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Abstract

In this paper, we study the applicability of Tuned Mass Damper(TMD) to improve seismic performance of piping system under
earthquake loading. For this purpose, a mode analysis of the target pipeline is performed, and TMD installation locations are selected
as important modes with relatively large mass participation ratio in each direction. In order to design the TMD at selected positions,
each corresponding mode is replaced with a SDOF damped model, and accordingly the corresponding pipeline is converted into a
2-DOF system by considering the TMD as a SDOF damped model. Then, optimal design values of the TMD, which can minimize
the dynamic amplification factor of the transformed 2-DOF system, are derived through GA optimization method. The proposed TMD
design values are applied to the pipeline numerical model to analyze seismic performance with and without TMD installation. As a
result of numerical analyses, it is confirmed that the directional acceleration responses, the maximum normal stresses and directional
reaction forces of the pipeline system are reduced, quite a lot. The results of this study are expected to be used as basic information

with respect to the improvement of the seismic performance of the piping system in the future.
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Table 1 Mode analysis results

Mod Freq. X-=dir. Y-dir. 7Z—dir.

ode (Hz) mass(kg) ratio mass(kg) ratio mass(kg) ratio

1 6.01 0.47 0.00 0.50 0.00 42.59 0.10

2 6.24 0.58 0.00 1.42 0.00 4410 0.10

3 7.86 10.28 0.02 0.08 0.00 15.96 0.04

4 8.80 7.81 0.02 263.21 0.59 0.31 0.00

5 12.40 0.96 0.00 3.67 0.01 3.18 0.01

6 12.81 3.12 0.01 0.67 0.00 3.50 0.01

7 13.85 29.19 0.07 0.78 0.00 15.31 0.03

8 15.16 8.86 0.02 2.29 0.01 4.08 0.01

9 15.66 2.24 0.01 2.55 0.01 11.09 0.03

10 17.82 38.84 0.09 17.49 0.04 30.44 0.07

11 18.77 0.71 0.00 6.36 0.01 26.08 0.06

12 22.03 17.13 0.04 3.49 0.01 64.80 0.15

13 22.84 143.21 0.32 22.06 0.05 9.23 0.02

14 24.82 1.39 0.00 0.24 0.00 12.99 0.03

Total 444 .1 1.00 444 1 1.00 444 1 1.00
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3
2 C(] opt

9le) Ae) 240 e}, solzaelel Yl A% B E3 e
m- TMD
) TMD
Location #1 Location #3

TMD
|t Location #2

Frequency Mass Spring coeff. Damping coeff.
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Fig. 4 TMD installation locations and design values applied to the target pipeline
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