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The buckling of braces in an eccentrically braced system is a major
weakness during earthquakes. To overcome this weakness, one of the
proposed solutions is the use of metallic yielding dampers at the
connection of the brace to the flange beam of the story so that the
input energy caused by seismic excitations is dissipated by dampers
and the main members of this system (beams, columns, and braces)
remain in an elastic state. In addition, construction, installation, and
repair of tubular dampers after an earthquake excitation is very easy
and low-cost. In this study, the performance of the vertical elliptical
tubular damper (VETD) in the chevron braced frame was investigated
to dissipate the input energy under cyclic loading and prevent the
buckling of braces, and its performance was compared with a vertical
tubular damper (VTD) with a circular cross-section. First, the
validation of modeling VTID in the chevron-braced frame was
implemented in Abaqus finite element software. Then, five VETD
samples with the same weight as the VTD samples were selected, and
the performance comparison of the sample dampers in the chevron-
braced frame under the cyclic loading protocol was studied. The
results showed that VETDs have more ductility and energy dissipation
than VTDs. The results indicated a 6 to 69% increment in the ductility
of frames equipped with VETDs compared to that of VTDs.
Furthermore, the comparison of the depreciated energy of dampers
indicated that VETDs increased by 6 to 22% in comparison with VTDs.
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EXTENDED ABSTRACT

Introduction

Among the common lateral load-bearing systems used in steel structures, concentrically
braced frames (CBFs) have the highest lateral elastic stiffness and ultimate strength, but the
lowest formability. The inherent property of low ductility of the CBF system is due to the
buckling of the diagonal members of the brace. The weakness is that this system has low
energy loss and ductility. In the inelastic region of the structural behavior, the buckling of
braces significantly reduces lateral stiffness and strength. Due to this important weakness,
the CBF system is not suitable for areas with high seismic risk. Metallic dampers have been
developed to improve the hysteretic behavior of CBFs. Furthermore, the construction of
dampers is easy and less costly. Vertical tubular dampers (VTD) with circular cross sections
as one of the metallic dampers were proposed in the chevron brace system

In this study, the performance of 5 samples of vertical elliptical tubular dampers (VETD)
in the chevron brace system was investigated under standard cyclic loading and was
compared with that of VTDs. The samples of VETD and VTD were of the same weight. For
this purpose, modeling the damper was first implemented in Abaqus software and its
results compared with previous studies, and then the performance of the VETD and VTD
samples in a chevron-braced frame was investigated by modeling in Abaqus.

Methodology

In this study, Abaqus software was used for modeling and validating finite element
modeling. To check the accuracy of the modeling, the results of the analysis obtained from
the software of this study were compared with the results of the chevron-braced frame
model equipped with a VTD presented by Mohemmi and Zahrai [19]. In Figure 1, the results
of the hysteresis curve (in terms of the floor level displacement (beam) and the frame base-
shear) obtained from the analysis of the finite elements of the modeling of this study were
compared with those of the modeling carried out by Mohemmi and Zahrai [19] which
demonstrated very good agreement.

Ref. [19] 20
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Figure 1. Comparison of the modeling results of the present study with reference [19].
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In this study, five VETD samples with different diameters and thicknesses of 4 and 5 mm
were selected so that the weight of the samples of VTD used in the chevron-braced system
studied by Mohemmi and Zahrai [19] was the same. The geometric characteristics of the
VETD samples are shown in Table 1:

Table 1. Geometric properties of VETD.
Name of sample  Large diameter (mm) Small diameter (mm) Thickness (mm) Area (mm?)

E-a72b48t5 72 48 5 864
E-a90b62t5 90 62 5 1115.3
E-a1l07b71t4 107 71 4 1068.1
E-a122b81t4 122 81 4 1225.2
E-a137.4b91.4t4 137.4 91.4 4 1387.3

Results and discussion

To compare the performance of the dampers in the chevron-braced frame, the energy
dissipated by the dampers can be compared with each other. For this purpose, using Abaqus
modeling output, the results of dissipated energy by the samples of VETD and VTD dampers
were obtained and displayed in Table 2.

Table 2. Comparison of energy dissipation of VETD and VTD dampers.
Sample VTD (ton.m) VETD (ton.m) [ncrementpercentage

1 565.8 690.8 22.1
2 687.6 820.7 19.4
3 782.9 828.9 5.8
4 876.1 985.3 12.7
5 938.2 1040.7 10.9

As can be observed from the results, VETD dampers have a higher ability to dissipate
energy entering the frame than VTD dampers, so the increment percentage in energy
dissipation by VETD compared to VTD dampers is between 22.1 and 5.8 percent. Therefore,
VETD dampers have a very good performance in absorbing energy and controlling braced
frames and can be used as a suitable option in controlling braced frames.

Using the results of bilinear curves, the yield displacement, ultimate displacement and
ductility of the frames equipped with VETD and VTD dampers are shown in Table 3. As can
be observed from the results, the frame equipped with a VETD damper is more ductile. It
should be noted that the ductility is obtained from the ratio of the ultimate displacement to
the yield displacement of the frame in each sample.

Table 3. Yield and ultimate displacements and ductility of the brace frame equipped with dampers.

VETD VTD
Sample Yield Ultimate Yield Ultimate
displacement displacement  Ductility  displacement displacement  Ductility
(mm) (mm) (mm) (mm)
1 7.0 32.7 4.67 7.5 20.7 2.76
2 8.5 26.7 3.26 8.0 20.6 2.26
3 9.0 30.2 335 8.7 27.4 3.15
4 8.0 331 414 8.5 26.5 311
5 8.0 32.6 4.08 8.5 26.6 3.13
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Conclusion
In this study, the performance of the vertical elliptical tubular damper (VETD) in the
Chevron braced frame was evaluated to prevent the buckling of the braces and was
compared with the vertical tubular dampers with a circular section (VTD). To achieve this
goal, five samples of VETDs were selected to have the same weight as the samples of VTDs
in the main reference. Then, the numerical modeling of the chevron-braced frame equipped
with VETD and VTD dampers was performed using the finite element method in Abaqus
software under standard cyclic loading. Finally, the numerical modeling results under cyclic
loading were obtained as follows:
1- Based on the comparison of the ductility of the frame equipped with dampers, it was
observed that the frames equipped with VETD dampers had better ductility than
VTD dampers with an increment of 6.4% to 69.2%.
2- Based on the comparison of the energy consumption graphs, it was observed that
VETD dampers consumed greater energy than VTD dampers, and their percentage
increased from 5.8 to 22.1.
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