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Abstract: The reinforcement of cement-based materials by fibers has currently become an interesting solution
in order to improve their qualities and their structural resistance. In fact, there are several types of fibers,
differing according to their origins, such as polymer, metallic or ceramics. This study aims to examine in
particular, the effect of the addition of steel (metallic) fibers on the mechanical properties of cement-based
mortars. For this, an experimental approach described in this work was followed in order to achieve this
objective. The fibers were introduced into the mixture during mixing with varying percentages from 0.4 to 3%
of the cement mass, and the mechanical strengths (Tensile and compressive) were measured. The results showed
that the introduction of steel fibers into a mortar gives compressive and tensile strength results higher than those
of control mortars, and that the best percentages in terms of resistance and economy are between 0, 7 and 1.9%
of the mass of cement. Indeed, we recorded an increase in compressive strength ranging from 15% to 54% (up
to approximately 70 MPa) and an increase in tensile strength ranging from 29 to 57% (up to approximately 10
MPa). The addition of fiber therefore makes it possible to increase the resistance of the mortar specimens and
the appearance of cracks without rupture or destruction in the case of the bending test in comparison with
ordinary mortars specimens
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Introduction

Concrete is widely used in construction, however, we known to have low tensile strength, low stiffness, low
ductility, low energy of absorption of deformation, combined with brittle behavior which results in sudden
rupture by pulling without warning (Altun et al.,2007; Pesaran et al.,2011; Kiranbala et al.,2013; Joshi et
al.,2016; Saand et al.,2016; Saqib et al.,2020), moreover, when the concrete is hardened, shrinkage cracks
appear on its surface, which limit its applications (Frazdo et al.,2013; Saand et al., 2016).

The concrete then requires some form of tensile reinforcement to compensate for its brittle behavior and
improve its tensile strength and deformability (Belmahi et al., 2018a; Belmahi et al., 2019), therefore, to
improve these deficiencies in concrete, a daily variety of fibrous materials such as straw, long wood fibers, steel
fibers, plastic, glass and other natural materials are now used in concrete for better structural and service
applications (Katzer, 2006; Pesaran et al., 2011; Frazdo et al., 2013; Saand et al., 2016).
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Unlike conventional rebars, which are specifically designed and placed in the tensile zone of the concrete
member, the fibers are thin, short and randomly distributed throughout the concrete member (Pesaran et al.,
2011). Their role is to fill the cracks that develop, provide a certain "ductility” post-cracking, allow the FRC to
withstand significant stresses on a relatively large deformation capacity translated by a considerable increase in
the total energy absorbed, an increase fatigue strength, flexural strength, shear strength and impact strength,
improved durability and increased concrete toughness, it also increases the workability of concrete (Altun et al.,
2007; Frazao et al., 2013; Kiranbala et al., 2013; Velayutham et al., 2014; Bazgir, 2016; Joshi et al., 2016;
Sagib et al., 2020; Muhammad et al., 2022).

The work developed in this study consists in diagnosis the effect of the addition of steel fibers on the
mechanical properties of the mortars in particular the tensile strength and the compressive strength as well as
determining the ideal fiber dosages. For this, an experimental approach described below was followed in order
to achieve this objective

Method

Materials

Cement: The cement used is a CEM Il / A-L composite cement with a resistance of 42.5 N, manufactured at the
AMOUDA factory in "EL BAYDHA" Laghouat, Algeria. It is gray cement in accordance with the Algerian
standard NA 442 as well as the European standard EN 197 -1 (Tablel). It is used for reinforced concrete works,
self-compacting concrete, paving, industrial floors, screeds, foundations, underground works and concrete roads
and pavements.

Table 1. Chemical and physico-mechanical properties of cement.

Chemical properties Physico-mechanical properties

AN 5042 (EN 196-2) AN 230 (en 196-3) / AN 234 (EN 196-1)

S03 <3.5% Compressive strength
chloride < 0.1% Setting time > 60 min 2 jours>10 Mpa

28 jours > 42.5 Mpa

Sand: The sand used is natural sand, from the quarry of El Galta Laghouat, its characteristics are as follows:
Apparent density (1450 Kg/m3), absolute (2500 Kg/m3), particle size class 0/3 and the sand equivalent equal to
78% (it is a clean sand with a low proportion of fine clay which is perfectly suitable for high quality concrete)
The results are in line with the work of Belmahi et al. (2018b, 2021).

Adjuvant: the adjuvant used is MEDAFLOW 145. It is a high water-reducing super plasticizer from the new
generation of adjuvants. It is designed based on modified polyether carboxylates and it makes it possible to
obtain very high quality concretes and mortars. Its recommended dosage range is 0.3 to 2.0% of the weight of
cement, i.e. 0.33L to 1.8L per 100 kg of cement. It is accordance with the Algerian standard NA 774 as well as
the European standard EN 934-2 (Table 2).

Table 2. Characteristics of the adjuvant used EN 934-2 & AN 774
stat Color PH Density  chloride content
liquid brown 5-6 1.065 <lg/l

Steel fibers: the steel fibers used are from the FIBERTEK brand of the Hassnaoui GSH group which are
obtained by cold drawing high-strength steel wire with special shaping to obtain the best anchorage over their
entire length. FIBERTEK-A fibers are intended for structural reinforcement. It makes it possible to obtain
concrete and mortar with high resistance to shocks and vibrations and to concentrated loads. The uniform
distribution of fibers in the mixture makes it possible to use FIBERTEK to replace secondary reinforcement and
containment of crack propagation.The characteristics of the steel fibers are summarized in the table 3.

Table 3. Characteristics of the steel fibers used (FIBERTEK A).

Longueur Diamétre  Rapport Format Section Tension a la  Allongeme
(mm)* fil (mm)>  d’aspect transversale rupture ala nt a la
(1/2) traction rupture
(N/mm?):

50+£10% 1+10% (L/de) 50 a crochet  circulaire 1100-2700 <4 %
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Procedure

The mortars made are of the 1/2 type (the mass of the sand is equal to twice the mass of the CEM Il /A-L
cement with a resistance of 42.5 N) mixed with water and an admixture. The specimens produced are prismatic
specimens of dimension (4x4x16) cm3. To achieve the objective of the study, we made in the first step a
reference mortar (without additions) whose quantity of water and admixture were adjusted experimentally in
order to obtain a normal consistency (table 1). Subsequently, we introduced the quantity of steel fibers weighed
directly into the mixer (at the time of mixing with the other ingredients). The problem may lie in the formation
of sea urchins (or fiber balls), due to the fact that the fibers naturally tend to agglomerate during mixing as a
result of reciprocal friction. So, this phenomenon to be avoided during this step. The compositions selected are
summarized in Table 4.

Table 4. Mortars compositions.
Mortars Cement Sand E/C adjuvant  Steel

(9) (9) % Fiber %
Witness 675 1350 0,35 0,7 0,00
1 675 1350 0,35 0,7 0,40
2 675 1350 035 07 0,70
3 675 1350 0,35 0,7 1,10
4 675 1350 0,35 0,7 1,50
5 675 1350 0,35 0,7 1,90
6 675 1350 0,35 0,7 2,20
7 675 1350 0,35 0,7 2,60
8 675 1350 035 07 3,00

The mortars are made according to the requirements of the Algerian standard NA442 and the European standard
EN 197-1 (mixing, filling and packaging).

Results and Discussion

After 28 days of storage and hardening of the specimens, they were subjected to mechanical bending and
compression tests using machines according to the standards (NA 234, EN 12615 and EN 1015-11). The results

obtained are summarized in Table 5.

Table 5. Results of mechanical tests

Steel fiber Tensile Compressive
(9) % strength strength
(MPa) (MPa)
0 0 6,32 44,23
2,5 0,4 9,36 55,78
5 0,7 9,48 65,00
7,5 1,1 9,95 68,17
10 15 9,83 68,32
12,5 1,9 9,13 61,56
15 2,2 8,93 59,42
17,5 2,6 8,78 55,61
20 3,0 8,19 51,10

According to the results above, we have generally observed good mechanical strength, all the values are higher
than that of the control mortar: Compressive strengths between 51 and 68 MPa (Figure 1), which corresponds to
an increase of approximately 15 to 54% compared to the control mortar and tensile strengths of between 8.18
and 9.95 MPa (Figure 2), which corresponds to an increase of 29 to 57% compared to the control mortar. It
should be noted that all the results obtained in this study are good. compared to the results of the standard or
ordinary mortar. Thus, the best steel fiber dosages taking into account the resistance and the manufacturing costs
are between 0.7 and 1.9% of the cement mass. We have observed through experience that the steel fibers
reinforce the cohesion of the mortar. Thus, after applying a tensile force to a sample of ordinary mortar, it splits
into two parts as shown in Figure 3 while the steel fiber reinforced mortar breaks and the two parts remain
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connected and bound together by the steel fibers as shown in Figure 4, which improves stability and safety
during the post-crack phase.

70,00 -

60,00 -
50,00 -

RC (MPa) 40,00 -

30,00 -
20,00 -
10,00 -
0,00 T T T T T T T T T
0 04 07 1,1 1,5 19 22 26 3
Figure 1. Compressive strength (MPa).
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Figure 2. Tensile strength (MPa).
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Fi‘gure 3. Failure of an ordinary mortar subjectd to tension b;bénding.

21



International Conference on Advances in Technology and Innovation (ICATI), November 14-17, 2024, Antalya/Turkey

Figure 4. Failure of a mortar reinforced with steel fibers subjected to tension by bending.

Conclusion

The mechanical properties were improved during the post-crack phase translated by an increase in ductility and
will be generated on the durability of the mortar following the absorption of the applied stresses. We can also
say that fibers help reduce or eliminate the need in traditional reinforcing steels. Also in terms of dosage we
conclude that an excessive dosage of fiber is not always the right choice. The fractions proposed in this work
have proven that the latter must be between 0.7 and 1.9% of the mass of cement, therefore the methods of
introducing metal fibers into the mixture are very important and depend on the volume of the concrete. ,
implementation and expected objectives. A study can be carried out and compared to this work; the fibers are
introduced manually and in layers when filling the concrete or mortar into the molds or into the formwork
instead of putting them directly into the mixer. This method can give better homogeneity and completely avoid
the formation of sea urchins (or fiber balls).

Recommendations

The results of this work are highly recommended for reinforcement and repair work on elements of reinforced
concrete structures.
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