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Abstract: The plastic hinge is the most critical damaging part of a structural element, where the
highest inelastic rotation would occur. In particular, flexural members develop maximum bending
abilities at that point. The current paper experimentally investigates the influence of steel fiber
reinforcement at the plastic hinge length of the concrete slab under repeated loading, something
which has not been reported by any researcher. Mechanical properties such as compressive strength
and tensile strength of M20-grade concrete that are used for casting specimens are tested through the
compressive strength test and the split tensile strength test. Six different parameters are considered
in the slab while carrying out this study. First, the conventional concrete slab and then the steel-
fiber-reinforced slab were cast. The plastic hinge length of the slab was calculated through different
empirical expressions taken from methods by Baker, Sawyer, Corley, Mattock, Paulay, Priestley and
Park. Finally, the steel fiber was added as per methods detailed by Paulay, Priestley and Park in the
plastic hinge length mechanism in the concrete slab at 70 mm and 150 mm separately. The results
arrived through experimental investigation by applying repeated loads to the slab, indicating that
steel fibers used at critical sections of plastic hinge length provide similar strength, displacement,
and performance as that of the conventional RCC slab and fully steel-fiber-reinforced concrete slabs.
Steel fiber at a plastic hinge length of slab has a better advantage over a conventional slab.

Keywords: SFRC (steel-fiber-reinforced concrete); conventional RCC slab; plastic hinge length;
repeated loading and composite material

1. Introduction

The maximum bending moment occurs at the plastic hinge length, which is considered
to be the most critically damaged location of the RCC member and will experience more
inelastic deflection in the member. In recent years, researchers have become more interested
in the length of plastic hinges. The experimental study of plastic hinge length examines the
load-carrying capacity and its deformation capability. When the RCC member is subjected
to load, the deformation is inelastic, and these inelastic zones result in places where the
bending moment is greater. As the applied load is raised further, the zones rotate till the
final hinge is formed, and this results in the collapse of the structural member [1].

The plastic hinge length can be obtained by various formulas devised by scientists
such as Sawyer, Baker, Priestley, Park, etc. These formulas can be used to find the required
plastic hinge for the slab, which is a factor of the concrete grade and reinforcement detailing.
It is also a factor of support distance, contra flexure distance, and the geometry of the
member [2,3]. Nazaripoor et al. [4] have studied the acoustic emission damage detection
by performing three-point bend tests and demonstrating the accumulation of flexural
damage for composite panels of different sizes and fiber volume content. Paulay et al. [5]
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studied over one thousand specimens representing various types of reinforced concrete (RC)
members (beams, columns, and walls). This was then used to develop expressions for the
deformations of RC members at yielding or failure under cyclic loading in terms of member
geometric and mechanical properties. The yield and ultimate curvature expressions based
on the plane-section assumption agree on averages within the test results, but with a large
scatter. The same was found to be true for models based on curvatures and the concept of
ultimate drift or chord-rotation capacity [5].

The previous study by Paulay et al. [4] was created for analytical purposes, and the
analysis was created to study the behavior of RCC members subjected to various loadings
and plastic hinge lengths. The properties of steel-fiber-reinforced concrete (SFRCs) are de-
termined by the amount and percentage of fibers introduced into the concrete. The length
of the plastic hinge zone is an important design parameter that should be provided with
intense confinement to increase the ductility of the member to survive extreme events
such as earthquakes. The behavior of plastic hinges is extremely complicated due to the
high nonlinearity of the materials, interaction, relative movement between the constituent
materials, and strain localization. As a result, the majority of researchers [6,7] used experi-
mental testing to investigate the problem. The plastic hinge zone’s performance is crucial
for flexural members since it regulates the load-bearing and deformation capabilities of the
member. A computational model is developed and validated using existing experimental
data, such as load-deflection response, rotational capacity, and reinforcement stress and
strain distributions detailed by Qin et al. [8].

The length of the rebar yielding zone is thought to represent the upper bound of
the three physical inelastic deformation zones, with its value never exceeding more than
twice the effective depth of the cross-section in any of the conditions investigated by
Zhao et al. [9]. The diameter of the rebar under tension has a reduced impact on the plastic
hinge length and flexural capacity of the member due to its impact on bond strength.
The true plastic hinge zone is much smaller than the yielding zone of the member, which
comprises the majority of the plastic rotation. None of the existing empirical models for
forecasting plastic hinge length have taken all of these crucial aspects into account [9]. A con-
stitutive model has been developed for material non-linear analysis of steel-fiber-reinforced
concrete slabs supported on the soil. The energy absorption capacity provided by fiber
reinforcement is taken into account in the material constitutive relationship. The plasticity
theory is used to explain the elastoplastic behavior of concrete [10].

The RCC member would fail immediately without providing a prior warning when
this plastic hinge is formed. For these reasons, understanding the behavior of plastic
hinge length formations is critical in RCC construction. Steel fibers have been used as
replacements for conventional RCC structures as they have good tensile strength and
delay the brittle failure of the concrete. The goal is to contribute to the development of
design guidelines that can accurately predict the punching resistance of SFRC flat slabs.
Past investigation data show that SFRC has better performance than conventional concrete.
To have better performance [11-14], the steel fibers are used at 1.5% of the volume of
the concrete.

Holschemacher et al. [15] tested 28 steel-fiber-reinforced concrete (SFRC) slabs un-
der flexure to see the effect length of steel fiber percentage on the energy absorption
capacity of concrete slabs with varying concrete strengths. According to the findings
from the tests, longer fibers with a greater fiber content were found to absorb more en-
ergy. The findings are contrasted with a theoretical prediction based on fiber distribution
randomness. The theoretical technique yielded a larger energy absorption than the experi-
mental method. Within the range of fiber volumetric percentages employed in the study, a
design technique based on permissible deflection is provided for SFRC slabs [15].

Fiber concrete is a technology that has been studied for several decades, mostly to
prevent cracking in specific reinforced concrete constructions. Fiber concrete has recently
been examined for use in various applications, such as the total replacement of steel-
reinforcing rebar. The behavior of a fiber concrete slab was investigated using a validated
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numerical model [16-18]. The findings demonstrated that fiber concrete slabs without
rebar reinforcement met the limit states required by the different dwellings (spans ranging
from 4-5 m). The effect mechanisms of SFRC’s strength parameters and slab’s structural
parameters are clarified using both finite element and theoretical analysis and a technique
are devised [16-18]. Service stress limits in SFRC slabs were achieved at higher demands
than in RC slabs. When service stress limitations in SFRC slabs were achieved, crack widths
were substantially less than conventional crack width limits, indicating that designing for
crack widths may be an effective way of addressing serviceability in SFRC slabs [16-18].

Paramasivam et al. [19] conducted 50 tests on reinforced concrete slab specimens; both
repaired and unrepaired slabs were examined under static and cyclic stress conditions.
The specimens had a rectangular cross-section of 300 x 80 mm and were tested in flexure
on a span of 600 mm with a line load at mid-span. Four different kinds of specimen were
tested. The performance of statically loaded to failure specimens was tracked, whereas
the deterioration of flexural rigidity of cyclically loaded specimens was examined after a
preset number of cycles at various stress levels [19]. Steel-fiber-reinforced concrete (SFRC)
is used to improve the flexural and cyclic responses of reinforced concrete bridge deck slabs.
First, cyclic loads were applied to one plain concrete slab and two SFRC slabs reinforced
with mill-cut steel fibers and corrugated steel fibers, respectively. Load-deflection responses,
cyclic deformation behaviors, strain and fracture development are all examined. The results
show that employing SFRC in deck slabs improves cyclic deformation performance, reduces
residual strain in the slab section, and improves crack behavior by decreasing residual
fracture width and improving cracking stiffness [20,21].

Experimental and numerical analyses were used to investigate the impact of fiber
clustering on the fatigue behavior of steel-fiber-reinforced concrete (SFRC) beams with
reinforcements. Furthermore, to better understand the underlying mechanism, the fiber
distribution in the cross-section of concrete was experimentally investigated. The re-
sults showed that when the fiber volume percentage grew, the fatigue life of the beam
increased [22]. To forecast the shear strength of steel-fiber-reinforced concrete beams, a
mechanics-based mathematical model that considers the effect to resist shear was sug-
gested (without transverse reinforcement). The suggested model’s efficacy was tested
using a wide number of datasets, and it was discovered that it had good correlations with
experimental results, with mean, standard deviation, and coefficient of variation of 0.94%,
0.22%, and 22.99%, respectively. In addition, each effect to resist shear contribution was
recommended [23].

Although the importance of fiber distribution to the characteristics of SFRC members
was highlighted in the literature listed above, the underlying mechanism of fiber distri-
bution to the fatigue performance of SFRC, as well as the behavior of the beam and slab
under static and repetitive loading, was not. Even though there have been some studies on
identifying plastic hinges, the contribution of steel fibers to plastic hinge length has had
little attention. There has been no research on the impacts of fiber distribution at the slab’s
plastic hinge length under repeated stress.

In this paper, the concrete was tested experimentally with various SFRC parameters
at various plastic hinge lengths. Using five different slabs of varying parameters, the
behavior of steel fiber at the plastic hinge length under repetitive loads was investigated.
The mechanical properties of the RCC slab were determined for standard concrete and
SERC. The properties of the steel fiber slab at plastic hinge length were determined under
repeated loading becomes the novelty of this work. In the future, the plastic hinge length
concept along with different strengthening techniques may be applied to beams and slabs
under different types of loading.

The plastic hinge will form at the yielding zone of any structural member, which is the
location of the highest bending moment. The most crucial damaged region of the structural
element is the plastic hinge zone, where the more inelastic rotation would occur in the
structural element. The shape of the bending moment diagram (BMD), the support distance,
the contra flexure distance, and the geometry of the member all influence the plastic hinge.
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The BMD considers the concrete’s durability and the amount of steel required. The plastic
hinge length of the RCC member has been calculated using a variety of empirical formulae.
Table 1 contains a collection of formulas for determining the length of a plastic hinge.

Table 1. Empirical formula to calculate plastic hinge length.

Description

Empirical Formula

Baker (1956)

Herbert and Sawyer (1964)

Corley (1966)

k(z/d)74 d
0.25d +0.075 z
0.5d +0.2 y/d (z/d)

Priestley and Park (1987) 0.08 z+ 6 dy,
Paulay and Priestley (1992) 0.08 z+ 0.022 dy,fy,

The empirical formulas of Corley, Herbert and Baker provide the same results. The empirical
formula provides a high value for plastic hinge length and a factor of the diameter of the
rebar. Figure 1 shows the plastic hinge length formed due to the application of load ‘w’.

w

|pr‘_

Figure 1. Plastic hinge length (Lp).

2. Materials

Table 2 shows the M20 grade mix design used in the experimental studies. The steel
fibers until utilized in the casting had a hook end of 30 mm and a diameter of 0.5, and they
were cast in M20 concrete. Steel fiber accounts for 1.5% of the weight of concrete in the
specimen. The steel fiber parameters used in this study are listed in Table 3.

Table 2. M20 grade mix design as per IS 10262-2009.

Component Quantity Quantity (kg/m3)
Cement 438.7
FA 757.28
CA 1071.11
Steel Fiber 36.96
w/C 197
Table 3. Properties of steel fibers.
Description Properties
Shape Straight
L(length) 30 mm
Dia 0.5 mm
L/Dia 1/60

Figure 2 depicts the picture of the steel fibers, of which the weight is about 1.5% of

the concrete.
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Figure 2. Steel fibers (30 mm length and 0.5 mm diameter).

Slab Specifications

The slabs cast for the experimentation have the dimensions 850 mm x 300 mm x 80 mm
as per the Indian standard 15456-2000. Five distinct slabs are cast, each with their own sets of
criteria, such as minimum reinforcement and plastic hinge length. Mattock’s (0.5 d + 0.05 z)
and Priestly and Park’s (0.08 z + 6 db) empirical formulas are used to compute the plastic
hinge length of slabs. The minimum reinforcement considered for the slab is a 10 mm
diameter bar of three numbers as longitudinal reinforcement at 100 mm c/c anan d § mm
diameter bar of 6 numbers as transverse reinforcement with 150 mm c/c based on the
requirement and laboratory condition as per the design. Figure 3a,b represent the con-
ventional RCC concrete slab with minimum reinforcement and Figure 3c shows the steel-
fiber-reinforced concrete slab. Figure 3d shows the combination of RCC concrete slab and
steel-fiber-reinforced concrete slab of 1.5% of the weight of the concrete. Consecutively, the
steel-fiber-reinforced concrete with 1.5% weight of the concrete at 150 mm and 70 mm
plastic hinge length are shown in Figure 3ef, respectively. The complete specifications and
details of slabs are mentioned in Table 4, along with plastic hinge length.

Table 4. Dimensions and specifications of slabs.

SLNo Description Dimension (mm) Plastic Hinge Reinforcement Details
Length (mm)
Longitudinal-3 no’s 10 mm
1 RCC Slab 850 x 300 x 80 . diameter bar at 100 mm ¢/
Transverse-6 no’s 8 mm diameter
bar at 150 mm c¢/c
2 SFRC Slab 850 x 300 x 80 - -
Longitudinal-3 no’s 10 mm
3 SFRFZ Slab + Min 850 x 300 x 80 } diameter bar ’at 100 mm c/c
Reinforcement Transverse-6 no’s 8 mm diameter
bar at 150 mm c/c
4 SFRC + L, @150 mm 850 x 300 x 80 150 -

SFRC + Lp @70 mm 850 x 300 x 80 70 -
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(d)

()

Figure 3. Schematic representation of different types of slabs. (a) Reinforcement details of slab;
(b) RCC Slab; (c) SFRC Slab; (d) SFRC Slab + Min Reinforcement; (e) SFRC + L, @150 mm;
(f) SFRC + Lp @70 mm.



J. Compos. Sci. 2022, 6, 164

8 of 19

3. Experimental Test Procedure and Results
3.1. Test Specimens

Before casting the slabs, the compressive strength of concrete, split tensile strength and
flexure strength of concrete are investigated as per codal standards to finalize the concrete
used for casting the specimens. Ten cubes of size 150 mm x 150 mm x 150 mm were cast,
out of which 5 cubes are made of conventional concrete of grade M20. Meanwhile, the
5 remaining same-sized cubes were cast with steel-fiber-reinforced concrete of 1.5% by
weight of concrete. Cylinders of size 100 mm x 200 mm of 10 numbers are cast to determine
the tensile strength of concrete through a split tensile strength test. In total, 5 cylinders
are made of conventional concrete and the remaining 5 are made of steel-fiber-reinforced
concrete. In total, 6 flexure beams of size 500 mm x 150 mm x 150 mm were cast, out
of which 3 beams are made of conventional concrete and 3 beams are made of SFRC to
determine the flexural strength of concrete.

Testing slabs of different configurations based on the parameters of the study are cast.
The size of all the 6 specimens of slabs remain the same as 850 mm x 300 mm x 80 mm, but the
change in parameters is carried out through reinforcement detailing. Minimum reinforcement
is provided in the first conventional concrete slab. Meanwhile, the second specimen was
completely replaced with steel-fiber-reinforced concrete, and the third specimen was a
combination of both the cases mentioned above. The last 2 specimens are dosed with steel
fibers placed at the plastic hinge length of 70 mm and 150 mm, and the remaining portion of
the slab is completely made of plain cement concrete. Figure 4a,b show the cube specimens
and cylinder specimens to be tested after 28 days of curing. Figure 4c, shows the flexure
beam specimen (RCC beam and SFRC beam) and Figure 4d-h, shows the 5 slab specimens
(RCC slab, SFRC slab, SFRC + min rein, SFRC + 150 mm, SFRC + 70 mm) to be tested.

3.2. Experimental Setup

A hydraulic jack is connected with a load cell of 200 kN capacity fixed to the self-
straining testing frame, and the slab is fixed on all the sides. The repeated loading is
applied to the top of the slab at the center, as shown in Figure 5a,b. A mechanical dial
gauge is fixed below the loading area of the slab to measure the deflection of the slab under
repeated loading.

3.3. Repeated Loading

Figure 6 shows the repeated loading processes for slab specimens. Plastic hinge
lengths were calculated to be 70 mm and 150 mm, respectively, based on the theoretical
study. The slab loads applied are always kept between load levels of 0 kN to 100 kN.
For all cyclic loading stages, the force-controlled mode with rates of 10 kN was used.
Upon loading 10 cycles at the maximum of 10 kN per cycle were applied on the slab.

3.4. Result and Discussion

The compressive strength, split tensile strength and flexural strength of both RCC
and SFRC are determined by a compression testing machine. The average strength of the
specimen for both concrete types tested is presented in Figure 7a—c. The concrete strength
is high in all aspects when the steel fiber reinforcement was used as mentioned in Table 5.

After carrying out the compressive strength test in the testing machine for cast cubes,
which are cured in a concrete tank for 28 days, the strength of concrete after crushing
was found to be 22 N/mm?, 21 N/mm?, and 22 N/mm? for all three cubes, respectively.
Therefore, the target strength of the M20 grade is achieved and the same is used for casting
the concrete beams and slabs. Cylinders with 1.5% steel fiber amount of concrete are
cast and cured for 7, 14, and 28 days. The same has been tested for split tensile strength.
For all the three curing periods, SFRC specimens outperformed plain cement concrete
specimens in terms of strength. 28 days cured, SFRC concrete cylinders achieved around
4 N/mm? when compared with plain cement concrete cylinder’s strength of 2.7 N/mm?,
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as mentioned in Figure 7a. A flexure beam with 1.5% steel fiber amount by weight of
concrete was cast and cured for 7, 14, and 28 days.

The same has been tested for flexural strength, as mentioned in Figure 7c. For all
the three curing periods, SFRC specimens outperformed plain cement concrete specimens
in terms of strength. After curing for 28 days, SFRC concrete beams achieved around
3.92 N/mm? when compared with plain cement concrete flexural strength of 2.86 N/mm?.

@ b)

(c) (d)

(8 (h)

Figure 4. Test specimens (a,b) the cube specimens and cylinder specimens; (c) flexure beam specimen;
(d) RCC slab specimen; (e) SFRC slab specimen; (f) SFRC + min rein specimen; (g) SFRC + 150 mm
specimen; (h) SFRC + 70 mm specimen.
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@)

LOADING FRAME

- { OAD CELL

A CONCRETE SLAB

[———STRAIN GAUGE

(b)
Figure 5. (a) Experimental setup for repeated loading; (b) schematic representation of loading Frame.

The modulus of elasticity was calculated by applying uniaxial compression to the
cylinder specimen and measuring the deformations with a dial gauge set between the
200 mm gauge length, as illustrated in Figure 7d. The tests were carried out using a
compressometer in accordance with the IS 516-1959. The cylinder specimens were put on a
compression testing machine, and a uniform load was applied until the cylinder reached
its failure. The target load and deflection were taken into consideration.

The deflection values are calculated as a strain based on length change. The strain
is calculated by dividing the dial gauge readings by the gauge length, and the stress
is calculated by dividing the load applied by the area of the cylinder’s cross-section.
The deformation of various loads was recorded and the findings were plotted graphically
against the tension to determine the Young’s modulus of concrete of both the conventional
and SFRC specimen as shown in Figure 7e f. Later, the modulus of elasticity of conventional
concrete and of steel-fiber-reinforced concrete (SFRC) was derived as 25.47 N/mm?2 and
29.025 N/mm?, as mentioned in Table 6.
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Figure 6. Repeated loading procedures.

The five slabs were subjected to repeated loading, and the experimental setup is
presented in Figure 5b. The deformation of the slabs was measured by a digital dial
gauge. The repeated load was applied on all the types of slabs and the obtained results are
tabulated in Table 5. A maximum load of 96 kN was achieved by a steel-fiber-reinforced
slab with a minimum reinforcement and the deflection observed in the dial was 5.78 mm.
Meanwhile, an SFRC slab with a steel fiber amount of 1.5% at 150 mm plastic hinge length
achieves an 80 kN maximum load with a deflection of 7.29 mm. A minimum of 40 kN was
achieved at a 70 mm plastic hinge length as given in Table 7.

Table 5 shows the test results of the five different slab specimens subjected to repeated
loading. The RCC slab has less deflection compared with the other slab; however, the
maximum load at the failure for RCC is less compared with the SFRC slab and SFRC
Slab + Min Reinforcement and SFRC + L, @150 mm. Hence, the load-carrying capacity
for the SFRC slab, SFRC Slab + Min Reinforcement, and SFRC + L, @150 mm is greater
compared with the RCC slab. This shows that the performance of the SFRC slab, SFRC Slab
+ Min Reinforcement and SFRC + L, @150 mm is better than the RCC slab.

Figure 8a depicts the load versus deflection for a repeatedly loaded RCC slab. Figure 8b
shows the load versus deflection for the SFRC slab under repeated loading (half cycle),
which has less deflection than the RCC slab because steel fibers increase the strength of
the concrete slab. The load versus deflection curve for the SFRC + minimum reinforced
slab subjected to repeated loading (half cycle) is shown in Figure 8c, and it outperforms the
RCC slab. Figure 8d depicts the load versus deflection curve for an SFRC + Lp 150 mm slab
subjected to repeated loading (half cycle), demonstrating improved performance as steel
fibers are added to the plastic hinge length. Figure 8e depicts the load versus deflection
curve for an SFRC + Lp 70 mm slab subjected to repeated loading (half cycle), which
performs satisfactorily but has more deflection than an SFRC + Lp 150 mm slab.

From the load—displacement curve, it is very clear that up to 60 kN, a conventional
RCC slab behaves well, and the curves show the even distribution of load. After that, there
is an uneven scattering of load due to the strength-losing character of the slab. Once the
steel fibers are added to the slab, the curves are evenly scattered due to the improvement
in the ductility of the slab. Steel fibers at 150 mm plastic hinge length and steel fibers
amounting for overall slab behavior are almost identical, which comes to around 5.78 and
7.29 mm with a maximum load of 96 kN and 80 kN.



J. Compos. Sci. 2022, 6, 164

12 0of 19

Split Tensile Strength N/mm2

<] Split Tensile Strength
N/mm2

Split Tensile Strength

e}
3
l\_ o~
! P o
Conventio SERC Conventio SFRC Conventio SERC
nal nal nal
7 days 14 days 28 days
1.7 2.6 2.25 3.2 2.7 4

Figure 7. Cont.

(b)



J. Compos. Sci. 2022, 6, 164

13 0of 19

25

c20 |

g

S 15 F

Z

(7)) 10 B

[72)

& N

N

0 0.1 0.2 0.3 0.4
Strain (mm/mm)
(e)
20

N B

= 15

E

Z 10

?

&

a2

0 1 L L
0 0.1 0.2 0.3 0.4

Strain (mm/mm)

(f)

Figure 7. (a) Split tensile strength; (b) split tensile strength testing machine; (c) flexural strength
test; (d) compression test of cylinder specimens with compressometer; (e) stress—strain behavior of

conventional concrete; (f) stress—strain behavior of SFRC.



J. Compos. Sci. 2022, 6, 164

14 of 19

Table 5. Mechanical properties of concrete.

Compressive Strength  Split Tensile Strength Flexural Strength
SLNo Type .
28 Days Curing
1 Conventional Concrete 22 N/mm? 2.7 N/mm? 2.86 N/mm?
’ Steel-Fiber-Reinforced 26 N /mm? 4N/mm? 3.92 N/mm?

concrete (SFRC)

Table 6. Modulus of elasticity of specimens.

S1.No Specimen Modulus of Elasticity
1 Conventional Concrete 25.47 N/mm?
5 Steel-Fiber-Reinforced 29,025 N/mm?

concrete (SFRC)

Table 7. Test load deflection of the slab under cyclic loading.

. e Deflection
Slab Specimen Description Max Load (kN) of the Slab (mm)
1 RCC Slab 68 2.31
2 SFRC Slab 72 4.58
3 SFRC Slab + Min 9% 578
Reinforcement
4 SFRC + L, @150 mm 80 7.29
5 SFRC + Lp @70 mm 40 6.75

Deflection of the specimen SFRC with minimum reinforcement was decreased and
the corresponding ultimate load was increased than RC Slab and SFRC slab. The addition
of steel fibers increased the stiffness and ultimate load. At the initial stage of loading,
the stiffness of the slabs was high. As the load increased, the stiffness of the slab was
reduced, and cracks were formed. SFRC at plastic hinge length with minimum reinforce-
ment has a higher initial crack load than SFRC at plastic hinge length without minimum
reinforcement. Additionally, the deflection of SFRC at plastic hinge length with minimum
reinforcement was lesser than SFRC at plastic hinge length without minimum reinforce-
ment. Comparing SFRC at plastic hinge length with minimum reinforcement and SFRC
with minimum reinforcement, deflection of SFRC at plastic hinge length with minimum
reinforcement was thus equal to SFRC with minimum reinforcement. Specimens with
bar reinforcement had lower deflection and higher ultimate load than specimens without
reinforcement. As a result, steel-fiber-reinforced concrete increased the flexure strength of
the slab under loading.

Figure 9a depicts the crack pattern on the RCC slab due to repeated loading (half cycle).
Figure 9b depicts the crack pattern on the SFRC slab as a result of repeated loading (half
cycle), demonstrating that cracks are minimal in comparison to the RCC slab. Figure 9¢c
depicts the crack pattern on the SFRC + min reinforced slab as a result of repeated loading
(half cycle), demonstrating that the cracks are very small in comparison to the RCC slab.
Figure 9d depicts the crack pattern on the SFRC + Lp 150 mm slab as a result of repeated
loading (half cycle), demonstrating that cracks are kept to the minimum because steel
fibers are included in the plastic hinge length. Figure 9e depicts the crack pattern on the
SERC + Lp 70 mm slab as a result of repeated loading (half cycle), demonstrating that
cracks are more prevalent than on the SFRC + Lp 150 mm slab.
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Figure 8. (a) Load versus deflection curve for RCC Slab; (b) load versus deflection curve for SFRC
Slab; (c) load versus deflection curve for SFRC + Minimum reinforcement Slab; (d) load versus
deflection curve for SFRC + Lp 150 mm; (e) load vs. deflection curve for SFRC + Lp 70 mm.
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The conventional RCC slab developed a 2 mm diagonal crack running almost the
whole length of the specimen, and the SFRC Slab at 70 mm plastic hinge length shows the
wider brittle cracks of 4 mm at the middle of the slab where the maximum deflection took
place. Meanwhile, the SFRC Slab with minimum reinforcement and the SFRC Slab with
150 mm plastic hinge length shows a 1 mm crack width and that crack moved away from
the maximum deflection zone to another area.

(b)

Figure 9. Cont.



J. Compos. Sci. 2022, 6, 164

17 of 19

Figure 9. (a) Depiction of the crack pattern on the RCC slab due to repeated loading (Half cycle);
(b) depiction of the crack pattern on the SFRC slab due to repeated loading; (c) depiction of the crack
pattern on the SFRC + minimum reinforcement slab due to repeated loading; (d) depiction of the
crack pattern on the SFRC + Lp 150 mm due to repeated loading; (e) depiction of the crack pattern on
the SFRC + Lp 70 mm due to repeated loading.

4. Conclusions

The examination of steel fiber reinforcement at the plastic hinge length of slab is
presented in this experimental investigation. The mechanical properties of five distinct slabs
are studied after they are cast and subjected to repeated loading (half cycle). The conclusions
obtained from this following are as follows:

1.  Steel-fiber-reinforced concrete with the amount of 1.5% shows better performance
in compressive as well as split-tensile strength compared with that of conven-
tional concrete.

2. Split tensile strength of steel-fiber-reinforced concrete seems to be 1.5 times higher
than that of conventional concrete due to the distribution of steel fibers in concrete,
which influence the bonding and improves the ductility. The modulus of elasticity
was calculated by applying uniaxial compression to the cylinder specimen showing
that SFRC specimen with 1.5% steel fiber performs 1.14 times better than the conven-
tional concrete specimen. Hence, the same was adopted for slab specimen casting.
The behavior under bending is evident from the flexural strength test, where the
flexure beam with steel fibers shows 1.39 times performance improvement than that
of a conventional concrete beam.
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3. The steel fiber reinforcement in the concrete provides higher ductility and can with-
stand intensive loads compared with conventional concrete when subjected to re-
peated loading (Half cycle). Steel-fiber-reinforced concrete at 150 mm plastic hinge
length and steel fiber dosed throughout the slab span have similar types of crack
pattern, and the failure occurred at the same time due to improved ductility; cracks
are forming away from the maximum deflection zone due to the steel fiber at the
hinge length.

4. The SFRC slab shows relatively fewer deflections compared with the RCC slab. A sim-
ilar observation was noticed in the SFRC slab with the addition of minimum reinforce-
ment because the steel fibers increase the strength of the slab. Steel fiber reinforcement
at 150 mm plastic hinge length provides equal ductility, and resistance against the
load is equal to that of SFRC and minimum reinforcement slab.

5. Crack formation in the steel-fiber-reinforced slab at a plastic hinge length of 150 mm
shows 1 mm crack width, which moved away from the maximum stress zone.
The crack pattern was similar to that of a fully steel-fiber-reinforced concrete slab.

6.  Rather than using the steel fibers throughout the member, the steel fibers can be
incorporated at the plastic hinge length alone. This provides a similar performance
to that of a full SFRC slab. This would decrease the quantity of steel fiber and is
more economical.

7.  Based on the experimental results, it is evident that incorporating steel fibers into the
150 mm plastic hinge length of the slab alone will result in a more economical and
efficient method of slab construction.

8.  Further studies can be carried out for other structural elements with different fibers
under different types of loading conditions.
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