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ABSTRACT

This paper presents a detailed experimental and numerical investigation of a novel structural control device
termed the Elliptical Roller Damper. This innovative damper integrates rollers into the conventional elliptical
damper, a yielding type, enabling it to sustain substantial gravity loads. This capability notably alleviates the
dead load imposed on other components within the gravity load-bearing system. Initially, two prototypes of the
damper were subjected to cyclic displacement-controlled loading, demonstrating stable hysteresis curves char-
acterized by significant energy dissipation capabilities. Further experimental evaluations under varied gravity
loads affirmed that these loads exert negligible impact on the operational effectiveness of the damper. Numerical
simulations were performed using the finite element software Abaqus to explore additional parameters influ-
encing the damper’s behavior. It was ascertained that the friction coefficient does not substantially affect the
damper’s lateral strength. However, modifications in the material properties, particularly the adoption of higher-
strength steel, markedly enhance the lateral strength of the damper. Additionally, alterations in the geometric
configuration of the damper were analyzed. The results indicated that increasing the thickness of the elliptical
section and reducing its height significantly bolstered the lateral strength of the damper. Quantitatively, the
enhancements in strength were exponential to the adjustments in thickness, and disproportionately greater
relative to the changes in height. In contrast, modifications to the length of the flat section were found to be
inconsequential, while adjustments to the width modestly influenced the damper’s performance. The relation-

ship between changes in strength and width alterations was linear.

1. Introduction

In recent decades, structural engineers have increasingly embraced
innovative methodologies to augment the seismic resilience of struc-
tures. Among these methodologies, the adoption of yielding dampers
stands out due to their capacity to absorb and dissipate the kinetic en-
ergy released during seismic events. Yielding dampers operate as a
crucial component of displacement-dependent passive control systems,
engaging the plastic deformation range to dissipate energy effectively
[1,2].

The concept of yielding dampers was initially introduced by Kelly
et al. in 1972, marking a significant advancement in seismic mitigation
technologies [3]. This innovation was subsequently refined through
further research in 1974 [4]. Yielding dampers offer several distinct
advantages that have captured the interest of the engineering commu-
nity. These include autonomous operation without the necessity for

external energy sources, the production of stable hysteresis cycles,
straightforward installation procedures, and the ability to replace the
dampers in post-seismic events. Additionally, these devices are charac-
terized by their insensitivity to temperature variations and
cost-effectiveness, further enhancing their appeal.

One of the earliest implementations of yielding dampers is the U-
shaped damper, which is fabricated by bending a metal sheet into a U
configuration. This design strategy is aimed at mitigating stress con-
centrations, thereby enhancing the damper’s efficacy and durability. U-
shaped dampers are noted for their simple design, economical produc-
tion, versatile application possibilities, and ease of replacement. By
juxtaposing two U-shaped dampers and securing them together, an
elliptical damper configuration is achieved, as depicted in Fig. 1.

When force is exerted on an elliptical damper system, reciprocating
movements predominantly occur within the curved segments, while the
straight segments retain their original form. These curved segments are
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Fig. 1. Combination of Two U-Shaped Dampers and the Construction of an Elliptical Damper.

Fig. 2. The Mechanism of U-Shaped Dampers Under Loading [5].

Fig. 3. Details of the Experiment Conducted on One of the Dampers Presented
by Kim et al. [8].

Fig. 4. Elliptical Roller Damper.

intentionally designed as the principal components for energy dissipa-
tion, achieving this through plastic deformations. As the damper un-
dergoes deformation, the upper and lower straight profiles undergo
alternate extension and compression in opposite directions, contributing
to the overall energy dissipation mechanism.The curved sections pri-
marily dissipate the incoming energy through combined flexural and
shear deformations. Additionally, due to axial movements at both
termini of the damper, the yielding sections along the straight profiles
are activated to mitigate plastic concentration. This activation enhances
the damper’s capacity to dissipate energy. These dynamic movements
facilitate the distribution of stress concentrations, ensuring they do not
remain localized but rather migrate along the curved section. This
migration results in a continuous variation in the yield point. (Fig. 2) [5]

In other words, in contrast to other yielding systems where strains
are typically extensive and localized at specific points, the design of
these dampers ensures that strains are minimized and their locations
continuously shift. This dynamic displacement of the maximum stress
point is crucial, as it allows the damper to sustain its functionality across
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Fig. 5. Tensile Test on Utilized Steel: (a) Test Sample After Copoun Test, (b) End of Copoun Test, (c) Force-Displacement Curve, (d) Stress-Strain Curve.

numerous cycles and postpone the onset of fatigue. This characteristic
represents a substantial advantage of this system, addressing and miti-
gating common weaknesses found in many other dampers, such as
localized strain concentrations at a single point and susceptibility to
fatigue phenomena.

Recent studies have focused extensively on U-shaped dampers. Baird
et al. have created equations that predict how these dampers behave
under different force and displacement scenarios [6]. Additionally, Deng
et al. introduced a method for calculating the energy dissipation ratio,
helping engineers understand how efficient these dampers are during
seismic activities [7].

Kim and his team developed three models of high-dissipation
dampers. Their third model, which features closed-loop curves and
surfaces (Fig. 3), stood out because it showed better ductility and was
able to dissipate more energy under cyclic shear loading. Importantly,
this model did not lose strength after yielding, which is crucial for
maintaining structural integrity during and after earthquakes [8].

In 2019, Taiyari et al. introduced a buckling brace that incorporated

U-shaped dampers, showcasing its effectiveness through cyclic tests.
These tests confirmed the damper’s high energy dissipation capacity and
its ability to maintain stable behavior under nonlinear displacements
[9]. Following this, Mezzolani and colleagues integrated both this new
damper and the conventional U-shaped damper into a steel frame to
compare their performance. Their findings highlighted that the inno-
vative damper significantly improved the reduction of both relative and
absolute interstory drift, enhancing the frame’s structural stiffness
compared to the classic damper [10].

Lee et al. conducted experiments on five elliptical dampers of varying
dimensions to examine characteristics such as initial stiffness, post-yield
stiffness ratio, ultimate strength, ultimate displacement, and ductility.
They determined that reducing the length of the straight section and
decreasing the radius of curvature could enhance strength and minimize
displacement [11]. Similarly, Gao and colleagues explored the me-
chanical properties of U-shaped dampers by altering the length of the
straight section, the radius of the curved section, and the shape of the
curved section (convex vs. concave) under tensile and compressive
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Fig. 6. Geometry of Elliptical Roller Damper.

Fig. 7. Welding Locations of the Elliptical Damper: (a) First Method (b) Second Method (c) Locations of the Holes.

forces [12].

Satria et al. in 2021 utilized finite element software to study the
elastic stiffness, maximum strength, and energy dissipation of various
configurations of U-shaped steel dampers. Their research indicated that
symmetrical dampers tend to dissipate more energy. Additionally, ar-
ranging more U-shaped components horizontally was found to bolster
stiffness and strength, whereas increasing them vertically led to higher
elastic deformation but reduced elastic stiffness and strength [13].

U-shaped dampers have many applications in various structural
systems, which researchers have studied extensively. The innovative
elliptical roller damper can also be implemented in frames, walls, and
seismic isolators.

Research on the application of U-shaped and elliptical dampers in
frames has been extensively explored by researchers. Ebadi et al.
implemented these dampers in 4 and 8-story steel frames, observing
reductions in inter-story drift and shear between floors [14].
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Fig. 8. Test Setup.

Fig. 9. Loading Protocol.

Bakhshpoori and co-workers analyzed these dampers in 5, 10, and
15-story concrete frames subjected to 7 earthquake records. The results
showed that the use of dampers reduced relative floor displacement and
maximum roof displacement, thereby enhancing the performance level
of the frames [15]. Further analysis by Bagheri and colleagues con-
trasted U-shaped yielding dampers with rotational friction dampers
across steel buildings of three, five, and ten stories. They concluded that
while friction dampers more effectively reduced base shear, U-shaped
dampers better minimized roof displacement [16]. Chen and team
introduced a novel elliptical metal damper designed with dual yield
points, which they showed to significantly enhance seismic resistance in
a reinforced concrete building under time history analysis [17]. Najari
Varzaneh et al. explored the effectiveness of a ring damper in a
single-story steel frame using Abaqus software. Their findings demon-
strated that these dampers not only preserved the elastic state of the
structure but also improved its ductility and energy absorption [18].
Najafi et al. conducted comparative studies on circular, elliptical, and
T-ADAS dampers in Chevron bracing, utilizing Abaqus finite element
software to identify the optimal damper configuration [19]. Bursi and
his team innovated by incorporating four quarter-circle rings into a
cable-damper system, which increased initial stiffness, ultimate
strength, and reduced pinching effects in hysteresis cycles [20].
Additionally, Maleki et al. embarked on four separate studies
examining various types of pipe dampers—single, double, and concrete-
filled—and their applications in different structures like bridges

[21-24].

The use of U-shaped and elliptical dampers in seismic isolators has
been the focus of significant research efforts. Initially, Suzuki et al.
evaluated the potential of these dampers in isolators by testing a U-
shaped damper under 360-degree force applications at varying speeds
and temperatures. Their findings indicated that the stiffness and
strength of the dampers remained consistent regardless of the force
applied, and the dampers showed stable hysteresis behavior across
different conditions [25].

Building on this foundation, Oh and colleagues conducted experi-
ments on a two-story building model equipped with a damper on a shake
table. They found that the isolator not only increased the structural
period but also effectively concentrated deformations at the ground
floor, thus reducing seismic demand [26]. More recently, in 2021, a
study involving a seismic isolator paired with a U-shaped damper in a
5-story building under both seismic and blast loads was performed using
nonlinear time history analysis. The results from this study highlighted
that the combined use of the isolator and damper significantly lowered
base shear, top-floor accelerations, and overall structural deformations
[27].

Additionally, the integration of U-shaped dampers into concrete
shear walls has also been investigated. Henry et al. explored using these
dampers to connect concrete shear walls to structural frames, aiming to
enhance the seismic strength of the walls [28]. Furthermore, Kim and his
team studied the incorporation of U-shaped dampers in link beams of
reinforced concrete shear walls [29].

2. Elliptical roller damper

The elliptical roller damper, illustrated in Fig. 4, is highlighted as a
novel development in this paper. This innovation enhances the tradi-
tional elliptical yielding damper by incorporating multiple rollers. These
rollers are designed to support both gravitational and seismic loads,
serving dual functions: they not only dissipate dynamic energy gener-
ated by earthquakes but also help carry the static weight of the structure.
This dual capability of the elliptical roller damper significantly reduces
the transmission of seismic energy to the structure and improves overall
structural stability.

The rollers integrated within the elliptical damper serve a multi-
functional role. They are crucial not just for bearing or transmitting
gravitational loads but also for controlling deformations during seismic
events. The diameter of each roller is specifically sized to fit the internal
dimensions of the damper, and they are designed to be stiffer than the
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Fig. 10. End of Experiment: (a) First Test, (b) Second Test.

materials used in the elliptical sections. This configuration ensures that
the rollers positively influence the damper’s performance during hori-
zontal displacements.

The decision on the number of rollers used in this innovative damper
is strategically based on the magnitude of gravitational load the damper
is expected to manage. Opting against the use of a single roller is a
deliberate design choice; a solitary roller tends to increase the risk of
misalignment or deviation from the axis of motion during dynamic
shifts. By employing two or more rollers, the damper not only boosts its
load-bearing capacity but also achieves a more even distribution of
forces across a larger surface area, effectively eliminating the issue of
roller misalignment.

3. Experimental study

To initiate the experiment, selecting the appropriate material for the
damper is crucial. The metal chosen for these dampers must exhibit
suitable hysteresis behavior, endure a wide fatigue range, possess rela-
tively high strength, and maintain low sensitivity to temperature

variations. For this experiment, steel ST37 was selected due to its
favorable properties. After acquiring the steel, a tensile test was con-
ducted on a dog bone sample with gauge length equal to 140 mm to
accurately chart its stress-strain curve, as depicted in Fig. 5. The initial
area of the sample was 312 mm?. Fi g. 5(a) and (b) show the ST37 steel
specimen at the final stage of the tensile test, where necking and local-
ized deformation are clearly visible. This test was essential for deter-
mining precise mechanical properties such as yield stress and strain,
ultimate stress, and fracture strain as shown in Fig. 5(c) and (d) [30,31].

The selected dimensions for this damper are detailed in Fig. 6. The
damper comprises several key components:

. Flat Plates

. Connecting Plates
. Rollers

. Pins

. Curved Sections

g b wWwN =~

Specifically, the elliptical section, combining both flat and curved
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Fig. 11. Experimental Curves: (a) First Test Hysteresis Curve, (b) Second Test Hysteresis Curve, (c) Result of Strain Gauge 1, (d) Result of Strain Gauge 2, (e) Result of
Strain Gauge 3, (f) Result of Strain Gauge 4.
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Fig. 12. Mesh Sensivity Analysis.

Fig. 13. Material Model in Abaqus: (a) True Stress-Strain Curve, (b) Kinematic Hardening Model.

Fig. 14. Numerical Model of Damper.

plates, measures 331 mm in length, 122 mm in height, 100 mm in
width, and has a thickness of 12 mm. The rollers are designed with a
diameter of 98 mm and match the elliptical section’s width at 100 mm.
Additionally, the pins used to secure the rollers and other components

have a diameter of 20 mm and a length of 128 mm. The connecting plate
that holds the rollers together will be 213 mm long, 45 mm high, and
14 mm thick.

To fabricate the elliptical section, which comprises the flat and
curved plates, two construction techniques are outlined in Fig. 7. The
first method entails bending a single plate—either through cold or hot
forming—and securing it with a full penetration groove weld at the
center of either the upper or lower flat plate. The second method in-
volves assembling two U-shaped sections facing each other, connected at
their bases with a full penetration groove weld, as depicted in Fig. 7. For
this experiment, the second method was selected.

In this chosen method, the flat plates are connected to the loading
plate using two pins. It is important to ensure that these pins are not
located in the curved sections of the damper. The dynamic, recipro-
cating movements and the potential stress concentration in these areas
could result in damper failure through either pin or weld fractures.
Therefore, the pin passing holes were embedded in the flat plate as
shown in Fig. 7 (c). Additionally, the rollers are interconnected via a
plate known as the connecting plate. Each roller is attached to this plate
with a press-fitted pin to maintain structural integrity.

In the laboratory at Foolad Machine factory, four dampers con-
structed from steel ST37, following the dimensions outlined in Fig. 6,
were assembled and positioned according to the setup shown in Fig. 8
two by two in two separated test. To simulate the weight of a building, a
180 kN gravitational load was applied to each damper using two vertical
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Fig. 15. Comparison of the Hysteresis Curves from Abaqus and the Experiment.

Fig. 16. Contour of the Damper after Analysis at Maximum Displacement (a) Von Mises Stress Contour in MPa, (b) Equivalent Plastic Strain Contour.

actuators capable of exerting a force of 300 kN. However, the load cell is
connected to only one of the actuators, and the value displayed on the
monitor corresponds to just one of the actuators. The capacity of load
cell is 1000 kN with accuracy of 0.1 kN. Additionally, to mimic the
lateral forces that a building might experience during seismic activity,
lateral loading was applied using a horizontal actuator which has
400 kN capacity.

The lateral loading on the damper is applied using a quasi-static
cyclic method and displacement control. As illustrated in Fig. 9, the
process begins with the application of two identical cycles, each
inducing a displacement of 10 mm, executed using a hydraulic actuator.
Following the guidelines set forth in FEMA 461 [32], the displacement is
then increased incrementally—by a maximum of 40 % of the previous
displacement every two cycles. This incremental increase continues

until the damper achieves a maximum displacement of 60 mm. In the
second test, we removed two mid-level cycles and introduced two
additional cycles at a 5 mm displacement.

Ultimately, the two constructed dampers underwent a test involving
horizontal displacement across 18 cycles. During this test, the lateral
load-bearing capacity, or lateral strength, of the elliptical roller damper
was meticulously recorded by sensors, registering a value of 160 kN, as
shown in Fig. 10. The specimens have not failed and no loss of stiffness
and strength was recorded. Additionally, the vertical load applied dur-
ing the test was continuously displayed and monitored through sensors
on the display, ensuring accurate tracking of the force exerted. The
loading plates are 20 millimeters thick and two sets of three rollers were
placed between the vertical loading plate and the horizontal loading
plate. Wire encoder along the horizontal actuator is set with an accuracy
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Fig. 17. Plastic Strain: (a) Contour of PE11 at the end of analysis, (b) Strain of elemnt 1 per cycle, (c) Strain of element 2 per cycle.

Fig. 18. Cumulative Plastic Dissipated Energy Curve.

of 0.1 mm. The hysteresis curves for each damper, illustrating half the one of the dampers, and an LVDT was added for more precise mea-
total lateral strength, are depicted in Fig. 11 (a) and (b). The curves surement of displacements. The results from the strain gauges are shown
generated from these tests display a stable and robust pattern, clearly in Fig. 11 (c) to (f). It should be noted that strain gauges 1-3 are posi-
demonstrating the dampers’ capability to dissipate significant amounts tioned in the direction of the damper’s movement, while strain gauge 4
of energy. In the second experiment, four strain gauges were attached to is positioned perpendicular to the damper’s movement.

10
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Fig. 19. Comparison of Hysteresis Curve of the Damper with ST37 and ST52.

4. Numerical model

The geometry of the damper was constructed and meshed in the
Abaqus software [33,34] according to the dimensions shown in Fig. 6.
The mesh size sensitivity analysis was performed based on the mesh size
of the elliptical section and the lateral strength of the damper, as shown
in Fig. 12. The mesh sizes selected were 5 mm for the elliptical section,
rollers, and pins, and 10 mm for the connecting plate and loading plate.

To achieve a more accurate representation of ST37 steel behavior in
finite element analyses, the true stress-strain curve for this material has
been calculated and included in Fig. 13 (a). This curve was derived from
engineering stress-strain data obtained from the tensile test by applying
standard transformations to compute true stress and true strain. In these
transformations, true stress is calculated using Eq.1, while true strain is
calculated using Eq.2. The hardening behavior was selected as kinematic
based on the experimental results. In kinematic hardening model, as
shown in Fig. 13 (b), the size of the yield surface remains constant, but
its center shifts. Additionally, the loading plates were defined as rigid.
The model constructed in Abaqus is shown in Fig. 14.

@

Otrue = Oengineering (1 + eengineemm)

(2)

In the numerical model, all welded components were tied together to
reflect their fixed connections in the actual experiment. Similarly, the
rod within the cylinder, which was riveted to the connecting plate be-
tween the rods in the experiment, was also tied in the model. Surface-to-
surface contact was set up between the remaining pairs of plates, with a
friction coefficient of 0.2 assumed for interactions between steel mem-
bers, and these members were further constrained in the out-of-plane
direction. Additionally, the end of the bottom plate was fixed in all six
directions.

For the simulation of loading conditions, an 180-kN gravity load was
first applied as a concentrated compressive force on the top loading
plate. Subsequently, a lateral force was applied in a displacement-
controlled manner across 18 cycles to the top plate. The resulting hys-
teresis curve from this analysis, along with a comparison to the exper-
imental hysteresis, is depicted in Fig. 15.

The numerical model developed in this study successfully predicts
the initial stiffness and ultimate strength of the specimens. However, it
demonstrates a noticeable limitation in accurately capturing the loca-
tion of stiffness reduction. Despite extensive efforts to address this
issue—such as refining mesh sizes, modifying material properties, and

€rue = 111(1 + eengineering)

11

recalibrating boundary conditions—the predicted results remained
consistent.

This limitation appears to be related to the intrinsic capabilities of
the computational framework used (Abaqus). Similar discrepancies
have been reported in previous studies employing Abaqus for modeling
the behavior of steel structures under similar loading conditions. For
instance, studies by [7], [14], and [17] have identified comparable
challenges in predicting the stiffness reduction behavior.

While this limitation does not compromise the model’s ability to
predict global behavior (e.g., initial stiffness and ultimate strength), it
highlights the need for further advancements in computational methods
to improve the local accuracy of stiffness reduction predictions. This
issue is explicitly acknowledged to ensure transparency and to guide
future research in this area.

Other results obtained from the numerical analysis are shown in
Figs. 16 through 18. Fig. 16 shows the deformed shape of the damper
obtained from the finite element model at the maximum displacement of
60 mm. Since no failure was observed during the experimental tests,
failure was not modeled in the numerical simulation either.

Numerical strains are presented in Fig. 17, demonstrating good range
agreement between the numerical and experimental results. Element
1-4 in numerical model represent strain gauge no. 1-4. However,
Abaqus could not predict behavior of gauage no. 3 and 4 and the strain
values remain at zero.

Based on the high PEEQ values observed at the specific points
highlighted in Fig. 16 (b), it can be concluded that the damper is capable
of withstanding significant strain levels without failure. However, it is
predicted that these areas would experience failure if cyclic loading
countinues.

5. Parametric analysis

The next step in the study is to conduct a parametric analysis, which
involves altering key variables by + 10 %, £ 20 %, % 30 %, + 40 %,
and + 50 % from their baseline values in the numerical model. This
process allows for the assessment of how changes in these variables
influence the damper’s performance. Following this analysis, the vari-
ables that most significantly affect the energy absorption capabilities of
the elliptical roller damper will be ranked. These include the materials
used, the magnitude of gravitational load, the length and width of flat
plates, their thickness, the curvature radius of the curved section, and
the friction coefficient.
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Fig. 20. Equivalent von Mises stress and plastic strain at the end of analysis due to length change:(a) Stress at 150 % of initial length, (b) Strain at 150 % of initial
length, (c) Stress at 70 % of initial length, (d) Strain at 70 % of initial length.

5.1. Effect of materials to steel ST52, which has a yield stress of 355 MPa and an ultimate tensile

strength of 520 MPa. This alteration enhanced the lateral strength of the

The impact of material changes on the damper’s behavior was spe- damper by 50 %, as evidenced in the modified hysteresis curve shown in
cifically evaluated by switching the material in the finite element model Fig. 19.

12
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Fig. 21. Equivalent von Mises stress and plastic strain at the end of analysis due to width change: (a) Stress at 150 % of initial width, (b) Strain at 150 % of initial
width, (c) Stress at 50 % of initial width, (d) Strain at 50 % of initial width.

13
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Fig. 21. (continued).

14
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Fig. 22. The effect of decreasing the damper width on the hysteresis curve.

Fig. 23. The effect of increasing the damper width on the hysteresis curve.

5.2. Effect of friction coefficient

The friction coefficient within the models was increased to 0.3, 0.4,
and 0.5 in separate simulations to assess its influence on the hysteresis
behavior of the damper. However, these changes did not produce a
significant impact on the hysteresis curve. This outcome indicates that
the rolling action of the rollers interacting with the elliptical section
effectively counteracts the effects of increased friction. Thus, within the
tested range, the friction coefficient does not substantially alter the
damper’s performance, showcasing the design’s robustness against
variations in friction levels.

5.3. Effect of gravity load

The relationship between the gravity load and the lateral strength of
the damper was directly tested. The experimental setup varied the
gravitational force from 50 % of the original load (90 kN) to 150 % of
the original load (270 kN). Results indicated that these variations did
not alter the hysteresis curve. The unchanged hysteresis curve despite
variations in gravity load and friction coefficient demonstrates that the
gravitational load-bearing system operates independently of the lateral
load-bearing system.

15

5.4. Effect of length of flat plates

The numerical study also explored how changes in the length of the
flat plates affect the lateral strength of the damper. The length was
adjusted incrementally from 70 % of its original length (146 mm) to
150 % (313 mm), increasing by 10 % in each model iteration, as illus-
trated in Fig. 20. These modifications showed no impact on the hyster-
esis curve. The decision not to reduce the length to 50 % and 60 % of its
initial value was based on the lack of sufficient space to accommodate
two rollers. The finding that altering the length of the flat plates does not
affect the damper’s hysteresis curve is linked to the flat plates’ non-
yielding characteristics and their minimal role in energy dissipation.

5.5. Effect of width

The impact of varying the width of the damper was numerically
tested by adjusting the width both downwards and upwards from its
initial measurement, as outlined in Fig. 21. When the width was
decreased by 10 %, 20 %, 30 %, 40 %, and 50 % from the original di-
mensions, the lateral strength of the damper correspondingly dimin-
ished by 10 %, 20 %, 30 %, 40 %, and 50 %, respectively, as detailed in
Fig. 22. Conversely, increasing the width by the same increments led to
an equivalent increase in lateral strength, ranging from 10 % to 50 %, as
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Fig. 24. Equivalent von Mises stress and plastic strain at the end of analysis due to thickness change: (a) Stress at 150 % of initial thickness, (b) Strain at 150 % of
initial thickness, (c) Stress at 50 % of initial thickness, (d) Strain at 50 % of initial thickness.

16
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Fig. 25. The effect of increasing the elliptical thickness on the hysteresis curve.

Fig. 26. The effect of decreasing the elliptical thickness on the hysteresis curve.

Structures 71 (2025) 108074

depicted in Fig. 23. The variations in lateral strength associated with
changes in the damper’s width are attributed to alterations in the plastic
section of the damper that is explained in Eq.3.

V4
4

3)

5.6. Effect of elliptical part thickness

The impact of changing the thickness of the elliptical part of the
damper was rigorously evaluated. Variations ranged from 50 % of the
initial value (6 mm) to 150 % (18 mm), as depicted in Fig. 24. These
modifications resulted in exponential changes in the damper’s lateral
strength. Specifically, a 50 % increase in thickness led to 225 % of initial
lateral strength, while a 50 % reduction in thickness caused 25 % of
initial lateral strength, as shown in Figs. 25 and 26.

At the lower thickness settings of 6 mm and 7.2 mm, corresponding
to 40 % and 50 % of the initial value, respectively, the simulation failed
to produce suitable hysteresis behavior. To address this, the mesh size
for the elliptical part of the damper was adjusted to 2.5 mm, as illus-
trated in Fig. 24. This adjustment resulted in higher stiffness and a
steeper decay slope in strength for these configurations compared to
others. The observed changes in lateral strength with the varying

17

thickness are due to alterations in the plastic section modulus in Eq.1.
The effect of thickness variations on the damper’s performance is
notably more significant than changes in width, highlighting the critical
importance of thickness in the design and functionality of the damper.

5.7. Effect of curve radius (Height)

The curvature radius, which affects the height of the damper, was
adjusted from 50 % to 150 % of its initial value, as shown in Fig. 27. This
alteration had a significant impact on the lateral strength of the damper:
as the radius (height) increased, the lateral strength correspondingly
decreased, and it increased as the radius decreased. Changes in height
and changes in lateral resistance were inversely related. Specifically, as
shown in Figs. 28 and 29, reducing the height led to disproportionately
larger increases in strength. When the height was varied to 150 %,
140 %, 130 %, 120 %, 110 %, 90 %, 80 %, 70 %, 60 %, and 50 % of the
initial value, the changes in lateral strength observed were approxi-
mately 67 %, 73 %, 78 %, 84 %, 92 %, 112 %, 126 %, 143 %, 166 %,
and 200 % of the initial value, respectively.

The inverse relationship between the lateral strength and the curve

— ZMP

radius is illustrated in Fig. 30 and that is F, = 5.
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Fig. 27. Equivalent von Mises stress and plastic strain at the end of analysis due to radius change: (a) Stress at 150 % of initial radius, (b) Strain at 150 % of initial
radius, (c) Stress at 50 % of initial radius, (d) Strain at 50 % of initial radius.
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Fig. 28. The effect of decreasing radius on the hysteresis curve.

Fig. 29. The effect of increasing radius on the hysteresis curve.

Fig. 30. The relationship between lateral strength and the radius of curva-
ture [6].

6. Conclusion

In this study, an innovative damper was introduced by incorporating
rollers into the conventional elliptical design. This elliptical roller
damper is designed to effectively dissipate energy from seismic activities
while also supporting gravitational loads, thus serving dual functions in
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both gravity and lateral load-bearing systems. Experimental evaluations
confirmed that the damper maintains stable hysteresis behavior and
demonstrates commendable energy dissipation capabilities. Further, a
numerical model of the damper was developed using Abaqus software.
The results from this model closely aligned with those observed in the
experimental studies, validating the accuracy of the numerical
approach.

The effects of varying several parameters on the damper’s hysteresis
curve were investigated by adjusting the material, gravitational load,
friction coefficient, and dimensions of the damper to 50-150 % of their
initial values:

1. The substitution of the material to ST52, which possesses a higher
yield stress, resulted in a substantial increase in lateral strength,
underscoring the importance of material selection in enhancing the
damper’s response to seismic loads.

2. Variations in gravitational load and friction coefficient showed
minimal influence on the hysteresis curve, suggesting consistent
behavior across structures of varying weights and floor levels.

3. Alterations in the length of the flat sections had little effect on the
damper’s behavior, indicating a lesser role of this dimension in en-
ergy dissipation.



H. Vakili Sadeghi et al.

4. Modifications in width and thickness revealed that decreasing these
dimensions reduces lateral strength, whereas increasing them
significantly enhances force tolerance. Notably, changes in thickness
had a more significant impact than width adjustments, with the
change in strength being exponential to the change in thickness and
proportional to width changes.

5. Height adjustments demonstrated an inverse relationship with
lateral strength, where reducing height notably improved
performance.

6. Examination of stress and strain contours across varied geometries
showed minimal differences in stress levels, indicating that geo-
metric changes do not substantially alter stress within the damper.
However, variations in height and thickness influenced strain, and
drastic reductions in thickness affected initial stiffness.

7. The results obtained from the effect of changes in the geometry of
roller dampers on their lateral strength are consistent with those of
conventional elliptical dampers. Additionally, changes in gravita-
tional load and friction coefficient do not affect the damper’s
strength. From these observations, it can be concluded that the
gravitational load-bearing system and the lateral load-bearing sys-
tem in this damper operate independently and do not influence each
other.

These findings highlight the critical role of precise dimensional
design in optimizing damper performance under actual conditions,
providing valuable insights for future enhancements of damper designs.
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