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ABSTRACT

Reinforced concrete beams are essential structural
elements that resist and transfer loads; therefore, their
flexural performance and deformation capacity are
important considerations in structural design. One of
the factors affecting beam behavior is the
configuration of shear reinforcement, particularly the
diameter, spacing, and inclination angle of the
stirrups. This study aims to investigate the effects of
variations in stirrup diameter and configuration on
the flexural strength and deflection of reinforced
concrete beams. An experimental investigation was
conducted through laboratory testing of four
reinforced concrete beam specimens (B1-B4) with
different stirrup diameters and configurations. The
specimens were subjected to flexural loading until
failure, with load, flexural strength, and deflection
recorded as the primary parameters. The results
showed that the flexural strength of beams B1, B2, and
B3 was 71.01 MPa, whereas beam B4 achieved 52.07
MPa. Beam B1, reinforced with D8 stirrups spaced at
100 mm and an inclination angle of 45°, exhibited a
deflection of 56.4 mm at a load of 75 kN. In
comparison, beam B3, reinforced with D6 stirrups at
an inclination angle of 90°, exhibited a deflection of
755 mm under the same load. The maximum
deflection of 75.5 mm was observed in beam B3. These
findings indicate that variations in stirrup diameter
and configuration affect the deformation response of
reinforced concrete beams, with D8 stirrups inclined
at 45° resulting in lower deflection than D6 stirrups at
90° under the same stirrup spacing
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INTRODUCTION

Indonesia is located in a region characterized by high seismic activity,
making the country highly vulnerable to earthquake hazards. Earthquakes can
cause varying degrees of damage to buildings, ranging from low-rise to high-rise
structures. Structural damage or failure may occur when the seismic loads and
forces acting on structural elements exceed their strength and capacity to
withstand the induced stresses. Such conditions can compromise the overall
stability and integrity of the structure, (Sudarno P Tampubolon, 2021). The use
of reinforced concrete structures has become increasingly widespread in the
construction of multi-story buildings and various infrastructure projects due to
their ability to withstand applied loads and provide high structural capacity. The
performance of reinforced concrete systems is strongly influenced by the quality
and strength of the concrete used. Therefore, concrete with moderate to high
strength is required to ensure that structural elements can effectively carry and
transfer applied loads. To further enhance the load-carrying capacity and
structural performance of concrete members, steel reinforcement is incorporated
into the concrete matrix, (Ginting & Iman Gulo, 2019).

Reinforcement in reinforced concrete beams is provided to ensure
adequate resistance to tensile and shear forces. In reinforced concrete members,
shear reinforcement can be arranged in several forms, including vertical stirrups,
spiral reinforcement, and inclined stirrups. For rectangular beam cross-sections,
vertical stirrups are generally configured to follow the geometry of the beam
cross-section, forming a rectangular enclosure around the longitudinal
reinforcement. According to SNI 2847:2019, the ends of stirrups may be provided
with 135° hooks, while 90° hooks are also commonly encountered in construction
practice. Differences in hook configuration represent an important aspect to
consider when evaluating the performance and shear-resisting capacity of stirrup
reinforcement in reinforced concrete beams, (Rachman et al., 2013a). Failure in
beam elements generally occurs when the designed structural capacity is
insufficient to resist the applied loads and shear forces. Such conditions can lead
to areduction in structural performance and, ultimately, damage to the structural
member. Under seismic loading, beams are among the structural components
that may experience significant damage due to the large internal forces generated
during cyclic loading.

In addition, failure in reinforced concrete beams may result from
inadequate consideration and detailing of the reinforcement system, including
both the longitudinal reinforcement and shear reinforcement (stirrups). Proper
selection, arrangement, and detailing of reinforcement are therefore essential to
ensure that reinforced concrete beams can adequately resist the applied loads
and maintain their structural performance, (Sharma et al., 2011). The installation
and detailing of beam reinforcement, including longitudinal reinforcement and
stirrups, are still not always implemented in accordance with established design
standards. Therefore, the design of reinforced concrete beams and their
reinforcement detailing should be carried out carefully in accordance with
applicable structural design codes and construction requirements. Proper
reinforcement detailing is essential to ensure that the designed beam can
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adequately resist the applied loads and minimize the risk of excessive damage
and structural failure, (Guner & Vecchio, 2010). The capacity and failure modes
of beams should be evaluated through analytical approaches, numerical
simulations, and experimental investigations. In principle, the design of
reinforced concrete structures aims to ensure structural safety and adequate
performance throughout their service life. Shear and flexural failures exhibit
fundamentally different mechanisms. Shear failure is generally characterized by
relatively brittle behavior and may occur suddenly without significant prior
deformation or deflection.

Consequently, shear failure represents a critical failure mode that must be
adequately considered in the design of reinforced concrete beams. In addition to
the contribution of concrete, shear resistance is also influenced by the
configuration, spacing, anchorage, and detailing of transverse reinforcement or
stirrups. Inadequate placement or detailing of stirrups in beam and column
elements can adversely affect their shear resistance and overall structural
performance, as illustrated in Figure 1.

Figure 1. Improper Installation of Shear Reinforcement in Reinforced Concrete
Beam-Column Members

Therefore, the function and importance of shear reinforcement should be
carefully considered and properly understood by structural engineers. In the
design and construction of reinforced concrete beams, shear reinforcement
should be installed and detailed in accordance with the applicable structural
design standards, including SNI 2847:2019. Proper implementation of shear
reinforcement detailing in the field is essential to enhance the shear resistance of
beam elements and reduce the risk of structural damage or failure, (Stevie
Andrean, M. D. ]. Sumajow, 2015). To investigate the structural behavior,
strength, and failure mechanisms of designed reinforced concrete beams, both
numerical simulations and laboratory experiments are required. In general, the
shear forces acting on reinforced concrete beams can induce diagonal cracking,
particularly in regions where shear stresses are significant.

Previous studies have investigated the role and effectiveness of shear
reinforcement in improving the structural performance of reinforced concrete
beams. For example, Agus Sugianto investigated the effect of stirrup diameter on
the shear strength of reinforced concrete beams using stirrup diameters of 6, 8,
and 10 mm. Meanwhile, Fanto Pardomuan Pane examined the flexural tensile
strength of concrete under variations in concrete compressive strength. These
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studies provide a basis for further investigation into the influence of shear
reinforcement configuration on the strength and deformation behavior of
reinforced concrete beams, (Sugianto & Indriani, 2016), Analysis and
Experimental Investigation of Reinforced Concrete Beam Behavior Using
VecTor2 Simulation, (S. Tampubolon, 2020; S. P. Tampubolon, 2022, 2023),
Experimental Study of Reinforced Concrete Beam Behavior with and without
Stirrups and under Different Inclined Stirrup Configurations, (Dimas Arief
Wicaksono et al., 2019)(Rachman et al., 2013b).

This study investigates the effects of variations in stirrup spacing,
diameter, and inclination angle on the flexural strength of reinforced concrete
beams. The shear mechanism and flexural capacity of structural members are
important aspects that require careful consideration, particularly in reinforced
concrete beams that are subjected to significant shear forces. In practical
structural systems, shear forces rarely act independently and commonly occur in
combination with flexure, torsion, and axial forces. Therefore, the influence of
stirrup configuration, spacing, diameter, and inclination angle should be
properly understood to support the appropriate design and detailing of
reinforced concrete beams in accordance with applicable structural standards.
Proper reinforcement detailing is essential for improving the structural capacity
and reducing the potential for damage and failure in reinforced concrete beam
elements.

The use of plain and deformed reinforcing bars also warrants
consideration, particularly when evaluating existing structures constructed
under earlier design practices. Current Indonesian structural provisions place
greater emphasis on the use of deformed reinforcement for structural
applications, while some existing buildings constructed before the
implementation of these provisions may still contain plain reinforcing bars. This
condition highlights the importance of evaluating the structural behavior of
beams with different reinforcement configurations through experimental
investigation. Accordingly, laboratory testing is required to evaluate the
strength, deformation response, and failure behavior of reinforced concrete
beams with variations in stirrup diameter, spacing, and inclination angle. Based
on the reviewed literature and the identified research needs, this study is entitled
“Experimental Study on the Effects of Stirrup Spacing, Diameter, and Inclination
Angle on the Flexural Strength of Reinforced Concrete Beams”.

THEORETICAL REVIEW
Hammer Test

The rebound hammer test is a non-destructive testing (NDT) method
commonly used to estimate the compressive strength of concrete without causing
significant damage to the tested element. The method is relatively simple,
economical, and capable of providing test results within a short period. The test
principle involves applying impact energy to the concrete surface using a spring-
driven mass released against a properly selected and prepared test area. The
rebound of the mass following impact is expressed as the rebound number, which
serves as an indicator of the surface hardness of the concrete. The resulting
measurements can subsequently be used to assess the uniformity and consistency
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of concrete quality within a structural element or throughout a structure, (Lubis,
2003). In general, the rebound hammer test is a non-destructive testing method
used to assess the uniformity of concrete quality and to provide an initial estimate
of compressive strength before conducting direct strength tests on concrete
specimens, (Sumajouw et al., 2018). The testing was conducted after the
specimens had reached an age of 28 days and completed the curing process by
water immersion. The specimens were subsequently removed from the curing
tank and allowed to dry for a certain period before testing. The preparation and
testing procedures using the rebound hammer method were performed in
accordance with SNI 03-4430-1997. The instrument readings were recorded as
rebound numbers (R) at predetermined testing points. The measured rebound
values were then averaged to obtain a representative value for each specimen.
The average rebound number was subsequently used to estimate the concrete
compressive strength based on the rebound hammer correlation curve. The
resulting correlation curve is presented in Figure 2.
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Figure 2. Rebound Hammer Test Curve for Estimating Concrete Compressive
Strength

Flexural Strength of Reinforced Concrete Beams

Flexural strength testing was conducted using a one-point loading (OPL)
configuration, also referred to as a three-point bending test. In this method, a
concentrated load is applied at the midpoint of the specimen span and gradually
increased until failure occurs. The loading procedure was performed in
accordance with the relevant testing standards. The flexural strength of the
concrete was subsequently determined using the following equation:

3PL
fr = b x d2 (1)

The modulus of rupture of concrete generally ranges from approximately
11% to 23% of its compressive strength. The relationship between the modulus
of rupture and compressive strength can be expressed as follows:
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fr=062A{f'c 2)
Where A is the modification factor for lightweight concrete.

%L %l

Figure 3. One-Point Loading (OPL) Test Configuration

Shear Stirrups
The nominal shear strength provided by the shear reinforcement (stirrups)
is calculated using the following equation, (Sudarno et al., 2022):

Vr=0.Vn;dan®.Vn >Vu (3)

W07 15

Figure 4. Analysis of Shear Reinforcement Design Calculations

The shear force resisted by the concrete (Vc) can be calculated using the
following equation, (Igbal et al., 2013):

Ve=<./f'c.b.d 4)

Inclined Stirrups

Reinforced concrete beams subjected to shear force (V) may develop
inclined cracks. Shear cracks generally form at an angle of 6 = 30°-45° relative to
the longitudinal axis of the beam. To resist these inclined cracks, transverse
reinforcement in the form of stirrups is provided. Inclined stirrups, typically
arranged at an angle of 45°, can provide an effective contribution to shear
resistance. For inclined stirrups with a < 90°, the shear capacity provided by the
stirrups is determined from the vertical component of the tensile force. When a
= 45°, the shear capacity contributed by the inclined stirrups can be calculated
using the following equation:

Av*f,xd
Vs =—

x Sin a )]

where sin 45° = 0.707, indicating that 45° inclined stirrups provide
approximately 70.7% of their tensile force as a vertical component. The remaining
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component acts in the horizontal direction, which may contribute to resisting
longitudinal shear effects in the longitudinal reinforcement and influence the
development and distribution of shear cracks, potentially resulting in a more
stable crack pattern.
Vertical Stirrups

Vertical stirrups are shearing reinforcement members installed
perpendicular to the longitudinal axis of a reinforced concrete beam. Their
primary functions are to resist shear forces and confine the longitudinal tensile
reinforcement, maintaining its position within the beam cross-section. Properly
detailed vertical stirrups help prevent shear failure and improve the ductility of
the beam. When a beam is subjected to transverse loading, such as concentrated
or uniformly distributed loads, shear force (V) and bending moment (M) are
generated. The applied shear force may induce inclined shear cracks, commonly
referred to as diagonal tension cracks, at an angle of approximately 30°-45°
relative to the longitudinal axis of the beam. Because concrete has limited
capacity to resist diagonal tensile stresses, shear reinforcement is required to
enhance the beam's resistance to these cracks. Once an inclined crack develops,
the vertical stirrups crossing the crack are subjected to tensile forces and
contribute to the overall shear resistance of the beam. Therefore, the total shear
capacity of the reinforced concrete beam can be expressed as:

Vn=Vc+Vs (6)

where:
Vc = shear contribution provided by the concrete (kN);
Vs = shear contribution provided by the vertical stirrups (kN).
Contribution of Vertical Stirrups:

_ Av*fyxd

S

Vs (7)

where:

Av = total cross-sectional area of the stirrups crossing the inclined crack;
ty = yield strength of the stirrups; d = effective depth of the beam;
s = stirrup spacing.

METHODOLOGY
Crack Patterns and Deflection

Crack patterns in reinforced concrete beams can generally be classified
into several types, including vertical flexural cracks and inclined shear cracks.
Vertical cracks develop when the beam is unable to adequately resist the tensile
stresses induced by flexure. These cracks typically occur in the central span of the
beam, where the bending moment is relatively high. In contrast, inclined shear
cracks develop when the beam has insufficient shear resistance. Such cracks
commonly occur near the supports, where the shear force is relatively high. The
development and distribution of these crack patterns provide important
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information for evaluating the flexural and shear behavior of reinforced concrete
beams, (Sudarno et al., 2022).

¥ v ¢ ¢
il 1 N
A \retak miring L5 retak vertikal é

Figure 5. Crack Patterns and Failure Modes in Reinforced Concrete Beams
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Deflection in reinforced concrete structures generally increases with the
duration of sustained loading. Excessive deflection may contribute to deviations
from the intended structural geometry and serviceability performance. This
phenomenon is commonly associated with long-term deflection, which is
influenced by several factors, including temperature, humidity, curing age,
concrete storage conditions, reinforcement ratio, and sustained load magnitude.
The typical deflection behavior observed in reinforced concrete beams is
presented below, (Sangadji et al., 2020).
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Figure 6. Deflection of Reinforced Concrete Beams

RESEARCH RESULT AND DISCUSSION
Reinforcement Detailing

In this study, two reinforced concrete beam specimens, each measuring
(150 x 150 x 800) mm, were investigated. The specimens differed in stirrup
spacing, with 100 mm and 150 mm spacing, respectively. Both beams were
reinforced with 13 mm diameter longitudinal reinforcement (D13) and 8 mm
diameter stirrups (D8) arranged at an angle of 45°.

Figure 7. Reinforcement detailing of the reinforced concrete beam specimens Bl
and B2
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The other beam specimens had dimensions of 800 x 150 x 150 mm, with
stirrup spacing varied at 100 mm and 150 mm. The stirrups were provided with
135° hooks. In all specimens, the longitudinal reinforcement consisted of 13 mm
diameter bars (D13), while the stirrups had a diameter of 6 mm (D6) and were
arranged at an angle of 90°.

Tulangan Sergkang Polos Dameter (0 = 6
Dengan Jarak

ameter (0 =
Tuargan Sergkang Poics DI ak antar Sengkang = 150 mm

Figure 8. Reinforcement detailing of the reinforced concrete beam specimens B3
and B4

Concrete Compressive Strength and Reinforcement Tensile Strength Test Results

Based on the tensile tests conducted in the laboratory, the yield strength
fy and ultimate tensile strength fu of the reinforcement bars were obtained, as
presented in Table 1.

Table 1. Results of the Concrete Compressive Strength and Reinforcement

Tensile Strength Tests

Concrete Stirru
N ;leeag?m Coé?\f)eres Relz/r[l?g;ce (l\ﬁ/fP (l\fZP Stirrup fy fu Sppaci
o Diameter (MPa) | (MPa)

en Strength ment a) a) ng

(fc) MPa (mm)
1 B%alm 28 D-13 354 | 510 D-8 369 515 | @100
2 B%azm 29 D-13 354 | 510 D-8 369 515 | @150
3 B‘;Zm 28 D-13 354 | 510 D-6 415 | 510 | @100
4 B‘]”;Zm 26 D-13 354 | 510 D-6 415 510 | @150

Based on the flexural strength tests conducted in the laboratory, the
compressive strength and deflection values of beam specimens B1, B2, B3, and
B4 were obtained, as presented in Table 2. The corresponding test results are
illustrated in Figures 9 and 10.
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Table 2. Compressive Strength and Deflection Test Results

Beam B1 @100 Beam B2 @150 Beam B3 @100 Beam B4 @150
mm mm mm mm
N | Compre | Deflec | Compre | Deflec | Compre | Deflec | Compre | Deflec
0. ssion tion ssion tion ssion tion ssion tion
Test (mm) Test (mm) Test (mm) Test (mm)
(kN) (KN) (kN) (kN)
1. 0 0 0 0 0 0 0 0
2. 25 14 25 11 25 25,5 25 25,5
3. 50 26 50 28,8 50 41 50 31
4, 75 46,4 75 47 75 65.5 55 60
5. 75 56,4 75 57 75 75.5 55 73

0 O
o O

KkN)

(

Compression Test

N W b U
o O o o

=
o

Figure 9 shows that Beam B1, with stirrups inclined at an angle of 45°,
exhibited greater stiffness, with a measured deflection of 56.4 mm. In
comparison, Beam B3, with stirrups arranged at 90°, experienced a higher
deflection of 75.5 mm.

Flexural Strength Test Results of the Beams @ 100 mm

o

—0—Beam B3

—8— Beam B1

20

30

40

50 60

Deflection (mm)

70

80

Figure 9. Compressive Strength and Deflection Test Results for Beams B1 and

with stirrups arranged at 90°, experienced a higher deflection of 73 mm.
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Flexural Strength Test Results of the Beams @150 mm

A U OO N 0 O
o O O o o o

—@— Beam B4
—&—Bcam B2

w
o

Compression Test (kN)
N
o

=
o O

0 10 20 30 40 50 60 70 80

Deflection (mm)

Figure 10. Compressive Strength and Deflection Test Results for Beams B2 and
B4

The test results indicate that variations in stirrup diameter and spacing
affected the deflection behavior of the reinforced concrete beams, while all
specimens were provided with the same longitudinal reinforcement, D13. At a
stirrup spacing of 100 mm, Beam B1, reinforced with D8 stirrups, exhibited a
deflection of 56.4 mm under a load of 75 kN, which was lower than the 75.5 mm
deflection recorded for Beam B3 with D6 stirrups. This result indicates that the
larger stirrup diameter provided greater control over beam deformation under
the same spacing condition. In addition to stirrup diameter, increasing the stirrup
spacing from 100 mm to 150 mm also affected the deflection response of the
beams during loading.

Flexural Strength Analysis of Reinforced Concrete Beams
1. Flexural Strength of Beam B1 @ 100 mm

3pxl
" bxd?
3x75000N x 800 mm

£ = =71.01 MPa

150mm x (130)2mm

Relationship between the Modulus of Rupture and Concrete
Compressive Strength

fr= 0621/fc =0,62.128 =328 MPa
2. Flexural Strength of Beam B2 @ 150 mm

_ 3pxl
" bxd?
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3x75000N x 800 mm
150mm x (130)2mm

=71.01 MPa

f;,:

Relationship between the Modulus of Rupture and Concrete
Compressive Strength

fr=0621fc =062.1.29 =334 MPa
3. Flexural Strength of Beam B3 @ 100 mm

_ 3pxl
" bxd?

3x75000N x 800 mm
150mm x 1302mm

fr = =71.01 Mpa

Relationship between the Modulus of Rupture and Concrete
Compressive Strength

fr=0621,f'c =062.1+26,26 =3,17 Mpa

4. Flexural Strength of Beam B4 @ 150 mm

f 3pxl
T =

b x d?
3x55000N x 800 mm

fr= = 52.07 Mpa

150mm x 1302mm

Relationship between the Modulus of Rupture and Concrete
Compressive Strength

fr=0621,fc =0,62.1+2626 =3,17 Mpa

Based on the calculations, the flexural strength of Beams B1, B2, and B3,
with a stirrup spacing of 100 mm, was 71.01 MPa, with corresponding modulus
of rupture values of 3.28 MPa, 3.34 MPa, and 3.17 MPa, respectively. In
comparison, Beam B4, with a stirrup spacing of 150 mm, exhibited a flexural

strength of 52.07 MPa and a modulus of rupture of 3.17 MPa.
Crack Pattern Analysis Results

Following the one-point loading test, the crack patterns and failure
modes observed in reinforced concrete Beams B1 and B2 are presented in Figure
11. Beam B1, with a stirrup spacing of 100 mm, exhibited a maximum crack
width of 0.5 cm and a minimum crack width of 0.05 cm. Meanwhile, Beam B2,
with a stirrup spacing of 150 mm, showed a maximum crack width of 0.6 cm
and a minimum crack width of 0.06 cm. The observed failure pattern was
characterized by diagonal cracking with an approximately 45° inclination,

indicating a shear-related failure mechanism, (Tampubolon, 2022).
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Figure 11. Front and Rear Views of Crack Patterns in Beams B1 and B2

The crack pattern observed in Beams B3 and B4 is presented in Figure 12.
For Beam B3, with a stirrup spacing of 100 mm, the first crack appeared at a load
of 25 kN, corresponding to a deflection of 25.5 mm. As the applied load increased,
the beam ultimately failed at a load of 75 kN, with a deflection of 65.5 mm. The
maximum and minimum crack widths recorded in Beam B3 with a stirrup
spacing of 100 mm were 0.5 cm and 0.05 cm, respectively.

il X0 4

. B A g l > = - 7 5
Figure 11. Front and Rear Views of Crack Patterns in Beams B3 and B4

For Beam B4, with a stirrup spacing of 150 mm, the first crack occurred at
a load of 25 kN, corresponding to a deflection of 25.5 mm. The beam ultimately
failed at a load of 55 kN, with a recorded deflection of 60 mm. The maximum
crack width measured in Beam B4 was 2.0 cm, while the minimum crack width
was 0.05 cm.
Analysis of the Cracking Moment of Reinforced Concrete Beams
1. Analysis of the Cracking Moment of Beams B1 and B3

b =150 mm; h =150 mm
Thus:
» Modulus of Rupture of Concrete

fr=0621fc =0,62.1v28 =5,3MPa
» Gross Moment of Inertia of the Cross-Section:
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3 3
Ig = 25 ==222% = 42187500 mm!

» Cracking Moment

I
Mcr = fr?g

h 150
fr =53MPa;lg = 42.187.500 mm*;c = 5= 5 = 75 mm

Thus:

Mecr = frd =53 MPa x 2= 2981250 N.mm = 304 kg.m

2. Analysis of the Cracking Moment of Beam B2
b =150 mm; h =150 mm

Thus:
» Modulus of Rupture of Concrete

fr=0621fc =062.1V29 =54MPa
> Gross Moment of Inertia of the Cross-Section:

bh® _ 150x150°

Ig = =42.187.500 mm*
12 12
» Cracking Moment

Ig

Mcr = fr—

cr = fr .

h 150
fr =54MPa;lg = 42.187.500 mm*; c = 5= = 75 mm

Thus :
Mecr = frd =54 MPa x Z=22= 3037500 N.mm = 309.7 kg.m
3. Analysis of the Cracking Moment of Beam B4
b =150 mm; h =150 mm

Thus:
» Modulus of Rupture of Concrete

fr=0621,/fc =0,62.1v26 =32MPa
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» Gross Moment of Inertia of the Cross-Section:

bh® _ 150x150%

Ig = — T 42.187.500 mm*
» Cracking Moment
Mcr = lg
cr = fr .
h 150
fr = 3,2 MPa;Ig = 42.187.500 mm*; c = 2= 5 = 75 mm

Thus:

42.187.500

Mcr = frl?g =3,2 MPa x = 1800000 N.mm = 183.6 kg.m

CONCLUSIONS AND RECOMMENDATIONS
Based on the laboratory investigation, the following conclusions were
obtained:

1. The flexural strength of Beams B1, B2, and B3 was 71.01 MPa, whereas Beam
B4 exhibited a flexural strength of 52.07 MPa.

2. Beam B, reinforced with D8 stirrups spaced at 100 mm and inclined at 45°,
exhibited a deflection of 56.4 mm under a load of 75 kN, which was lower
than the 75.5 mm deflection recorded for Beam B3, reinforced with D6
stirrups arranged at 90°. These results indicate that the larger stirrup
diameter and inclined stirrup configuration provided better deformation
control than D6 stirrups under the same spacing condition.

3. The maximum deflection of 75.5 mm was observed in Beam B3 under a load
of 75 kN, with the stirrups arranged at an angle of 90°.

FURTHER STUDY

Future research should include a larger number of beam specimens to
improve the reliability and statistical significance of the experimental results. The
experimental results should be complemented by numerical simulations, such as
finite element analysis, to further evaluate the stress distribution, crack
propagation, deflection, and failure mechanisms of reinforced concrete beams.
Should investigate the relationship between stirrup configuration, cracking
behavior, flexural capacity, and deformation control to establish more effective
reinforcement configurations for reinforced concrete beams.
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