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increasing. The main advantages of these systems are higher elastic stiffness and ductility, stable
hysteresis behavior in cyclic loading, as well as easier construction and installation of opening.
Since buckling occurs in the steel plate used as a wall, it is very common to use reinforced polymer
carbon fiber (CFRP) with special properties such as high stiffness and strength, to reduce this
buckling and also increase the energy dissipation capacity. Web steel plate in steel shear walls can
be reinforced with carbon layers on both sides. In this type of composite steel shear wall, such as
unreinforced steel shear wall, the web plate has low buckling strength and the shear capacity of
the system is provided by diagonal tension fields in the composite sheet. In this particular type of
steel shear wall, the role of reinforced polymer fibers in increasing the shear strength after buckling
and the secondary stiffness of the system is significant. This system has both positive properties
of bare steel shear wall such as low cost and high construction speed and also has performance of
reinforced steel shear wall such as high stiffness and strength in displacement control. In this
research, by changing of position angle and number of fibers to achieve the best seismic
performance, sixteen models have been analyzed using ABAQUS finite element software. In
modeling, wide flange profile Size 20 as beam and column elements and 1.6*3.8 mm steel plates
with various thicknesses of 0.8, 1 and 1.5 mm has been used as wall filling sheet. The dimensions
of the panel bays and height of the panels are 4 and 2 meters respectively. In all models, the beam-
to-column connection is assumed rigid and the connection of the sheet to the beam and column is
assumed hinged. The results of the research show that the best angles for the orientation of the
layers are 45% and 60%. In addition, the use of carbon fiber improves seismic performance and
increases parameters such as strength, ductility, equivalent plastic strain, energy dissipation by

approximately 40%, which can be a desirable advantage for a lateral system be considered.
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Introduction
The primary application of steel shear walls is to resist horizontal shear forces in the floor and

overturning moments caused by lateral loads. Generally, the steel shear wall system consists of
a steel wall, two peripheral columns, and horizontal floor beams. The steel wall and columns
act together as a vertical beam-column system, where the columns serve as the flanges of the
beam-column and the infill metal plate acts as the web. The horizontal beams function, to some
extent, as transverse stiffeners for the beam-column system. Mohammad et al conducted
comprehensive research in 2014 and 2015 on the reinforcement of concrete shear walls with
glass fiber polymer composite bars compared to steel bars. They found that reinforcing the
shear wall system with glass fibers resulted in favorable behavior against lateral resistance of
the structure, with these systems exhibiting linear behavior up to about 80% of their ultimate
capacity. Laboratory and numerical studies have been conducted on steel shear walls affected
by composite fibers, considering the increasing application of such systems worldwide. Sadeghi
etal, in 2021, carried out extensive research on the interaction effects between frames and walls
in steel shear walls reinforced with fibers, demonstrating that the presence of fibers increases
the stiffness and energy absorption capacity of the structure. Considering that the properties of
fiber-reinforced composites vary in different directions, a series of parameters must be taken
into account to achieve the optimal state of stress and deflection in the structure. These
parameters include the addition of reinforcements, the effect of different fiber orientations, the
impact of the number and thickness of layers, and the examination of various types of fibers.
This article focuses on the finite element analysis of the effect of the orientation angle of
multilayer composite fibers in structural elements subjected to cyclic loading.

Method
To investigate the desired behavior in this study, 16 samples of steel shear walls reinforced with

carbon fibers were modeled. In the modeling, wide flange profile number 20 was used as beam
and column elements, while steel plates with thicknesses of 0.8 mm, 1 mm, and 1.5 mm,
measuring 1.6 x 3.8 meters, were utilized as infill plates for the various samples. The panel
openings in all models were considered to be 4 meters wide and 2 meters high. Non-linear A572
steel material (with a yield strength of 345 megapascals) was selected for the beams and
columns, while materials with a minimum yield strength of 165 megapascals were chosen for
the steel shear wall plates. In all models, the connection between the beams and columns was
modeled as rigid, and the connection between the plates and beams/columns was modeled as
pinned. Given that the infill plates are considered to be thin-walled shells, shell elements were
deemed the best option for modeling them. To account for lateral buckling, all boundary
elements, fibers, and plates were modeled using shell elements, which are four-node elements,
with each node having six degrees of freedom (three translational and three rotational degrees
of freedom). Non-linear analysis was performed using the Abaqus finite element software,
which has the capability to solve problems with high non-linearity.
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Results
The maximum stress values, according to the analyses and results obtained from the finite

element analysis in this study, indicate that the use of carbon sheets significantly enhances the
strength of the samples. Depending on the number of fibers used, their orientation, and
placement angles, the extent of strength increase will vary. The energy dissipation in the fiber-
reinforced samples has increased compared to the unreinforced samples. The energy dissipation
obtained from the finite element analysis shows that, as expected, energy dissipation increases;
however, this increase depends on various factors, including the number of fibers used in the
analysis and the orientation of the fibers. A very important point regarding the specimens
reinforced with two carbon fibers is the position and orientation of CFRP layers. Placing fibers
with positive-negative angles in steel plate shear wall specimens (SPSW10 and SPSW12)
results in approximately a 14% increase in energy absorption compared to specimens with
similar angles but different orientations. Additionally, based on the output values, the increase
in ductility and energy absorption in the case of using 3 layers of CFRP is only 4% higher than
using two layers of carbon, which is not economically justified. Therefore, the optimal
condition for SPSW12 specimens is using two layers of CFRP. Furthermore, for further
investigation, the load-displacement curve for all models and the bilinear curve have been
obtained.

Conclusions
Shear walls reinforced with carbon fibers exhibit greater strength, ductility, and energy

absorption capacity compared to steel-reinforced walls. As observed, the use of fibers in most
analyzed samples has led to a 40% increase in energy dissipation and absorption, enhancing the
seismic performance of these structures, which can be considered a desirable advantage for a
lateral load-bearing system. The number of fiber layers used in the samples also affects the
seismic parameters. The sample reinforced with 1 layer of fibers shows lower strength, energy
dissipation, and ductility compared to the sample with 2 layers. The increase in strength and
energy dissipation in the 1-layer sample is 42% and 64%, respectively, while the increase in
strength and energy dissipation in the 4-layer sample 1s 58% and 76%. The presence of carbon
reinforcement fibers has a direct and significant impact on the amount of energy absorption and
dissipation, which may be due to the reduced constriction in the hysteresis curve of the control
sample compared to the reinforced samples with fibers. Another important factor is the angle
of fiber orientation. The strength and energy dissipation in samples reinforced with fibers at
angles of 60 degrees and 45 degrees show the highest increases, while samples at angles of 0
degrees and 90 degrees exhibit the lowest increases in strength and energy dissipation.
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