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Seismic performance of TLD controlled high-rise structures subjected
to harmonic excitation

DONG Yue, TANG Zhenyun, LIU Hao

(Key Lab of Urban Security and Disaster Engineering (Beijing University of Technology ), Ministry of Education, Beijing 100124, China)

Abstract: Tuned liquid damper (TLD) is a typical effective passive vibration control device. In view of the
problem of lack of research on the damping properties of TLD for high-rise structures in frequency domain under the
influences of different parameters, a real-time substructure testing system was established for evaluating seismic
performance of high-rise buildings installed with TLD. A series of sinusoidal excitation tests were conducted to
investigate the damping performance of TLD with different parameters in frequency domain. The influences of
excitation frequency ratio, TLD frequency ratio, TLD mass ratio, structural damping ratio, and input amplitude on
the seismic performance of TLD in frequency domain were discussed. Results show that TLD had the best damping
effect on structural acceleration and displacement when the input excitation frequency and TLD frequency were both
first-order frequency of the structure. Meanwhile, the damping effect of TLD became worse with the increase in
damping ratio and was little affected by the input amplitude. When the input excitation frequency and TLD
frequency deviated from the structural frequency, TLD did not significantly increase the response of the structure,
except for the negative effect when the input excitation frequency was lower than the structural frequency. TLD is
more suitable for controlling the resonance response components of structures with small damping ratios, has poor
damping effect on the frequency components far away from the natural frequency of structures, and may have great
adverse effects on the frequency components less than the natural frequency of structures.
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Configuration of real-time substructure testing system for TLD controlled high-rise building
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Tab.1 Shear model parameters of 20-story Benchmark structure
[ Jﬁ;i/ ?Uﬁi/il [ Ei‘;i/ TUTE/”
10°kg  (10°N-m~!) 105k (10°N-m~!)
1 5.63 3.168 1 11 5.52 2.317 4
2 5.52 3.060 4 12 5.52 2.178 5
3 5.52 2.894 3 13 5.52 2.098 8
4 5.52 2.806 0 14 5.52 1.971 2
5 5.52 2.754 0 15 5.52 1.843 6
6 5.52 2.700 8 16 5.52 1.763 9
7 5.52 2.637 4 17 5.52 1.576 2
8 5.52 2.582 4 18 5.52 1.376 1
9 5.52 2.5279 19 5.52 1.124 5
10 5.52 2.458 9 20 5.84 0.9313
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Fig.2  Schematic of full-scale TLD test, shear force measurement system, sensor layout, and testing setup
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Fig.6  Steady-state response of top story of structure
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Fig. 13 Seismic reduction performance of TLD for non-controlled modes
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