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1. Introduction

Structures are vulnerable to significant damages during
seismic events, necessitating the implementation of
effective measures to mitigate their response to ground
motions. Isolated structures equipped with dampers have
proven to be successful in reducing structural vibrations
and improving seismic performance. Tuned Mass
Dampers (TMDs) are widely used devices that effectively
absorb and dissipate the energy induced by seismic forces.
This study aims to assess the effectiveness of TMDs in
enhancing the seismic performance of isolated steel
structures by evaluating their impacts on displacement,
drift ratio, and story shear forces.

2. Method

This study considered a 9-story steel building with a
special steel bending frame system and 4 openings of 6
meters in the X direction. The structure was designed
according to the Regulations of Building Design Against
Earthquake” (Standard 2800, 4th Edition) and Design
Code of Steel Buildings (AISC). The analysis was
conducted using Endurance Time Analysis (ETA) method
in SAP2000 software, considering both fixed and isolated
base conditions to simulate the presence of tuned mass
dampers. Various mass ratios of the tuned mass damper
were considered to investigate their influence on the
structural response regarding displacement, drift ratio, and
story shear forces (

Figure 1).
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Figure 1. 9-Story structure: (a) without Base Isolation
System, (b) equipped with LRB Base Isolation System, and
(c) equipped with LRB Base Isolation System and TMD

3. Results

The results demonstrated the significant impact of the
tuned mass damper on the seismic response of the isolated
steel structure. The presence of the tuned mass damper
leads to a substantial reduction in displacement, drift ratio,
and story shear forces, indicating improved seismic
performance. The effectiveness of the tuned mass damper
increases with higher mass ratios, resulting in more
significant reductions in displacement, drift ratio, and
story shear forces. The performance of the isolator system
in terms of hysteresis behavior was also evaluated. Key
parameters such as the area under the hysteresis loop,
maximum displacement, and maximum force on the
surface of the isolator were considered. Increasing the
mass ratio of the adjustable mass damper system by up to
7% resulted in favorable hysteresis behavior, with a 16%
increase in wasted energy, a 31% decrease in maximum
displacement, and a 25% decrease in maximum force in
the isolator (Figure 2. The c).
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Figure 2. The comparison of hysteresis loops of base isolator
with different mass ratios of tuned mass damper

Additionally, the response of the structure’s stories was
examined in terms of acceleration, displacement, relative
displacement ratio, and story shear forces. The use of the
adjustable mass damper system, along with the isolator
system, improved the acceleration response of the
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controlled structure. However, it was observed that the
effectiveness of the control system in improving the
acceleration response decreases as the mass ratio of the
damper increases. The displacement response of the stories
and the relative displacement ratio of the isolated structure
decreased significantly with the use of the adjustable mass
damper, with higher damper mass ratios yielding more
noticeable improvements. Similarly, the story shear forces
experienced by the stories were reduced by approximately
10%, 20%, and 30% for mass ratios of 5%, 7%, and 10%,
respectively, compared to the structure without any
damper system. These results highlight the effectiveness
of the adjustable mass damper system in reducing not only
the displacement and drift ratios but also the story shear
forces, contributing to the overall enhanced seismic
performance of the isolated steel structure.
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Figure 3. Seismic response of the structure's stories: (a)

story shear, (b) inter-story drift ratio, (c) story displacement
relative to base level, and (d) Absolute acceleration

4. Conclusion

The results highlight that tuned mass dampers (TMDs)
have a positive impact on the seismic performance of
isolated steel structures. Integrating TMDs with seismic
isolation systems improves various structural aspects,
including reducing displacement, drift ratio, story shear
forces, base shear ratio, and foundation cutting. The
effectiveness of TMDs increases with higher mass ratios,
enhancing seismic performance. TMDs also reduce
plasticity in pavement and isolation systems, leading to
cost-effective designs. However, limitations exist in
reducing absolute acceleration response. Increasing the
TMD mass ratio doesn’t effectively improve absolute
acceleration compared to isolated states. These results
offer valuable insights for engineers and designers aiming
to enhance the seismic performance of isolated steel
structures by using tuned mass dampers.
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Assessment of the effect of the tuned mass damper on the seismic performance of isolated steel
structures by using endurance time analysis

Milad Zarbilinezhad Amin Gholizad

Abstract Isolators and dampers are devices that dissipate energy and reduce the seismic response of structures during
strong earthquakes. Lead Rubber Bearings (LRBs) and Tuned Mass Dampers (TMDs) are two common types of these
devices. Studying non-linear behavior and seismic properties of structural systems equipped with this type of isolators
and dampers can significantly enhance understanding of their behavior against lateral forces caused by strong
earthquakes. In this study, a 9-story steel structure was analyzed using the Endurance Time Analysis (ETA) method in
SAP2000 software with fixed and isolated bases, along with a tuned mass damper with different mass ratios and without
a tuned mass damper. The analysis results indicate that the tuned mass damper is highly effective in reducing the
displacement of the isolator level, drift ratio, and story shear forces. This effect is more significant with higher mass
ratios of the TMD. This effect is more pronounced with higher mass ratios of the TMD. However, reducing the absolute
acceleration response of the structure has not been effective, and increasing the mass ratio of the TMD only reduces the
performance of the control system in improving the absolute acceleration response compared to the isolated state.
Keywords Lead Rubber Bearing, Tuned Mass Damper, Endurance Time Analysis, Steel structure.
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