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1. Introduction
Following the Northridge earthquake (1994), many

moment connections in steel structures designed according
to the codes of the time suffered severe damage. Extensive
studies have been performed to develop new connections
with significant plastic behavior, such as: Reduced Beam
Section (RBS) connections and End-Plate connections.
However, the stringent design criteria for these
connections have raised doubts within the engineering
community regarding the widespread use of these systems.
Also, since the seismic performance of these connections
relies on the plastic rotation capacity of beam, repairing
damaged structures requires considerable effort and cost
after severe earthquakes.

To overcome these problems, energy dissipative
systems have been employed to control of damage in the
structures. Energy dissipative devices are installed on the
structure to increase damping, stiffness and strength. In
addition to desirable seismic performance of a structure,
ease of implementation and economic consideration are
other important parameters that that must be regarded. The
primary reason for using energy-dissipating devices in a
structure is to dissipate the input seismic energy, thus
minimizing damage to structural members. Metallic
dampers are the most widely used type of energy-
dissipating devices. The energy dissipation mechanism of
all metallic dampers is based on nonlinear deformations of
metallic materials, and they are generally employed to
improve the behavior of concentrically braced frames.

2. Finite-Element (FE) modeling
In this section, details of modeling of FE specimens in
Abaqus software are presented. A 3D solid element

(C3D8R) 8-node linear brick element with reduced
integration was employed for meshing of the specimens
additionally, the fineness of the mesh was investigated to
determine an optimal mesh that provides accurate results
with reduced computational time. The steel material was
modeled based on the von Mises yield criterion and
kinematic hardening. Steel with a yield stress of 305 MPa
and an ultimate stress of 480 MPa was used for the
specimens. Furthermore, a bilinear stress-strain curve for
the steel was defined with an elastic modulus of 210 GPa
and a Poisson’s ratio of 0.3. The specimens were analyzed
using General Static Analysis.

3. Results and discussion

Fig. 1 shows the cyclic response of the numerical models.
The obtained results indicate that the proposed damper
exhibits a stable hysteresis curve without any strength or
stiffness degradation, which it can be used as a ductile
fuse. Also, Fig. 1 compares the hysteresis curves of the
proposed damper with those of a conventional ring
damper. As shown, the proposed damper developed fuller
hysteresis loops than the traditional ring damper. It should
be noted that the asymmetric behavior of the damper in
tensile region is due to its difference behavior under
tension and compression. The ring damper behavior can be
considered similar to a column, where its tensile capacity
exceeds its compressive capacity.
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Fig. 1. Hysteresis curve of the proposed damper.

This study introduces a novel ring damper to enhance the
performance of Concentrically Braced Frames (CBFs).
The proposed damper offers ease of fabrication and post-
earthquake replacement. First, an experimental model of
the ring damper was validated in ABAQUS software to
verify its numerical accuracy. Subsequently, a parametric
study was conducted on the proposed damper, and its
behavior was compared with that of a conventional ring
damper. Finally, a numerical investigation was performed
to evaluate the impact of the proposed damper on CBFs.
The main conclusions are as follows:

1.

The proposed damper exhibits stable hysteresis
curves with no stiffness or strength degradation.
Compared to the conventional ring damper, it
develops fuller hysteresis loops, resulting in an
average 3.7-fold increase in energy
dissipation and 4.3-fold improvement in stiffness.
As expected, the diagonal brace model
demonstrated poor performance under compressive
loads due to brace buckling. In contrast, the braced
frame equipped with the proposed damper
exhibited symmetric tensile-compressive behavior,
significantly enhancing the hysteresis response of
the concentrically braced system.

The proposed damper improves the energy
dissipation capacity of the concentrically braced
frame by approximately 28%. Analysis of the Von
Mises stress criterion revealed that most brace
elements remained elastic, while damage was
concentrated in the damper plates. This confirms
that the damper acts as a structural fuse.
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Enhancing The Seismic Behavior of Concentrically Braced Frames Using An Innovative
Steel Ring Damper
Yashar Bakhshayesh Fereshteh Emami

Abstract Although concentric braces have high stiffness and strength, they develop undesirable energy dissipation
capacity and ductility due to the bracing member buckling under cyclic loading. Using steel dampers is one of the
appropriate methods to improve the braces behavior. Therefore, in this paper, an innovative steel ring damper is
introduced with the aim of improving the performance of conventional ring dampers. In order to study the behavior of
the proposed damper, first the verification of the experimental specimen was performed, and then the hysteretic
behavior of the proposed damper was investigated using Abaqus software. The hysteresis curve results demonstrate that
the proposed damper has a stable and symmetric hysteresis curve without stiffness and strength degradation. Therefore,
it can be used as a ductile member. Also, in comparison with the conventional ring damper, the energy dissipation and
stiffness of the proposed damper are on average 3.7 and 4.3 times greater, respectively. To overcome the disadvantages
of concentric braces, the proposed damper was installed on the diagonal brace. The results indicate that the proposed
damper, with its stable and symmetric hysteretic behavior, has enhanced the hysteresis curve of the concentric braces
and can play a role of a structural fuse due to the concentration of most of the damage. Finally, a nonlinear time-
history analysis was conducted to compare the concentrically braced frame with and without a damper. The results
show that the proposed damper can decrease the maximum base shear about 94% on average. Also, adding the
proposed damper to the concentrically braced frame decreases the story drift of some stories.

Key Words Concentrically Braced Frame, Steel Damper, Hysteretic Behavior, Cyclic Analysis.
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33 (kgf) Sen goslee B | (KOR) solenin ST 4 some | Kon islee OB | 215 (%)
Imperial Valley 32156 1431 95/55
Kobe 60767 5012 91/75
Loma Prieta 46132 2101 95/45
Landers 57257 3665 93/59
Kocaeli 42715 1265 97/04
Northridge 19422 623 96/79
Manjil 19851 1324 94/34
Average 39757 2174 94/93
b A CB b B ante 0
93 (KOS sslen B | (KOD ol STn s peme Ko sslen B | oS (%)
Imperial Valley 35296 3282 90/70
Kobe 83646 9094 89/13
Loma Prieta 54675 4280 92/17
Landers 85231 12940 84/82
Kocaeli 49280 6159 87/50
Northridge 34033 5504 83/83
Manjil 34267 3852 88/76
Average 53775 444 88/13
GB T OB L O i Sl # Jsas
355 | San sk slge 8 Slgdng Sl 0 e | Sen lolee B i (%)
(m) (m)
Imperial Valley 0,027 0/0184 -31/85
Kobe 0/098 0/17 +73/47
Loma Prieta 0/045 0/0355 -21/11
Landers 0/11 0/1405 +27/73
Kocaeli 0/0305 0/0286 -6/23
Northridge 0/0125 0/0166 +32/80
Manijil 0/0127 0/0137 +7/87
Average 0/048 0/0605 +11/81
il A bl O s Sl V Jor
REp | Ses sdipslge B (M) | ol ST & sme | Sem sslen b8 (M) [ s (%)
Imperial Valley 0/0408 0/0394 -3/43
Kobe 0/1995 0/1954 -2/06
Loma Prieta 0/0792 0/0603 -23/86
Landers 0/1613 0/3125 +93/74
Kocaeli 0/0729 0/1085 +48/83
Northridge 0/051 0/0923 +80/98
Manjil 0/0459 0/056 +22/01
Average 0/093 0/123 +30/89
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