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1. Passive Control

2. Tuned Mass Damper (TMD)

3. Incremental Dynamic Analysis (IDA)
4. Fragility Curves
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6. White Noise

7. Numerical Search
1. Viscous Damping
2. Hysteresis Energy

Vot

1. Multiple Tuned Mass Dampers (MTMDs)
2. Single Tuned Mass Damper (STMD)

3. Optimization

4. Den Hartog

5. Dyanmic Magnification Coefficient
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12. Improved Gravitational Search Algorithm
13. Flower Pollination Algorithm

14. Runge Kutta Method

15. Simulink

16. MATLAB

17. Soil Structure interaction (SSI)

18. Whale Optimization Algorithm (WOA)
18 Modal Analysis

. Soil-Structure Interaction (SSI)

. Ant Colony Optimization (ACO)

. Kobe Earthquake, Japan, 1995

. Tabas Earthquake, central Iran, 1978
. Modified Bat Algorithm

Period

. Particle Swarm Optimization (PSO)
10. Genetic Algorithm (GA)

11. Harmonic Search
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6. Artificial Neural Networks (ANNs)

7. Fuzzy Networks

8. Metaheuristic Algorithms

9.Probabilistic Seismic Hazard Analysis (PSHA)
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2. Biot

3. Viscoelastic

4. Fixed Points Theory

5. Artificial Intelligence (AI)
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3. Intensity Measure
4. Chopra
5.Elastic-Perfectly Plastic
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Fig. 1. Plan, frames, and used sections for the studied structures
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Fig. 2. Displacement time-history of the 4-story structure under the Landers earthquake
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Decrease in Roof Inter-story Drift (%)

Number of Storeys mean  median 16 percentile 48 percentile
4-TMD-0.5% 0.6325  0.8351 0.5783 0.2581
4-TMD-1% 0.7601  0.8626 0.6081 0.3524
8-TMD-0.5% 0.8068 1.2411 0.7964 0.4565
8-TMD-1% 0.9029  1.3482 1.4037 0.6848
12-TMD-0.5% 0.3662  1.5823 2.1035 0.2744
12-TMD-1% 09155 1.6078 2.5363 1.6726

Table 4. Changes in Maximum Drift Ratio (%) of the roof compared to the uncontrolled case
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Abstract

Using a Tuned Mass Damper (TMD) in a structure, is a reasonable solution for absorbing its movements
caused by external forces. However, when designing a TMD on the grounds of passive control, it is a
challenging task as this device can be tuned once and for a specified range of frequency. Employing more than
one TMD is another option; although this will lead to higher cost and might increase the base shear of the
structure. In this paper, to provide a wide range of frequency and mode shapes in the analysis, nine types of
steel structures are designed, having the story number of 4, 8, and 12, respectively, and then subjected to 22
acceleration records of FEMA-P695; These records, are a suitable choice for generating statistical results as
they provide a wide range of magnitudes. Three of these structures are uncontrolled, and the remaining are
equipped with a TMD on their roof, being of 0.5% and 1% mass ratio and considering the first mode frequency
for the TMD design. The design of the TMDs is carried out via Den Hartog's formula.

Using incremental dynamic analysis (IDA), fragility curves are created with constant 0.1g steps for PGA
intensity measure. In addition, for considering the uncertainties in the performance of the TMD and the
structure due to the changes in frequency, a 10% error is applied for the first mode frequency in the nonlinear
design of the structures. The maximum drift ratio is used as a damage measure due to its simplicity and
comprehensive coverage. Multiple earthquake recordings and their statistical characteristics, such as mean,
median, 16%, and 84% of the recorded amplitudes and their more robust components, are utilized to examine
the IDA curves to eliminate any ambiguity about structure response. This paper presents its novelty by
applying a statistical method for choosing the mass ratio of TMD, considering the possible real-world
quantities for this parameter and a wide range of frequencies for the excitations; therefore, limiting the TMD
stroke. Subsequently, verifying the linear and non-linear behavior of the model used in this paper is carried
out by modeling a 40-story steel structure equipped with a TMD situated on its roof and tuned based on its
first mode under the Kobe Earthquake. Furthermore, the displacement response of the 4, 8, and 12-story
structures, being equipped with a single TMD of 0.5% and 1% mass ratio, respectively, are compared to their
uncontrolled state by exposing them to the Landers earthquake.

Results show that using TMD reduces the maximum drift ratio of the structures. Considering the first 16%
of the acceleration records, as expected, a 12-story steel structure equipped with a TMD of 1% mass ratio on
the roof, presents the best results of maximum drift improvement ratio of 2.54%. Moreover, for reducing
computational effort, another alternative is applying a limited number of earthquakes to the structure. By using
the median for the duration and PGAs of all FEMA-P695 data to estimate this earthquake record, the maximum
drift improvement ratio is then 1.61% for the twelve-story structure resulting in decent numbers compared to
the first method. Moreover, all types of the 4, 8, and 12-story structures (uncontrolled, controlled with a TMD
of 0.5% mass ratio, and controlled with a TMD of 1% mass ratio) were subjected to the Kobe earthquake, and
their average roof displacements were compared. Among these three types of structures, the 12-story structure
was recorded to have the highest rate of maximum roof displacement compared to its uncontrolled state, being
3.47%.

Keywords: Passive Control, Tuned Mass Damper (TMD), Incremental Dynamic Analysis (IDA), Steel
Structures
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