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Simulation of nonlinear waves in rectangular tuned liquid damper(TLD) and its verification
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A nonlinear model based on the shallow water wave theory is developed to
simulate the liquid motion in a rectangular TLD container. Liquid damping

is semi-analytically evaluated. Wave height, base shear force and energy
dissipation of the rectangular TLD under sinusoidal excitation are also
obtained from a shaking table experiment. It is found that motion of shallow
liquid is strongly nonlinear. Good agreement between the simulation and the
experiment is shown when no breaking wave occurs. An experiment on interaction
between TLD and a SDOF-structure is also made to examine the effectiveness of
TLD and the validity of the TLD model developed in this study
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STRUCTURAL RESPONSE

simulation

A (em Ap = 1.0 cm, one-half 32 cm tank A (cm Ap = 3.0 cm, one-half 32 cm tank
1.0{ 3.0
h = 3.6 cm ,k h = 3.6 cm hl
w=0.9 % ‘\ 2 w=10.9 % )
N 2 20, l
- | i
i R ' 2 L i
— 2 — |
— / 5 1.% / \
o\ 2 — .
A 5 oo, \
) . 5 . '\
0o el ~Je o0 2T * J..\_
X I oy 1 . Il — Xl
b 1.0 AL 74 0.9 1.0 (KR TR
aYh=3.6cmy £2=0.9% b)h=3. 6cem, 2 =0.9%
K13 EREMRC & 2 EEHE (LIEEREFAEICIE. RPoiLsiR
Hi2&EL)
X {cm) Ag= 1.0 cm f/f = 1.03
0.1 o
AL me
0 1!é””ﬂmii!!im"””'”"miwmﬁi“m"'WWWMWW
’ full-size 25 cm tank
K14 HEM+TIDRERTHLMWAMEEGRED >1XY ({/1:51.03)
n
0.5
cm
0.5 time
a Repeat »
g 0.5
'E cm
b ‘ ;
[="
;}4 -0.5 time
I a) /£ = 0.9 b) f/f = 1.00 ¢)f/f = 1.03 d) f/f = 1.03
v full-size tank jl Ltwo—half tank—l
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HPIARE ANy — 2 iCKHE)

—572—



FAWBIEMTEZREDHNELZL-TVWEDEEZONE, H5WBIBAKE. TLIMBD S ve—iz
HBREMNTHZERB-TVERHFTRAL, BHBEREVWSIILETHSL I,

BOBROFMII>WTRODINEEADBE-> TV S, flicd. ZHIRH T coEZREHRT. = v
Frv7 (Aly) KHicd2@F. ARERS A VRY V758 (2 EMBEER) oBa0oEREED
BB BBEOEF VB EMBAT REEARIBEABE-THBY., SREISKRBEIE, TLDORGPTESL
DRRIFFICIFRA B X I LTV E W,

I EFEKRFHEFEECRERRPELE VAL ESE L, £, BUEEBHERE (EKD) ( £FK
EDh#R (BRI kbWwansarvy it &F Lk, REARBIIEKBERENARRAICBVT
TR-1ebDTHY, TOE, BHBERE. EEFHAMRBMESOFLRPDEVLLZ W, Tl
B# W LET, £, ARRIHEFREBESBRHE (1) | ROUVEEREEH GE/KER toHfE
MEOHPE —-WZ I CITHEbNbDOTHZ & EMHFELET,

i, RXBEERELOERRIA VY F2VWAKEE L, BREEOHCOEB VAL ETS

BE XM

1) BHBE  BAOBEERA LS v —, HABMFEAROUERES [ ikMEiRE O Xl & RE
DR . 113-127, 1988%E7 H

2) Modi, V.J. and F. Welt :Vibration Control using Nutation Damper, Proc. Int. Conf. on Flow
Induced Vibration, Bowness-on-Windemere, England, 1987, pp369-376

3) {EBE#H : Tuned Sloshing Damper, HAB LS., 325, WHFI6245 A, ppb7-68

4) EH. LH. F#: MESRREKES v —0RF. BARIFRE. 325, 6255 H . ppbs-
66

5) B fb: xwy vV ERALAHREEORK (£0 1, T02, TD3) . HAREFRFWH
THEERESE . FRAN62E10H « pp867-872 (£ D4~Zd7) MRFE3HEI0H . pp. 565-570

6 ) Chaiseri, P.(1987) :Damper for Tower-like Structure Utilizing Liquid Motion as Energy
Dissipator, Master Thesis, Dept. of Civil Engg. Univ. of Tokyo. Japan

7 ) Tamura, Y. and Fujii, K. et. al. (1988) :Wind-Induced Vibration of Tall Towers and
Practical Applications of Tuned Sloshing Damper, Proc Symposium, Workshop on
Serviceability of Buildings, Canada, pp228-241

8) #EM » EA « 33 : Tuned Liquid Damper (EHE 5 v/ x—) OHRVIRICoVT, FAEEAF &L
FEAE . 1-PS515, 30-31, 1988

9) EIVYER : BEEERE (2) . WM T AL vy RO Y ARNE. BAERES. 1969F7 A,
pp. 156-179.

10) Sayar, B. and Baumgarten J. R.: Linear and Nolinear Analysis of Fluid Slosh Damper, AlAA
J., 20, 11, 1982, pp.1534-1538.

11) Bauer, H. F.: Oscillations of Immiscible Liquids in a Retangular Container : A New Damper
for Excited Structures, J of Sound and Vibration, 93(1), pp.117-133, 1984.

12) MBR—ZD  ANREESHZHA L 2R M 2 ZROTIR. HRERF2HmLE. No, 160,
1986 pp. 424-432

13) 7o & ZFujino, Y. i :Parametric studies on tuned liquid damper(TLD) using circular
containers by free-oscillation experiments, T ARZELIHXE. No. 398, 1988-10.

—573—



14)

15)

16)

1

18)

19)

20)

0

22)

23)

24)

25)

26)

Chester, W. fi: Rosant Oscillations of Water Waves, Part I and Part I, Proc. Roy. Soc.of

London, 308, 5-22, 23-30,1968

ANEes, #HEEE  ORKERN2 BREcBT 2ABEIC>VWT, EARFESHIBESRE. No. 219,

pp. 45-53, 1973%11H

RAESR. . E—E : GRIFENTERE CHET2HE. LAESHIMESE. Yo. 232, pp. 37-47

19744128

KM, ENEE  BKEEREGHALALR ey v v 7 OEBFEEE FE1H) . HABHYSHX

£ (c) 53, 486, HRFO62-2, 357-363 (& WML\ JSME International Jour, 30, 263, 1987, 806-

813)

M E @ Simulation of nonlinear waves in rectangular tuned liquid damper(TLD), HAZ ARIZ

HHETHRK, 1-86, 198849 A

Sun, L.M., Fujino, Y., Pacheco, M.B. and [sobe, M.:Nonlinear waves and dynamic pressures

in rectangular tuned liquid damper(TLD) - simulation and experimental verification -, £XK

FLHXE (HEd)

Jonsson :Wave boundary layer and friction factors, Proc 10th CCE, ASCE, 127-148, 1966.

Vandorn, W. G. (1966) :Boundary dissipation of oscillatory waves, Journal of Fluid

Mechanics, Vol. 24, part 4, pp769-779

Miles, J.W. :Surface wave damping in closed basins, Proc.Roy.Soc. London, A297, 459-475,

1967

Miles, J.W. :Resonantly forced nonlinear gravity waves in a shallow rectangular tank, Wave

Motion, No.7, 291-297, 1985.

Lamb, H.: Hydrodynamics, Cambridge Univ. Press (FBER (&F. #4&) . €D 3. pp. 182-183.

W EE)

Lepelletier, T.G. and Raichlen, F. :Nonlinear oscillations in rectangular tanks, Journal

of Engineering Mechanics, vol.114, No.1, ASCE, 1-23, 1988

Chaiseri, P., Fujino, Y., Pacheco, B.M. and Sun L-M. : Interaction of Tured Liquid Damper(T

LD) and structure - theory and experimental verification. T ARFZMXE (BT
(198810 A 12EHZ D)

—574—



