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Abstract: When rubberized, concrete beams
lose some of their flexural strength.
Conversely, flexural strengthening accounts
for a sizeable portion of the structural
applications for external carbon fiber
reinforced polymers (CFRP) sheets that
strengthen reinforced concrete beams. In this
study, externally bonded sheets of (CFRP)
were used to compensate for the flexural
strength loss brought on by using rubberized
concrete in constructing the beams. The
study's reinforced concrete beams were split
into two groups, each with three beams. In
the first group, waste tire rubber (WTR)
replaced (5 and 10) % of the fine and coarse
aggregate, respectively. The reference group
is the second group of typical concrete-
mixture beams without used tire rubber.
Each beam measured (2.1 mx 0.3m x 0.2m)
has the same tensile, compression, and shear
reinforcement. Every group of concrete
beams contained a beam without any
external reinforcement, a beam with a single
layer, and a beam with double layers of
(CFRP) sheet, where the beam soffit was
externally strengthened. ABAQUS' (finite
element analysis software was used to
represent the third external strengthening

layer numerically. The mechanical properties
of the two groups have been tested;
additionally, the flexural response of the
beams was examined using a monotonic two-
point loading. The outcomes denote that
strengthening with one and two layers of
(CFRP) sheet increases the first crack load
(FCL) and failure load (FL) by (8.57 and 17.64)
with (17.14 and 34.27) %, respectively. The
first crack deflection (FCD) also increased by
(58.64) and (78.19) %, while the failure
deflection (FD) decreased by (13.25) and
(5.42) %, respectively.

Keywords: Beam strengthening; external
reinforcement; rubberized concrete; waste tire
rubber

1. Introduction

It's interesting to use non-biodegradable
rubber in concrete because it consumes fewer
natural resources and disposes of used tires.
[1]. Since 2003, more research has been done
on recycling used tire rubber in concrete.
Numerous studies have investigated the
effectiveness of modifying the rubber ratios
in concrete by replacing or adding fine and
coarse aggregate [2]. Waste tire rubber can be
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used to improve the structural qualities of
concrete, such as its capacity for
deformation,  capacity  for  damping
(resistance to impact), resistance to repeated
thawing and freezing, and dissipation of
energy. Rubberized concrete reported lower
unit weight and proper workability when
compared to normal concrete. However, as
the rubber content increases, the concrete's
compressive, flexural, and tensile strengths
and its elasticity modulus may also be
reduced [3, 4]. When rubber was employed
as aggregates, its engineering features
reduced as the rubber content increased,
whereas when rubber was employed as filler
materials, these characteristics increased

All  beams' flexural and
(FL) decreased as  the of
(WTR) increased. The outcomes explained
that the toughness, ductility, and
deformability indicators rose as rubber
content raised. By incorporating rubber
particles and micro steel fibers, the failure
mode of the examined beams alters from
brittle to ductile [5]. Concrete's compressive
strength was influenced by rubber grain size
and replacement volume. Concrete's elastic
modulus and  flexural, tensile, and
compressive  strengths decreased  when
rubber was used instead of cement or
aggregate. [6]. Compared to the control mix,
the flexural strength results of the concrete
gradually decreased as the proportion of
crumb rubber increased [7]. Compression
strain and deflection capacities have
increased along with the increase in rubber
content of the corresponding member [8].
Because of its hydrophobic qualities,
aggregate rubber in concrete offers better
resistance to mass loss because acidic

stiffness
amount
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solutions can't instantly penetrate the
concrete matrix. The concrete was more
resistant to the diffusion of chloride ions
thanks to the rubber aggregate [9]. Lack of
hydrophobicity, cement matrix adhesion, and
elastic modulus in rubber lead to poor
adhesion and stress concentration. The
mechanical and durability characteristics of
rubberized concrete can be enhanced through
chemical or physical surface treatment,
strengthening the rubber-cement interface's
bond. [10]. It can be seen that the seismic
forces that the crumbling rubber concrete
frame will experience during the earthquake
will be less than those that a regular concrete
frame will experience because the maximum
acceleration of the seismic response for the
crumbling rubber concrete frame was
20.40% less than for the conventional
concrete frame [11].

The most effective method for enhancing the
flexural performance of a reinforced concrete
beam depends on several considerations.
These considerations include the price of
strengthening, an increase in size, the rate of
load capacity improvement, and the
availability of used materials. The flexural
and shear strengths of externally bonded
composites (FRP) can be improved, and
compression members can be contained and
given ductility due to the use of these
materials. Concrete structural members can
be strengthened using (CFRP), which have
advantages like corrosion resistance, ease of
execution, and excellent specific strength
[12]. With each additional layer added to the
(CFRP) sheet, the (RC) beams' ability to
support load increased. Beams that have been
strengthened have a considerably lower
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degree of ductility than un-strengthened
beams. When combined with unidirectional
fiber and inorganic epoxy types, the ultimate
tensile strain of the (CFRP) composite can be
as low as (0.65) % [13]. Combining
longitudinal (CFRP) sheets and U-side strips
increase shear and flexure strength. When the
longitudinal (CFRP) bond strength and shear
strength of the beam must be increased,
mechanical anchors with U-side (CFRP)
strips are used. A different option is to use
(CFRP) U-side strips to prevent debonding
failure between the (CFRP) sheets and the
beam soffit [14]. Strengthening that
externally adheres (EBR) systems, such as
(CFRP), is used to reinforce beams with a
lower percentage of steel reinforcement
(1%). The range of load growth rates is (26%)
to (50%), with the highest rate of (1.5%)
occurring between (17%) and (33%). The
ductility has decreased due to the end
debonding of the (CFRP) strengthening's
brittle failure [15]. When strengthened with
(CFRP) sheets, all repaired beams typically
restore near to (80%) of their initial bearing
capacity. The strengthened beam has an
increased flexural strength of (30 to 40) %.
The deflections are considerably decreased
because the strengthened beams become
stiffer. Some shear cracks cannot spread
because of the exterior strengthening made of
(CFRP), while others take longer to form
[16]. Rupture only occurs with a single layer,
whereas de-bonding occurs with dual layers.
As the number of layers increases, debonding
is more likely than rupture [17].
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2. Aim of Research

This study will investigate whether externally
adhered sheets of (CFRP) on the beam soffits
can increase concrete beams' flexural
strength, which has decreased due to the
creation of rubberized concrete.

3. Program and Experimental Tools

3.1 Configuration of Specimens

There were two groups of reinforced concrete
beams, each with three beams with the same
mixing parameters. In the first group, well-
graded (WTR) was utilized in place of
volumetric amounts of coarse aggregates
(10%) and fine aggregates (5%). The second
group, which served as the reference group, a
concrete mix initially designed to be free of
rubber from the used tire, was used. The
dimensions of each beam are (2.1 meters
long, 0.2 meters wide, and 0.3 meters high).
It was developed using the ACI Code (318-
19) [18]. Each of the two groups of beams
was reinforced with the same proportion
(omin) Of steel bars. The compression zone
was reinforced using two rods, each (12) mm
in diameter, similar to the tensile zone. To
withstand shear stress, stirrups with a
diameter of (12) mm were used every (200)
mm c/c, as shown in Fig. 1. The following
(CFRP) sheets were used to reinforce the
beam soffit, which has dimensions of
(2.1x0.2) m, as shown in Fig. 2 and Fig.3, the
first beam had no external reinforcement, the
second had one layer of reinforcement, and
the third had two layers. The numerical
representation of the third layer of
external reinforcing was performed using the
ABAQUS finite element analysis program.
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superplasticizer to keep the slump at (110 +
5) mm. The strain gauges used were TML
Japanese-made. A strain gauge was
positioned in the center of the tensile
reinforcement for each of the two steel
reinforcement  bars. Moreover, as
explained in Fig. 4 and Fig.5, a double strain
gauge connected in the middle of each
(CFRP) layer would be used.

Figure 2. Preparing the beam soffit before installing
the CFRP sheets

Figure 4. Strain gauges are being installed on the
main reinforcement.
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Figure 5. Strain gauges are being installed on sheets
of (CFRP).

3.2 Control Mix Design

The following ingredients were combined to
create a reference concrete mixture with a
compression strength of at least 45 MPa after
28 days: cement, water, silica fume, coarse
and fine aggregate, and superplasticizer. The
precise composition of the mix is shown in
Table 1. In the casting process for each group,
the proportion of superplasticizer admixtures
as a percentage of cement weight
ranged from (0.3 to 5%), as specified in the
technical paper for this product.

Table 1. Details of the adopted concrete mix
proportions

Cement Coarse
(kg/m?) 500 aggregate 1020
’ (kg/m?3)
Silica
fume 25 WIC ratio 0.37
(kg/m?)
Super Resulting
plasticizer 5 Cogtﬁrgrr:eststl]ve 64
I 3
(Liter/m?) MPY)
Fine Required
compressive
a?f r,erﬂi;e 680 strength 45
] (MPa)
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3.3 Sizes of Used Rubber

Tables 2 and 3 display the sizes employed of
(WTR) as a percentage of coarse and fine
aggregates.

Table 2. Sieve analysis of (WTR) utilized as coarse

aggregate
) ] . Limits of ASTM
Sieve size Passing C 33/2003 [19]
[0)

(mm) (%) (9.5 to 1.18 mm)
12.5 100 100
9.5 95 90 - 100
4,75 38 20 - 55
2.36 18 5-30
1.18 5 0-10

Table 3. Rubber used as a fine aggregate: sieve

analysis
i i : Limits of 1QS No.
Sieve size Passing
(mm) (%) 45/1985 %0] (zone
4.75 95 90— 100
2.36 88 75100
1.18 73 55 - 90
0.6 48 35-59
0.3 19 8-30
0.15 5 0-10

3.4 Exterior Reinforcement (CFRP) Sheets

Using  unidirectional  (CFRP)  sheets
improved concrete beams' flexural qualities.
The results are provided in Table 4 below,
with the approved specifications and a
complete list of the (CFRP) sheets.

3.5 Materials Quantities Used in Research

Table 5 below shows the components used in
the mixtures used to create the concrete
beams, including the raw materials, (WTR),
and additives.
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Table 4. Properties of the utilized CFRP*

Item Test result Limitation Specification Item Testresult  Limitation Specification
. Tensile
Dry fiber
density 1.82 _ _ Sl”e”.gth of 3500 3200
(g/cm3) aminates
(N/mmz2)
Laminates'
Area density modulus of
(g/m2) 304+10 B B elasticity 220 210 ASTM
(KN/mm2)

) ) D 3039
Laminate Laminates' [21]
n(_)mmal 0.167 3 3 elongat_lon 159 3
thickness at tension

(mm) breaks (%)
P
: 167 - - resistance 585 534
cross-section (N/mm)
(mm2/m.I)

*Provided by the manufacturer catalog

Table 5. Amounts of the materials used to construct a concrete beam

Coarse Fine Coarse Fine Silica CFRP Strain

Group Group Beam Water Cement aggregate aggregate rubber rubber fume Superplasticizer layers gauges

No. sym. sym. (Liter K Liter

ym.sym. (Liter) (KO k) ko) (Ke) (Ko) Ko D No) (No)
B1-0 27.13 73.33 13465 9475 584 199 367 0.35 0 2

Gr;’“p Bl B1-1 2713 7333 13465 9475 584 199 3.67 0.35 1 4
B1-2 27.13 73.33 13465 9475 584 199 367 0.35 2 6
BR-O 27.13 7333 1496  99.75 - - 367 0.4 0 2

Grg“p BR BR-1 27.13 73.33 1496  99.75 - 367 0.4 1 4
BR-2 27.13 7333 1496  99.75 - 367 0.4 2 6

4. Testing Program 4.2 Testing Hardened Concrete

4.1 Testing Fresh Concrete At the beam test age and before that, at the

age of (28) days, concrete has undergone
compression strength testing (fcu) in the
manner prescribed by BS (1881 - part

The workability of the group mixtures was
assessed using the slump test

following ASTM C143-01a guidelines [22]. 116:2000) [23]. To verify the rupture
The superplasticizer was altered for the (B1) modulus (f), flexural testing was performed
group mix to keep the slump at (110 + 5) mm. according to ASTM C78-02 [24]. The

splitting tensile strength (f;) of beam test
specimens at the testing age was calculated
using the ASTM C496-04 [25] requirements.
The static elastic modulus (Ec) of the concrete
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was established following ASTM C469-02
[26]. A beam with a (1.92) m effective span
was tested for its flexural response using two-
point monotonic loading, as shown in Fig 6.

5. Layout of the Experimental Study

5.1 Concrete Properties
Waste tire rubber behaves in a way that needs

to be viewed in light of its mechanical
characteristics when used in concrete beams
in place of a particular proportion of fine and
coarse aggregate. Table 6 displays the
characteristics of hardened rubberized
concrete.

Figure 6. Beam Specimens Set-up

Table 6. Results of the properties of rubberized concrete

. Ave. (f) at Ave. (fow) at  Ave. (fr)at  Ave. (f)at  Ave. (Ec)
Group No. Group  Ave. Denssny (28) day the age of  (28) days (28) days (28) days
symbol (kg/m?3)
(MPa)  beam (MPa)  (MPa) (MPa) (MPa)
Group 1 B1 2248 35.008 36.333 3.405 2.708 25339
Group 2 BR 2337 45.759 48.167 4.120 3.832 28808
Table 7. Beam flexural test results
Beams
Group Group Beam (FCL) (FCD) (FL) (FD)
No. kN mm kN mm
symbol symbol
Grou B1-0 32 1.515 131.8 25.452
e B1 B1-1 40 1.927 169 16.949
B1-2 44 2.047 2125 22.743
Grou BR-0 35 1.018 149.7 23.397
2 P BR BR-1 47 1.647 172.3 16.565
BR-2 49 1.902 218.7 16.834
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Figure 7. Flexural test of the group (BR) beams, BR-
0, BR-1, BR-2, and BR-3*

Figure 8. Flexural test of the group (B1) beams, B1-
0, B1-1, B1-2, and B1-3* (*= Numerically
representation by finite element analysis)

5.2.1 First crack load (FCL)

(FCL) of the beams in the group (B1) that
was externally reinforced with single and
double layers of (CFRP) sheets, respectively,
(B1-1) and (B1-2), increased ascendingly by
(46.15 and 57.69) % in comparison to the un-
strengthened beam (B1-0). The addition of
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(WTR) reduced the load at the first crack by
(25.71) percent for beam (B1-0) but
increased the load by (8.57) and (17.14)
percent for beams (B1l-1) and (B1-2)
strengthened with single and double layers of
(CFRP) sheets. Additionally, despite the
beams (B1-1) and (B1-2) being reinforced
with (CFRP) sheets, the (FCL) decreased in
descending ratios (25.71, 19.15, and 16.33%)
when the beams in the (B1) group were
contrasted to the corresponding beams in the
reference group (BR). The addition of waste
tire rubber brought this on.

5.2.2 Failure load (FL)

The (FLs) of the beams (B1-1) and (B1-2)
with one and two layers of externally adhered
(CFRP) sheets, respectively, increased
ascendingly by (26.78 and 44.71) % in
comparison to the un-strengthened beam
(B1-0). This improvement resulted from
using (CFRP) sheets for external
reinforcement. However, when the beams'
failure load of the (B1) group was compared
to the reference beam (BR-0) that had not
been strengthened, the replacement of (WTR)
caused a decrease in the load at failure of
(7.21) % in the beam (B1-0). In comparison,
the strengthening of the beams (B1-1) and
(B1-2) with (CFRP) sheet caused an ascent in
the load at failure of (17.64 and 34.27) %.
Additionally, compared to the equivalent
beams in the control group (BR), the (FLs)
for beams (B1-0) and (B1-2) decreased by
7.21 and 8.09 percent, respectively, and
increased by 2.21 percent.

5.2.3 First crack deflection (FCD)

With single and double layers of externally
reinforced (CFRP) sheets, (FCDs) in the
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group (B1) beams, respectively, ascended by
(15.77 and 30.04) % in comparison to the
unenhanced beam (B1-0). The first crack
load increased due to external strengthening,
which led to this development. Additionally,
compared to the reference beam that had not
been strengthened (BR-0), the (FCD) of the
(B1) group beams increased by an ascending
(37.03, 58.64, and 78.19) %. Due to the
reinforcement provided by the (CFRP)
sheets, the (FCD) for the beam (B1-0)
increased by (37.03%) compared to the
corresponding beams in the reference group
(BR), while it decreased by (1.94 and 4.63) %
for the beams (B1-1) and (B1-2).

5.2.4 Failure deflection (FD)

The (FD) of beams with one and two layers
of (CFRP) sheets, respectively, decreased in
descending ratios by (44.84 and 39.86) % as
compared to the un-strengthened beam (B1-
0). The (FD) of the (B1l) group beams
increased by (57.28) % due to the rubber
inclusion but decreased in descending rates
by (13.25 and 5.42) % due to the external
reinforcement using single and double layers
of (CFRP) sheets, respectively, when
compared to the reference beam without
external reinforcement (BR-0). (WTR) was
added, and even with external reinforcement,
the failure deflection of the group (B1) was
(57.28, 22.53, and 31.46) % greater than that
of the corresponding beams in the reference
group (BR).

5.2.5 Load-deflection relationship

Fig. 9 demonstrates how strengthening beams
(B1-1) and (B1-2) with single and dual layers
of (CFRP), respectively, can increase their
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exterior strength in comparison to the beams
(B1-0). This decreases deflection at similar
load levels, raising (FLs) and lowering the
(FDs) of the beams. The load-deflection
drawing for the group (BR) beams is shown
in Fig. 10.

—> B1-0 B1-1 B1-2 —eB1-3

250 1

200 +

[
[8)]
o

-

Load (KN)
=
8

a1
o

o

0 20 40 60
Mid-span deflection (mm)

Figure 9. Load-deflection diagram of group (B1)
beams

BR-1

—> BR-0 BR-2 —@BR-3

250 -

N
o
o

[y
a1
o

Load (KN)
=
8

(83
o

o

0 10 20 30 40
Mid-span deflection (mm)

Figure 10. Load-deflection diagram of group (BR)
beams

As a result of the use of (WTR), Fig. 11
shows how the beam (B1-0) fails with a lower
load and greater deflection than the beam
(BR-0).
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—BR-0 —@B1-0

Load (KN)

0 10 20 30 40
Mid-span deflection (mm)

Figure 11. Load-deflection diagram for beams (BR-
0) and (B1-0)

The beam (B1-1) has greater (FL) and (DL)
values than (BR-1). Additionally, they
deform convergently in response to
symmetrical loads, as shown in Fig. 12.

BR-1 —e@Bl1-1

200 -
180 1
160 1

140 -

< 120 {

80 o
60 -
40 A
20 o

Load (K

0 10 20 30 40
Mid-span deflection (mm)

Figure 12. Load-deflection diagram of the beams
(BR-1) and (B1-1)

According to Fig. 13, the beam (BR-2) fails
with less deflection and a greater (FL) than
the beam (B1-2) at equivalent load levels.
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BR-2 —@B1-2
250 1

Load (KN)
= = )
8 &8 8

a1
o
M

o

0 5 10 15 20 25
Mid-span deflection (mm)

Figure 13. Load-deflection diagram of the beams
(BR-2) and (B1-2)

At symmetrical load levels, the deflection of
the beams (B1-1) and (B1-2) is significantly
less than that of the control beam (BR-0).
According to Fig. 14, the (FLs) for the beams
are greater, and there is less deflection during
failure.

—> B1-0 B1-1 —eB1-2 —@BR-0
250 -

200 +

[y
[8)]
o

~ 3

Load (KN)
=
3

al
o
M

o

0 10 20 30 40
Mid-span deflction (mm)

Figure 14. Load-deflection diagram of group (B1)

beams and (BR-0)

5.2.6 Main steel reinforcement and (CFRP) sheet
strains

The main steel reinforcement of the beam
(B1-0) is shown in Figure 15 to be subjected
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to greater strain than the beam (BR-0) under
symmetrical loads.

(BR-0) Main Steel Rein. ———@(B1-0) Main Steel Rein.
140 -

120 o
100 A

Load (KN)
N By (o2} [ee]
o o o o

o

0 10000 20000 30000

Strain (um)
Figure 15. Beams (BR-0) and (B1-0) main steel
reinforcement load-strain diagram

In the most symmetrical loads, the
tensile reinforcement  of beam (B1-1)
experiences less strain than (BR-1); the same
is true for the (CFRP) sheet used as a single
layer for strengthening, as shown in Fig. 16.

Besides, under the most symmetrical loads,
the (CFRP) sheets' second layer, as depicted
in Fig. 17, will experience convergent
strain. The (CFRP) used as the first layer to
strengthen the beam (B1-2) and the
tensile steel reinforcement both experience
less strain under symmetrical loads than does
the second layer (BR-2).
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(BR-1) Main Steel Rein.
—> (B1-1) Main Steel Rein.
200 -

(BR-1) CFRP 1st Layer
—> (B1-1) CFRP 1st Layer

150 o

Load (KN)
3

a
o
L

0 5000 10000 15000
Strain (um)
Figure 16. load-strain diagram for beams (BR-1) and

(B1-1)'s main steel reinforcement and CFRP sheet

(BR-2) Main Steel Rein. (BR-2) CFRP 1st Layer
—P (BR-2) CFRP 2nd Layer ——&(B1-2) Main. Steel Rein.
—> (B1-2) CFRP 1st Layer ——@(B1-2) CFRP 2nd Layer

250 1

200 +

Load (KN)
-
3

=
o
o

(S
o
M

0 5000 10000

Strain (um)

Figure 17. The load-strain diagram for the beams
(BR-2) and (B1-2)'s main steel reinforcement and
CFRP sheet

6. Finite Element Representation

Using numerical simulations in the finite
element software ABAQUS (version 2021),
as shown in Fig. 18 and Fig.19, to evaluate
the structural performance of the beam in
each of the two groups and assess the flexural
strength following the addition of the third
layer of the (CFRP) sheet.
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Figure 18. Boundary conditions

Figure 19. Simulating beam specimens with finite
element meshes

This program will use two beams to represent
the features of the two different study groups
for the volume replacement waste tire rubber.
The concrete beams are represented by an 8-
node linear brick (C3D8R), whereas a linear
three-degree-of-freedom  two-node  truss
element (T3D2) with the representation of the
reinforcing steel has two nodes. Due to their
perfect bond (no slip between concrete and
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reinforcing bar) and steel reinforcement is
restricted because it is embedded in the
concrete. The reinforced concrete beams'
boundary conditions were modeled on the
right as a roller by a constraint in the Y-
direction (U2) and on the left as a hinge
constraint in the Z-Y direction (U2, U3).
Displacement control was considered to
calculate the (FL) and simulate the applied
load on the reinforced concrete beams. Three
layers of (CFRP) sheets will be applied
externally to reinforce each beam. The load-
deflection diagrams for the three numerically
reinforced layer (CFRP) beams are shown in
Fig. 9 and Fig.10. Inside the curves for each
beam are those for the other beams, including
the group that the beam is a part of. This
demonstrates how increasing the
reinforcement of a beam with three (CFRP)
sheets reduces deflection at corresponding
load levels, increases the load at failure, and
reduces deflection if that beams fail.
Additionally, Tables 8 and 9 display the
behavior of beams that have undergone
numerical reinforcement utilizing three
sheets of (CFRP)and were assessed for
((FCL), (FCD), (FL), and (FD). The results
were compared to the actions performed by
the various beams in the control group.
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Table 8. The comparison of numerically strengthened beams by three layers of (CFRP) sheets using (FCL) and
(FCD) results with reference beams

(FCL) (FCL) comparison
Group Comparative ratio to:
Load unstrengthen beam in the (BR-0) beam in the (BR-3) beam in the
Name Beam KN same group reference group (BR) reference group (BR)
(%) (%) (%)
B1 B1-3 37.81 +45.42 +8.03 —25.39
(FCD) (FCD) comparison
Group Comparative ratio to:
Def unstrengthen beam in the (BR-0) beam in the (BR-3) beam in the
Name Beam mm. same group reference group (BR) reference group (BR)
(%) (%) (%)
B1 B1-3 0.82 —41.22 —-19.44 +100.0

Table 9. The comparison of numerically strengthened beams by three layers of (CFRP) sheets using (FL) and (FD)
results with reference beams

(FL) (FL) comparison
Group Comparative ratio to:
Load unstrengthened beam in (BR-0) beam in the (BR-3) beam in the
Name Beam (kN) the same group reference group (BR) reference group (BR)
(%) (%) (%)
Bl B1-3 228.86 +64.77 +52.88 -3.71
(FD) (FD) comparison
Group Comparative ratio to:
Def unstrengthened beam in (BR-0) beam in the (BR-3) beam in the
Name Beam (mm.) the same group reference group (BR) reference group (BR)
(%) (%) (%)
B1 B1-3 49.18 + 33.64 +110.2 +178.64

7. Results and Discussion
7.1 Experimental Test Results

All mechanical properties decreased when
fine and coarse aggregates were replaced
with (WTR) in 5% and 10% volumetric
ratios, respectively. These properties
included compression strength, rupture
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modulus, elasticity modulus, splitting tensile
strength, and density.

A significant decline in the load-deflection
curve of the rubberized reinforced concrete
un-externally strengthened beam (B1-0)
compared to the reference beam (BR-1) was
observed because (WTR) was used to replace
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fine and coarse aggregates in a volumetric
manner.

Rubberized beams with volume replacements
of fine and coarse aggregates of (5%) and
(10%) and external (CFRP) sheet
reinforcement in single and dual layers,
respectively:

e Comparing the beam (B1-0) from the
same group that was not externally
strengthened: the (FCL) enhanced by
(46.15 and 57.69) %. The (FL) improved
by (26.78 and 44.71) %, the (FCD) rose
by (15.77 and 30.04) %, and the (FD)
reduced by (44.84 and 39.86) %.

e Compared to the reference group beam
(BR-0) that was not externally
strengthened: the (FCL) improved by
(857 and 17.14) %. The (FL) was
enhanced by (17.64 and 34.27) %, the
(FCD) exceeded by (58.64 and 78.19) %,
and the (FD) was reduced by (13.25 and
5.42) %, respectively.

e Compared to the symmetric reference
beam of the reference group (BR-1) and
(BR-2): the (FCL) was reduced by (19.15
and 16.33) %. The (FL) rose by (2.21%)
decreased by (8.09) %, the (FCD)
declined by (1.94 and 4.63) %, and the
(FD) multiplied by (22.53 and 31.46) %,
respectively.

7.2 Numerical Analysis Results

The addition of three (CFRP) sheets reduces
deflection at symmetrical load levels, raising
the beams' (FL) and lowering their (FD). For
rubberized concrete beams (B1-3), the (FCL)
increased by (45.42) % compared to un-
strengthened beams in the same group, but
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the (FCD) decreased by (41.22) %.
Additionally, in contrast to the (BR-0)
reference beam, which has not been
strengthened, the (FCL) increased by (8.03)
%, and the (FCD) decreased by (19.45) %, in
that order due to the external
reinforcing utilizing triple layers of (CFRP)
sheets. Compared to un-strengthened beams
in the same group, the (FL) rose by (64.77)
%, and the (FD) increased by (33.64) %. In
comparison to the un-strengthened reference
beam (BR-0). The (FL) exceeded (52.88) %,
and the (FD) raised by (110.2) % as a result
of the triple layers of (CFRP) sheets that are
used for external reinforcement.

8. Conclusion

This study aims to demonstrate that the
flexural strength lost while rubberized
reinforced concrete beams were being built
can be restored. A comparison between
reinforced non-rubberized concrete beams
and reinforced rubberized concrete beams
that have been externally reinforced with
single, dual, or triple layers of (CFRP) sheets
makes the most sense regarding the study's
objectives.

Therefore, by using single or double layers of
(CFRC) sheets to externally strengthen the
beams made of (WTR), the (FCL) and (FL)
rates can be increased.

The (FCL) and (FL) will increase by almost
twice as much if two layers of (CFRP) sheet
are used for external reinforcement instead of
one layer. The (FCD) increases but decreases
when reinforced with two layers.

The deflection of externally strengthened
rubberized concrete beams is significantly
reduced at symmetrical load levels compared
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to the reference un-strengthened
unrubberized beam. The (FLs) for the beams
are higher, and there is less (FD).

As aresult, given the volumetric replacement
rates found in this study by (5%) of fine
aggregate and (10%) of coarse aggregate,
when the rubberized concrete beam was
externally reinforced with single, dual, and
triple layers of (CFRP) sheets, its flexural
strength would have increased. At the same
time, its ductility would have decreased when
strengthened by dual and triple layers of
CFRP sheets.
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