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Engineering, Faculty of Engineering, Shallow wide reinforced concrete beams are used in modern buildings especially in

Future High Institute of Engineering residential building structures. According to current Egyptian Code Practice 203-2018;
(FIEF), Fayourn, Egypt the characteristic of a shallow wide concrete beam is that the cross-section width (b)
over the effective depth (d) ratio is greater than two and the beam depth is less
than 250 mm. Without any shear reinforcing contribution, the applied shear stresses
in shallow wide beams must be less than the concrete shear strength. And only
concrete provides shear strength. An experimental program was conducted to
investigate the contribution of short glass fiber polymer reinforcement to shear
strength in shallow wide beams under shear stress. The short glass fiber polymer
reinforcement ratio was the main parameter in this study. And also, the contribution
of web shear stirrups reinforces against shear stresses. The experimental program
consisted of five simply supported reinforced shallow wide concrete beams. Test
results show that the use of short glass fiber reinforced polymer has a great effect on
shear strength capacity, mode of failure, and ductility of shallow wide concrete
beams.
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Introduction
Short glass fiber reinforced polymers have been widely used in a variety of applications,
including construction industries, pipes, and storage tanks, due to their mechanical
properties conjugated to ease and low cost of fabrication, as well as design flexibility
[1]. Glass fiber reinforced polymer (GFRP) is commonly used as a retrofitting material
these days due to their good properties [2]. Glass fiber is has an excellent property like
high tensile strength, flexibility, stiffness, and resistance to chemical harm; in addition,
the glass fiber reinforced polymer materials are lightweight [3]. Adding glass fibers to
concrete mixes increases its durability and sturdiness and short glass fiber can be used
anywhere [4].

Wide shallow concrete beams in concrete buildings are mainly constructed as hidden
beams because they have the same depth as the supported floor. Shallow wide reinforced
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concrete beams can carry direct loads or act as primary transfer elements. However, the shear
stresses failure in the shallow wide reinforced concrete beams structures is highly brittle when
compared with the flexural failure [5].

Egyptian code practice 203-2018 was called beams which have a total depth not
greater than 250 mm, 2.5 times thickness of the flange, or half of the width of the web,
whichever is greater shallow wide concrete beams (hidden beams). And the shear
stresses must be less than the concrete shear strength with no consideration of the con-
tribution of shear reinforcement [6]. As a consequence, large cross-sectional area of
concrete has to be provided to meet one-way shear demands. While the code [5] totally
ignores the contribution of web reinforcement to shear strength, in practice, a mini-
mum web reinforcement is provided. Due to the previous code provisions [5] is a very
conservative and uneconomic shear design of shallow wide beams.

The target of the present study was to investigate the effectiveness of shear
reinforcement, by using a minimum of web steel stirrup reinforcement only, or by
using both short glass fiber reinforced polymer with a minimum web steel stirrup
reinforcement as per ECP. 203-2018 requirements, to increase shear strength capacity
of shallow wide reinforced concrete beams.

The contribution of web shear reinforcement to shear strength was investigated by E.
lofty, and H.A. mohamdien [7], and it was concluded that the use of vertical stirrups in
shallow wide beams increases shear strength capacity and ductility. The importance of
web shear reinforcement in the form of vertical stirrups in increasing the shear strength
capacity of a shallow wide reinforced concrete beam cannot be ignored.

The shear strength of tested concrete beams reinforced by short glass fiber was sig-
nificantly increased as a percentage of fiber increased and became finer. The failure
mode becomes more ductile also [4].

Min Sook Kim, Joowon Kang, and Young Hak Lee [8] tested a total of six concrete
shallow wide reinforced concrete beams were reinforced with glass fiber reinforced
polymer GFRP plates as shear reinforcement against shear performance and concluded
that the shear behavior and its performance increases as the spacing of the transverse
shear reinforcement decreases.

M.S. Kim et al. [9] reported that the shear capacity decreased as the transverse
reinforcement spacing increased, and there was no significant effect of the number of legs on
the shear strength. Mohamed M. Hanafy, Hatem M. Mohamed, and Nabil A.B. Yehia [10]
showed that the significance of the web reinforcement in improving the shear capacity by in-
creasing the ductility of the shallow wide beams. Emad E.E. et al. carried out an experimental
study to investigate the performance of shallow wide beam against shear stresses and

Table 1 Concrete mix design

Material Specific gravity Weight (kg) Volume (m?)
Cement 3.15 330 0.104

Sand 261 790 0302
Aggregate size 20 mm 267 540 0.202
Aggregate size 5-14 mm 263 540 0.205

Free water 1 170 017
Airvoids% e 0.02

w/c 0.515
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Fig. 1 Concrete cubes (150 x 150 x 150 mm)
A\

concluded that the ratio between width to effective depth ratios (b/d) seems to significantly in-
fluence the mechanism of failure and the shear capacity. Increasing steel stirrup reinforcement
leads to a small enhancement in the shear capacity of a wide concrete beam [11].

Methods

Aim of the study

This experimental program aimed to study the effect and of using short glass fiber rein-
forced polymer randomly distributed in shallow wide reinforced concrete beams against
shear strength by using a different fiber content.

The fundamental object of this research paper is to study the contribution of the
short glass fiber polymer as a reinforcement with a minimum of steel stirrups web
shear reinforcement as per ECP.203-2018 in shear strength for a shallow wide rein-
forced concrete beam.

Table 2 Concrete compressive strength

Concrete type Sample Weight Dimension Failure Fcu Average Fcu
2 2
(ID) (kg) Length Width Height load (KN) (N/mm?) (N/mm°?)

(mm) (mm) (mm)

Concrete without GFRP Gl | 865 150 151 150 585 260 255
I 885 150 150 150 5737 255
I 855 151 149 150 562.5 25

Concrete with (0.50%) GFRP G2 | 895 150 150 151 607.5 27 26
I 896 150 149 150 585 26
I 915 151 149 150 562.5 25

Concrete with (1.00%) GFRP G3 | 9.35 150 149 150 585 26 257
I 992 150 151 150 585 26
I 924 149 150 151 562.5 25

Concrete with (1.50%) GFRP G4 | 9.50 150 150 150 607.5 27 26.7
I 892 150 150 151 585.0 26

I 9.80 151 150 150 607.5 27
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Table 3 Splitting concrete strength

Concrete type Sample Weight Dimension Failure F Average F., Difference
e — 2 2
(ID) (kg) Diameter Height load (N/mm?) (N/mm°) percentage
(mm) (mm) (KN) of concrete
splitting
strength
due to short
glass fiber
Concrete without  G1 | 13172 1505 300 120 1.71 1.89 -
GFRP I 13182 150 305 150 208
Concrete with G2 | 1300 150 303 289 404 408 53.7%
0,
(0.50%) GFRP I 13.05 150 302 294 413
Concrete with G3 | 12. 95 149.5 300 322 4.57 4.58 58.73%
0,
(1.00%) GFRP I 1293 149.5 304 327 4.58
Concrete with G4 | 12.80 1495 301 308 4.35 4.30 56.05%
0,
(1.50%) GFRP I 1287 150 300 312 4.24

Experimental program

To investigate the effect of the experimental parameters on the shear stress behavior of
a shallow wide reinforced concrete beam, an experimental program consisted of five re-
inforced concrete beams divided into three groups based on shear web reinforcement
contribution and short glass fiber reinforcement volume to resist shear stresses with 25
MPa concrete compressive strength. Shallow wide reinforced concrete beam was loaded
up to failure.

Materials and mix design

Concrete Trial mixes were conducted to reach the target concrete compressive
strength of 25 MPa after 28 days. Concrete mix proportion design by weight of the
quantities of materials was listed in Table 1 to control the quality of concrete mix,
three cubes were randomly poured from the same batches of the beams and then
testes as shown in Fig. 1. And Table 2 is summarizing the cubes’ data and the cor-
responding failure load and characteristic compressive strength at 28 days. Table 3
showed that the test results of concrete tensile strength due to splitting strength at
28 days.

Table 4 Mechanical properties of steel reinforcement bars

Bar size  Unit weight  Yield strength,  Tensile strength, Rm/R.y  Elongation %  Bend test

(kg/m") Ren (N/mm?) Rm (N/m?)
8 mm 0402 275 426 155 185 pass
0401 264 402 1.52 17.8 pass
0.395 278 431 155 168 pass
12mm 0.901 380 560 147 125 pass
0.895 375 556 148 134 pass

0.891 370 536 1.44 139 pass
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Fig. 2 Short glass fiber reinforced polymer

Reinforcing steel bars High yielding strength deformed bars of 12 mm are used to re-
sist flexural stresses and 8 mm diameter normal mild steel is used as a compression
steel reinforcement and stirrups for finding a tensile strength three specimens of each
bar diameter were tested to find and calculate the mechanical properties of steel bars
reinforcement. mechanical properties of steel bars reinforcement are listed in Table 4.

Short glass fiber reinforced polymer The introduction of non-ferrous reinforcement,
either in the form of a randomly distributed monofilament glass fiber chopped form
type E of glass is shown in Fig. 2. The fibers are coated with silane based to sizing to
improve initial dispersion and bond. The short glass fibers are extremely fine, single fil-

aments, measuring 13 microns in diameter, cut to an average length of 24 mm, in

250mm
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| 2000mm |

Fig. 3 Typical reinforcement detailing
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Fig. 4 Typical reinforcement detailing

accordance with maximum aggregate size considerations and surface appearance
reinforcement.

Specimens details

Dimensions of all reinforced shallow wide reinforced concrete beams were 500 mm
width, 250 mm depth, and 2000 mm length span with a clear span of 1800 mm.
they were designed to fail in shear stresses of specimens. Experimental program
test was carried out on five concrete beams (HB1, HB2, HB3, HB4, and HB5) that
have 0%, 0.5%, 1.0%, and 1.5% short glass fiber, respectively, and typical specimens
were detailed and showed in Figs. 3 and 4. For shallow wide concrete beam speci-
mens without/with web stirrup reinforcement, respectively, HB1 represent shallow
wide reinforced concrete beam without web reinforcement. Reinforced concrete
beam specimen (HB2) without short glass fiber reinforced polymer content repre-
sent shallow wide reinforced concrete beam with a minimum requirement of steel
stirrups web reinforcement without short glass fiber reinforced polymer. HB3, HB4,
and HB5 represents shallow wide reinforced concrete beams with a minimum re-
quired of steel stirrups web reinforcement, which the stirrups should be arranged
so that the distance between stirrups should not exceed 200 mm along the beam
specimen length according to Egyptian Code Practice (203-2018) [5]. It has to be
mentioned that the role of the stirrups in such a case is to keep the longitudinal
bars in place and to confine concrete in the cross-section. In addition, short glass
fiber reinforced polymer with percentages by volume 0.50%, 1.00%, and 1.50%, re-
spectively, as detailed in Table 5. Experimental tested specimen beams were divided
into 3 groups regarding parameters study as detailed in Table 6.

Table 5 Specimens reinforcement details
Beam ID Bottom longitudinal RFT  Top longitudinal RFT  Web Stirrups*  Short glass fiber

(Steel bars) reinforced polymer
HB1 12912 28 —
HB2 12912 208 5@ 8/m
HB3 12912 2098 5@ 8/m' 0.50%
HB4 12¢12 208 5@ 8/m' 1.00%

HBS 12¢12 208 5@ 8/m' 150%
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Table 6 Experimental work details

(2021) 68:44

Group No. Parameter effect Behavior study Specimen ID
G1 Effect of steel reinforcement due to  Contribution of web stirrup reinforcement  HB1
shear strength against shear strength HB2
G2 Effect of short glass fiber percentage G (2-1) HB2
with a minimum web shear stirrup Contribution of 0.5% of short glass fiber HB3
reinforcement due to shear strength  reinforcement against shear strength
G (2-2) HB2
Contribution of 1.00% of short glass fiber ~ HB4
reinforcement against shear strength
G (2-3) HB2
Contribution of 1.5% of short glass fiber HB5
reinforcement against shear strength
G3 Effect of short glass fiber percentage G (3-1) HB1
due to shear strength Effect of short glass fiber percentage HB3
without minimum web steel stirrup HB4
reinforcement HB5
G (32 HB2
Effect of short glass fiber percentage HB3
with minimum web steel stirrup HB4
reinforcement HB5

Test setup and instrumentation

The 1800 mm clear span shallow wide concrete beams were simply supported over two
rigid supports, as shown in Fig. 5. Specimens were tested under load control with incre-
ments of 10kN up to failure using a hydraulic jack attached to a load cell with a cap-
acity of 1000kN. The load was applied vertically at the center of the rigid steel beam
which transmitted the load equally on two bearings resting on the top of the beam and
spaced at 600 mm.

Deflections were measured using linear variable transducers (LVDT); one LVDT was used
to determine deflections at mid-span of the beam, while two LVDTs were attached to the
beams’ bottom near the supports to check for any support movement while recording initial
readings. Strain in the reinforcement was measured using strain gauges attached directly to

I

. il

Fig. 5 Test setup

Page 7 of 16



Moawad Journal of Engineering and Applied Science (2021) 68:44 Page 8 of 16

(S.G6)
.

(SG)
i 600mm i 600mm i 600mm i

\ 2000mm |

Fig. 6 Strain gauge locations
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the rebars as shown in Fig. 6. The measured data were recorded by a data logger connected
to the computer system program “lab view” software.

Results and discussions

Crack pattern and failure mode

All shallow wide concrete beam specimens were subjected to a 4-point loading system
up to failure, and the cracks were observed and marked continuously during the load-
ing time. The cracking patterns for all tested shallow wide beams specimens were in-
vestigated and are shown in Figs. 7, 8, 9, 10, and 11. All tested specimens were
designed to fail in shear. This presumption was investigated for all tested specimens.
For specimen beams reinforcement HB1 (without steel web reinforcement and short
glass fiber), the first observed crack (P.,) was a diagonal in the shear span of reinforced
concrete beam specimen and propagated diagonally towards the top compression
flange and during subsequent loading stages additional vertical micro flexural cracks
appeared, for remaining specimens beam reinforced, HB2 (with steel web
reinforcement), HB3 (with steel web reinforcement and 0.5%of glass fiber segments),
HB4 (with steel web reinforcement and 1% of glass fiber segments), and HB5(with steel
web reinforcement and 1.5% of glass fiber segments). Although the major crack propa-
gated from the support to the point of loading as the load increased up to the beams’
failure a brittle failure mode for beam specimen HB1 compared to beam specimens
HB2, HB3, HB4, and HB5 were observed. And increase in the number of crack patterns
with decreasing in crack width at failure load for beam specimens HB2, HB3, HB4, and
HB5 compared with beam specimen HB1 was observed also. Finally, it is found that
the spread of external cracks increases by increasing the percentage of short glass fiber
in concrete from 0.5% up to 1.5% and using web shear stirrup reinforcement also. the
first batch crack of cracks was vertical flexural cracks occurring near mid-span after

Fig. 7 Crack patterns at failure for shallow wide tested beam (HB1)
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Fig. 8 Crack patterns at failure for shallow wide tested beam (HB2)
.

that, additional diagonal shear cracks appeared and propagated towards the top com-
pression flange during increasing of loading test through a substantial depth of the spe-
cimen section. The first cracking load (P,,), yield, and maximum failure measured load
as well as their relative vertical deflections for all tested specimens beam were moni-
tored and listed in Table 7.

The first diagonal cracking load (Pgiagonal) and ratio by failure load (Pgijye) were
listed in Table 7. The cracking loads ranged from 25 to 29% of the failure loads, while
the diagonal cracks appeared at loads ranging from 10 to 31% of the maximum failure
loads. By comparing between shallow wide beam without web shear stirrup
reinforcement and shallow wide beam with web shear stirrup reinforcement, it was
found that the web shear stirrup reinforcement slightly affects on the delay of the
cracking load. However, the diagonal cracking loads were delayed up to 49% of HB2 by
compared with HB1. While the shallow wide beams specimens reinforced with web
shear stirrups and glass fiber segments HB3, HB4, and HB5, the cracking load was in-
creased by 20%, 30%, and 30%, respectively, compared with shallow wide beam HB1
without any web shear stirrups and glass fiber reinforcement. And the diagonal crack-
ing was delayed by 43.85%, 50.80%, and 76.00% for specimens HB3, HB4, and HB5, re-
spectively, compared with HB1. However, glass fiber segments enhanced the cracking
pattern of a shallow wide beam and delayed the diagonal cracking shear due to increase
in the tensile resistance of concrete when using a short glass fiber in the concrete mix
as shown in Table 8. It is clear that the increase in the fiber content led to a significant
increase in the deflections at the same load, where observed that the increasing in the
deflection at cracking and failure loads for concrete beam specimen HB5 increased by
48% and 17%, respectively, compared with beam specimen HB4 and this may attribute
to the short glass fibers led to poor bonding between concrete components such as
coarse aggregate particles, and between fine aggregate particles.

The types of the first cracking, flexural cracking load, shear cracking load, and modes
of failure were listed in Table 9. Increasing in a number of vertical flexural cracks for
specimens HB3, HB4, and HB5, compared with specimens HB1 and HB2, this is indi-
cated that the glass fiber segments, which distributed randomly in shallow wide beam

specimens during concrete pouring, can be enhanced and increase the shear strength

Fig. 9 Crack patterns at failure for shallow wide tested beam (HB3)
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Fig. 10 Crack patterns at failure for shallow wide tested beam (HB4)

of the shallow wide beams and can be changed the modes of shallow wide beam rein-
forced beams from clearly shear failure as an occurred in specimen HB1 to flexural
shear failure as an occurred in specimen HB3, HB4, and HB5 as shown in figures be-
fore. And web shear stirrup reinforcement can be also enhanced and increasing in
shear strength of shallow wide beam especially when used glass fiber segments as an
additional web shear reinforcement in a shallow wide beam.

Strain in reinforcement and concrete

Figure 12 plots the measured mid-span strain of tensile steel bars and the top surface
of concrete versus the applied load for tested beams specimen. Strain characteristics in
longitudinal reinforcement and concrete specimens are listed in Table 10. The strains
of the main steel bars are larger than in tested specimen without web shear stirrup
reinforcement (HB1) compared to the tested specimen with web shear stirrup
reinforcement (HB2), tested specimens with web shear stirrup reinforcement and glass
fiber segments HB3, HB4, and HB5 by 10.48%, 21.68%, 29.75%, and 44.70%, respect-
ively. Decreasing in concrete strain for shallow wide beams reinforced by stirrups and
glass fiber HB3, HB4, and HB5 compared to shallow wide beam without web shear stir-
rup reinforcement (HB1) by 27.75%, 30.76%, and 12.04%, respectively. The reduction in
the steel strain of longitudinal bars and concrete strain of the shallow wide beam speci-
mens which consists of web shear stirrup reinforcement and glass fiber segments can
be indicated that the use of web shear stirrup reinforcement and glass fiber segments
can be contributed and increasing of its shear strength due to enhancement in ductility
of beams [11].

Load deflection behavior

The load deflection curves measured at the mid-span of beams specimens were shown
in Fig. 13. In general, using web shear stirrup reinforcement increased the maximum
failure load by 5.62% as well as the use of glass fiber segments’ random distribution as
concrete reinforcement with web shear stirrup reinforcement increases the maximum
failure load up to 11.62%.

Fig. 11 Crack patterns at failure for shallow wide tested beam (HB5)
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Table 7 Experimental results of tested beams

Specimen Pdiagonal P A, P 4, Praiture 4, Poac Pdiagonat

(KN) KN)  (mm)  (KN) (mm)  (KN) (mm) "o Paure
HB1 100 100 840 3385 1317 400 19.56 0.25 0.25
HB2 210 110 3.57 324.0 8.88 422.5 13.50 0.26 049
HB3 250 120 2.90 3175 10.80 438 17.50 0.27 0.57
HB4 280 130 343 270 10.20 446.5 17.53 029 0.62
HB5 310 130 6.62 270 12.30 4455 21.65 0.29 0.69

As shown in Table 11, a reduction in a failure load at increasing the level of short
glass fiber percentage over 1% was observed, and this may be attributed to poor bond-
ing between concrete particles materials. And the traditional stirrup reinforcement with
glass fibers as HB3, HB4, and HB5 increased the failure load by about 9.5%, 11.62%,
and 11.37%, respectively, compared to control beam HB1 without web shear stirrup
reinforcement. So, from this result, it can be concluded that the use of web shear stir-
rup reinforcement in shallow wide reinforced concrete beam increasing in failure load
capacity due to web stirrups significantly increases the shear resistance of the shallow
wide reinforced concrete beam. In addition, the use of glass fiber as segments in the
shallow wide beam can increase and enhance the strengthening of shallow wide beam
against shear stresses.

Reduction in mid-span deflection HB2 uses web shear stirrup reinforcement by
30.98% compared with control beam HBI1, although increasing in the maximum load
capacity in HB2. It can be observed also that the use of glass fiber segments distributed
randomly along shallow wide beam can decrease the deflection up to 10.50% although
increasing the maximum load capacity compared with control beam specimen HB1.

Increasing in short glass fiber percentage of reinforced concrete shallow wide beams
up to 1.5% leads to increasing in deflection by 10.68% compared with HB1, this is may
be referring to increasing in maximum load failure capacity and\or increasing in glass
fiber segments ratio leads to make a weakness of concrete.

Increasing in the deflection of HB1 compared with all remaining reinforced concrete
beam specimens HB2, HB3, HB4, and HB5 at the same load level can be observed as
shown in Fig. 13, referring to the use of short glass fiber in concrete beams which have
a high tensile resistance against cracks in the tension zone of beam regarding to its cap-
ability to tensile strength as previously shown in Table 8.

Table 8 The difference between compressive strength and tensile splitting strength due to short
glass fiber in concrete

Concrete type Sample (ID) Average Average Concrete
Fer (N/'mm?) Fey (N/mm?) (Tensile/compression)
ratio %
Concrete without GFRP GI1 1.89 25.50 741
Concrete with (0.50%) GFRP G2 4.08 26.00 16.32
Concrete with (1.0%) GFRP G3 458 25.70 17.82

Concrete with (1.50%) GFRP G4 4.30 26.70 16.10
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Table 9 Cracking properties and modes of failure

Specimens Types of the first crack Flexural cracking load Shear cracking load Modes of failure

(KN) (KN)
HB1 Diagonal shear crack 210 100 Brittle shear failure
HB2 Vertical flexure crack 110 210 Shear failure
HB3 Vertical flexure crack 120 250 Flexural shear failure
HB4 Vertical flexure crack 130 280 Flexural shear failure
HB5 Vertical flexure crack 130 310 Flexural shear failure

By increasing in glass fiber segments percentage in shallow wide beam web shear stir-
rup reinforcement by 0.5%, 1%, and 1.5%, it can be seen that the deflection at yield was
increased with 21.62%, 14.86%, and 38.51% compared with HB2. Although the decreas-
ing of yielding load, this is attributed to the glass fiber segments’ random distribution
in the shallow wide beam can be contributed to increase the shear strength of concrete.
And although the increasing of the maximum loading capacity of specimens HB3, HB4
the decreasing in deflection at ultimate load compared with HB1 can be observed also.

Ductility and stiffness
Ductility refers to a material’s ability to withstand permanent deformation under a ten-
sile load without rupture. In this study, the ductility of all tested specimens was repre-
sented by calculating the ratio of maximum displacement to yield displacement, both
measured at mid-span [9]. Figure 14 shows that the ductility of all tested beam
specimens.

it can be observed that the shallow wide beam specimens HB1 and HB2 deflections
values along beam span between yielding and ultimate loads were closely nearby. And

500

Concrete

—HB1

—HB2

Load (KN)

m—HB3

——HB4

—HB5

-4000 -2000 0 2000 4000 6000 8000 10000
Strain (micro)

Fig. 12 Mid-span longitudinal and top surface concrete strain of tested beam specimens
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Table 10 Strain characteristics in longitudinal reinforcement and concrete of shallow wide beam

specimens

Beam Longitudinal reinforcement Concrete compression

specimen Eus % diff. of g, Euc % diff. of g,
x1073 x1073

HB1 830 299 —

HB2 743 1048 250 1638

HB3 6.50 2168 216 27.75

HB4 583 29.75 207 30.76

HB5 459 44.70 263 12.04

increasing in glass fiber percentages in specimens leads to increasing in the difference
values of deflections between yielding and ultimate load as shown in the figures below.
This is attributed to the use of glass fiber in shallow wide reinforced concrete beams in-
creasing of specimen ductility and enhanced beam behavior against shear stresses.

Initial and post cracking stiffness of the tested beam were calculated based on the
slope of the load deflection curve before and after crack, respectively. And Fig. 15
shows that the initial and post cracking stiffness of tested shallow wide beam
specimens.

As shown in Figs. 14 and 15, increasing in glass fiber segments randomly distributed
along shallow wide beam span leads to increasing in beam ductility up to 19% and can
be observed that also; the using of web shear stirrup reinforcement leads to increasing
in ductility by 2.7%. this is attributed to the using of glass fiber segments in shallow
wide beam which lead to increasing in post cracking stiffness up to 54.35% and delayed
the first cracking to occur.

500

450

400

350 — HB1
2 300 — HB2
4
ko] P
S 250 HB3
o
=

200 -HB4

150 — HB5

100

50

0 2 4 6 8 10 12 14 16 18 20 22 24
Deflection (mm)

Fig. 13 Load deflection at mid-span of tested beam specimens HB1, HB2, HB3, HB4, and HB5
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Table 11 Comparison between the strength characteristics of specimens

Specimen Failure load Deflection at failure load

Praiture (KN) %Diff. 4, (mm) %Diff.
HB1 400 e 95
HB2 4225 5.62% 13.50 - 30.98%
HB3 4380 9.50% 175 - 10.5%
HB4 446.5 11.62% 17.53 - 1037%
HB5 4455 11.37% 21.65 +10.68%

Using glass fiber segments effecting in the shallow wide beam behavior during failure
where the first cracks appeared randomly within the middle third of the span (zone of
the maximum moment) before shearing crack appeared for specimen HB3(containing
0.5% of glass fiber segments), HB4 (containing 1% glass fiber), and HB5 (containing
1.5% glass fiber), while the first crack was appeared for HB1 (without web shear stirrup
reinforcement and glass fiber segments) and HB2 (with web shear stirrup
reinforcement and without glass fiber segments) was diagonal shear cracking. The dif-
ferent behavior for specimens (HB3, HB4, and HB5) about specimens (HB1) and (HB2)

due to using of glass fibers segments in the beam.

Conclusions
The following conclusions can be drawn from the analysis and discussion of the test re-

sults obtained during this investigation:

1- Using web shear stirrup reinforcement in shallow wide beam cause an increase in
the maximum failure load up to 5.62% and delayed the occurring of the diagonal

cracking up to 52%.
2- Optimum short glass fiber ratio using in shallow wide beam according to present

investigation is beyond 1.0%.

p
18
1.7
~
<
= 16
3 .
>
=
5 15
S
(]
14
13
HB1 HB2 HB3 HB4 HB5
Fig. 14 Ductility of tested shallow wide beams




Moawad Journal of Engineering and Applied Science (2021) 68:44

= N
93] o

Stiffness (KN.mm)
o

Fig. 15 Initial/post cracking stiffness of tested beams
A\

25

9]

Initial Post Initial Post Initial Post Initial Post Initial Post

HB1 HB2 HB3 HB4 HB5

3-

Using an optimum ratio of short glass fiber segments randomly distributed with
web shear stirrup reinforcement in shallow wide beam cause an increase in the

maximum failure load up to 5.12% and delayed the diagonal cracking up to 67.74%.

The ductility of the shallow wide beam has a significant enhancement by using
stirrups up to 2.70%and more enhancement can be achieved by using glass fiber
segment up to 18.91% due to the increase in ductility.

Using web shear stirrup reinforcement led to a decrease in the main steel strain up
to 10.48%.

Glass fiber contributes increasing in the ductility due to increasing in post
cracking.

Using glass fiber segments in shallow wide beam leads to improving in the
performance of the beams in cracking, stiffness, and ultimate capacity.

Increasing in numbers of cracks, post cracking, ductility, and maximum failure
loads due to the using of optimum ratio percentage of short glass fiber percentage
in shallow wide reinforced concrete beam.

Increasing in percentage ratio of short glass fiber in shallow wide concrete beams
led to increase in the tensile strength of concrete up to 17.82% compared with

concrete without short glass fiber.

Abbreviations
GFRP: Glass fiber reinforced polymer; F: Concrete splitting tensile strength; Fc,: Concrete compressive strength;
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