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Nonlinear Characteristic of a Tuned Liquid Column Damper

under Various Excitation Amplitudes
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Sung-Kyung Lee, Hye-Ri Lee and Kyung-Won Min

Key Words : tuned liquid column damper(s3 <A 7]57+4] 71), excitation amplitude(7}<1=7]), equivalent TMD
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ABSTRACT

The objective of this study is to investigate design parameters of a tuned liquid column damper(TLCD), which is affected by
various excitation amplitudes, through shaking table test. Design parameters of a TLCD are examined based on the equivalent
tuned mass damper(TMD) model of a TLCD, in which the nonlinear damping of a TLCD is transposed to equivalent viscous
damping. Shaking table test is carried out for a TLCD specimen subjected to harmonic waves with various amplitudes. Transfer
functions are ratios of liquid displacement of TLCD and control force produced by a TLCD, respectively, with respect to the
acceleration excited by a shaking table. They are derived based on the equivalent TMD model of a TLCD. Then, the variation of
design parameters according to the excitation amplitude is examined by comparing analytical transfer functions with
experimental ones. Finally, the dissipation energy due to the damping of a TLCD, which is experimentally observed from the
shaking table test, is examined according to the excitation amplitude. Comparisons between test results and analytical transfer
functions showed that natural frequencies of TLCD and the ratio of the liquid mass in a horizontal column to the total liquid
mass does not depend on the excitation amplitude, while the damping ratio of a TLCD increases with larger excitation

amplitudes.
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Fig.1 TLCD subjected to input acceleration
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Table 1. Dimensions of TLCD specimen

t L L L

h v w

45 mm 145 mm 91.5 mm 460 mm

Table 2. Specifications of TLCD specimen

my ny, Wy

7.73 rad / sec

6.8 kg 3.0kg
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Fig. 4 Experimental set-up
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Fig. 5 Outline of shaking table test
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Fig. 6 Static mass with various input acceleration
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with various amplitudes to liquid displacement
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