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ABSTRACT

In this study, the optimal design of a tuned mass damper (TMD) considering
soil-structure interaction (SSI) is investigated. To this end, the objective
function is formulated based on minimizing the Hoo norm of the roof-
displacement transfer function in the frequency domain. The TMD
parameters are optimized utilizing Opposition-Switching Search (OSS). It
is a powerful metaheuristic algorithm that applies opposition-based
learning in its particular steps to effectively seek the design space for global
optimum. After obtaining the optimal parameters, seismic performance of
the controlled structure is evaluated both in the frequency domain and
under a set of far-field and near-field earthquake records in the time
domain. Consequently, significant reduction in the seismic responses of
structure was observed in each case due to the proposed control by the
optimized TMD. Furthermore, the controlled system exhibits better
performance under far-field ground motions. In addition, comparison
between the rigid, stiff, and soft soil conditions shows that soil flexibility
has a remarkable influence on both the optimal parameters and the
performance of the TMD. These findings highlight the importance of
simultaneous consideration of SSI effects and optimal TMD design in
achieving efficient seismic control.
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Introduction

In recent years, passive control systems
have been widely considered as effective solu-
tions for reducing the seismic responses of
structures. Among them, the tuned mass
damper (TMD) is extensively employed due to
its simple design, low construction cost, and ap-
plicability to high-rise buildings. As its perfor-
mance is sensitive to the tuned damping and
frequency of the soil-structure system, such pa-
rameters should be carefully designed.

Methodology

In this study, the optimal design of tuned
mass damper is performed considering soil—
structure interaction. For this purpose, a recent
meta-heuristic algorithm called Opposition-
Switching Search (OSS), is employed. It
applies opposition-based learning to efficiently
explore the design space in such a continuous
optimization problem with the capability of
overpassing local optima. The objective
function is defined as minimizing the H,, norm
of the roof displacement transfer function in the
frequency domain, providing a robust design
independent of external excitation
characteristics. The design variables include the
damping and frequency ratios. For practical
purposes, the mass ratio of TMD is taken as 1%
of the total structural mass. The optimization
process is distinctly conducted for three SSI
conditions; i.e. rigid base, dense soil, and soft
soil. The performance of the uncontrolled and
controlled structures is evaluated first in the
frequency domain and then under sets of far-
field and near-field earthquake records in the
time domain.

Results Evaluation

The results show that the optimized TMD
leads to significant reduction in roof
displacement in all SSI  conditions.
Additionally, the variation in optimal designs
across different SSI conditions shows the
sensitivity of TMD performance to the soil
flexibility. Further time-history analyses reveal
that the controlled system performs more

effectively under far-field ground motions than
under near-field motions, which is attributed to
differences in the energy content and frequency
characteristics of the records.

Conclusion

The present study demonstrates crucial
effect of TMD parameter optimization for
seismic control, particularly in presence of soil—
structure interaction. The utilized OSS provides
an efficient and reliable solution for
determining  the  optimal  parameters.
Considering the sensitivity of high-rise
structures to frequency shifts and excitation
characteristics, frequency-domain-based
optimization can improve seismic control
performance and reliability, under various SSI
conditions. Overall, the obtained results can
serve as a basis for practical design strategies
for tuned mass dampers in tall buildings and
motivate further studies in this field.
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