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A Tuned Liquid Mass Damper (TLMD)
for Controlling Bi—directional Responses of a Building Structure
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ABSTRACT

This paper presents a design of a tuned liquid mass damper(TLMD) for controlling bi—

directional response of high—rise building structure subjected to windload. The proposed damper
behaves as a tuned mass damper(TMD) of which mass is regarded as the mass of a tuned liquid
column damper (TLCD) and the case wall of the TLCD itself in one direction and the TLCD in the
other direction. Because the proposed device has coupled design parameter along two orthogonal
directions, it is very important to select designing components by optimal fine tuning. In the
designing TLMD, for easy maintenance, the rubber—bearing with small springs was applied in TMD
direction. In this study, the Songdo New City Tower 1A in Korea, which has been designed and
constructed two TLCDs in order to control bi—directional response, was chosen as the model

building structure. The results of rotation test proved the effectiveness of bi—directional behavior

of TLMD.
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Table 1 Similitude law applied to TLMD model

Quantity Dimension Scaling factor
Length L 1:20
Material density | ML ™3 11
Acceleration LT? 11

Mass M 1:20% =1:8000

Time T 1:4/20 =1:4.472

Frequency(Hz) 71 11/ V20 =1:0.223

Damping ratio - 111

Table 2 Tuning frequencies of TLMD model
Full Model

Mode scale scale Ratio

Y-Direction|{ First mode | 0.161Hz | 0.722Hz 448
X-Direction | First mode | 0.182Hz | 0.818 Hz 4.48
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Ha 1A AEZE sine Z23F81Eo]lY sampling
rate 0.001sZ 383t} 7HF7]E 0.1~1.4Hz B
ol AP 1HF7] FHNAE 0.005Hz 3H4
o2 7plEch

Fig. 12& EA8tA H4Y 0¢E §114Al?4 0.73
HzZ 7133t 2% TMDO Agd4= 38.87¢]
™ 0.85HzZ 7I8t5 & Z9olle 0.73Hz wrch

e 0°to Y-axis
30° to Y-axis |
45° to Y-axis : -
60° to Y-axis *
90° to Y-axis ;

5473155 &
50. 50.6054— -
4719275 o &
32191
38,8709

#% 53.837

.
).‘ 417087
A . .

\

L t > 326012

.
> 23.0039
15 16.9087

e
10 .

Magnitude of Measured Load-Cell Force (kgf}
W
=3

83 o4 o5 o6 o7 08 05 i 11 12 13
Frequency (Hz)
12 Transfer functions from the table accele-
ration to the force of load-cell under the
excitation of sinusoidal waves

Fig.

Table5 Rotation angle calculated from the sin—
usoidal excitation testing results (0.73 Hz)

0 30 45 60° 90° o 30 45° 60° 90°
a 1.439 1.439 1.439 1.439 1.439 a 1.408 1.408 1.408 1.408 1.408
8 1.000 1.132 1.248 1.342 1.439 J:4 1.000 1.112 1.214 1.328 1.408
4 0 33.2° 48.8° 61.9° 90 9 o 31.5° 4647 59.4° 90"

Table 4 Rotation angle calculated from the white—
noise excitation testing results (0.85 Hz)

Table 6 Rotation angle calculated from the sin—
usoidal excitation testing results (0.85 Hz)

o 307 45 60° 90" o 30 45 60° 90
a 0.186 | 0.186 | 0.186 | 0.186 | 0.186 a 0.314 0.314 0.314 0.314 | 0.314
B 1.000 | 0.774 0542 | 0.341 0.186 g 1.000 0.776 0.607 0.429 | 0314
g o 318 48.6° 64.0° 90’ 0 0 34.8 49.2° 65.8° 90°
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