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ABSTRACT: 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, adding fiber to fiber-reinforced concrete and concrete construction has greatly improved 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 150x50%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 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
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fibers could be closer to natural samples with separate fibers.

1- Introduction

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].

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

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].

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
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Compressive Strength (MPa)

Fig. 1. Compressive strength of concrete specimens
containing natural and recycled aggregates with sepa-
rate and hybrid fibers

parameters of adsorbed energy, failure state, ductility and
final load capacity of beams made with natural and recycled
aggregates, were investigated and compared.

2- Methodology

In this research, 12 samples were made on a real scale and
structural with dimensions of 1.5x0.5x0.3 m®. 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 extracted according to the results of
the direct tensile test of the rebar.

3- Results and Discussion
3- 1- Compressive strength

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 increased compared to the reference sample, related
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Fig. 2. Comparison of the load-displacement diagram
in the middle of the span in reinforced concrete beams
containing recycled aggregate with separate and hy-
brid fibers

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.

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 are 88, 64, 31, 17 and 14%, respectively. In both
natural and recycled groups, beams containing polypropylene
fibers showed the lowest amount in this regard.

In terms of ductility, as shown in Figure (15-b), in beams
containing recycled aggregate, the amount of ductility of
HFRRC-1 beam had the highest value, and in the next
categories, HFRRC-2 beam, respectively. SFRRC, KFRRC
and PPFRRC are found and the amount of increase in ductility
for the recycled group, hybrid fiber beams about 2 times and
steel fiber beams about 1.8 and Kortta fiber beams about 1.4
times compared to RRC beams were obtained. In both groups
of beams with natural and recycled aggregate, polypropylene
fiber beams had a slight increase compared to the reference
beam.
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4- Conclusion

In this study, to investigate the behavior of concrete
beams made of natural and recycled aggregates and by
adding different fibers, 12 beam samples were made in real
dimensions and tested. The following results obtained from
this research are presented as follows:

In all fiber samples compared to the reference sample due
to the addition of fibers, compressive strength has increased
and the highest increase is related to the hybrid sample of
steel and Corta and the lowest is related to the sample of
polypropylene fibers.

The amount of energy absorption of the beams in both
the group of beams with natural aggregate and the group of
beams with recycled aggregate, the highest value was related
to the beams containing hybrid steel and Kortta fibers and
the lowest value was related to the beam containing separate
polypropylene fibers.

Among the pairs of similar natural and recycled samples
from both groups, samples made of natural aggregates
recorded load-bearing capacity, final rise and higher energy
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.
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Table 1. Naming of typical concrete beam specimens made with natural aggregates
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Table 2. Naming of concrete beam specimens made with recycled aggregates
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Fig. 1. Design and method of reinforcing reinforced concrete beams with natural and recycled aggregates
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Table 3. Chemical analysis of cement
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Table 4. Physical properties of cement
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Fig. 2. Logarithmic curve of natural and recycled gravel and sand grading
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Fig. 3. Cube-shaped samples of old concrete and transported to a crushing plant
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Table 5. Mechanical specifications of used rebars
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Fig. 5. Direct rebar traction device and how the rebar is strained and broken
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Table 6. Specifications of the fibers used
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Fig. 6. Picture of (a) Kortta fibers, (b) steel and (c) polypropylene used
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Table 7. Mixing plan of natural and recycled samples for one cubic meter according to the regulations [66].
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Fig. 7. Texture of natural and recycled fibers reinforced with fibers: a- Natural concrete with steel fibers, b-
Natural concrete with PP fibers and c- Recycled concrete with Kortta fibers
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Fig. 8. How to close the reinforcement grid and prepare and lubricate metal molds
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Fig. 9. Arrangement of four-point bending test of samples
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Table 8. Compressive strength, modulus of elasticity and modulus of rupture of concretes containing natural

aggregates
S S e e e e wsesll
. SinS dain Y| 8slod .
) &Lid Caglie ) €. eyl glad (algiwl) gasi Aigod
ACI (MPa) (mm) (MPa) (cm)
(MPa)  (GPa)
YIFA YY/AA \IYE Yona \OxY + \
Ye<Y2IYH YeIvo Y/AQ YAIYY \VIYY YZIYY \OxY + Y RRC
Y/va YAIA- VY YV/of \ OxY » Y
£ YANY YIYO fy/a- \OxY + \
Y.<¥fgl$ \ddid fIvy YY/IVY VY. FAIEA \OxY + Y SFRRC
vV YYIYs VEY VY 1oy Y
IV YANF YV Yo/a-. \OxY » \
Y.<Y2/AY YeIAY YIvY YAIPY VYO AR7RA% \ OxY » Y PPFRRC
A YAV VDY YVIOY \ OxY - Y
Yiof YZINF Y/ay YY/£H VOxY . \
Y.<YVY/AY YY/AY AVigN YviFY \/ag Y20 \OxY . Y KFRRC
fIYY ARTAWA \IYY \iZAR! \ OxY » Y
Iy YY/AQ V/Ya fe/ex \ OxY » \
Yo <FVIFY FYIFY vy YVA) VIV FANY oy Y HF]}RC
fIYA YY/fO VXYY fY/EA \OxY + Y ( )
/ey Y /0v \Via' YNy \ OxY + \
FA<EYNY FYNY ¥y YA VEA BT oy HF];RC
Y ARTARd YIXY fE/VY \OxY + ( )

E, = 4700 \/fj ()
£ = 0.621 \[E ()

Sladiges 89y YA (6)Lid Cunglio 905l 5l o gl sl CleMb]
ACT &byl 51 Y=Y a0 )l 3ub) (clailginl  xvcoglio
ACIT &byl 51 (b) -V-V=VY-Y5 s plill cole, o ([VV] 318-14
3590 3 (ASTM C1077-17 5jlssbal b 5Lbail 5590 ) YIA-VE
SBenS Jgde g AoVl Joto ol o 4 (BL3L 09)S 5 (x> 09
ACT318- &byl Lulges 3:b) (522 oy slome 9 43903 y 41 by
IV g VF a3 @l a g A Jolus o (14

syl b glaie (5 Ver Sobogl pld pSion Sa

Tyl g iyl 4 S Jlasl o 3 .0 oilgs g o Loyl Weodly
2y 9 b3 5 08 Car (W5hg) SW pidy Sl GBSk 5 4
b 3,Slee (5,5 syt sl 2,5 ool 8 &, 31 JLail 5 Lol
9 5)lid 3,8 o i)S ()l )k Joe ) )3 b )8 Guad
O pelus o g o Jluyl Waosld @l oSiwd 4 (il glod Ko
435 el 3 Slio s (1S (ialo)] @l & 295 L, o]

cou gl -Y
&Hlid Cuglio =) -V

Gllae (1) Wged yo dasutio (5)ltd Cuoglio (5] Cuwd 4 (gl
(L9051) w905 aw I ACI 318-14 &ebipp] 51 V=AYV ui L
Cuol 0l odlatwl o Blw Yo glas)l g o Bl VO ylad U glaslginl
o8]

(V) 5 (1) Ll 5l osliial b oy (SieunS” Jgo g AtV Jgubo
0] 135 oo duwlxo

AARAY



VIYAL YY) din 0F ) Jlo & o)loud F 0,93 S sl lpos cwigen 4 s

Jalg‘)b PHELSW) ‘55L‘> lehu.’b W Jg.\n 9 Qi Y| Jg.\.o ‘d)m C;wslﬁao A JQJA

Table 9. Compressive strength, modulus of elasticity and modulus of rupture of concretes containing recycled

aggregates
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Fig. 10. Compressive strength of concrete specimens containing natural and recycled aggregates with sepa-
rate and hybrid fibers
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Fig. 11. The amount of reduction in compressive strength of recycled samples compared to natural samples
with separate and hybrid fibers
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Fig. 12. Flexural strength test of reinforced concrete beams with natural aggregate with separate and hy-
brid fibers
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Fig. 13. Flexural strength test of reinforced concrete beams with recycled aggregates with separate and
hybrid fibers
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Comparison of load diagram - displacement in the middle of the span, in reinforced concrete beams
with separate and hybrid fibers: a- Natural aggregate and b- Recycled aggregate
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Fig. 15. The amount of resistance reduction and displacement of recycled beams in the same pair of beams
compared to natural beams with separate and hybrid fibers
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Fig. 16. Fracture mode and crack pattern of reinforced concrete beams containing natural aggregate with
separate and hybrid fibers
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Fig. 17. Fracture mode and crack pattern of reinforced concrete beams containing recycled aggregate with
separate and hybrid fibers
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Fig. 18. Comparison of absorbed energy in different beams with natural and recycled aggregates
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Fig. 19. The amount of energy absorption of recycled beams in the same pair of beams compared to natural

beams with separate and hybrid fibers
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Fig. 20. Comparison of load-strain diagrams of tensile rebars in reinforced concrete beams with separate
and hybrid fibers: a- Natural aggregate and b- Recycled aggregate
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Fig. 21. Reduction of tensile yield load of rebars in recycled beams compared to similar natural sample with
separate and hybrid fibers
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