
Research Article
Numerical Investigation on Shear Performance of Reinforced
Concrete Beam by Using Ferrocement Composite

Edosa Megarsa1 and Goshu Kenea 2

1Civil Engineering Department, College of Engineering and Technology, Ambo University, Ambo, Oromia, Ethiopia
2Civil Engineering Department, Jimma Institute of Technology, Jimma University, Jimma, Oromia, Ethiopia

Correspondence should be addressed to Goshu Kenea; goshukeneatujuba@gmail.com

Received 18 February 2022; Revised 10 April 2022; Accepted 13 April 2022; Published 27 April 2022

Academic Editor: Piero Colajanni

Copyright © 2022 Edosa Megarsa and Goshu Kenea. �is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

�is study presents an extensive analytical investigation of the shear performance of reinforced concrete beams by using fer-
rocement composite as transverse reinforcement. Nonlinear �nite element simulation was conducted in Abaqus 6.14 software
package. Fifteen beam models were selected under two-point loading. �e main parameters considered includes the diameter,
spacing, number of layers of wire mesh, and its combination with stirrups.�e results testi�ed that as the diameter and number of
layers of wire mesh increased, the ultimate failure load, shear capacity, and sti�ness of the model specimen also increased.
However, as the number of layers becomes greater than three, no signi�cant change happens in the shear performance of the
beam. In another way, the failure load, shear capacity, and sti�ness of the beammodels are decreased, as the spacing between wire
mesh is increased. Furthermore, the study con�rmed that under the same weight criteria, the shear performance of RC beam
specimens with wire mesh and its combination with stirrups as shear reinforcement is greater than specimens with stirrups only.
Finally, the sensitivity analysis is conducted in MS excel to access the e�ect of each independent variable on the ultimate failure
load of the RC beam.

1. Introduction

Structures made from concrete needed to be reinforced
using di�erent materials to improve their weak properties
under tension force because concrete is good in compression
but weak in tension. Now a days in the world, di�erent
technologies are being developed in the construction in-
dustry, and one of them is using simple and easily available
materials to have a safe and economical building. Shear
reinforcement needs more special attention than �exure
failure because its failure does not show any warning. �e
replacement of stirrups by ferrocement (wire mesh) is
mainly a reason for its high tensile and �exibility strength.
Ferrocement is a closely spaced small diameter wire mesh,
which needs a guiding principle in designing concrete
structures as proposed in the ACI committee 549 [1].

A di�erent investigation has been conducted both nu-
merically and experimentally to access the e�ect of using

ferrocement in di�erent structures-like columns, column-
beam joints, slabs, channels, and hollow beams to improve
the shear performance under di�erent types of loading
[2–8]. In those studies, the ferrocement was used by
replacing in place of transverse (stirrups) and longitudinal
steel reinforcement. �e investigation con�rmed a signi�-
cant increase in �exural and shear strength when the fer-
rocement was incorporated. �is is caused due to high
tensile strength, ductility, and �exibility as compared to
normal steel reinforcement. On another hand, the perfor-
mance of ferrocement in the composite beam was studied
both experimentally and numerically under two-point
loading [9].�e composite beam with ferrocement showed a
good performance in terms of ultimate capacity, ductility,
and cracking strength as compared to the control beam with
normal reinforcement. A research study [10] was also
conducted to strengthen and repair the reinforced concrete
beam with ferrocement laminates. �e study testi�ed to a
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significant improvement of flexural and shear strength when
the beam is strengthened with wire mesh under cyclic
loading. In addition, an experimental investigation was
undertaken to evaluate the shear performance of concrete
beams reinforced with steel fibers under monotonic and
cyclic loading [11]. )e study concluded that the beam with
steel fibers showed ameliorated crack patterns, enhanced
energy dissipation capacity, and high shear capacity.

In addition, the shear behavior of reinforced concrete
box beams was studied using composite fabric as shear
reinforcement [12]. )is experimental investigation con-
sidered seven box beams under two-point loading.)e beam
with tensar wire mesh as transverse reinforcement exhibited
an increase in ultimate failure load and shear capacity. In a
similar way, the shear performance of RC box beams was
studied with welded wire mesh and transverse reinforce-
ment, both experimentally and analytically [13], which
showed an improved shear performance compared to the
control. Wire mesh has also wide applicability in different
structural elements like RC column [14], rather than RC
beam. In this study, expanded, welded, tensar, and fiberglass
wire mesh were used as transverse reinforcement for the
column test specimen. A column with wire mesh showed a
good shear performance than the control beam with normal
reinforcement.

Furthermore, a shear behavior of slender box beams was
studied with ferrocement both experimentally and numer-
ically in terms of cracking loading, ultimate loading, and
deflection when subjected to loading [15]. In this study,
mortar compressive strength and wire mesh were used as
study parameters. Recently, an extensive experimental study
was conducted to improve the shear performance of con-
crete beams with ferrocement composite [16]. In the study, a
normal reinforced concrete beam was compared with beam
ferrocement as shear reinforcement based on an equal
weight ratio. Beam with ferrocement composite showed a
good shear performance under two-point loading. However,
further investigation is needed on the application of fer-
rocement composite in the concrete structural element
because this material is a very cheap construction material in
terms of cost and has good performance under the same
condition as compared to steel reinforcement. In this study,
the diameter, spacing, and the number of layers of wire mesh
are considered as study parameters to access its effect on
ultimate failure, shear capacity, and stiffness of reinforced
concrete beam specimens. From the authors’ knowledge, the
diameter, spacing, and the number of layers of wire mesh
were not considered as study parameters in accessing the
shear performance of reinforced concrete beams yet. For this
particular investigation, nonlinear finite element simulation
was conducted in Abaqus 6.14, which has the capability of
capturing both material and geometric nonlinearity.

2. FE Modeling

Nowadays, FE modeling is becoming the most impressive
tool in studying structural behavior. It has the capability of
capturing both material nonlinearity of concrete and steel

and geometric nonlinearity under any type of loading
(monotonic or cyclic loading). )is particular study con-
sidered the Concrete Damaged Plasticity model [17] to
investigate the shear performance of RC beam with fer-
rocement composite as shear reinforcement. )e result
obtained from FE simulation is mainly affected by the
mathematical model employed to represent the stress-strain
response of concrete for both tension and compression. )e
elastic properties of concrete cylindrical compressive
strength of 25MPa with 2,400 kg/m3 unit weight, 0.2 Poisons
ratio, and 31,476MPa elastic modulus were used according
to [18]. Not only the stress-strain response of the materials
but also the type of interaction, boundary condition,
meshing size, and type of loading have a significant effect on
the FE simulation result.

2.1. Material Modeling

2.1.1. Uniaxial Concrete Compressive Modeling. )e Con-
crete Damage Plasticity model needs a concrete uniaxial
compressive stress-strain and compressive damage param-
eters as input to perform modeling in FE simulation. Dif-
ferent mathematical models are available and may be used to
get the stress-strain response of concrete under uniaxial
compression. )is study employed the mathematical model
proposed in Eurocode 2 [18] to obtain the concrete com-
pressive stress-strain, as illustrated in Figure 1 and Equation
(1) through (6). )e concrete stress-strain response is as-
sumed to be linear up to 40% of the ultimate compressive
strength and nonlinear for the next segments of the curve.
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2.1.2. Uniaxial Concrete Tensile Modeling. )e tensile be-
havior of concrete was modeled in terms of stress versus
cracking width or opening. )e mathematical model pro-
posed in [19] was employed as indicated in Figure 2 and
Equation (7) through (10).where w is the cracking opening
in mm; Gf is the fracture energy in N/mm2; fctm is the
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ultimate tensile strength in N/mm2; and fcm is the concrete
cylindrical compressive strength in N/mm2.
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2.1.3. Concrete Damage Model. )e concrete damage model
includes cracking strain, crushing strain, tensile plastic
strain, compressive plastic strain, tensile damage parameter
(dt), and compressive damage parameter (dc), in which
Equation (11) through (16) were used [17].
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2.1.4. Concrete Damage Parameters. )e damage parame-
ters have been collected from the previously conducted
research [20–22], which is validated against the experimental
result. )e magnitude of each parameter was presented in
Table 1.

2.1.5. Steel Reinforcement and Wire Mesh. All longitudinal
reinforcement, shear reinforcement, and wire mesh were
modeled using the bilinear elastoplastic model as pre-
sented in [23–25]. )e first linear line starts from zero and
ends at the yield point, and the second linear line starts
from the yield point and ends at the ultimate capacity. Unit
weight of 7,850 kg/m3 was used for both steel bar and wire
mesh modeling. Table 2 illustrates the physical properties
of wire mesh and steel bar material employed in the FE
simulation.
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Figure 1: Concrete compressive stress-strain mathematical model.

W1 Wc = 5 Gf (fctm) crack opening w
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opening relation
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0.2 fctm

Figure 2: Tensile stress versus cracking width of concrete for the FE
simulation.

Table 1: Concrete damage parameters used for the model.

Eccentricity
(c)

Dilation angle
(ψ)

K σbo/σco

Viscosity
parameter

0.1 36 0.667 1.16 0.0001
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2.2. Geometry and Samples. )e study focused on diameter,
spacing, and the layer of wire mesh as study variables to in-
vestigate the shear performance of RC beam under two-point
loading. Table 3 shows the number of RC beam model speci-
menssimulatedinFEsoftware,Abaqus6.14.Atotalof15model
specimens were considered to answer the objectives of the
study.All thebeammodelspecimenshaveaconstantgeometric
dimension of 100mm× 150mm× 1200mm, which represent
the width, depth, and length of specimens, respectively.

A plain concrete beam with a rectangular section was
modeled using the three-dimensional, deformable, and
extrusion method as illustrated in Figure 3(a). Longitudinal
bar, rectangular closed stirrup, and steel wire mesh were
modeled using deformable and wire planar line as presented
in Figures 3(b)–3(d), respectively.

2.3. Part Assembling. An assembly is a collection of posi-
tioned part instances. To form an assembly that acts as one-
part, steel reinforcement (longitudinal and shear reinforce-
ment) andwiremeshwereembedded inaplainconcretebeam
using embedded constraint. In addition, rigid plates were
used for support and load application using the node contact
method. Figure 4 presents a model specimen in which dif-
ferent parts are assembled into a single unit to act together
during loading.

2.4. Step Analysis. )e static general loading was selected
under step analysis. )e static general method has the ca-
pability of capturing both material and geometrical non-
linearity effects of subsequent steps.

2.5. Loading and Boundary Condition. Boundary condition
plays an important role in getting accurate results or output
from finite element simulation. Increasing two equal con-
centrated loads were applied at a reference point on a rigid
loading plate, which is allowed to translate along the vertical
direction and restrained in other directions until the shear
capacity of the beam (shear failure). Furthermore, using a
rigid support plate and a reference point pin, support
boundary conditions (u1� 0, u2� 0 & u3� 0) were applied
at the left support end and roller support boundary con-
ditions (u1� 0 & u2� 0) were applied at the right support
end. Figure 5 illustrates the loading and boundary condi-
tions of the study specimen.

2.6. Mesh Size and Element Type. In the Abaqus element
library, there are different types of elements, like hexahe-
dron, shell, triangular prism, and others.)e size of themesh
was determined or fixed after several iterations when the
magnitude of output was not further changed. Table 4 shows
the type of element and mesh size employed for each
instance.

2.7. FE Validation. Previously published or conducted ex-
perimental research [26] has been used to validate the finite
element simulation before modeling and analyzing the study
specimens. )e specimen used for FE validation was des-
ignated by B-2 and B-4 in the study, in which stirrups and
wire mesh were used as shear reinforcement, respectively.
)e model specimen has a geometric dimension of
100mm× 150mm× 1200mm, which represents the width,

Table 2: Steel reinforcement and wire mesh properties.

Steel diameter (mm) Yield strength (MPa) Poisons ratio Ultimate strength(MPa) Ultimate strain (%) Elastic modulus (GPa)
Փ12 500 0.3 540 10 200
Փ8 500 0.3 540 10 200
Փ6 500 0.3 540 10 200
Փmesh 1.5, 2, 2.5 400 0.3 600 13 200

Table 3: Cross-section detail of different specimens based on parameters.

No Beam name (Specimens)
Long-

reinforcement Stirrups (mm) Wire mesh Layer
Tens- Compr- Diameter (mm) Spacing (mm)

1 CB0 2Փ12 2Փ8 Փ6 c/c 150 no no no
2 BV1S1L1 2Փ12 2Փ8 no 1.5 8× 8 1
3 BV2S1L1 2Փ12 2Փ8 no 2 8× 8 1
4 BV3S1L1 2Փ12 2Փ8 no 2.5 8× 8 1
5 BV3S1L2 2Փ12 2Փ8 no 2.5 8× 8 2
6 BV3S1L2 2Փ12 2Փ8 no 2.5 8× 8 2
7 BV1S2L1 2Փ12 2Փ8 no 1.5 11× 11 1
8 BV2S2L1 2Փ12 2Փ8 no 2 11× 11 1
9 BV3S2L1 2Փ12 2Փ8 no 2.5 11× 11 1
10 BV1S2L2 2Փ12 2Փ8 no 1.5 11× 11 2
11 BV1S2L3 2Փ12 2Փ8 no 1.5 11× 11 3
12 BV1S2L4 2Փ12 2Փ8 no 1.5 11× 11 4
13 BV2S3L1 2Փ12 2Փ8 no 2 15×15 1
14 BV3S3L2 2Փ12 2Փ8 no 2.5 15×15 2
15 BV2S1L1-1 2Փ12 2Փ8 Փ6 c/c 360 2 8× 8 1
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Rigid plate for loading and support

Long. bar

Concrete beam

Steel wire mesh

Figure 4: Assembling parts in FE simulation.

150 m 300 mm 300 mm

P P

300 mm 150 mm

Figure 5: Boundary condition, loading, meshing, and length of beam.

(a) (b)

(c) (d)

Figure 3: Geometric model for each parts (a) plain concrete beam; (b) wire mesh; (c) longitudinal bar; & (d) stirrup reinforcement).
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depth, and length of the beam, respectively. )e beam was
modeled in the FE software based on material properties,
loading, and boundary condition conducted in the experi-
mental test. )e FE simulation result showed a good
agreement with the experimental result. Table 5 presents the
summary of finite element analysis and experimental results

for both beam specimens with stirrups (B-2) and expanded
wire mesh (B-4) as transverse reinforcement. In addition,
Figures 6(a)–6(d) show the deflection from FE simulation,
the comparison of load versus deflection between FE and
experimental result, the failure pattern from FE simulation,
and the failure pattern from the experimental test of B-2

Table 4: Mesh size and element type for each parts.

Parts Concrete beam Rigid plate Wire mesh Reinforcement bar
Mesh size (mm) 30 10 10 20
Element type C3D8R R3D4 T3D2 T3D2

Table 5: Comparison of experimental and FE result.

Category Experimental results Finite element results Variation in percent

Specimen Failure load
(kN)

Max. displacement
(mm)

Failure load
(kN)

Max. displacement
(mm)

Failure load
variation (%)

Displacement variation
(%)

B-2 108.39 13.21 96.67 14.07 7.67 6.52
B-4 114.61 8.6 105.04 9.03 8.35 5

+0.000e+00
U, U2

-1.173e+00
-2.346e+00
-3.518e+00
-4.691e+00
-5.864e+00
-7.037e+00
-8.209e+00
-9.382e+00
-1.055e+01
-1.173e+01
-1.290e+01
-1.407e+01

(a)

0

20

40

60

80

100

120

0 5 10 15

Expr. (B-2)
FEA

Lo
ad

 (k
N

)

Deflection (mm)

(b)

+9.298e-01

DAMAGET
(Avg: 75%)

+8.523e-01
+7.748e-01
+6.973e-01
+6.199e-01
+5.424e-01
+4.649e-01
+3.874e-01
+3.099e-01
+2.324e-01
+1.550e-01
+7.748e-02
+0.000e+00

(c) (d)

Figure 6: Comparison of experimental and FE result for B-2 with stirrups only (a) Deflection from FE analysis (b). Load vs. deflection
response (c) Failure pattern from FE simulation (d) Failure pattern from experiment.
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model specimen, respectively, under increasing static
loading. Furthermore, Figures 7(a)–7(d) show the deflection
from FE simulation, the comparison of load versus deflec-
tion between FE and experimental result, the failure pattern
from FE simulation, and the failure pattern from the ex-
perimental test of B-4 model specimen, respectively, under
increasing static loading.

3. Result and Discussion

)e finite element simulation result has been extracted based
on the objective of the study. Figures 8(a)–8(d), illustrates a

sample of FE results in terms of maximum shear stress, shear
damage pattern, principal strain, and mid-deflection, re-
spectively.)e highlighted contour color was used to identify
the most affected portion of model specimens under two-
point loading.

3.1. Parametric Study

3.1.1. Effects of Diameter of Wire Mesh. In this study, the
effect of changing the diameter of the wire mesh as a study
parameter to investigate its influence on the failure load,
shear stress, and stiffness of RC beam was detemined.
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Figure 7: Comparison of experimental and FE result for B-4 with wire mesh only (a) Deflection from FE analysis (b). Load vs. deflection
response (c) Failure pattern from FE simulation (d) Failure pattern from experiment.
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Figure 9(a) shows the influence of the diameter of wire mesh
on the failure load of model specimens. As the diameter of
the wire mesh increased from 1.5mm to 2mm and 1.5mm
to 2.5mm, the failure load of the RC beam model specimen

increased by 19.93% and 45.52%, respectively, keeping other
study parameters constant. On another hand, Figure 9(b)
illustrates the effect of the diameter of wire mesh on the
shear strength and stiffness of RC beam specimens. )e
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Figure 8: Sample FE results [(a) Maximum shear stress; (b) Damage pattern; (c) Principal strain; and (d) Maximum deflection].
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Figure 9: Effect of the diameter of wire mesh [(a) failure load and (b) shear strength and stiffness].
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shear strength and stiffness of the model specimens in-
creased by 68.73% and 30%, respectively, as the diameter of
the wire mesh increases from 1.5mm to 2.5mm. )is tes-
tifies the significant effect of the diameter of wire mesh on
the shear performance of RC beam under two-point loading.

3.1.2. Effects of Change in Spacing of Wire Mesh. In addition,
the shear performance of the RC beammodel specimens has
been studied by considering different spacing of the wire
mesh. )e investigation confirmed a significant effect of
spacing of wire mesh on the failure load, shear strength, and
stiffness of the specimens. Figure 10(a) presents the ultimate
failure load of RC beam specimens with different spacings of
the wire mesh. As the spacing of the wire mesh increased
from 8mm× 8mm to 11mm× 11mm and 8mm× 8mm to
15mm× 15mm, the ultimate failure load of the RC beam
decreased by 12.52% and 22.04%, respectively, while the
other parameters were kept constant. Under different
spacings of the wire mesh, the shear strength and stiffness of
RC beam specimens are presented in Figure 10(b). As the
spacing of wire mesh increased from 8mm× 8mm to
15mm× 15mm, the specimen shear strength and stiffness
decreased by 21.51% and 15.78%, respectively. )is implies
that, as the spacing of wire mesh increases, the failure load,
shear strength, and stiffness of the specimens in decreased.

3.1.3. Effects of Change in Layers of Steel Wire Mesh.
Further, the effect of layers of the wire mesh has been studied to
access its influence on the shear performance of RC beam
models as a study parameter. Layers of wire mesh have a
tremendous effect on the shear performance of the model
specimens. )e study testified that as the number of layers of
wire mesh increases, the ultimate failure load, shear strength,
and stiffness of the models also increased. However, as the
number of layers is greater than three, the effect/change on the
performance of the RC beam becomes insignificant with no
further change.)erefore, the wire mesh with three layers is the
most economic and optimum to obtain the beam with good

performance under two-point loading. Figure 11(a) shows the
ultimate failure load of model specimens with a different
number of layers of wire by keeping other study parameters
constant. )e ultimate failure load is increased by 60.05%,
73.68%, and 75.81%, as the number of layers of the wire mesh
increased from one to two, one to three, and one to four, re-
spectively. )is result affirms the significance of the number of
wiremesh on the shear performance of the RCbeam. In another
way, Figure 11(b) illustrates the effect of the number of layers of
wire mesh on the shear capacity and stiffness of the model
specimens. As the number of layers ofwiremesh increased from
one to four-layer, the shear capacity and stiffness of the model
specimen increased by 108.2% and 50.42%, respectively.

3.1.4. Effects of Combination Wire Mesh with Stirrups.
Under this category, the specimen with wire mesh only,
stirrups only, and combination (wire mesh and stirrups)
were prepared on equal weight criteria and modeled in FE
simulation to access their shear performance under two-
point loading. Figure 12(a) shows the failure load of the
beam model under different forms of shear reinforcement.
)e ultimate load failure of the specimen with the wire mesh
only is 19.8% greater than the specimen with stirrups only.
On another hand, the ultimate load failure of the specimen
with the combination (wire mesh and stirrups) is 19.5%
greater than the specimen with stirrups only. Even the shear
performance of the beam specimen with the wire mesh only
is slightly greater than the beam specimen with the com-
bination, on the same weight criteria, because of the high
ductility behavior of the wire mesh. Figure 12(b) illustrates
the significance of the different forms of shear reinforcement
on the shear capacity and stiffness of beammodels.)e shear
capacity and stiffness of beam specimen with wire mesh are
24.86% and 16.94% greater than specimen with stirrups
only, respectively. )e shear capacity and stiffness of beam
specimen with wire mesh are 23.86% and 15.83% greater
than specimen with stirrups only, respectively. )is implies
that under the same weight criteria, the shear performance of
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Figure 10: Effect of spacing of wire mesh [(a) Failure load, (b) Shear strength and stiffness].
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the specimen with wire mesh only or combination is greater
than specimen with stirrups only.

)e summary of all model specimens has been presented
in Table 6, which contains failure load, deflection, shear
capacity, and stiffness.

3.2. Sensitivity Analysis. Furthermore, sensitivity analysis
was performed in MS Excel for each dependent variable to
evaluate the effect of independent variables. )is was im-
portant to know how much independent variables influence
dependent variables both individually and in combination.
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Figure 11: Effect of the number of layers of wire mesh [(a) Failure load, (b) Shear strength and stiffness].

CB0 BФ2S1L1 BФ2S1L1-1

Fa
ilu

re
 lo

ad
 (k

N
)

Specimen Category

0

20

40

60

80

100

120

140

(a)

Shear Strength (Mpa)
Stiffness (kN/mm)

CB0 BФ2S1L1 BФ2S1L1-1
Specimen Category

0

2

4

6

8

10

12

14

(b)

Figure 12: Effect of combination wire mesh with stirrups [(a) failure load, (b) shear strength and stiffness].

Table 6: Summary of FE simulation result.

Specimen Pult(KN) Δ(mm) Vu (Mpa) Stiffness (KN/mm) Pult/Pult.ref (%) Δult/Δult.ref (%) Vu/Vu.ref (%) Stiffness/Stiff.ref (%)
CB0 96.67 9.74 9.01 9.92 100.00 100.00 100.00 100.00
BV1S1L1 92.73 9.27 8.25 10 95.92 95.17 91.56 100.81
BV2S1L1 115.81 9.99 11.25 11.6 119.80 102.57 124.86 116.94
BV3S1L1 134.94 10.46 13.92 13 139.59 107.39 154.50 131.05
BV3S1L2 146.11 10.76 15.42 13.58 151.14 110.47 171.14 136.90
BV3S1L3 153.57 10.57 16.81 14.55 158.86 108.52 186.57 146.67
BV1S2L1 83.6 10.1 7.56 9.58 86.48 103.70 83.91 96.57
BV2S2L1 101.3 10.38 9.56 10.05 104.79 106.57 106.10 101.31
BV3S2L1 122.46 10.74 11.12 10.97 126.68 110.27 123.42 110.58
BV1S2L2 133.8 10.1 13.53 13.23 138.41 103.70 150.17 133.37
BV1S2L3 145.2 10.8 15.53 13.44 150.20 110.88 172.36 135.48
BV1S2L4 146.98 10.2 15.74 14.41 152.04 104.72 174.69 145.26
BV2S3L1 90.29 8.5 8.83 9.77 93.40 87.27 98.00 98.50
BV3S3L2 141.15 9.37 14.06 15.06 146.01 96.20 156.05 151.81
BV2S1L1-1 115.51 9.93 11.16 11.49 119.49 101.95 123.86 115.83
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Figure 13 illustrates the predicted equation of ultimate load
failure with respective independent variables (diameter,
number of layers and spacing of wire mesh) individually.
)ere is a positive relationship between ultimate failure load
and independent variables like diameter and the number of
layers of wire mesh. However, as the layers become greater
than 3, the line is almost horizontal, which means no change
in shear performance. On the other hand, there is a negative
relationship between spacing wire mesh and the ultimate
failure load.

Equation (17) presents the predicted linear equation
obtained by regression analysis, which is used to predict the
ultimate failure load by considering independent variables in
combination.

Failure load � 32.04V + 22.98l − 2.34s + 45.19, (17)

where failure load is in kN, V is the diameter of wire mesh in
mm, l is the number of layers of wire mesh, and s is the
spacing between the wire mesh.

4. Conclusion

)e study was focused on the shear performance of the RC
beam with wire mesh as shear reinforcement in terms of
ultimate failure load, shear capacity, and stiffness by con-
sidering different independent variables like diameter,
spacing, the number of layers of wire mesh, and its com-
bination with stirrups. A numerical investigation was

undertaken using FE simulation with Abaqus Software.
Based on the FE simulation the following conclusions were
drawn:

(a) As the diameter of wire mesh increases, the ultimate
load failure, shear capacity, and stiffness of RC beam
specimens are also increased. As the diameter of wire
mesh increases from 1.5mm to 2.5mm, the ultimate
load failure, the shear strength, and the stiffness of the
beam increased by 45.52%, 68.73%, and 30%, re-
spectively, keeping other study parameters constant.

(b) In another way, as the spacing of wire mesh in-
creases, the ultimate load failure, shear capacity, and
stiffness of the RC beam model specimen are de-
creased. As the spacing of wire mesh increases from
8mm× 8mm to 15mm× 15mm, the ultimate load
failure, shear strength, and stiffness of the beam
specimen decrease by 22.04%, 21.51%, and 8.44%,
respectively, keeping other study parameters
constant.

(c) )e ultimate failure load, shear capacity, and stiff-
ness of the specimen are increased as the number of
layers of wire mesh increases. However, as the
number of layers of wire mesh becomes greater than
three, the change in shear performance becomes
insignificant.)erefore, three layers of wire mesh are
the most economic and optimum in improving the
shear performance of the RC beam.
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Figure 13: Predicted equation for ultimate failure load with the respective independent variable.
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(d) Under the same weight criteria, the shear perfor-
mance of beam model with wire mesh only and
combination (wire mesh and stirrups) as shear re-
inforcement is greater than specimen with stirrups
only. In addition, the shear performance of beam
specimen with wire mesh only is slightly greater than
the beam specimen with the combination (wire mesh
and stirrups) because of the high ductility behavior
of wire mesh.
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