the fiber content of Vs = 2.0%, we have an increase
in solidity in indirect traction from the crack of 29.21% to the characteristic concrete. With the increase in the number
of fibers in V= 1.5%, additional solidity after cracking for frix increased by 41% while for frsx we have an increase of
51% and MC 2010 classifies it in material 3.0d, which is a material used for structural elements, while in mixing with
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fiber content, Vs = 2.0% increase in additional solidity after cracking compared to mixing V¢ = 1.5% is negligible and
belongs to the same class as 3.0e. In conclusion for constructive and more economical use, it is worth using SFRC with
a content Vs =1.5% of fibers, always referring to the test results.

4. Recommendation

From the comparisons of SFRC, the mixture with a content = 1.5% has good results and meets the economic
conditions. It is recommended to be used for constructive elements. The research confirmed that the biggest problem
with SFRC was addressed by all previous researchers during the literature review. The distribution of fibers plays a very
important role in the mechanical properties of SFRC, while the amount of volume affects the reduction of concrete
consistency. In other words, it will take more work and more vibration to put the concrete in place. As a recommendation
to other researchers regarding SFRC, pay special attention to finding new methods for the possibility of distributing the
fibers as uniformly as possible. Such a finding would be a further advance compared to our research. To investigate the
fracture energy for concrete with fiber content. Use Finite Element Analysis (FEA) software to perform numerical
simulation for the test with three points (BS EN 14651:2005+A1, 2007) [20].

4.1. Mention the Limitations of the Study and Prospects for Future Research

Limitations and future research: As with any other study, ours had some limitations. First, since all of our samples
are made by us, there is the possibility of bias. Furthermore, although the best efforts were made to prepare and work
the samples in a professional manner and according to standards, this may not have been sufficient to present and confirm
the reliability of the examinations and results. Due to these limitations, further research should be conducted with larger
samples to present more accurate results. Future studies may also be in the manufacturing industry of fibers from
different materials. In addition, future studies can perform comparisons between steel fibers with shapes and dimensions
as well as other materials. Second, this study focused on the influence of steel fibers on compressive strength. So, future
studies can explore the opposite effect of the steel fibers' influence on other properties of concrete, such as during
production, processing, and explanation. Finally, although our research findings suggest a good fit for all tested
parameters, two important aspects should be kept in mind. First, in a reasonable number of well-crafted samples, a
suitable recipe sometimes fails simply because of small differences between elements and other unforeseen factors.
Therefore, more studies should be conducted in the future using steel fibers of different sizes and shapes in order to
generalize the findings across industries. Second, since the reviews were conducted in the Kosovar and Macedonian
contexts, this review can be further tested in other countries and the results can be compared.

4.2. Summarize How the Article Contributes to New Knowledge in the Domain

This research is of particular importance in the field of application of other elements in the concrete mix design and
also in the changes that occur in the resistance of concrete as a result of using different percentages in concrete mixtures.
As well as the changes that occur in the resistance of concrete as a result of the use of different percentages of fibers in
concrete. The analysis is even more important since the data was obtained based on the laboratory experiments that were
carried out in the laboratories of construction materials in UBT Pristina and in Skopje. This paper has special importance
since the data and results were obtained based on the results obtained during the analysis and experiments. Therefore,
they are also confirmation of different data based on the Euro codes.

4.3. Recommendations for Future Research

The effect of steel fibers has evolved from a new material to a successful and widely applied due to its mechanical
properties and advantages over conventional concrete, but the higher production cost of steel fibers has limited its usage
in the private and public works sector. The addition of steel fibers to the normal concrete batching plant raises the
production cost of steel fibers. Thus, finding sustainable, environmentally friendly, and cost-reducing methods is one of
the directions for further applications of steel fibres. Further investigations were highly recommended and should be
carried out to understand more about the mechanical properties of fibre reinforced concrete. Several recommendations
for further studies are mentioned below:

¢ The problem of the workability of the steel fibre reinforced concrete can be reduced by adding chemical admixture
such as super-plasticizer, silica fume or blast furnace slag. Hence, with high workability, fresh concrete can
mitigate the quick stiffening effects of the fibres.

e More investigations and laboratory tests should be done to study the mechanical properties of steel fibre reinforced
concrete. Such application of fibres was recommended in testing on concrete slabs, beams and walls or conducting
more tests such as abrasion, impact, blasting, shattering, shear or creeping of concrete.

e The combination of short steel fibres may tend to provide more efficient mechanical properties of the structure.
Further investigation can be carried out by the combination of different types of short fibres into the concrete mix.
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e To widen the use of steel fibre reinforced concrete, different or more complicated geometries of fibre can be used
to investigate the effects of short fibres in the concrete through fresh and hardened properties.
o The mechanical properties of fibre-reinforced concrete may be different at various temperatures. Tests on freeze-
thawing conditions were recommended.
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