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Abstract

Passive energy dissipation devices have been successfully implemented in buildings around the world to reduce structural
response, primarily due to earthquakes, but also for wind and other dynamic loading conditions. Passive systems do not require
any external sources of power to operate and mitigate dynamic loadings. The focus of this study is to propose a new passive energy
dissipation device, called bar damper (BD), for seismic response modification. A brief description of concept, placement, material
properties, test setup and loading protocol of the proposed damper are presented. Also, the finite element (FE) analysis by means of
FE analysis package, ABAQUS, was conducted to show the device effectiveness on the response reduction under applied load. From
the results, it could be concluded that, the device dissipate a significant amount of energy together with a high strength capacity

without degradation of stiffness.
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Introduction

Earthquake event, as one of devastated natural hazards, is not
predictable [1]. Therefore, structural engineers have significantly
concerned about seismic damages of civil structures. Structural
vibration control devices have been proposed to dissipate such
a huge input energy to structures including, active, passive, and
semi-active and hybrid vibration control systems. In active and
semi-active systems, device needs to be supported by an external
force or power to resist earthquake load. Unlike, passive systems
do not require any external power and they operate as a secondary
function or member of structures; reducing seismic input energy.
As a result, the use of passive control devices to reduce seismic
response of structures under seismic motions is becoming
progressively widespread as they are not required any external
energy applied and they are activated once seismic loads are set
to the structure [2,3]. Further developments of these systems in
different aspects such as design, theory, hardware, installation and
specification have authorized important applications to industrial
plant, bridges, and buildings. Such application can currently be

seen in almost all seismically active zones around the globe, but
primarily in the United States, Japan, New Zealand and Italy.
Remarkable benefits have been proved while retrofitting of existing
buildings are required as well as designing structures with high
importance such as critical bridges, defense installations, hospitals
and emergency response services.

From the architectural point of view, major proposed structural
controls including active and semi-active systems are designed
to be installed at certain location of structures, as many of them
are located in X, V or Z forms. (Figure 1) shows a few examples
of installed devices proposed by different researchers [4-7]. Such
installations restrict spaces which have to be used in structures
and architectures must carefully consider the issue. Use of passive
systems, particularly metallic dampers, as supplemental energy
dissipating device is one of the earliest approaches adopted in
seismic resilient design. Originally manufactured by Bechtel
Corporation, ADAS damper is an evolution of earlier X-plate used
as a damping source for piping systems [8]. Yielding of metals is
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one of the most effective, simple and economical mechanisms to
dissipate earthquake input energy. The research in metallic passive
energy dissipative devices has been conducted over the last three
decades. Numerous metallic dampers have been proposed and
installed [9,10]. Alongside Triangle Added Damping and Stiffness
(TADAS), Added Damping and Stiffness (ADAS) dampers are the
most commonly used metallic dampers in seismic design. Steel
plate ADAS dampers have been the focus of many researchers in
augmenting the energy absorbing capacity of a building. The aim of
including metallic seismic energy absorbing devices in a structure

is to take advantage of the hysteresis of metals to dissipate
seismic input energy in specially designed and detailed regions
of a structure and to avoid inelastic behaviour in the primary
gravity load-resisting elements [11]. In designing structures for
seismic loads, it is assumed that part of the seismic input energy is
absorbed by specially designed structural elements through plastic
deformation or hysteretic behaviour. Examples of these plastic
energy absorbing elements are plastic hinges forming in beams of
rigid frames, in concentric braces and in shear walls.
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Figure 1: Placement of structural control systems in different locations.
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This conventional design method has several shortcomings,
such as considerable strength and stiffness degradation of the
elements, low hysteretic damping and damage to gravity-load
carrying members that can cause collapse of the structure in severe
earthquakes [12]. Apart of other structural control techniques,
several metallic energy dissipative dampers were developed during
the last decades [13-17]. As mentioned, popular devices include the
hourglass shape ADAS device [18], its variant the triangular shape
TADAS [19], Honeycomb damper [20] and Buckling Restrained
Brace [21]. These devices are mainly designed to be incorporated
into the bracing system of structural frames. Other devices were
developed for installation between beams and columns in a frame
structure [22]. On the other hand, some researchers have made use
of alternative materials in device fabrication, such as lead, low-yield

steel, copper and shape memory alloys to improve the performance
[23-27]. The main goal of the present paper is to propose and
examine a new metallic passive damper to deliver operative control
of structures under minor and major vibration loadings; wind and
strong motions. It comprises of the investigation on the behaviour
of the damper subjected to cyclic deformations with stable and
large energy dissipating cycles at minimum cost. It is noted that,
the proposed damper not only opens the architectures’ hand to
use all spaces of design, but the location of the proposed passive
damper can easily be changed, by changing the main parameters of
the damper (bar arrangement, bar diameter, bar height, etc.) and
it makes possible to place damper in various places. Examples of
possible installation of bar damper (BD) are presented in Figure 2.
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Figure 2: Examples of potential applications of BD.
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Bar Damper (BD)

The device consists of three parts, i.e,, steel bars and plates,
such that the bars are sandwiched between two steel plates (Figure
3). The bars may differently arrange to achieve an optimum design

with higher energy dissipation. The plates are extended to attach
P

the frames of the structures. The inelastic cyclic deformation
dissipates energy mainly through flexure of the steel bars. In order
to behavior control of the damper, several parameters may be
operated such as damper length, damper width, bars’ height, bars’
spacing, bars’ diameter, etc.

Figure 3: Overall view of the BD device with 1) bottom plate 2) top plate 3) solid bars (Patent application No.: PI1 2016702928).

BD Examination

Experimental test and numerical analysis was carried out to
examine the device behavior. To this end, the device was subjected
to a cyclic displacement protocol following FEMA-461 [28]. (Figures

4a & 4b) depicts the device in experimental and numerical analysis,
where the FE software, ABAQUS was used for numerical analysis.
Therefore, steel elements were modeled as 3D8R elements, which
were eight-node quadrilateral reduced integration solid elements.

The FE model of the device is shown in Figure 5.
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Figure 4: BD under (a) Experimental test and (b) Numerical analysis.
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Figure 5: BD Modeling in ABAQUS. )
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Results and Discussions
Hysteresis behavior

The first test was performed on the BD specimen with thirty-
nine plastic cycles aimed up to the target displacement for 50 mm,
although the specimen was failed at cycle 28 in step 9. (Figures
6a & 6b) show the force-displacement hysteresis curve of the BD

under experimental cyclic displacement test and FE analysis. It is
observed from the figure that, the specimen, experimentally, has
stable behavior with no degradation in stiffness and strength up
to 27.4 mm with maximum load capacity of 64.84kN. Similarly, the
numerical analysis shows the accuracy of the work, where the load-
displacement values of the specimen is appeared to be 68.38 kN
and 25.33 mm, respectively.
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Figure 6: Hysteresis behavior of the BD obtained from (a) Experimental test and (b) FE analysis.
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Equivalent viscus damping and ductility

The equivalent viscus damping can be obtained from the
hysteresis loop through the below equation:

¢ aw(5) 2

In which, £, and £, are energy dissipated per cycle and

elastic dissipated energy, respectively. Based on this equation and
considering (Figure 6) the viscous damping ratio or loss factor for
BD specimen was found to be 50%. This means that, the BD was
capable to dissipate input energy by 50%. In addition, the ductility
of the device was obtained from Equation 2:

p— deX
p= e @

v

Where d

max

is the plastic or maximum displacement and dv

is the yield displacement of the device under cyclic load. In the
present study, the maximum and yield displacement of the BD was

27.4 mm and 0.5 mm. These values give an acceptable ductility
level of the device, i.e., 54.7. This shows the BD device is capable of
dissipating seismic energy like or even better than available devices
in the market such as, fluid Viscus dampers, friction dampers,
whereas the BD is very simple-manufactured and economical. In
the present paper an attempt has been made to introduce a new
type of metallic damper, thus it is recommended to verify the
device, a series of cyclic shear tests should be applied to the damper
device. Table 1 indicates the summary of the obtained results,
where, k... is the initial stiffness of the device, 7, is the yield force
and N, is the cycle that BD failed. It can be seen from the table that,
the numerical analysis with good agreement with the experiment
results can be used for further studies. It is also noted that, The BD
specimen failed at cycle 28, however, by changing the parameters
of the device, it can be predicted that the specimens could be able
to withstand far more. Figure 7 shows the deformation of the BD
under cyclic displacement.
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Figure 7: Deformation of tested specimen under cyclic loading.
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Table 1: Bar damper performance in the experimental and
numerical study.

Test Kea dy 2 B, I max N, c
Experimental 7.10 0.50 27.39 8.74 64.84 28
Numerical - 0.47 25.33 7.12 68.38 28

Summary and Conclusion

A steel-based energy harvester device; bar damper (BD)
was proposed and examined. Solid bars were used as the main
component, where they demonstrated good ductility and a very
constant performance under cyclic loading. It has been confirmed
from the analyses that, the cyclic behavior of the device can be
precisely simulated by means of the constitutive model, comprising
the effect of strain range, and isotropic and kinematic hardening.
These properties can impact the device behavior subjected to
cyclic deformations through finite element analysis. Additionally,
the device considering different parameters can be used in other
applications. By means of these considerations alongside with
good deformations, a FE models of the BD prototypes shoed a good
agreement with experiment results.
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