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The construction industry has been broadly developed and improved over the last
decades. One of the functional innovations in this sector is the employment of steel
fibers. This work assesses the impacts of using Steel Fiber Reinforced Concrete (SFRC)
on the properties of hollow-core slabs. The hollow core slab (HCS) is considered in this
research. Also, this study explored the influence of utilizing some SFRC fractions on
the characteristics of hollow-core slabs. Four case studies were addressed, including
(A) Conventional concrete, (B) Concrete with Type 1 SFRC, (C) Concrete with Type 2
of SFRC with a ratio of 0.5%, and (D) Concrete with Type 2 with a portion of 1%.
ANSYS software package was used to guide numerical analysis and modeling of HCS
and identify major parameters that affect the HCS performance with the help of Finite
Element Analysis (FEA). Depending on the numerical results, it was found that using
SFRC between 0.5% and 1% in concrete tubes tested numerically provided significant
rates of durability, minimized deflection, and enhanced the mechanical behavior of
concrete. Furthermore, the work outcomes confirmed that optimum displacement was
attained when the SFRC ratio was 1.5%, corresponding to load values of 25 kN to 200
kN. Besides, the findings affirmed that using the first type of SFRC accomplished a
considerable decline in the deflection of concrete. Deflection reduction ratios of 4.16%
and 6.23% were obtained after adding the first and second types of SFRC into the
reinforced hollow concrete core, respectively. Meanwhile, adding the first and second
types of SFRP into non-reinforced hollow concrete core accomplished a reduction
portion of 12.2% and 20.39%, respectively.

1. INTRODUCTION

between adjacent hollow core units must be sufficiently high
to transmit the forces caused by flat diaphragm action and the

The installation of flooring systems made of hollow slab
concrete is a common practice in a lot of different nations [1].
The use of hollow core modules in building construction is
becoming increasingly widespread, notably as components for
the floors and roofs of buildings [2-4]. It is possible to achieve
rapid construction timeframes, a high degree of quality, and a
steady reduction in the structure's weight, which enables
manufacturers to cover longer spans [4, 5]. It is common

load-sharing of concentrated loads [8, 9]. Within the
discontinuity zone, the transfer mechanism of shear forces is
to blame for this phenomenon, which also occurs there. These
shear stresses are caused not only by gravity loads but also by
unbalanced moments and movement resulting from
occurrences like earthquakes and strong winds [10]. Figure 1,
derived from the tests carried out by Herlihy and Park, depicts
the failure of the hollow-core unit as presented in Figure 1

practice to manufacture Hollow-Core HCSs with a thickness below [10].
ranging from 100 to 400 mm and a width ranging from 900 to
1,250 mm [6, 7]. The span can go up to 18 meters [7, 8].
Recent findings from several studies have suggested that
including fibers in concrete structures might increase the
performance of the buildings, even though concrete is a
material that is brittle and has poor tensile strength. The ability
of fibers to transmit stresses across a fracture is the primary
advantage of using them in concrete [7]. It helps improve the
toughness and flexibility of the concrete while increasing its
capacity to absorb impact forces [8]. High tensile strength
fibers such as steel, carbon, glass, aramid, and other similar
materials produce fiber reinforcement. The influence of shear
pressures is one of the primary obstacles that must be
overcome in the structural design process [9]. There must be
sufficient shear strength at the interface for the composite
action. The joint's horizontal and vertical shear strengths

Figure 1. Failure of Hollow-Core in the 1994 Northridge
earthquake [8]
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1.1 Problem statement

The geometrical and mechanical properties of fiber can
change based on their impacts, and these changes endow
concrete with a set of features that are not seen anywhere else.
The dependability of fiber-reinforced concrete is based on a
range of parameters, including the orientation of the fibers, the
type of fibers used, and the percentage of fibers utilized. The
workability of the mixture deteriorated whenever the number
of particles increased to their size, which was more than 5
millimeters. The aspect ratio, often known as 1/d, is another
vital component that should not be overlooked. It considerably
influences the fibers' flexibility, affecting their capacity to deal
with them. The fibers' workability decreases to the degree that
the aspect ratio increases, and this decrease is proportional to
the rise. Fibers can prevent cracking and promote flexibility
and tensile strength in a material. Steel rebars and steel fiber
reinforced concrete, often known as steel fiber reinforced
concrete (SFRC) [11-15], are both options for the structural
reinforcing of concrete components. This method makes it
possible to avoid the brittle fracture behavior that is inherently
present in concrete, in addition to providing other benefits,
including the prevention of cracking due to initial shrinkage
and endogenous concrete shrinking at an early age. When
shear stresses are present, using Fibers Reinforced Concrete
(FRC) can eliminate the need for conventional rebar. That
results in savings in terms of the amount of time spent sitting,
the amount of labor force required [16], the weight of the
finished product, and a reduction in overall production costs
[17-22].

1.2 Objectives and scope

Experiments will be conducted to determine how fibers
influence the residual strength of HCS to accomplish the
following goals:

(1) To investigate the differences in shear resistance
between the various steel fiber reinforced concrete (FRC).

(2) To explore the optimum properties of steel fibers to
maximize the shear capacity of hollow core slab HCS.

2. TYPES OF FIBERS FOR REINFORCED CONCRETE

By substituting cast-in-sit reinforced concrete for precast
specimens, the construction procedure for precast specimens
has been improved. It is owing to these essential benefits,
which include superior specimen quality and affordable,
conventional manufacturing processes used in factories [13,
23, 24].

Fibers Reinforced Concrete (FRC) is based on more than
half a century's expertise with the implementation of steel
fibers in a concrete matrix in a random arrangement. In recent
years, several additional forms of fiber have demonstrated that
they are suitable for use in substantial structural parts and have
comparable performance [15].

As presented in Figure 2 the classification of natural fibers.
They are divided into two subcategories: vegetable origin and
Animal Origin. Vegetable origin is further subdivided into
four categories: wood fibers, hast fibers, leaf fibers, and leaf
fibers. Animal Origin is divided into two subcategories: wool
and hair fibers and silk and other filaments. All of these fibers
have different properties and are used in different objects as
presented in Figure 2 below.
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Figure 2. Natural fiber classification [20]
2.1 Polypropylene fiber reinforced concrete

The primary ingredient for polypropylene is monomeric
C3H6, a pure hydrocarbon. Polypropylene is made from this
substance [ 17-19]. Polypropylene fibers have several desirable
properties thanks to their polymerization process, high
molecular weight, and fiber processing methods, which will be
discussed in further depth below:

(A) The polymer molecule's structure exhibits excellent
crystallinity and a hydrogen-bonding arrangement of its
atomic constituents. Isotactic polypropylene is the name given
to this material because of its highly ordered structure.
Because they are chemically inert, the fibers are resistant to
most chemicals [17]. Any chemical that does not break down
the components of the concrete will not affect the fiber in any
way. Concrete is always the first material to disintegrate when
it comes into touch with more acidic substances [18].

(B) Because the hydrophobic surface does not absorb
moisture from the cement paste, chopped fibers do not
experience the same balling effect as other fibers when mixed.

(C) Polypropylene fibers have no requirement for any
amount of water at all.

(D) Because of the orientation, the film is fragile in the
lateral direction, which makes it easier for fibrillations to form.
Therefore, the cement matrix can permeate the mesh structure
between the individual fibrils, creating a mechanical link
between the matrix and the fiber.

a) Monofilament Fibers

b) Fibrillated Fibers

Figure 3. Polypropylene Fibers [17]

It can be inferred from Figure 3 that the shape of
polypropylene fibers variated. The fibrillated polypropylene
fibers were produced by the expansion of a plastic film, which
was then cut into strips and sliced before being further
processed [19].



2.2 Properties of polypropylene (Pp)" fiber reinforced
concrete

Compared to ordinary concrete mixes, FRC mixes often
include a more significant amount of mortar volume. Because
excessively long fibers tend to "ball" in the concrete mix and
cause difficulties with workability, the aspect ratio of the
fibers can only be between 100 and 200. In most cases, the
fibers in the concrete are dispersed haphazardly. On the other
hand, laying the concrete, which results in increased flexural
and tensile strength, should be done in the opposite direction
of the applied stress [1, 2]. For the fresh concrete to flow
effectively and for the polypropylene (PP) fibers to be
distributed equally throughout the mixture, there has to be a
sufficient amount of compaction. The fibers in the newly
mixed concrete shouldn't settle to the bottom and shouldn't
float to the surface. The handling qualities of the wet mix, as
well as its strength, water content, volumetric stability, and
cement ratios, can be improved with the help of
superplasticizers [5, 21, 25-28].

2.3 Typical crack pattern

The primary purpose of structural analysis is to determine
how a structure will respond to a given activity. This activity
might be a calamity of a different kind, like an earthquake, or
it could be a structure of load caused by the weight of things
like people, snow, and storms. Together, these masses are
dynamic due to the structure's weight. The primary distinction
between dynamic and static studies is whether or not the
applied action accelerates appropriately relative to the
structure's inherent frequency. Inertia forces may be ignored,
and the assessment can be condensed to static analysis if a load
is supplied gradually. A kind of structural analysis called
structural dynamics shows how structures respond to dynamic
loads [11].

Cracking in concrete is caused by a combination of factors,
including mechanical loading and the characteristics of the
surrounding environment. The stress mechanisms that cause
concrete to break can be divided into two categories: when the
concrete is in its plastic state and when the concrete has
hardened. These stress mechanisms can also be differentiated
according to whether they are caused by internal or external
factors [1-3]. For instance, chemical reactions, thermal
expansion, constraint, and overloading are all examples. The
cracks themselves can range in size from microscopic fissures
found on the inside to enormous fissures caused by the actions
of exterior environmental elements [6, 7]. Even the smallest
amount of negligence might produce discomfort in the
concrete HCS pavement during the building process. Cracks
might emerge in concrete Haus due to the strain caused by
various elements like the introduction of water, seasonal
temperature variations that induce expansion and contraction,
and exposure to the sun. To calculate the theoretical capacity
curve, you need to identify two different points: first, the width
of the activated flange when the beams yield for the first time,
and second, the width of the active flange when the super-
assembly has reached its maximal plasticity. Within the shear
span zone, it was possible to see diagonal cracks, as shown in
Figure 4 and the sample HCS load-deflection response is
shown in Figure 5. The primary oblique fracture continued to
spread with the advancement of loading stages until shear
failure occurred as presented in Figure 4 and Figure 5 below

[3].
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Figure 4. Mode of failure and cracks pattern of HCS [3]
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Figure 5. Sample of the load deflection response of HCS [3]
2.4 Ultimate load proposed equations

(I) Since punching shears have been around for many
years, several codes have been written to provide designs and
calculation requirements for punching shear capacity. Some
examples of these codes include the following:

(I) The standards recommended by the British standard
BS8110:1985 are comparable to what Regan suggested.

Ve = const x (p X f'c); X (400)/(d)V/* (1)

(ST units) where d is the effective depth of HCS in mm.

(III) Nevertheless, the critical shear perimeters are shown
to be rectangular and to be positioned 1.5d from the face of the
column in the British standard BS8110:1985, and this is the
case regardless of whether the column shape is circular or
rectangular.

(IV) ACT 318-83 and CSA A23.3 84M: The punching
perimeter in ACI 318-83 and CSA A23.3 84M is positioned at
a distance of d/2 from the column face, and both of these
standards compute the shear strength from the root of the
concrete strength [2, 6].

(V) Vu=033bod (fC)/2

2



where, bo is the perimeter d/2 from the column face, d
effective depth?

A contract with the Construction Industries Research and
Information Association mandated that Regan establish an
equation for determining punching shear capacity. Regan
proposed a formula to assess the properties of a circular shear
perimeter that was situated 1.25 from the face of circular
columns and a rounded rectangular shear perimeter that was
located 1.25 from the face of rectangular columns for the shear
perimeter of the shear zone. This formula can be expressed as:

Vu=KaKSCKS (p x f'c)1/3 x d (Xc + 7.85d) 3)
where,

Vu: ultimate Shear force.

Kq: 0.13 for concrete of normal density.

Ksc: 1.15X (4nx column area/(column perimeter)?)1/z.

Ks: size effect term (300/d)1/4 (SI units).

p: steel ratio.

f'c: compressive strength.

d: effective depth of HCS in mm.

2¢: the perimeter of the column.

(VI) Bazant and Cao focused on the size effects; also, a
formula was suggested for calculating the punching shear:

& 4
v —
“ Dyh
(14+0.6 D )
v, const f'c (5)

A+ Mgy Y2

agg

where, D,, diameter of punching, 2 HCS thickness, d,g4g4
maximum aggregate size.

3. RESEARCH METHODOLOGY

The finite element method, often known as FEM [29-33], is
an essential strategy for numerical analysis of a wide range of
issues in civil engineering, in addition to other subfields of
engineering. A significant portion of this investigation is
focused on the effect of the hollow core's structure. The many
numerical approaches and various computerized algorithms
are utilized to solve and analyze issues that include a problem's
structural and material components. The analysis of the
consequences of these significant factors consists of many
essential characteristics, such as the circle thickness and the
material composite system [14, 16].

ANSYS is a comprehensive computer program for finite
elements that can be used for various purposes and contains
more than 180 types. Both static and dynamic analysis are
within its scope of capability. Since well over twenty years ago,
it has established itself as the top program for finite element
analysis [16]. It is a highly unique and robust instrument that
may be utilized in engineering to tackle various issues. The
comprehensive finite element model of the hollow core
structure was produced with the assistance of the procedures
included in the ANSYS Finite Element software. Based on the
ANSYS program's advice and by contrasting the analytical
findings with experimental results of both changed and
unmodified specimens, a mesh sensitivity analysis was
conducted to establish the optimal mesh density [11]. The
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numerical analysis of the system was built on top of this model.
By using the 3-D model, it enables to replicate of the braces'
uniaxial behavior, which is referred to as "tension alone.’

Hollow core slabs are parts made of precast concrete with a
cross-section that is always the same size [12]. They are made
with single wires or prestressed strands with high tensile
strength and are incorporated inside the element during
manufacturing. These components are manufactured with our
Extruder, slip former, and Wet Casting machine, which is cast
in a single phase along a production bed without using any
formworks. Hollow core slabs are highly developed structural
components utilized worldwide due to their numerous benefits
and the wide variety of contexts in which they may be used.
As a result of their technical and financial qualities, they are
currently considered one of the most well-known prefabricated
pieces. Construction projects in the residential, commercial,
and industrial sectors, as well as infrastructure development,
make extensive use of hollow core slabs for flooring and wall
panels.

3.1 Case studies description

In this research paper, Table 1 illustrates the methodology
utilized to analyze the behavior of the hollow core upon the
addition of the SFRC while subjected to various stressful
circumstances. The first thing that needed to be done was to
specify a concrete mix design based on the paper that Yousif
Nassif Sabr and his colleagues published in (2019) for
validation purposes.

Table 1. Concrete cubes test procedure

Test Concrete conditions No of samples
code
ABD 1-1 Traditional concrete 6
ADB 1-2 concrete with SFRC type 1 6
ABD 2-1 concrete with SFRC type 2, 6
v=0.5
ABD 2-2 concrete W{t lSI;RC type 2, 6

Using the ANSYS simulation tool, the following phase is
researching the influence of the kind of concrete used on
hollow core slabs. The following is a description of the
simulation program that can be found in Table 2.

Table 2. ANSYS simulation procedure for V= 0.5

Test Concrete conditions SFRC

code volume
HBD 1-1 Traditional concrete NON
HBD 1-2 Traditional concrete with SFRC V=0.5
HDB 1-3 Reinforced concrete V=0.5
HBD 1-4  Reinforced concrete with SFRC type 1 V=0.5

Table 3. ANSYS simulation procedure for V= 1.0

Test Concrete conditions SFRC
code volume
HBD 1-1  Traditional concrete with SFRC type 1 V=1.0
HBD 1-2  Traditional concrete with SFRC type 2 V=1.0
HDB 1-3  Reinforced concrete with SFRC type 1 V=1.0
HBD 1-4  Reinforced concrete with SFRC type 2 V=1.0




Figure 6. Compression test results for traditional concrete
and concrete with SFRC

Table 4. Properties for reinforced and concrete compressive

stress
The 28 days compressive stress of concrete f'c (MPa) 35.5
The 28 days compressive stress of concrete with SFRC 38.45
fiber reinforced (type 1) f'c (MPa) )
The 28 days compressive stress of concrete with SFRC 39.64

fiber reinforced (type 2) f'c (MPa)

The primary objective of the experiments is to determine the
compression resistance by utilizing various quantities of
SFRC fibers as it is shown in Figure 6. After these tests has
been accomplished, the concrete resistance will be applied to
the ANSYS hollow core model to investigate the behavior and
characteristics of hollow core slabs as it is shown in Tables 3
and 4 [15].
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Figure 7. Actual casting mold

As illustrated in Figure 7, the hollow slab is fastened on both
sides and strengthened by utilizing reinforcement steel bars
measuring 8@80mm in each direction. Both the ultimate and
yield strengths of the steel bars come in at 696 MPa. The
hollow core model was drawn using the Solid Work program
at the same dimensions as shown in Figure 8.

3.2 Research boundary conditions

The built-in models, user-defined material models, or
Material Designer in Mechanical can be used to generate
representative volume elements to simulate the behavior of
complicated materials. Alternatively, user-defined material
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models can be used. Models with extremely substantial
deformation do not always need to be simplified by making an
unnecessary move to explicit solvers. The nonlinear adaptive
capability tackles challenging simulations automatically by
reshaping the solution as the simulation moves on. The results
are shown in Figure 9.
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Figure 8. Results of hollow core shape plot
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Figure 9. Reinforced hollow core results

4. RESULTS AND DISCUSSION

This section illustrates the ANSYS testing results based on
the earlier boundary conditions and assumptions considered as
the basis for the simulation of the hollow core slab. The
models employed in this work are validated using the acquired
experimental data. Additionally, it is used to choose a suitable
turbulence model that can be constructed and applied to the
boundary condition that we are interested in, with the proper
model setup and a correct mesh technique. Doing all those



tests made it possible to understand concrete behavior based
on a chosen hollow core model and observe the proper method
for developing models. The validation approach is used to
confirm that the structural simulation model was developed in
the right conditions and will be solved in a manner that
provides a good picture of reality. Figure 10 and Figure 11
illustrate the numerical deflection findings linked to non-
reinforced and reinforced hollow concrete cores, respectively.

Figure 10. Non-reinforced hollow core deflection result at
load 130 kN

It can be inferred from Figure 10 that total deformations in
the non-reinforced hollow core of the concrete slab had a
maximum value at the center of the concrete slab,
corresponding to 1 mm compared to approximately zero
deflection at the sides of the slab.

Figure 11. Reinforced hollow core deflection result at load
250 kN

It is also concluded from the numerical outputs presented in
Figure 11 that the maximum deflection takes place at the
center at the reinforced hollow concrete core compared to the
its sides where roughly no deflection is presented. These
results are close to the outputs obtained in the case represented
in Figure 10.

4.1 Impact of integrating V= 0.5, SFRC

Based on the measurements provided, the first thing that
must be done in hollow core modeling is to construct a volume
for the concrete body. Because of the symmetry in the
geometry of all of the members, the steel supports and
reinforcements used in the FE analysis will be modeled as
being cut in half. The typical load versus concrete
displacement parameters is depicted in this section.

The load-deflection curves were calculated using the central
location of the hollow slab to achieve the results [11]. The
ANSYS software package evaluated the geometric changes of
the hollow slab, including deflection and failure form changes
under varying temperatures and load levels. In contrast to the
load history advised by FEMA, the analyses with monotonic
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loading were carried out by providing a monotonic vertical
displacement load to the beam tip until more than 4% of total
rotation was achieved at the column web center [12]. The
geometric measurement of these changes was assessed and
examined. Figure 12 depicts the position of the testing forces
used in the simulation.

80000 (men)

Figure 12. ANSYS results of displacement for force 50,
V=0.5, non-reinforced concrete with SFRC

The data represented in Figure 12 explain that these
measurements may be connected with the data on the load and
displacement, which enables visual observations to be related
to the force being applied and the distance it travels.

A comparison of the force-displacement response is
provided for every hollow core model that ANSYS evaluated
in these figures. The loading was applied at a range of various
values from 25 to 250 kN. Figure 13 and Figure 14 represent
the research findings associated with the steel-fiber reinforced
concrete slab model.

800,00 (mm)

Figure 13. ANSYS results of displacement for force 50,
V=0.5, reinforced concrete with SFRC

w

80000 (men)

0000 @0

Figure 14. ANSYS results of displacement for force 250,
V=0.5, reinforced concrete with SFRC



It can be noted from Figure 13 and Figure 14 that using
SFRC has mitigated the deflection amount in concrete
compared with previous cases (in which no SFRC is employed)
and had a more deflection value, like the reference case (first
case) that used no SFRC.

Furthermore, Figure 15 presents the findings associated
with the tests that were given were utilized in the production
of hollow core slabs with V=0.5 SFRC additives.

—0— Reinforced rconcrete
—o— Reinforced rconcrete with SFRC
—o— traditional concrete
traditional concrete with SFRC
300
250
200
=
<
< 150
©
o
-
100
50
0
0 1 2 3 4
Deformation (mm)

Figure 15. Plot the test results for hollow test V=0.5

It can be inferred from the results indicated in Figure 15 that
the numerical deflection results confirmed that when the
specimens are subjected to different load values, the deflection
would rise linearly until it reaches a value of roughly 200 kN.
At this point, the variation correlation will change. This
phenomenon was observed when the compressive loading was
applied to the specimen.

4.2 Impact of integrating Vy= 1.0, SFRC fibers

ANSYS performed a series of tests on the model utilizing a
variety of loading conditions and exposed it to point load. The
additives were defined in terms of their volume fractions and
were initially tested at a concentration of 1.0. The outcomes of
the behavior of the hollow slab are depicted in Figures 16 (a)
to 16 (f), which represent the numerical findings associated
with displacement corresponding to various values of
compressive loading.

The results obtained in Figures 16 (a) and (b) can suggest
that while the burning temperature is held constant, increasing
the steel fiber doses would lead to a decline in the deflection
values, as it can be observed in the result of the placed center
load results.

According to the findings of the ANSYS tests represented
in Figures d and e, it can be noted that the behavior of the
results of the hollow slab with SFRC fibers is comparable to
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that of genuine results, which can be clearly split into two
zones. Figure 16 (f) illustrates the resulting plot
reference.
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(b). ANSYS results of displacement for force 150, V=1,
SFRC typel

800,00 (mm)

(c). ANSYS results of displacement for force 250, V=1,
second type of SFRC

(d). ANSYS results of displacement for force 250, without
additives
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(e). ANSYS section results of displacement for force 250,
V=1
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Figure 16. (a). ANSYS results of displacement for force 50,
V=1; (b). ANSYS results of displacement for force 150, V=1,
SFRC typel; (c). ANSYS results of displacement for force
250, V=1, second type of SFRC; (d). ANSYS results of
displacement for force 250, without additives; (¢). ANSYS
section results of displacement for force 250, V=1; (f).
ANSYS section results of displacement for force 150, V=1

From the results represented in Figure 18, it can be seen that
the loads deflection responses depending on numerical
ANSYS test were clear. It can be concluded that the utilization
of hollow slabs reinforced with SFRC fibers led to an increase
in load dependability, which in turn led to a reduction in the
slab deflection that occurred under the same conditions. Hence,
the findings of the tests indicate that the SFRC fibers are active,
which will considerably contribute to considerable
improvements. In addition, it is noted from the comparative
analysis between Figure 17 and Figure 18 that using SFRC in
reinforced hollow core concrete has increased the potential to
withstand significant amounts of loads (250 kN) compared
with non-reinforced hollow concrete core that had only a
maximum load of 150 kN.

—@—traditional concrete
—@—traditional concrete with SFRC type 1

—@— traditional concrete with SFRC type 2

200
iz‘, 150 o — o
100 e
E: =
g 50 dr"
0 &
0 0.5 1 1.5 2

Displacement (mm)

Figure 17. Results of adding different SFRC shapes to non-
reinforces hollow core
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Figure 18. Results of adding different SFRC shapes to

reinforce hollow core

5. CONCLUSION

Hollow-core (HC) slabs are the most widely used and
economically advantageous type of precast/prestressed
concrete floor system. HC slabs made for the American market
have a 6-12 inch unutilized depth (152 to 305 mm). Deeper
HC slabs, such as 16-inch [406 mm] slabs, have lately been
developed in response to the need for longer spans and heavier
loads.

The paper investigates how hollow slabs perform in terms
of shear strength. Here, we investigate residual strength and
the deterioration of mechanical features by use of a hollow
core model. In this work, an experimental investigation into
the shear resistance mechanism of hollow slabs reinforced
using a core-filling technique was conducted. The number of
filled seats and the shear reinforcement ratio were established
as test factors, and their effects on the behavior of the
specimens, the patterns and angles of fractures that emerged in
the Hollow slabs units, and filled cores were analyzed in detail.

In order to process a real-world hollow slab case study, this
work use the ANSY'S software tool to give a set of operations
and circumstances. The main contribution of this work is an
investigation into the deflection behavior of hollow slab panels
with different percentages of SFRC fiber reinforcement. This
topic has a practical base in learning how a concrete slab reacts
under different loads and to different impacts. The range of 25-
250 kN was chosen as the load range of interest. It is from this
work that the following inferences can be made:

(1) The optimal displacement was obtained when the SFRC
fibers had a V value of 1.5, which was based on the load
effect; however, the best results gained from fiber
percentage were obtained when the value was V=1 for
the range of 25 to 200 kN.

Employing the first type of SFRC accomplished a
considerable decline in the deflection of concrete.
Deflection reduction ratios of 4.16% and 6.23% were
obtained after adding the first and second types of SFRC
into reinforced hollow concrete core, respectively.
Adding the first and second types of SFRP into non-
reinforced hollow concrete core accomplished a
reduction portion of 12.2% and 20.39%, respectively.
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NOMENCLATURE

FE
RC

Finite Element
Reinforced Concrete

Greek symbols

d!

Depth of compressive reinforcement
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EC

ES

AV

fc'

%

s

vC

fr
LINK180

SOLID 185

ft

fy

h
X,Y,Z

)
€

&y
[0}
F

fcb

fs
fi

£2

fn
en
Ei

Modulus of elasticity for concrete

Modulus of elasticity for steel plates

Area of stirrups legs

Compressive strength of concrete
Poisson’s ratio

Poisson’s ratio of steel

Poisson’s ratio of concrete

Modulus of rupture

3D-SPAR element 2-nodes discrete element
(3 DOF per node)

8-nodes brick element (3 DOF per node) (3
Translation DOF per node)

Uniaxial tensile strength for concrete

Yield stress of steel

Height of beam

Global coordinate system

Displacement

Strain at stress fc

Yield strain of steel

Diameter of reinforcement bar (mm)
Function of principal stress state (oxp, oyp,
ozp)

Ultimate biaxial compressive strength.

The steel stress

Ultimate compressive strength for a state of
biaxial compression superimposed on
hydrostatic stress state (oha) superimposed
on hydrostatic stress state (oha)

Ultimate compressive strength for a state of
uniaxial compression superimposed on
hydrostatic stress state (gha)

Stress normal to the crack plane

Strain normal to the crack plane

The secant modulus





