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A new type bi-directional damper using a tuned liquid column damper(TLCD) and a tuned sloshing
damper(TSD) is introduced in this study. Two dampers are usually needed to reduce wind-induced

responses of tall buildings since they are along and across wind ones. The proposed damper has the

advantage of controlling both responses with one damper. One of objectives of this study is to derive
analytical dynamics to investigate coupled effects due to TLCD and TSD. Another objective is to address
the effect of coupled control force due to TLCD and TSD on the dynamic characteristic of the damper

based on analytical dynamics.

Shaking table test is undertaken to experimentally grasp dynamic

characteristics of the damper under white noise excitation. Its dynamic characteristic is expressed by the
transfer function from the shaking table acceleration to the control force generated from the damper.

Finally, its design parameters are identified based on the coupled dynamics, which include the mass ratio
of horizontal liquid column to total liquid for a TLCD, the participation factor of the fundamental liquid

sloshing for a TSD and damping ratio for both cases.

S9?. & weort: TMDOlY) A TAS

.M 2 Ak 2y AAeh Fxell o] ofEgol it

_ ) ‘ _ TMD thal HAe] ETA(sloshing)S ]85 TSDE

Fores U ATASE FHEH TN UL g e pa7]2 Aok oplstos mE

Z=glrd 5 zo 3} 2= ) :
o7 ﬁo?j“—:]' - P ﬁ_o = i}_E% T A ez WEe o) waly] WEe] o]y Zo| Aotet
Gk WLt A WA A VI AT oy gapun w2t Susta fA8et §
= Z}3F 2= ol o 5F = S = 37 —

A F Qe @ ol AANE TR g gajze) 24 wgehs 4ol stk

Bol g ety shte] #AA7I7F U 719 NHE o]gdt 712]7]9] AT plEE uia

odes sitpd =& Flolth 011‘373‘%01 "_FMD 7H2700] Tk ot mAY Lo Zxy mw

(tuned mass dampen)$} TLCDE o1& SUF & Syae) amnlst e TLCDS) 23E A5l

AN Al s A8 AR ASE AT a5y age A4 Feaduse 542 o5

o o OYH}GE 7}A 71 = =7]E. 0o o] *

T WAAR: A dEgEa A8 A=Fea) ?EL'};]OL% 7:736‘0 #H71= ﬂoﬁi%}yﬁj ;:

5 , o =1 gy = = = 3] =
E-mail : kwmin@dankook.ac.kr e ozi 77t TLCDS} TSD2 7k 31wl
Tel : (031)8005-3734, Fax : (031)8005-3755 A 542 TLCDSF TSDY #Aso] ofE9A A= A

X

—

850/824 2

EZs3=2%/4 19 d A 8 &, 2009



, 200941/851

z

PHEFIT oy 8 B S o ® oo AN R R E N D
&R0 AR gy Ay R R o B W o b N
N 1rv_ = ‘I‘UI_,AJIL
= o EK N o T,xﬁTuA] — Uo
k) = = — = cél T o o) X
H O — S K -~ ~ » 2
Ll R ° > W 2o AR O
e Gy R s X xm Hx . RPT Tag
ATUF ~ R d|71r IS
R B = _m i dnd} o op NV
= A_ldﬂ o JJ iy S =0 o o i ™
= B A < Ak o S T = = Ar - ! 9 o
3 0 Q0 A N N LT T 2% F
tdﬂEL.ﬂﬁw i) i N cho Muwﬁu%l(
o SEETTE T = o omEg e LT g
° NN N ™ e D I TR W =T
z W%ﬁa§m do S mwgmnﬁmwMgE
—_— —_— 7 ~ — N- 7 .
f ° A Jd o R R SN A
x] WM m NI W o W Wh e M_MJ ap < Mo ﬁmw mu ! ° oy
_ L, % —
f FEEIZE 3§ FiEscasiTEz
el | I ERN G = —l & mo W TGS
N3 T T = Wy W T
N | I S R + I 5 S M
1o° o = ‘Dl B ﬂ_1ﬂ o~ = < o JI OME — CW 1%,_.4 o (v\w Og
o M,ﬂlamﬂ]QD I EW = 29 o % & NS o
S = Te S - S F IR ERE S gl
af| L uhwmTE S xm mt?ﬂo#ﬂﬁaw.uoﬁﬁao%
S | T B O MR T gE ol T
o
of .
mll K A ® W[ TE Ny M Yo = a P R
= .%ﬂwn%%aoﬂu mMﬁiprmM T R . - e =
—~ - ofi sy = 2 =
% mhﬁ%ﬂ&ﬂmmmx Mm o S 7Eo.nmm = 7
o ; . — — =
A fzzaclies B Flepc uEj .5z
S|KRRY o T E TS W T e B s oF = 3 A
Y | I A — P E A = § 3 O
a oy wp B o~ 2 go OH e I = < I |
m Cx_ ﬂv.o o :.L N "o ol Lt — w:.o ,_U“H o . B ol 17rE =4 nwf Il B~
o FeeEFpw v WS, T e g SHEN o
Al vse "X mErr & =g swmg < g &=
QU T o Lo T HoemBT & TouxTm XHT S LS g3
B o = A =7 |_ 0 N i L) < =
Nl oo K afp r oo o A -~ = -
o XX T = X N Jo A ns i) M = X3 -
XC w5 o = to - pa) ™ T Q) I + = = i
T oo WX M o L.wmew EZT o % LS
UHU:WE —~ N _;rl S n L
T A B ZﬁOw@l — =) .ZJO#D T RS
]ELNIQ‘LNEO,HE_.ATHW 00 WﬂzToﬂaﬂmuHﬂlﬂr‘_quﬂr S — | L\E/
PRI a2 W e I TR z N
‘Llf — Jl X H_Tﬂ HI,V| ‘Ul Ry ;ﬁl L._.O N V ﬂ/l &E L.‘Mﬂ ﬂ_tw ﬂa = /AU)\ /tﬂ N
o A po =M X W o o N T 5o mo o) X . T~
T oM E o .o Bt o MEE N 3 2
1@|7uﬂu1u1 o .MEO QY] moﬂuDoEEooT_m@Emwo = 3 <
™R LN R W R 00 MZF i R oE po =
BRI T 5 F T TETB®ET W o

Fig. 2 SDOF structure-TLCD system

Fig. 1 Configuration of TLCD

/A9 A A8



Usg(t)

m, ——-mX(2)

QO

Fig. 3 Equivalent linearized TLCD system

Oi,«y == TLCDIA EHO| & olt),
252 A @l dgste Cu 2 2mosd 2 A
Fsh oot 2o,

myii (t)+2m,@. & i (t)+molu (t) =—m,X (t)

TMD9| 587443 g3ttt
TLCD9] 5431 A5l
=& deta] g8l A 6)S m,

713}.

ii (1) + 20,8 41, () + 0lu, (1) = —a X (1) %)

2
e

a=m,[m= N AAAZ v

2 8 AAMNSelt. A (7)¥ #o] TLCD

i)

1o o
oy I

= S T
o ok = 5
_O|L

_|>i
Hojo Fo % [0
fapER™

SO
&

o
=
CAY
i
=
o
e
oL
offt
¥
B
o
1o
2
— o
1 = oft
=
Q
N
N

O

A& & 5 Aok A (N9 R
A FolA w35 dgve] 34
TLCDY] 7Hlg oz Zogl

of ATrellA ket Syt 7
AsT v TSD2
A= X8l Fig. 49} o] 7E-
AZ Jebd 4 Stk A& 14
s M,, C,¢ K, AE9 1AREA,
] 2 1AREAAEE orsheE =
AE W9EA TLCDR] 854S 18she 4
9 o]yt dEl o3 W7 TLCD7F 7H19E
o8 2g3itt

[0 1
o
i

e

<

oz
&)

w
N
N
>
A
O

12
1k o
o

ol
ey
)
o
tlo

P
It

Ju
oz

—
wn
)
Lo,
B3

ol
Ol
]
2

7 K
7 —/\/\/yL Y®
o i
/ Cy M,
DL
Fig. 4 Structure-TSD system
g TH
o, = ) tanh [LMJ )
He} L= 47 9A)el Zolst TSDe| Folu).
AAe FHYor LfAXES, T At 3
@ 48 e Yehdth Chang 5& a3t o] =
7ol A, 44 L A A4S ARG
m, = fim, ®
¢, =205 m, (10)
k, = Bw}m, 11

HEE 14} R Fojd ] o]t},
1 (9~(11)% o] &3sle] AR} TSDO| A7n| ¥
$4E a3 o] 4T & dnk

B=8L,/7’H)tanh(zH /L) = Nzl Z2 0|
A
Al

7
N

MY () +CY(6)+ K, Y(t)=~[ m¥ () + Bmii(t) |

(12)

PBmjii (£)+20,& mai () + foimu (1) =—fmY (1)

(13)

2 (13)2 57k TMD® #aet 4= 9loH Fig.

ssb 2tk k9 o 27 Boym, 9} 20,8,m, o)),
2 (13)E m =2 W ool 2tk

Bii, (0)+2@,8 i, (1) + Poyu, () ==Y () (14)



TLCD¢} TSDE o|&

SN
=

prm.

-~ -fm: Y(t)

S

AN

I ez vz
Fig. 5 Equivalent linearized TSD system

3.1 AEA
AgAe] 42 Fig 6ol dERG otk Ak
FFFRA7Ie FELFOR TLCDE 7129 U
7 sdsht TSD= 71£9] TLDohR: T3
L, —0)x(H -t)xL, o] gl Fejolrt.
Uk %‘4714 *E*ﬁl A A

=91 1.23 HzE “P

k=2 : 2|
Q& W] afErrt w9 A5 M
o] FE1E %%_1—5—}71] o}‘}iﬁ}

3.2 AEAAH
Fig. 72 o] g d) 9o AA8 PIF 71407]
= dE wekow etk dud 2 EA(shear-

getsly] flste]  3Ho] Jhed XA
(rotational jig)e "ol ¢ 7S Hlel
AANZAY. 34X d= TLCD Wa) g7hwxt
ANA A471E A

2ol k2o

roh

3t A =5

-

(b) TSD control
direction

(a) TLCD control
direction

Fig. 6 Geometry of TLCD

Table 1 Dimensions of TLCD specimen
(unit : mm, kg)
t Ly Iy H [y mj m;
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Fig.7 TLCD specimen subjected to inclined exci-
tation wave
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transfer functions
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