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In this study, a double-layer reinforced concrete beam structure was created for the purpose of repairing reinforced concrete
beams by pouring a layer of concrete on top of the reinforced concrete beam and then adding fbers to the concrete. Take into
consideration the bearing capacity of these double-layer concrete beams as well as the efects that the input parameters have on the
stress strain, the propagation of cracks in reinforced concrete beams.Te study looks at double-layered reinforced concrete beams,
with the steel fber concrete placed on top of the one containing the normal concrete. Tis investigation led to the following
relationships: load-compressive stress, tensile stress, and vertical displacement at the midpoint of the beam span, as well as
a diagram showing how cracks spread in the beams. After getting the experimental results and comparing them with an ANSYS
simulation, the diagram was used to fgure out the loads at which the beams start to look cracked and the loads at which the beams
are damaged.Tis study investigated the following six cases: how the addition of SFs afects the properties of concrete, the spacing
of the stirrups at the ends of the beam should be looked into to see what efects it might have, how the number of tensile steel bars
in the beam afects its properties, how the diameter of tensile steel bars afects their properties, how the diameter of compressed
steel bars afects the results, and how the thickness of the SFC layer afects the properties of the material. Also, the things that were
mentioned would have a big efect on how these double-layer beams in the design work.

1. Introduction

Steel fber concrete is used quite commonly because they
have increased load capacity, reduced the number of
cracks, increased construction life, and have good impact
resistance. A few studies on nanoconcrete with steel fbers
(SFs) looked into the efects of concrete aggregation on
increasing concrete tensile strength [1], the enhanced
plasticity of concrete with SFs [2], and an observation
design was also carried out to consider nanosilica efects
on HPC strength at an early age [3], the fracture features
of SFs’ reinforced concrete beams [4]. A number of
scholars have started referring to a series of studies on the
RC beams with and without SFs; these studies have
constructed a stress strain of the reinforced concrete (RC)
beams with SF contents in concrete of 0%, 4%, and 8% by
volume. Tis state determines the load of concrete beams

at which the beams begin to appear cracked and the load at
which they begin to be damaged [5, 6].

A multi-layer reinforced concrete structure was created
for the purpose of repairing reinforced concrete structures
by pouring a layer of concrete on top or at the bottom of the
reinforced concrete structures and then adding fbers to the
concrete, such as multilayer shells, these studies investigated
experimental and simulation analyses on stress strain,
vertical displacement [7, 8]. In addition, the studies either
looked at how cracks spread in composite beams with SFs’
reinforcement or how strong composite beams are when
bent [9, 10].

Both theoretical and practical investigations into the
properties of layered reinforced concrete beams have been
carried out by Iskhakov et al. Both a layer of SFs and a layer
of HPC were used in the beams over the period of the study;
however, neither material was prioritized over the other.
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Tese studies have shown the formation and growth of
cracks in concrete beams, the stress strain of the RC beams,
and the practicability of two-layer concrete beams made of
normal and fbered high-strength concrete [11, 12]. After
these studies, continuous experimental analysis of full-
scaletwo-layer RC beams [13, 14] and experimental in-
vestigation of continuous two-layer RC beams [15] were
conducted, respectively.

Many studies and FEM analyses of the bending mo-
ment of the double-layered RC beam are also interested
[16]. Based on the studies of Iskhakov et al., material
modeling of SFs’ reinforced concrete [17–19], and in which
[20] the input parameters in the design of RC beams af-
fecting the work of SFs’ reinforced concrete beams were
investigated. Te authors of this research [21] conducted
experiments on beams made of two layers of SFs’ concrete.
A layer of SFs’ concrete was placed both below and on top
of the layer of normal concrete in these beams. After that,
a simulation of the beams using dimensions of 15 by 30 by
220 centimeters had to be carried out. Te investigation
into the impact on beams built of three layers of concrete
of the same size will continue even with these fndings.
Tese three-layer beams each feature one layer of SFs’
concrete on the top, one layer of SFs’ concrete on the
bottom, and a normal concrete (NC) layer that is ten
centimeters thick in the middle of the beam. According to
the results, the beams made of two layers of SFs’ concrete
degraded the least quickly, but the beams made of three
layers of SFs’ concrete degraded quite quickly. Studies of
two-layer beams, laminated beams, and three-layer beams
are included here. Some case studies of these studies are
the following: the infuence of geometrical cross-sectional
parameters, strength, and deformability of the materials
used on the stress strain of three-layered RC beams [22],
FEM analysis of a three-layer concrete beam with com-
posite reinforcement [23–28].

Flexural behavior of RC beams having various layers of
conventional concrete and steel fber reinforced concrete
were investigated in [29]. Te behavior of concrete beams
strengthened with a SFRC layer was studied by the nonlinear
fnite element analysis using ANSYS software [30].

According to the research that was done on the multi-
layer beams that were previously discussed, double-layer
concrete beams that have SFs’ concrete layers placed on top
of the NC layer are commonly used in the repair of damaged
concrete beams. However, there are still a great number of
factors that need to be investigated. Within the scope of this
article, the following factors should be investigated: the
efects of modifying the beam’s tensile steel bar number,
diameter of steel bars in the tension zone, diameter of steel
bars in the compression zone, the thickness of the SFs’
concrete layer, and so on. It is important to take into account
the efect that these factors have on the following re-
lationships: load-compressive stress; tensile stress; vertical
displacement (VD) in the middle of the beams’ span; the
propagation of cracks of beams, which determine the load at
which the beams begin to crack; and determine the load at
which the beams are damaged with beam dimensions of
15× 30× 220 cm.

 . Materials and Methods

2.1. Design Model of Beam. Te steel fber concrete (SFC)
layer that is a part of the double-layer SFs’ reinforced
concrete beam that is located in the compression zone in-
dicates that it is placed on top of the NC layer. Te di-
mensions of the beam are 15 by 30 by 220 cm. Te concrete
grade for the layer containing SFC is B30 (TCVN 5574-2018,
Vietnamese standards), whereas the grade for the layer
containing NC is B20. Te thickness of the layer of SFC is
10 centimeters, the stirrups are spaced at ϕ6a200, the tensile
steel bars are 2ϕ22, and the compression steel bars are 2ϕ10,
and the volumetric percentage of SFs in the concrete is 2%.
Concentrated stresses are applied to steel plates with di-
mensions of 10 by 14 by 6 centimeters.

Te designs for the models of the double-layer concrete
beams may be seen in Figure 1.

Te strain gauge and VDmeasuring devices are shown in
the diagram that may be seen in Figure 2.

2.2. Conducting Tests on Beams Made of Double Layer of RC.
After the beams have been designed according to Section 2.1
and Figures 1 and 2, we go on to the next step, which is the
creation of a 2-layer beam structure.

We construct the beam formwork and pour the concrete
for the layers of the double-layer RC beams; after pouring
the bottom layer, which is the NC layer, let the beams set for
24 hours before continuing to pour the SFC layer, as shown
in Figure 3.

Te concrete beams that were placed on top of the test
pedestal are seen in Figure 4.

We set up ten tensiometers to measure strain, four
devices to measure sliding strain between two layers of
concrete, and three devices to measure vertical displace-
ment, as shown in Figure 2.

We perform the beam bending test using two concen-
trated forces, draw the crack propagation diagram in the
beam, and record both the strain values and the vertical
displacement measurement value on the computer. In the
process of this investigation, two beams were examined.
Starting at 0 kN, the load was slowly increased until the
beams were completely broken. Te observations were then
written down.

2.3. Modeling of a Double-Layer Concrete Beam Using Finite
Element. Figure 5 shows the model of a double-layer RC
beam that was constructed using ANSYS.

2.3.1. Element Types

Concrete: concrete simulation element—SOLID65
element
Steel reinforcement: used element of beam188
Choose the steel fber model: a smearedmodel was used
Choose concrete cracking model: the smeared model
for cracks in concrete
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Figure 1: In the design, a double-layer concrete beam model is used.
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Figure 2: Double-layer beam measuring devices.

Figure 3: Te design of the formwork and the beam concrete layers.

(a) (b)

(c)

Figure 4: Test pedestal with measuring equipment and concrete beams: (a) measurement instruments for beams; (b) beams made of
concrete were placed on the test pedestal; (c) connection of the measuring devices to the computer.
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DOUBLE LAYERS STEEL FIBER CONCRETE BEAM
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Figure 5: Continued.
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Concrete stress-strain model through tensile and
compression: Kachlakev model was used
Destructive standards: the destructive standard of
Willam and Warnke was used

3. Results and Discussion

In Figure 6, the results of crack formation and development
in tested concrete beams (EXP) are presented for each load
level that was applied to the beam. Tese results may be
observed for each individual load level.

Using ANSYS software, we were able to model the efect
of crack formation and development in a concrete beam, and
the results are shown in Figure 7.

Figure 8 shows the results of the simulation carried out
by ANSYS, which examined the VD that occurred in the
midpoint of the RC beams’ span.

In Figures 6 and 7, the experimental and ANSYS sim-
ulation methods both produce cracks in beams in a way that
is similar in terms of how they start and how they progress.
Te VD value in the midpoint of the span of the beam in
Figure 8 is 2millimeters diferent, which is a very small
diference between two diferent calculation methods.Tis is

due to the fact that the experimental method is also afected
by the conditions of the measuring equipment, environ-
ment, and so on, and the test value is typically 30–50%
higher than other analytical methods. As a result of this, it is
possible to conduct more studies into the input factors that
afect the stress strain in RC beams.

Te following are the input parameters of a double-
layerSFs’ RC beam. Tese values will have an efect on the
stress strain as well as the cracks in the beams.

3.1. InvestigatingHowtheAdditionof SFsAfects theProperties
of Concrete. In ANSYS, nonlinear materials are taken into
consideration when the SFs’ content in concrete is increased
from 0% to 2% and 5%, the stirrup spacing at the ends of the
beam is ϕ6a50, and the stirrup spacing in the middle of the
beam is ϕ6a200. In addition to this, the tensile steel bars are
2ϕ22, while the compressed steel bars are 2ϕ10; the thickness
of the layer made of steel fber concrete is 10 centimeters,
while the thickness of the layer made of normal concrete is
20 centimeters.

Color spectra of beam stresses and vertical displacement
are shown in Figure 9.
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Figure 5: ANSYS model of a beam constructed with two layers of concrete: (a) a model of a beam made of double-layered concrete; (b) the
model of the steel bars including the boundary condition and the load; (c) steel fber model in concrete [25]; (d) concrete cracking model
[25]; (e) typical uniaxial compressive and tensile stress-strain curve for concrete [25].

Advances in Civil Engineering 5



As seen in Figure 9(a), the highest VD occurs in the
midpoint of the beams’ span and decreases as it reaches the
supports. Te color spectrum of stresses in Figure 9(b)
reveals that the tensile stress is located below the beam,
with its maximum value in the middle of the span; the
compressive stress, on the other hand, is located at the top
section of the beam, as well as the infuence zone between
the two concentrated forces. Tis shows that the ANSYS
element model is suitable for the working conditions of
a beam.

Figure 10 shows how beams start to crack when there is
a change in the SFs’ content of the concrete.

When the SFs’ content in RC is zero, all of the concrete
layers that make up the beam are NC layers. As a result,
cracking occurs frst in the area with the highest tensile

stress, which is under the beam, and then spreads to the
compressive zone. Te load starts to break even if its value
has not changed when the percentage of SFs’ content in the
concrete is raised by 2%. When the percentage of SFs in
concrete is raised by 5%, the load starts to crack and goes
from 8 kN to 9 kN. Because of this, when bending concrete
beams with SFs’ concrete layers in the compression zone, the
efect of reducing the number of cracks and making the
beam stronger has not been seen.

As can be seen in Figure 11, the percentage of SFs in the
concrete starts to change, which ultimately leads to the
failure of the beams.

According to what is represented in Figure 11(a), when
there is no SFs’ content in the concrete at all, the beam starts
to fail at a load of 116 kN, and fractures occur practically

(a) (b)

Figure 6: Observed cracks in the concrete beams: (a) there were cracks in the concrete beam (Beam 1); (b) there were cracks in the concrete
beam (Beam 2).

Vertical fexural cracksInclined fexural
shear cracks

Figure 7: ANSYS simulation showing cracks in a concrete beam.

160

140

120

P 
(k

N
)

100

80

60

40

20

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

W (mm)

2 mm

Exp
ANSYS

Figure 8: A vertical displacement could be seen in the middle of the span where the beam was installed.
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everywhere throughout the concrete beam. Te beam
damage load also increases to 125 kN as the SFs’ content
increases up to 2% (Figure 11(b)), and the cracks reduce in
comparison to beams with 0% fber content. However,
fractures largely occurred in the NC layer, although they
were not entirely fractured in the up direction. When the SFs
content is increased to 5% (Figure 11(c)), the beam’s bearing

capacity does not keep going up compared to the concrete
with 0% SFs’ content. Instead, it just reduces the number of
cracks that happen; large cracks have not yet formed in the
top SFs concrete layer.

At the middle of the span of the RC beam, the re-
lationships between: load and compressive stress, tensile
stress, and VD are shown in Figure 12.
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Figure 9: ANSYS’s color spectrum of the beam’s vertical displacement and stresses: (a) spectrum of color showing vertical displacement;
(b) the spectrum of colors showing the stresses.

(a) (b)

(c)

Figure 10: In ANSYS, cracks appear in the beams: (a) cracks begin to appear in the beam (Pcrack � 8 kN), μ� 0; (b) cracks begin to appear in
the beam (Pcrack � 8 kN), μ� 2%; (c) cracks begin to appear in the beam (Pcrack � 9 kN), μ� 5%.

(a) (b)

(c)

Figure 11: In ANSYS, beams quickly start to sufer from damage: (a) damage to the beam begins to appear (Pmax � 116 kN), μ� 0;
(b) damage to the beam begins to appear (Pmax � 125 kN), μ� 2%; (c) damage to the beam begins to appear (Pmax � 116 kN), μ� 5%.
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Te SF content in the concrete is changed in
Figure 12(a). However, this does not have any efect on the
compressive stress of the beam. Tere is, nonetheless,
a change in the tensile stress; however, this variation is
around 2MPa in magnitude (Figure 12(b)). Te VD in the
middle of the beam span will begin to grow when the applied
load on the beam is greater than 60 kN. In addition, the
vertical displacement is greater than the other fber content
by approximately one millimeter when the SFs’ content in
the concrete is zero. At the same load level of 116 kN, the
beam is damaged by the NC layer below the SFs’ content of
0% and 5% when the SFs’ content in the concrete is too high.
Tis causes the SFC layer to have a high strength, which in
turn results in the high strength of the SFC layer. Te

percentage of SFs that can be included in concrete ranges
from 0% to 4%.

3.2.Te Spacing of the Stirrups at the Ends of the Beam Should
Be Looked into to See What Efects It Might Have. A beam
with a SF content in the concrete of 2%, stirrup spacing at
beam ends modifed from ϕ6a50 to ϕ6a100, stirrups spaced
at ϕ6a200 in the middle of span, tensile steel bars are 2ϕ22,
and compression steel bars are 2ϕ10. Te use of nonlinear
materials in ANSYS’s numerical simulation analysis reveals
that the thickness of the SFC layer is H� 10 cm, whereas the
thickness of the NC layer is 20 cm. Tis information is
presented in Figure 13.
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Figure 12: Relationship between load and stress, as well as between load and vertical displacement (efect of SFs): (a) relationship between
load and compressive stress, (b) relationship between load and tensile stress. (c) the relationship between load and VD.
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When the distance between the stirrups at the ends of the
beam is increased to 100millimeters, as shown in Figure 14,
beams will begin to crack and will be destroyed.

Increasing the stirrup spacing at the ends of the beam to
50millimeters causes the beam to begin cracking at 8 kN in
Figure 10(b), increasing the stirrup spacing to
100millimeters causes the beam to crack but does not afect
the load level in Figure 14(a), the beam begins to deteriorate
at 125 kN in Figure 14(a), and the beam begins to deteriorate
at 125 kN in Figure 10(b) (Figures 11(b) and 14(b)). On the
other hand, there are less than ffty millimeters worth of
fractures in the beam that has stirrup spacing of one hundred
millimeters. In none of these beams did cracks show up in
the layer of SFC that was being used.

Within the middle of the span of a SFC beam, Figure 15
shows the load-compressive stress, tensile stress, and VD
relationships.

When compared to stirrup spacing of 50mm, the results
of Figure 15 show that increasing the stirrup spacing at the
ends of the beam from ϕ6a50 to ϕ6a100 results in a com-
pressive stress that is greater than 1.5MPa (Figure 15(a)) and
a tensile stress that is less than 1.5MPa (Figure 15(b)). As
a result of this, it is not recommended to install an excessive
number of bars at the ends of beams. Tere is also no in-
fuence from the VD that occurs in the midpoint of the
beams’ span (Figure 15(c)). Based on the results of this study,
the best distance between stirrups is 100millimeters, and the
design ϕ6a100 is used to study a number of other parameters
in double-layer RC beams.

3.3. Conducting Research on How the Number of Tensile Steel
Bars in the Beam Afects Its Properties. Beam with a 2% SFs’
content in concrete, stirrup spacing at the ends of the beam is
ϕ6a100, stirrup spacing in the middle of span is ϕ6a200,
tensile steel bars are changed from 2ϕ22 to 3ϕ22, compressed
steel bars are 2ϕ10, SFC layer thickness is H� 10 cm, NC
layer thickness is 20 cm, and nonlinear materials are con-
sidered in the ANSYS numerical simulation analysis. Tis
information is presented in Figure 16.

As shown in Figure 17, when the number of tensile steel
bars is reduced or increased, the beams begin to crack and
sustain damage.

Te beam begins to fracture when the number of tensile
steel bars in the beam is raised to 3ϕ22, and it starts to be
damaged later on. When the number of tensile steel bars in
the beam is 2ϕ22, the beam begins to crack at 8 kN, which
increased to 1 kN later, and when the beam began to be
damaged, it was 125 kN and 135 kN for the 3ϕ22 beam, an
increase of 10 kN. When the number of tensile steel bars in
the beam is 3ϕ22, the beam begins to crack at 135 kTe crack
gets smaller as the number of tensile steel bars in the beam
gets higher; in Figures 14 and 17, the beams only begin to
crack in the NC layer of the beam without developing cracks
in the SFC layer. Tis is because the SFC layer is stronger
than the NC layer.

Figure 18 shows the load-compressive stress, tensile
stress, and VD relationships in the midpoint of the span of
a SFC beam.

Te compressive stress between 2ϕ22 and 3ϕ22 does not
change much when the load is raised from 0 to 60 kN in the
zone of compressive stress (Figure 18(a)). However, when
this 60 kN load is reached, the diference is 1.5MPa. At
a load of 110 kN, the diference in stress in the tensile zone is
equal to 4megapascals (MPa). Tis diference is larger when
the applied load is increased (Figure 18(b)).Te diference in
VD is growing; the value of the diference in VD is 1.1mm
when the force is set at 120 kN (Figure 18(c)). Because of
this, the fact that there are more steel bars in the tensile zone
shows that these elements work to lower the tensile stress.

3.4. Conducting Research onHow theDiameter of Tensile Steel
BarsAfectsTeirProperties. Te stirrup spacing is ϕ6a100 at
both ends of the beam, and it is ϕ6a200 in the middle of the
beam. When nonlinear materials are included in the ANSYS
numerical simulation analysis, the tensile steel bars are
changed to 2ϕ18 and 2ϕ28, the compression steel bars are
changed to 2ϕ10, the thickness of the SFC layer isH� 10 cm,
and the thickness of the NC layer is 20 cm.

SANDWICH STEEL FIBER CONCRETE BEAM

Figure 13: Te distance between the stirrups at the ends of the beam has been increased to 100millimeters.
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Beams will begin to crack and get damaged if there is
a change in the diameter of the tensile steel bars, as shown in
Figure 19.

In Figures 14(a), 19(a), and 19(b), cracks form frst in the
NC layer, and the value of the cracking load does not vary
much when there is not a signifcant change in the diameter

(a) (b)

Figure 14: When the stirrup spacings are modifed, cracks begin to appear in the beams, and the beams sufer damage: (a) cracks begin to
appear in the beam (Pcrack � 8 kN), ϕ6a100; (b) damage to the beam begins to appear (Pmax � 125 kN), ϕ6a100.
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Figure 15: Relationship between load and stress, as well as between load and vertical displacement (efect of stirrups): (a) relationship
between load and compressive stress, (b) relationship between load and tensile stress. (c) the relationship between load and VD.
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SANDWICH STEEL FIBER CONCRETE BEAM

Figure 16: Beam that has had the number of tensile steel bars dropped to 3ϕ22.

(a) (b)

Figure 17: When the number of tensile steel bars was increased, the beams began to break and sufer damage as a result: (a) cracks begin to
appear in the beam (Pcrack � 9 kN), 3ϕ22; (b) damage to the beam begins to appear (Pmax � 135 kN), 3ϕ22.
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Figure 18: Continued.
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of the tensile steel bars. Beam 2ϕ18 has a limit of 90 kN, beam
2ϕ22 has a limit of 125 kN, and beam 2ϕ28 has a limit of
130 kN. However, the limit of damaged beams varies
(Figures 14(b), 19(c), and 19(d)). But when the beams are
broken, only the NC layer cracks and not the SFC layer that
is on top of it.

In the midpoint of the span of a SFC beam, Figure 20
shows the load-compressive stress, tensile stress, and VD
relationships.

Although there is a diference in tensile stress of
3.2MPa between 2ϕ18 and 2ϕ28, the stress in the com-
pression zone does not vary much when the diameter of
the tensile steel bars is modifed (Figure 20(a)). When the
diameter of the tensile steel bars is modifed, however, the
tensile stress dramatically rises (Figure 20(b)). Te dif-
ference in tensile stress between 2ϕ22 and 2ϕ28 is 3.2MPa,
and the diference in tensile stress between 2ϕ18 and 2ϕ22
is 5.3MPa. As a direct result of this, when the diameter of

the tensile steel bars is made bigger, the stress works
better.

3.5. Conducting Research onHow theDiameter of Compressed
Steel Bars Afects the Results. Taking into consideration
nonlinear materials in ANSYS numerical simulation anal-
ysis, the beam with a SF content in concrete of 2%, stirrups
spacing at the ends of the beam is ϕ6a100, stirrups spacing in
the middle of the beam is ϕ6a200, tensile steel bars are 2ϕ22,
compressed steel bars modifed from 2ϕ10 to 2ϕ16, the
thickness of the SFC layer is H� 10 cm, and the thickness of
the NC layer is 20 cm.

As shown in Figure 21, as the diameter of the compressed
steel bars varies, cracking and damage to the beams begin
to occur.

When the diameter of the compressed steel bars is in-
creased in Figures 14 and 21, the bearing capacity of the

0 1 2 3 4 5 6 7 8 9 10
W (mm)

2Φ22
3Φ22

140
130
120

100
110

90
80
70
60
50
40
30
20
10

0

P 
(k

N
)

1.1 mm

(c)

Figure 18: Relationship between load and stress, as well as between load and vertical displacement (efect of the number of tensile steel bars): (a)
relationship between load and compressive stress, (b) relationship between load and tensile stress. (c) the relationship between load and VD.

(a) (b)

(c) (d)

Figure 19: Because of a change in the diameter of the tensile steel bars, beams have begun to crack and have been damaged: (a) cracks begin
to appear in the beam (Pcrack � 8 kN), 2ϕ18; (b) cracks begin to appear in the beam (Pcrack � 10 kN), 2ϕ28; (c) beam beginning to show signs of
damage (Pmax� 90 kN), 2ϕ18; (d) beam beginning to show signs of damage (Pmax� 130 kN), 2ϕ28.
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beam also increases. Furthermore, when the load is in-
creased from 2ϕ10 to 2ϕ16, the beam begins to crack at 8 kN
to 9 kN and begins to damage at 125 kN to 131 kN. Te layer
of SFC that is located above the one being worked on is still
in its early stages.

Te relationships between load and compressive stress,
tensile stress, and VD are shown in Figure 22 for a SFC beam
in the middle of the span of the beam.

When the diameter of the compressed steel bars in
Figure 22 is modifed, there is a smaller change in the
compressive stress and VD. However, there is a modif-
cation in the tensile stress. However, the diference in

tensile stress is relatively small, having a value of 0.8MPa.
Because of this, when the diameter of the compressed steel
bars in a bending beam is changed, it is less likely to
change the amount of stress and the vertical movement of
the beam.

3.6. Conducting Research on How the Tickness of the SFC
Layer Afects the Properties of the Material. Te beam with
2% SFs’ content in concrete, stirrup spacing of ϕ6a100 at the
ends and ϕ6a200 in the middle, 2ϕ22 tensile steel bars and
2ϕ10 compressed steel bars, SFC layer thickness ofH� 10 cm
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Figure 20: Relationship between load and stress, as well as between load and vertical displacement (efect of the diameter of tensile steel bars): (a)
relationship between load and compressive stress, (b) relationship between load and tensile stress. (c) the relationship between load and VD.
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modifed to H� 7 cm and H� 14 cm, and nonlinear mate-
rials taken into account in an ANSYS numerical simulation
analysis.

Beams start to crack and sufer damage if there is
a modifcation in the thickness of the SFC layer, as shown in
Figure 23.

(a) (b)

Figure 21: When the diameter of the compressed steel bars varied, cracking and damage began to appear in the beams: (a) cracks begin to
appear in the beam (Pcrack � 9 kN), 2ϕ16; (b) damage to the beam begins to appear (Pmax � 131 kN), 2ϕ16.
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Figure 22: Relationship between load and stress, as well as between load and vertical displacement (efect of the diameter of compressed steel bars):
(a) relationship between load and compressive stress, (b) relationship between load and tensile stress. (c) the relationship between load and VD.
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(a) (b)

(c) (d)

Figure 23: When the thickness of the steel fber layer changed, the beams immediately began to crack and were damaged: (a) cracks begin to
appear in the beam (Pcrack � 8 kN), H� 7 cm; (b) cracks begin to appear in the beam (Pcrack � 8 kN), H� 14 cm; (c) beam beginning to show
signs of damage (Pmax � 125 kN), H� 7 cm; (d) beam beginning to show signs of damage (Pmax � 128 kN), H� 14 cm.

140
130
120

100
110

90
80
70
60
50
40
30
20
10
0

P 
(k

N
)

-36 -30 -24-27-33 -21 -18 -15 -12 -9 -6 -3 0
σ (MPa)

H=10 cm
H=7 cm
H=14 cm

2 MPa

(a)

140
130
120

100
110

90
80
70
60
50
40
30
20
10

0

P 
(k

N
)

0 2 4 6 8 10 12 14 16 18 20
σ (MPa)

4.4 MPa

2 MPa

H=10 cm
H=7 cm
H=14 cm

(b)

140
130
120

100
110

90
80
70
60
50
40
30
20
10

0

P 
(k

N
)

0 1 2 3 4 5 6 7 8 9 10
W (mm)

H=10 cm
H=7 cm
H=14 cm

(c)

Figure 24: Relationship between load and stress, as well as between load and vertical displacement (efect of the thickness of the SFC layer): (a)
relationship between load and compressive stress, (b) relationship between load and tensile stress. (c) the relationship between load and VD.
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In Figure 23, increasing the thickness of the SFC layer
from 7 centimeters to 14 centimeters results in no change in
beam section size, an increase in beam bearing capacity from
125 kN to 128 kN and a signifcant reduction in the number
of cracks in concrete beams; in both cases, the most cracked
beams are in NC layers. Layers of SFC have been shown to
cut down on the number of cracks in RC beams by a lot.

Figure 24 shows the load-compressive stress, tensile
stress, and VD relationships in the midpoint of the span of
a SFC beam.

Changing the thickness of the SFC layer in Figure 24 has
little efect on compressive stress; the diference between
beams is 2MPa (Figure 24(a)). However, the tensile stress
changes with stress, with the highest diference being 2MPa
between the beams with H� 7 cm and H� 10 cm, 4.4MPa
between the beams with H� 10 cm and H� 14 cm, and
a smaller change in the VD in the middle of the span.

4. Conclusions

Te following are some of the conclusions that may be
derived from the results of the study:

(1) We were able to show that the number of cracks in
bending beams may be greatly decreased by using
a RC layer reinforced with SFs. Because it is afected
by the maximum allowable steel content in the
concrete, the beam will be damaged at the very least
when the SFs’ content of the concrete is raised by 5%.
Tis is because the beam is afected by the maximum
allowable steel content.

(2) When the distance between the stirrups at the ends is
modifed, it is found that the beam works more
efectively when the distance between the stirrups
grow to 100millimeters. Tis is because the amount
of steel in the concrete has reached the legal limit.

(3) Te ability of the beams to support weight greatly
improves when both the number of tensile steel bars
and the diameters of those bars are increased, which
also reduces the risk that cracks will form. Te in-
fuence of tensile stress is large in this case as a result
of an increase in the number of steel bars in the
tensile zone as well as the diameter of those steel bars.

(4) Te fgures for compressive stress and VD do not
vary much when the thickness of the SFC layer is
modifed, but the tensile stress does rise.

(5) It has been shown that the input parameters of
double-layer SFC beams have an efect on the per-
formance of the beams. Because of this research, the
important parameters could be changed to either
limit or encourage certain values that are better for
building SFC beams with multiple layers.
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FE: Finite element
NC: Normal concrete
NCL: Normal concrete layer

SFC: Steel fber concrete
SFCL: Steel fber concrete layer.
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