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ABSTRACT

Sixteen beams were cast and tested to investigate the shear behavior of the
reinforced concrete beams under the effect of the steel fibers and the recycled coarse
aggregate (RCA). The steel fibers were added to concrete with (0, 0.5 and 1%) volume
fractions. The recycled coarse aggregate used were (0, 25, 50 and 100%) replacement
ratios by the natural coarse aggregate (NA). Only four beams were casted with shear
reinforcement (stirrups @ 6mm (@ 167mm) and 1% steel fibers to evaluate their effect
on the shear behavior of beams and the remaining beams were without shear
reinforcement. The effect of the steel fibers volume fraction, RCA replacement ratio
and stirrups on the crack pattern, mode of failure, load-deflection relationship, first
cracking load, ultimate load, ductility, stiffness, and energy absorption were discussed
and analyzed. The experimental results were verified with the American and the
Egyptian code’s provisions in shear as well as with previous studies equations. The
results showed that the steel fiber improves the shear behavior of recycled aggregate
reinforced concrete beams especially concrete with high RCA replacement ratio.

KEYWORDS: Reinforced Concrete Beams, Steel fibers, Recycled, Shear.
1. INTRODUCTION

The amount of wastes resulting from demolition of buildings and traffic
infrastructures recorded an increase at the recent few decades. The disposal of those
wastes became a serious issue on the environment. The reconstruction of those
buildings and infrastructures needs enormous amounts of raw building materials and
this is not available in some places in the world, so the process of recycling could be a

solution for this problem. The recycling of the demolition wastes could reduce the
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amount of demolition wastes and save some of the raw building materials. The crushed
stones resulted from the demolished concrete or bricks could be reused as aggregate for
the new concrete needed for renewing the demolished structures. The steel fibers will
be added to RCA concrete to enhance its structural and mechanical properties.

This experimental study is interested in investigating the capability of using
recycled concrete as coarse aggregate and the effect of adding the steel fibers on the
shear behavior of RC beams. The results of this study in addition to the previous studies

may produce a sufficient prediction of the both RCA with and without steel fibers.

2. LITERATURE REVIEW

Twenty reinforced concrete beams were prepared to study the shear strength of
the recycled aggregate concrete compared with the natural aggregate concrete. The
main experimental parameters were the recycled aggregate replacement ratio, the shear
span-to-depth ratio and the longitudinal reinforcement ratio. The results showed that
increasing RCA replacement ratio decreased the ultimate shear strength [1]. Fifteen
beams were casted with (0, 50 and 100%) RCA replacement ratio to study the shear
behavior of recycled concrete aggregate beams. The results indicated that beams of 50%
and 100% RCA replacement ratio were very similar to those of 100% natural aggregate
in crack pattern, shear behavior and strength characteristics when using RCA with
1.67% water absorption or less, regardless of RCA replacement ratio [2]. Beams with
0% and 100% RCA replacement ratio were tested and the test results were verified with
international codes. The results of comparison gave that 0% RCA beams is higher than
100% RCA beams in shear strength capacity by approximately 12% [3].

Fourteen reinforced concrete beams with 100% recycled concrete aggregate
were constructed. It was found that the beams with 100% RCA was similar to that with
natural coarse aggregate in shear failure mode, shear deformation, load-deflection
relationship and shear strength [4]. The results of the experimental test indicated that
the ultimate shear strength of 20% RCA and 100% RCA replacement ratio specimens
were less than 0% specimens by 5% and 9% respectively [5]. Two groups of beams

based on their sizes were tested and each group contained four beams based on the
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quality of the used RCA. The results revealed that the shear strength of small beams
with RCA was smaller than that with normal aggregate on the contrary of the large
beams [6]. Twelve RC beams were made with (0, 0.5 and 0.75%) steel fibers volume
fraction. The results clear that the strength of beams increased by increasing steel fiber
volume fraction regardless of the concrete strength, the shear span to depth ratio and
failure mode [7]. The results of tested beams showed that the using of hooked-end steel
fibers with a volume fraction equal or greater than 0.75% improved the pattern of
inclined cracking and improved the shear strength of beams without shear
reinforcement by equal or greater than (0.33(fc')®®> MPa) [8]. The results of testing
beams with 0.75% steel fibers concluded that the usage of steel fibers in beams without
stirrups led to flexural-shear mode of failure, whereas the use of steel fiber in beams
with stirrups led to flexural mode of failure [9].

Twenty-four steel fiber RC push-off specimens subjected to direct shear were
made to investigate its behavior. The first crack shear strength increased due to the crack
arrest mechanism of the fiber and the ultimate shear strength was up to fiber content of
1 %. Any increase in fiber content did not produce any improvement in shear strength
[10]. The results of the tested RC beams indicated that the ultimate shear strength and
the crack strength of beams increased by increasing the steel fiber volume fraction and
decreasing the shear span-to-depth ratio [11]. The steel fiber reinforced concrete beams
with 1.0 and 2.0% steel fibers and without stirrups had ultimate shear strength of 51%
and 68% greater than that of beams without both of them [12]. Stirrups and steel fibers
increased the stiffness and deflection at the ultimate and failure loads of beams, whereas
the steel fibers effect decreased with increasing the stirrup ratio [13]. The use of steel
fibers improved the load capacity and ductility of beams. Doubling the steel fibers
volume fraction from 1% to 2% had a limited enhancement in the load capacity more
than the ductility [14]. The addition of 0.75% steel fiber volume fraction in the beams
without stirrups was sufficient to achieve the ultimate shear strength of beams with
conventional shear reinforcement [15]. The using of steel fibers could effectively

enhance the shear strength and the shear toughness of RCA concrete [16].
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3. EXPEREMINTAL WORK

Twelve concrete mixtures were designed for casting the tested beams. Six cubes
were taken from each mix during casting the beams. All concrete mixtures contain 400
kg/m? cement content, 600 kg/m?3 sand, 1200 kg/m? coarse aggregate, 0.5 water-to-
cement ratio (W/C), (0, 0.5 and 1%) steel fibers volume fraction (V¢ %) from the
concrete volume and 1% superplasticizer from the cement weight. The coarse
aggregate used were divided into two types, natural crushed stones (dolomite) and the
recycled coarse aggregate obtained from the crushing of the tested cubes in the
laboratory, both with a maximum nominal size of 20 mm. RCA replacement ratios were
(0, 25, 50 and 100%) from the weight of the total used coarse aggregate. The used steel
fibers were corrugated segment with length of 50 mm and 0.5 mm thickness and an
aspect ratio of 100. The steel fibers volume fractions were (0, 0.5 and 1%) for the first,
second and third groups respectively and 1% steel fibers with stirrups for the fourth
group.

Sixteen reinforced concrete beams were designed and tested for the purpose of
this research. All beams had the same dimensions and the same longitudinal
reinforcement. The beams were divided into four groups according to the steel fibers
volume fraction and stirrups. Each group consisted of four beams according to RCA
replacement ratio. All beams were 120 mm width, 180 mm depth and 1300 mm long
and reinforced with the same longitudinal reinforcement 3 bars 12 mm diameter as
bottom reinforcement and 2 bars 8 mm diameter as top reinforcement. The first three
groups were typical (A) that was without shear reinforcement in the shear zone only as
shown in Fig. 1 and the fourth group is typical (B) that was with shear reinforcement
(stirrups with two legs of 6 mm diameter and spaced at 167 mm in long direction) as
shown in Fig. 2. The tested beams details and the compressive strength of each one are
shown in Table 1.

After 24 hours from casting time, the concrete cubes were fully immersed in
water containers in the laboratory for curing. The reinforced concrete beams were cured
by wrapping them with pieces of wool and moisturizing them twice a day till the test

time.
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Fig. 1. Typical (A) beam without shear reinforcement.
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Fig. 2. Typical (B) beam with shear reinforcement.

Table 1. The properties of the tested beams and their compressive strength (Fcu).

Feu. at 28 Feu. at 50

Group Beam Typical V% RCA% days days
(kg/lcm?) (kg/cm?)
B13-0%-0% A 0 378.8 408.45
- B14-0%-25% A 0 25 346.3 367.97
o B15-0%-50% A 50 307.2 313.8
B16-0%-100% A 100 275.8 304.17
B9-0.5%-0% A 0 398.9 412.57
N B10-0.5%-25% A 05 25 362.4 376.9
G) B11-0.5%-50% A ' 50 318.7 336
B12-0.5%-100% A 100 289.3 308.97
B1-1%-0% A 0 405.6 422.7
o B3-1%-25% A 1 25 375.7 382.53
o B5-1%-50% A 50 328.4 340.6
B7-1%-100% A 100 300.8 316.8
B2-1%-0%-S B 0 405.6 422.7
N B4-1%-25%-S B 1 25 375.7 382.53
G) B6-1%-50%-S B 50 328.4 340.6
B8-1%-100%-S B 100 300.8 316.8
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4. TEST SET-UP OF RC BEAMS

Figure 3 shows the loading frame, hydraulic jack and test setup of RC beams.
The specimens were loaded under four points to represent the case of simply supported
beam under two concentrated loads applied on the one third of the clear span (1170
mm). Three linear variable displacement transducers (LVVDT) were used to measure the
beams deflection. Two LVDTs were fixed under the two loading points and one LVDT
was fixed at the mid span. The three LVDTs and the load cell were connected with data

logger and the data were recorded through the connected computer.

_ Steel loading frame

Hydraulic jack head
Load cell
-t The tested R.C beam

Rigid steel beam:},

/E@gt LVDT ALVDT ALVDT JLi‘}El\*—IEO-'
[ 1 ,I—. | 1 H ; y

390 195——195 390 64

Fig. 3. Test setup and measurements.

5. EXPEREMINTAL RESULTS

The test results analyze the crack pattern, failure mode, cracking load, ultimate
loads, load deflection curves, and energy absorption under the effect of RCA

replacement ratio, steel fibers volume fraction and shear reinforcement.

5.1 Crack Pattern and Failure Mode

For all beams without stirrups, the first crack started vertically at the mid span
then other vertical cracks appeared at the middle third of span. Inclined shear cracks
started from the point of support upwards the point of loading. With increasing the load
level, the cracks propagated and increased in their number and in their width, specially

the inclined cracks. The failure mode was shear failure in beams without stirrups and
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only the beam B4 with stirrups. In beams with stirrups except B4, the mid span vertical
crack was propagated upwards the compression zone of the beam and increased in its
width until failure. At the same time, cracks appeared in the compression zone of the
beams with stirrups and the failure mode was flexure failure. Figures 4-7 show the crack
pattern of the four groups of the tested beams.

It was clear that for all beams, the failure mode and the crack pattern were not
affected by RCA replacement ratio regardless of the steel fibers volume fraction. It was
noticed only in the first group without steel fibers that the number and length of cracks
increased by decreasing the RCA replacement ratio whereas, the width and number of
cracks were smaller by increasing the steel fibers volume fraction for the beams without
stirrups at the same load level. At failure the number and the length of cracks increased
by increasing the steel fibers volume fraction. The width of cracks especially the
diagonal failure crack increased by increasing the steel fibers volume fraction for all the
tested beams without stirrups. It was also clear that, for the first three groups of beams
beside beam B4 the failure mode was not affected by steel fiber volume fraction (shear
failure) and the crack pattern improved by increasing the steel fiber volume fraction. It
could be noticed that, using the steel fibers volume fraction with minimum stirrups
made the beams fail in flexure. Thus the presence of 1% steel fibers volume fraction
with stirrups could be able to change the failure mode from shear to flexure. All tested
beams had the same shear span-to-depth ratio (a/d) of (390/162=2.4). Increasing a/d
may change the failure mode to shear-flexure or flexure modes [1, 7]. This point will

be considered in future work.

5.2 Load-Deflection Curves

Figures 8-11 show the load-deflection curves of all groups and it is clear that, all
beam curves consisted of three main stages. The first stage (uncracked section) was
linear until the load level of first crack at the mid span. The second stage (cracked
section) was non-linear and started with the first crack accompanied with stiffness
reduction and ended with huge number of vertical and inclined cracks until reaching the

ultimate load. The third stage started with reaching the ultimate load and the curve
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started to descend where the beams were exposed to plastic deformation and increasing

in crack width until failure load.
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Fig. 6. The crack pattern of group (3). Fig. 7. The crack pattern group of (4).
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It is clear that, the recycled coarse aggregate replacement ratio has no effect on
the load-deflection behavior of beams. As well as the ductility decreased by increasing
RCA replacement ratio in the first and second groups with 0% and 0.5% steel fibers
respectively but the ductility was approximately the same for beams in the third and the
fourth groups with 1% and 1% steel fibers with stirrups respectively. In the first and
second groups, the slope of the linear stage of each beam was decreased by increasing
RCA replacement ratio and that could represent the stiffness of the beam but the slope

of beams in the third and fourth group was approximately the same.
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Figures 12-15 show the load-deflection curves of the beams with same RCA
replacement ratio in all groups to show the effect of the steel fibers volume fraction and
the effect of stirrups. The load-deflection behavior of all beams was affected by the
steel fibers volume fraction where increasing the steel fibers volume fraction led to
increase in the ductility in all beams especially in the beams with 50% RCA and 100%
RCA respectively. This meant that the effect of the steel fibers was greater with high
RCA replacement ratio. The stiffness of beams in all beams increased by increasing the
steel fibers volume fraction as the slope of the linear stage increased regardless of RCA
replacement ratio. The load-deflection behavior of the beams with 1% steel fibers
volume fraction and stirrups was different from the other curves in the third stage where
the descending of the other curves was sudden and with large slope, whereas the
descending of the curves of the beams with stirrups was not sudden and was with very
small slope. This meant that the elastic deformation of beams with stirrups was larger
and its failure was ductile. It is cleared that, the ductility of beams with stirrups have an
noticeable increase more than that without stirrups regardless of RCA replacement

ratio, whereas the stiffness are not affected by adding stirrups.
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Fig. 12. Load-deflection curve of 0%RCA

5.3
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First Cracking Load.
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Fig. 13. Load-deflection curve of
25%RCA replacement ratio.

The first crack in all beams was vertical crack at mid span. The first crack load

was affected by the recycled coarse aggregate (RCA) replacement ratio in all beams as
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shown in Fig. 16 where the first cracking

by increasing RCA % replacement ratio.

load at the mid span of the beams decreased
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Fig. 14. Load-deflection curve of 50%
RCA replacement ratio.

Although, the first cracking load
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Fig. 15. Load-deflection curve of 100%
RCA replacement ratio.

at the mid span of the beams increased by

ardless of the RCA replacement ratio and the

presence of stirrups not affect the first beam cracking load where it had the same effect

of using 1% steel fibers without stirrups as shown in Fig. 17.
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Fig. 16. The effect of RCA replacement
ratio on the first cracking load.

The first diagonal crack (first shear

appeared after mid span cracks. Figure 1

Fig. 17. The effect of the steel fibers and
stirrups on the first cracking load.

crack) was investigated. The first shear crack

8 shows the effect of the RCA replacement
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ratio on the first shear cracking load for all beams. The first diagonal shear cracking
load was affected by RCA replacement ratio in the first and second groups and not
affected by RCA replacement ratio in the third and fourth groups. The first shear
cracking load was affected by steel fibers volume fraction in all beams. The first shear
cracking load increased by increasing the steel fibers volume fraction regardless of
RCA replacement ratio and the presence of stirrups not affect the first diagonal cracking
load where it had the same effect of using 1% steel fibers without stirrups as shown in
Fig. 19.
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Fig. 18. The effect of RCA replacement Fig. 19. The effect of steel fibers and
ratio on the first diagonal cracking load. stirrups on the first diagonal cracking
load.

5.4 Tested Beams Ultimate Load

Figure 20 shows the ultimate load of the tested specimens. For the first group,
which consists of four beams without steel fibers, the ultimate load of beams B14 with
25% RCA, B15 with 50% RCA and B16 with 100% RCA was lower than that of beam
B13 without RCA by 37%, 39%, and 54% respectively. For the second group that
consists of four beams with 0.5% steel fibers volume fraction, the ultimate load beams
with 25%. 50% and 100% RCA were less than that of beam without RCA by 2%, 17%,
and 32% respectively. For the third group, which consists of four beams with 1% steel
fibers volume fraction, the ultimate load of beams with 25%. 50% and 100% RCA were
less than that of beam without RCA by 7%, 9.5%, and 11% respectively. For the fourth

group, which consists of four beams with 1% steel fibers volume fraction and with shear
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reinforcement, the flexural strength of beams B4 with 25%. 50% and 100% RCA were
less than that of beam B2 without RCA by 7%, 9%, and 14% respectively.

Figure 21 shows the effect of the steel fibers volume fraction and the effect of
stirrups on the ultimate load of the tested specimens. For the beams with 0% RCA
replacement ratio, the ultimate load of beams with 0.5% and 1% steel fibers volume
fraction were higher than the ultimate load of beam without steel fibers by 13.2% and
19.8% respectively. While for the beams with 25% RCA replacement ratio, the ultimate
loads were increased by 69.6% and 70.8% for 0.5% and 1% V' respectively. For the
beams with 50% RCA replacement ratio, the ultimate load of beams with 0.5% and 1%
Vit were higher than that of beam without steel fibers by 50% and 72.3% respectively.
For the beams with 100% RCA replacement ratio, the ultimate loads increased by
58.6% and 122% for the case of 0.5% and 1% Vs respectively. On the other hand, using
stirrups increased the ultimate load by 4.1%, 3.7%, 4.6%, and 0.7% for 0, 25%, 50%,
and 100% RCA replacement ratio respectively for the specimens of 1% fiber volume
fraction. Changing shear span-to-depth ratio that was (a/d=2.4) in all tested beams will
affect the ultimate load. Increasing a/d decreased the ultimate load of the tested beams
as cleared in previous researches [1, 7, 19].

It is clear that increasing the RCA replacement ratio decreased the compressive
strength of concrete and this contributed to decrease the ultimate load of the tested
beams regardless the steel fiber volume fraction whereas, increasing the steel fiber
volume fraction increased the ultimate load of the tested beams especially in beams
with 50% and 100% RCA. It is noticed that the efficiency of steel fiber was higher with

the increase of RCA replacement ratio.

5.5 Energy Absorption

The energy absorption of beams was calculated as the area under the load-
deflection curve up to 80% of the ultimate load at the descending part of the curve. The
energy absorption decreased by increasing RCA replacement ratio regardless the steel
fiber volume fraction and stirrups as shown in Fig. 22 but increasing the fibers content
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causes a lowering in energy absorption decreasing rate that was caused by using RCA

replacement.
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Fig. 20. The effect of RCA replacement Fig. 21. The effect of the steel and
ratio on the ultimate load. stirrups on the ultimate load.

The energy absorption increased by increasing the steel fibers volume fraction
and using stirrups regardless the RCA replacement ratio as shown in Fig. 23. Volume
fraction of 0.5% steel fibers was more effective on the energy absorption in case of
using 0% RCA and 25% RCA replacement ratio. The energy absorption increased by
using stirrups with 1% steel fibers volume fraction so, the presence of stirrups increased

the energy absorptions.
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Fig. 22. The effect of RCA Fig. 23. The effect of the steel fibers and
replacement ratio on the energy stirrups on the energy absorption.
absorption.

5.6 Verification of the Experimental Results with Codes Equations
The experimental results were compared with the equations that belong to the
shear design in both the Egyptian code (ECP 203-2018) [18] and the American code

918



EFFECT OF STEEL FIBERS ON SHEAR BEHAVIOR OF RECYCLED ....

(ACI 318-2014) [19]. The maximum limit of the ultimate shear force provided by the
reinforced concrete beams (Vmax) and the ultimate shear force provided by the
reinforced concrete beams (V) were verified with experimental results. The results of
verification showed that both ECP 203-2018 and ACI 318-2014 give a conservative
values for all beams as shown in Fig. 24 and these code’s equations could be applicable

for all beams regardless of RCA replacement ratio and steel fibers volume fraction.

5.7 Verification of the Experimental Results with Previous Studies Equations

The experimental results of this study were verified with equations from
previous studies that consider the effect of the steel fibers on the shear strength of
beams. Six equations were verified. The results showed that all equations are
conservative and could be applicable for all beams specimens regardless of RCA
replacement ratio as shown in Fig. 25. Statistical analysis indicated that Eq. (6) is the
most proper one for these specimens.

Vo= lfo (5 pa) V)]

Where;
(Vu) is the shear stress at shear failure, (k) =2/3, (a/d) is the shear span-to-depth ratio,

(f-) is the split tensile strength of concrete cylinder and equal to [0.79*(f:)°%],

(fc) is the compressive strength of concrete cylinder.

G, = e (02450 + 72%) 4V, (MPQ) (2)[8]
V= (0.7(f)°5 + F) =+ 17.2p% (MPa) (3)[20]
= 376(foe)* ()" +087, (MPa) “)e]

Where;

(e) = 1 for a/d > 2.8 and 2.8d/a for a/d < 2.8, (fspic) = (feu/ (20-(F)%®) +0.7+ (F)®9),

(fcu) is the compressive strength of concrete cube, (F) = (L#/Dyx) Vs df,

(ds) is fiber bond factor which is 0.5, 0.75 and 1 for indented, crimped and round fibers
respectively, (p) is the longitudinal reinforcement ratio, (L) is the fiber length, (Dx) is
the fiber diameter and (V¥) is the fiber volume fraction, Vy = 0.417F,

(z) is the bond strength of the steel fibers and equal 4.15MPa.
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1
Vu = [k0k1k2k3(10p)°'5 (f.)%3° +0.707 X", F; T(lng +1) ps +

2 0.9 fywk] bd (MPa) (5)[20]
Where;
(ko) = 1 for four point loading test and (ko) = [L/ (I-a)] for three point test where L (mm)
theoretical span, ki = (103/d) %, ko = [5.4(da/100)2+1], ks = [0.97In (d/a) +1.04],
(@) shear span of beams (mm), (d) the effective depth of beams (mm), (da) the maximum
aggregate Size, Fi = [hsi (Vii*ls) / di] where hs, Vs, ls, di are bond factor, volume
fraction, length and diameter of the type of fibers respectively, (t) Average fiber matrix
interface bond stress (N/mm?), (Aw) cross-section area (mm?) of longitudinal tensile

rebars, (b) beam width (mm), (s) stirrups bitch (mm), (fyw) stirrups yield stress (N/mm?).

1

vu=(02fc () + (o1 +4F)f0)°5 ) (2)° (6)[14]
Where;

(c/d) 2 + (600p/fc) X (c/d) — 600p/f: = 0, From this equation, (c/d) could be obtained.

120 120
100 100
= =80
iso L lele . A AR 3
¢
860 860 2 i g L % <1
= 3 g x g 9 ® A
a0 240 2 gﬂ“}()t:(A
A\ A )
|| = = D) T RS g S o
20 AA 20 A A A A AAAAAAAz
0 0
EEEE%%B%%%%%%%%% S%%EE%E%%%%%%%%%
—8— VU ECP203-2018 —— VU exp.
—&— V/max. ECP203-2018 VU ACI318-2014 ¢ VU exp. AVul mVu2 Vu3
= \/max,ACI318-2014 o \Vu4 AVU5 XVu6é

Fig. 24. Verification of the experimental Fig. 25. Verification of the experimental
results with ECP203-2018 and ACI318- results with previous studies equations in
2014 codes equations in shear. shear.

6. CONCLUSIONS

The experimental study investigated the shear behavior of the steel fibers

recycled coarse aggregate reinforced concrete beams. The main variables in this study
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are the recycled coarse aggregate (RCA) replacement ratios (0, 25, 50 and 100%) and

the steel fibers volume fractions (0, 0.5 and 1%). Sixteen R.C. beams with dimensions

(120x180%x1300 mm) were cast and tested under four loading points to study their shear

behavior under various parameters. The main conclusions of this study are:

1)

2)

3)

4)

5)

6)

7)

8)

9)

There is no clear difference in crack pattern and failure mode due to increasing the
recycled coarse aggregate (RCA) replacement ratio.

The failure mode is sudden shear failure and it is not affected by steel fiber volume
fraction. Whereas the crack pattern is improved by increasing the steel fibers volume
fraction. Also the presence of both minimum stirrups and 1% steel fibers converted
the failure from shear to flexure mode of failure.

Increasing the steel fibers volume fraction leads to increase in the ductility and
stiffness of beams especially in beams with 50% and 100% RCA replacement ratio.
The ductility and stiffness of beams with 1% steel fibers and stirrups increase by
using the minimum stirrups more than the beams with 1% steel fibers and without
stirrups.

The first beam cracking load at mid span, the first diagonal shear load, the ultimate
load and the energy absorption decrease by increasing RCA replacement ratio
whereas, they increase by increasing the steel fiber volume fraction.

The presence of stirrups with 1% steel fibers does not affect the first cracking loads,
slightly increases the ultimate load and noticeably increases the energy absorption.
The Egyptian (ECP 203-2018) and the American (ACI 318-2014) codes proposed
equations in shear that could be applicable for any RCA replacement ratio regardless
of the steel fibers volume fraction.

The experimental results were verified with equations from previous researches for
the steel fibers RC beams in shear and these equations could be applicable at any
RCA replacement ratio.

Generally, it is not recommended to use RCA with replacement ratio higher than

50% without using steel fibers with at least 0.5% volume fraction.

10) Using RCA instead of NA especially in countries that have a scarcity of raw

buildings materials or countries that have large amounts of wastes resulting from
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demolition of buildings or infrastructures due to wars or natural catastrophes is

considered an economic solution in spite of using expensive steel fiber.

DECLARATION OF CONFLICT OF INTERESTS

The authors have declared no conflict of interests.

REFERENCES

1.

10.

11.

Choi, H. B., Yi, C. K,, Cho, H. H., and Kang, K. 1., “Experimental Study on the
Shear Strength of Recycled Aggregate Concrete Beams”, Magazine of Concrete
Research, Vol. 62, No. 2, pp. 103-114, 2010.

Kim, S. W., Jeong, C. Y., Lee, J. S., and Kim, K. H., “Size Effect in Shear Failure
of Reinforced Concrete Beams with Recycled Aggregate”, Journal of Asian
Architecture and Building Engineering, Vol. 12, No. 2, pp. 323-330, 2013.
Arezoumandi, M., Smith, A., Volz, J. S., and Khayat, K. H., “An Experimental
Study on Shear Strength of Reinforced Concrete Beams with 100% Recycled
Concrete Aggregate”, Construction and Building Materials, Vol. 53, pp. 612-620,
2014,

Choi, W. C., and Yun, H. D., “Shear Strength of Reinforced Recycled Aggregate
Concrete Beams without Shear Reinforcements”, Journal of Civil Engineering
and Management, VVol. 23, No. 1, pp. 76-84, 2017.

Rahal, K. N., and Alrefaei, Y. T., “Shear Strength of Recycled Aggregate
Concrete Beams Containing Stirrups”, Construction and Building Materials, Vol.
191, pp. 866-876, 2018.

Yanweerasak, T., Kea, T., Ishibashi, H., and Akiyama, M., “Effect of Recycled
Aggregate Quality on the Bond Behavior and Shear Strength of RC Members”,
Applied Sciences, Vol. 8, No. 11, p. 2054, 2018.

Kwak, Y. K., Eberhard, M. O., Kim, W. S., and Kim, J., “Shear Strength of Steel
Fiber-Reinforced Concrete Beams Without Stirrups”, ACI Structural Journal, Vol.
99, No. 4, pp. 530-538, 2002.

Dinh, H. H., Montesinos, G. J. P., and Wight, J. K., “Shear Behavior of Steel Fiber
Reinforced Concrete Beams without Stirrup Reinforcement”, ACI Structural
Journal, Vol. 107, No. 5, pp. 597-606, 2010.

Dancygier, A. N., and Savir, Z., “Effects of Steel Fibers on Shear Behavior of
High-Strength Reinforced Concrete Beams”, Advances in Structural Engineering,
Vol. 14, No. 5, pp. 745-761, 2011.

Lofty, B., “Behavior of Steel Fiber Reinforced Concrete Subjected to Direct
Shear”, Journal of Engineering and Applied Science, Vol. 48, No. 3, pp. 455-471,
2001.

Balgude, V. V., “Experimental Study on Crimped Steel Fiber Reinforced Concrete
Deep Beam in Shear”, IOSR Journal of Mechanical and Civil Engineering, Vol.
11, No. 2, pp. 24-39, 2014.

922



EFFECT OF STEEL FIBERS ON SHEAR BEHAVIOR OF RECYCLED ....

12. Aragjo, D. L., Nunes, F. G. T., Filho, R. D. T., and Andrade, M. A. S., “Shear
Strength of Steel Fiber-Reinforced Concrete Beams”, Acta Scientiarum
Technology, Vol. 36, No. 3, pp. 389-397, 20109.

13.  Zhao, J., Liang, J., Chu, L., and Shen, F., “Experimental Study on Shear Behavior
of Steel Fiber Reinforced Concrete Beams with High-Strength Reinforcement”,
Materials, Vol. 11, No. 9, p. 1682, 2018.

14. Arslan, G., Keskin, R. S. O., and Birincioglu, M. 1., “Strength of Steel-Fibre-
Reinforced Concrete Beams with Web Reinforcement”, Structures and Buildings,
Vol. 172, No. 4, pp. 267-277, 2019.

15. Morsy, A. M., and El-Raki, T. M., “Shear Behavior of Steel Fiber Reinforced
Concrete Wide Beams Without Stirrups”, Journal of Civil and Environmental
Engineering, Vol. 8, No. 1, p. 292, 2018.

16. Gao, D., Zhang, L., and Nokken, M., “Mechanical Behavior of Recycled Coarse
Aggregate Concrete Reinforced with Steel Fibers Under Direct Shear”, Cement
and Concrete Composites, Vol. 79, pp. 1-8, 2017.

17. ECP-203: Egyptian Code for Design and Construction of Reinforced Concrete
Structures, ECPCS-203, Housing and Building National Research Center.
Ministry of Housing, Utilities and Urban Planning, Cairo; 2018.

18. American Concrete Institute, Building Code Requirements for Structural Concrete
(ACI 318-14): Commentary on Building Code Requirements for Structural
Concrete (ACI 318R-14): an ACI Report. American Concrete Institute. ACI, 2014.

19. Arslan, G., Keskin, R. S. O., and Ulusoy, S., “An Experimental Study on the Shear
Strength of SFRC Beams Without Stirrups”, Journal of Theoretical and Applied
Mechanics, Vol. 55, No. 4, pp. 1205-1217, 2017.

20. Nguyen-Minh, L., and Rovnak, M., “New Formula for the Estimation of Shear
Resistance of Fiber Reinforced Beams”, Canadian Journal of Civil Engineering,
Vol. 38, No. 1, pp. 23-35, 2011.

LilaAl) cyasll all) ol Ao dvamal) Gty il
a9 dlaal) il dl) alS) aladiuly daiaal) daleall

Laiad) dalecad) duibual) el adl) glee o duaaadl Gl il Ay ) Gaal) Cangs

B agie b gk s dusiy 26l 568 e L Cuum 5 oy dlaall Dilojal) A1) plasialy

%o+ sy dame Gl aladin) &5 L (QULS) (el daay el dayly (el daa Ailia) (s 5aS B

o YoV v v 9 %00 3%Y0 5 Yor auty pyig dlae Lilujd HlS) aladinlg Lyl aaas 0 %) 5 %,0

ey SSHY) Aasn 5aSl) 5< Jaeat Lol € aladinaly HLEAY) &5 Ghalll cra B aadill (sl LIS

DbeY) 535 il Jaai e LISy dnanall LI 5005 dleal) Ailusyal) A€ 8k ddyeal piluill (las

paliaial b8y selually Llshaally all) daally (bl &5l dany jall Chaiine (& 2 pdil) dasg

) Cyeda) s ysiiall ¥ aleally Kpa¥ly (Sranl) 2368 Y alae pa BlSLaall Caa oSl A8

alaia) e Lald dgaeal) CALIV) dawss 50L50 el ad) Jaally 3 pdill s 5alys al) @lsbes (pnns
coyrs Alaall Dilajal) LIS (e Adle o

923



