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During strong earthquakes, buildings often exceed their elastic
limit and undergo significant changes to absorb the seismic
energy. It is recommended to implement energy dissipation
systems to reduce the structural load, minimize deformation,
decrease damage to structural components, and prevent the
system from going out of service. In recent years, the Seesaw
energy dissipation system with various configurations has been
proposed as part of passive structural control systems. This study
introduces a novel type of yielding metal dampers, which have
been modeled and analyzed using Abaqus finite element software
within the Seesaw bracing system. The proposed damper consists
of two main components: peripheral sheets and central hollow
profiles. These elements are designed to ensure that under
loading conditions, plastic deformation occurs in the hollow
profiles while the other components remain within the elastic
range. This setup allows only the hollow profiles to absorb energy
through inelastic behavior. The damper can be installed in
locations experiencing shear force, or a combination of shear and
axial force. A finite element model of the Seesaw bracing system,
along with the damper model in Abaqus software, was developed.
By integrating this damper into the system, its behavior and
energy absorption capacity were examined. The investigations
revealed a significant increase of more than 105% in the overall
energy dissipation capacity of the system.
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EXTENDED ABSTRACT

Introduction

In recent years, the approach of seismic codes has gone towards using the inelastic
capacity of structures, but using the inelastic capacity of the structure will cause large
changes in the shape and durability of structural members due to very high lateral loads.
And damage occurs in the main members of the structure and the structure is taken out
of service. By installing energy dissipation systems such as systems that include dampers,
a measure can be devised that these systems absorb energy, yields, plastic deformation,
etc., in short, damage will occur in dampers, and other structural members such as beams
and columns do not suffer from deterioration and plastic deformation. Energy dissipation
systems can be divided into different types such as passive, semi-active, active control and
seismic-isolators. In recent years, the energy dissipation system of Seesaw, equipped with
passive dampers, has been proposed, which is included in the subcategory of passive
control.

Seesaw bracing system

Based on research by Gao and Tagawa in 2012, the seesaw bracing system was
introduced. This system included cross cables as a bracing member and a rotating
mechanism at the bottom and dampers at the bottom.

Methodology

Verification

In order to verify the validity of the software modeling, article by Mr. Tagawa and his
colleagues in 2016, which investigated the laboratory investigation of the Seesaw brace
system equipped with slit steel damper; it has been selected. Also, Abaqus software has been
selected for validation. A good similarity has been observed between the results of software
modeling in the Abaqus software environment and the laboratory results.

Geometry of models

In the following, the types of yielding metal dampers that have been used in this research
in the Seesaw bracing system have been introduced.

Table 1. Names and characteristics of dampers

Properties Name Row

ADAS Damper with 9 layers steel sheet ADAS 9L 1

ADAS Damper with 7 layers steel sheet ADAS 7L 2

Yielding metal damper including solid bars and BAR 3
peripheral filler parts

Yielding metal damper including solid bars without BAR-CH2 4
peripheral filler parts

The yielding steel damper including circular hollow PIPE 5 5

sections with an outer radius of 5 mm




Journal of National University of Skill Spring 2026, Vol. 23, No. 1, p. ..-..

Figure 1. figure of a) ADAS 7L Partition b) ADAS 9L Partition c) Bar Partition d) Bar-ch2
Partition e) Pipe 5 Partition

Results and discussion
Performance comparison of Seesaw brace system equipped with different dampers

The model of the Seesaw bracing system equipped with a slit steel damper has been
selected as a reference model Below is a diagram including the hysteresis diagram related
to different models, which shows the performance of different models in terms of energy
dissipation side by side.

e Slit damper

= ADAS 9L

e ADAS 7L
0.015

——— BAR-CH2

——PIPES

Figure 2. Hysteresis comparison diagram for the Seesaw bracing system equipped with
different dampers

When the system is equipped with the ADAS-7L damper, the maximum tolerated forces were
similar to the slit yielding steel damper, but energy dissipation decreased by over 20%. This
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reduction in hysteresis area and force approximation occurred with more than double the
material used in the energy-consuming part compared to the primary system.

Using the ADAS-9L damper increased tolerated forces compared to the initial state, but
energy dissipation remained almost the same. The material ratio in the energy-consuming part
was over three times that of the original system.

With the solid circular damper, there was a slight increase in tolerated forces in some corners,
with an overall 3% increase compared to the initial system. Material consumption in the energy-
consuming part decreased by approximately 38%.

The hollow circular damper increased the forces borne by the system and the hysteresis loop
area. Energy dissipation nearly doubled compared to the initial system, with material usage equal
to the rod model and about 38% less than the initial model.

Conclusion

The investigation of 7 and 9-layer ADAS dampers revealed poor energy dissipation
performance. The yield steel damper with solid circular sections exhibited better performance
than the slit steel damper, with over 38% reduction in material volume consumption and more
than 2% improvement in energy dissipation. The steel damper with a tubular section (pipe
damper) outperformed both the slit and solid steel dampers in energy dissipation, with a 38%
reduction in material volume compared to the slit steel damper and similar material consumption
to the solid steel damper with solid circular sections (bar damper). Based on these findings, it is
recommended to further investigate and consider using a tubular damper (pipe damper).
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