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NUMERICAL ANALYSIS ON THE DAMPING EFFECT OF STRUCTURE WITH
TUNED LIQUID DAMPERS SUBJECTED TO SEISMIC EXCITATIONS
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(1. College of Civil Engineering Chongqing University Chongqing 400045 China;
2. Key Laboratory of New Technique for Construction of Cities in Mountain Area
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Abstract - TLD is an efficient passive control device for vibration energy-dissipating whose rule and analysis design
method have received much attention. Actually the previous researches were mainly relied on tests and have got
fruitful achievements in the damping of vibration rule. Though the simplified analysis method of damping of vibration
effect has also been developed based on those tests its application has been greatly limited due to the rough models.
Recently with the development of computer technology it is likely to do research into TLD numerical modeling
analysis of fluid-structure interaction which would become a valuable supplement. The fluid- structure interaction of
general structural analysis software ADINA is applied to conduct the seismic response analysis of fluid- structure
interaction in a high-rise frame structure controlled by installing TLD of roof tank. Meanwhile earlier test rules and
simplified methods are also compared and checked in this paper. Besides the calculation and modeling of fluid—
structure interaction are initially explored and examined whereby realizing the TLD numerical modeling of fluid-
structures interaction as well as summarizing the TLD damping of vibration rule of high-rise frame structure.
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1.3.2 ADINA-F TLD
1) ADINA-F 2.1
TRANSIENT 20
1
0. 44
; 1.30 a = 0.206.8 = 0.009.
2)  FSI OPTION FSI SOLUTION N 1.0x10"°
DIRECT Nes/m’ 2.0 x 10’ 1 000
kg/m’ .
0. 05 ; 5
3) NEWTON 1~3
4) ; 1.4.5
0 1~5 EL CENTRO
1 TAFT
FSI FSI
FSI FSI 1 2 0 1 ADINA
FSI 2 ADINA - F
2 TLD
TLD o
FSI 1
N o FSI Table 1 Parameters for structural calculation models
FSI / |
mm MPa 1%
1~10 300 x 600 C30 3.00 x 10* 1.0
R 850 x 850 €40 3.25 x10* 1.2
11 ~20 300 x 600 C30 3.00 x 10* 1.0
° 650 x 650 C40 3.25 x10* 1.2
2
Table 2 Design of calculating examples
/ Him L/m H/L S Sl hy 1%
1 2 6 1 0.333 0.320 0. 440 0.71 0. 65
2 2 6 2 0.333 0.320 0. 440 0.71 1. 31
3 2 6 3 0.333 0.320 0. 440 0.71 1.95
4 1 6 2 0. 167 0.250 0. 440 0.57 0. 65
5 1 3 4 0.333 0.451 0. 440 1.02 0. 65
2.2
5 EL CENTRO FSI
3 - o TLD
3 1~5
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Fig. 1  Structural models of examples 1 —5(module ADINA) 2 1~5 (ADINA-F )
Fig.2  Fluid models of examples 15
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Fig.3 Shakings of the fluid — structure system at a moment in examples 1 —5(Wave EL CENTRO)
3 1-~5 N (EL CENTRO )
Table 3 Displacement and acceleration results of top floors in examples 1 —5(wave EL CENTRO)
FSI
dim  a/(m=+s7?) / al / / al
d/m d/m
% (mes™?) % % (m*s™?) %
1 0.293 4.745 0. 366 19.9 5.220 9.1 0. 350 16.3 5.500 13.7
2 0.290 4.415 0.376 22.9 5.370 17.8 0.350 17.1 5.500 19.7
3 0.278 4.076 0.381 27.0 5.466 25.4 0.350 20.6 5.500 25.9
4 0.318 4. 680 0. 366 13.1 5.220 10.3 0.350 9.1 5.500 14.9
5 0.289 4.396 0.366 21.0 5.220 15.8 0.350 17.4 5.500 20.1
la 0.101 2.490 0. 196 48.5 2.740 9.1 0.184 45.1 2.960 15.8
1~5 EL CENTRO ; la TAFT o
2.3 :2)
FSI :3)
o o 3-5
1) 1.3 6
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Table 4 Layout Scheme of water tank
1 8 m 0.265 1.302
2 4 m 0.430 0.802
3 8 m I.5m 0.203 1. 700
4 4 m; I m 0.325 1. 062
5 2 m; I m 0.571 0. 604
6 2 m; 12 0.25 m 0.344 1.003
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Fig.7  Analytical sketch for equivalent viscous damping factor
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