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Given that one of the most concrete and concrete construction materials with suitable compressive
strength, ductility, tensile and flexural strength is low. For this purpose, in the past few years by adding fiber to
fiber reinforced concrete and concrete construction, greatly improve the weaknesses. The purpose of this study is
to investigate the effect of different fibers on the flexural behavior of reinforced concrete beams made with
natural and recycled aggregates. In this research, 12 samples of reinforced concrete beams in two groups (6
beams made of natural aggregate and 6 beams made of recycled aggregate) were made in real scale with
dimensions of 150×50×20 centimeters, which The reinforcement details of all the beams were the same and three
types of steel fibers, polypropylene and Kortta were used separately and hybrid in the construction of the beams.
Four-point flexural strength test was performed on the samples. Fracture mode, fracture behavior as well as
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absorbed energy parameters, ductility and final load capacity of beams made with natural and recycled
aggregates were investigated. The results showed that the addition of hybrid fibers had a greater effect on
improving the above parameters than separate fibers and also the flexural behavior of recycled samples with
hybrid fibers could be closer to natural samples with separate fibers.
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Introduction

Chaboki et al. investigated the effect of using steel
fibers in reinforced concrete beams made with recycled
aggregate on the flexural capacity and ductility of the
beams. They made 27 beams with real dimensions and
made concrete materials with 0, 50 and 100 Percentage
substitutes also considered the amount of fibers used in
the designs as 0, 1 and 2% and also considered the
distance of transverse reinforcements as a variable in the
research. The results showed that the effect of recycled
fibers and aggregates on the ductility ratio and
maximum loading capacity depends on other
parameters. For example, the effect of steel fibers
depends on the distance of transverse reinforcements
and the effect of recycled aggregates depends on the
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Some research has been done on the use of fibers in
concrete and the results of this research show that the
mechanical properties of various types of fiber concrete
(ordinary concrete, lightweight concrete and high
strength concrete) have improved and increased
compressive, tensile, abrasion resistance [1-8]. Previous
research on the flexural behavior of concrete members
with recycled aggregates has shown that the use of
recycled aggregates reduces the bending anchorage
capacity and increases crack propagation. Steel fibers
not only reduce crack formation but also control their
growth [9].

amount of steel fibers and the distance of transverse
reinforcements [10].

extracted according to the results of the direct tensile
test of the rebar.
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Taha investigated the flexural behavior of reinforced
concrete beams containing recycled industrial waste as
steel fibers. He used lathes instead of steel fibers to
make reinforced concrete beams. The test results
showed that the inclusion of lattice waste significantly
improves the strength and deformation properties of
concrete. Reinforced concrete beams showed less
deformation than conventional reinforced concrete
beams. There was a good match between the
experimental and numerical results [11].

Results and Discussion
3. 1. Compressive strength
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Figure (1) shows the compressive strength diagram
of hybrid and separate fiber samples for samples with
natural and recycled aggregates. Also in this diagram,
the amount of increase in compressive strength of
fibrous samples compared to the reference sample
without fibers is compared. As can be seen in this
figure, the use of fibers increased the compressive
strength of the samples. In both natural and recycled
samples, the highest amount of compressive strength
increase compared to the reference sample, related to
the sample containing hybrid fibers. Steel and Kortta
and the lowest increase was observed for the sample
containing separate polypropylene fibers. The amount
of increase in compressive strength of the samples
compared to the reference sample of 31, 28, 19, 4 and
1% for samples with natural aggregates and 22, 17, 8, 5
and 1% for samples with recycled aggregates,
respectively, related to Steel and Kortta hybrid samples,
separate steel fiber samples, steel and polypropylene
hybrid fiber samples, Kortta separate fibers and separate
polypropylene fibers were recorded.
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Therefore, in this research, concretes made of
natural and recycled aggregates and adding different
fibers such as steel fibers, polypropylene and Kortta
have been investigated separately and in combination,
and the behavior of reinforced concrete beams on a real
scale with aggregates has been investigated. Natural and
recycled have been studied. Four-point flexural strength
test was performed on 12 beam samples in two groups
of natural aggregate (6 beam samples) and recycled
aggregate (6 beam samples). In each group, one beam
sample was used as a control sample without fibers and
5 beam samples. It contained fibers and in the samples
of the two groups, steel fibers, polypropylene and Kortta
were used separately and in combination. Fracture
behavior as well as parameters of adsorbed energy,
failure state, ductility and final load capacity of beams
made with natural and recycled aggregates were
investigated and compared.

Compressive Strength (MPa)
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In this research, 12 samples were made on a real
scale and structural with dimensions of 1.5×0.5×0.3
meters. Laboratory fixed parameters of this research
include mixing design, sample dimensions and
percentage of fibers and variable parameters include the
use of different fibers in fiber reinforced concrete and
natural and recycled aggregates. A four-point bending
test was used for the beams. The loading was static by
the hydraulic jack. The amount of displacement of the
loaded sample was controlled and recorded by the
displacement gauges placed below the sample. It should
be noted that the hydraulic jack was connected to the
load gauge and the load of the jack was sent to the data
stabilization device and read. At the connection of the
jack to the load gauge and the load gauge to the load
beam, a fiber coating was used to reduce the error and
noise of the data in the metal-to-metal connection. The
data were sent and the time of their submission was
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Fig. 1. Compressive strength of concrete
specimens containing natural and recycled
aggregates with separate and hybrid fibers
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3. 2. Load– displacement diagram

Figure (2) shows a load-displacement diagram in the
middle of the beam for six samples with recycled
aggregate.
Figure (2) shows that in beams made with recycled
aggregate, the amount of strength increase and bearing
capacity of HFRRC-1 beam has the highest value and in
the next categories, HFRRC-2, SFRRC, KFRRC beams,
respectively. And PPFRRC and their increase in
resistance to RRC beams is 88, 64, 31, 17 and 14%,
respectively. In both natural and recycled groups, beams
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absorption, and also in terms of flow of tensile
rebars, among pairs of similar samples,
samples The natural ones gave in more load
and entered the plastic area.

containing polypropylene fibers showed the lowest
amount in this regard.
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Fig. 2. Comparison of load-displacement
diagram in the middle of the span, in
reinforced concrete beams containing recycled
aggregate with separate and hybrid fibers.
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