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A STUDY ON THE EFFECTIVENESS OF T.M.D. TO
SUPPRESS A COUPLED FLUTTER OF BRIDGE DECK

AN T Rl B

By Jun NOBUTO, Yozo FUJINO and Manabu ITO

This technical note presents an analytical and experimental study on the effectiveness

of tuned mass damper (TMD) to suppress a wind-induced coupled flutter of bridge deck.

In the analysis, Theodorsen’s aerodynamic forces are assumed to act on a bridge deck
model. Parametric calculations indicate that critical velocity of the coupled flutter can

be increased appreciably by TMD. Wind tunnel test is also performed and confirmed the

effectiveness of TMD,

Keywords : TMD, coupled flutter, critical velocity, wind tunnel experiment, theory
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Fig.1 Bridge model with TMD,
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Table1 Properties of the bridge model per 1m,
mass M;  (ts?/m?) 3.96
inertia momeat 1, (tms2?/m) 878. 5
half width B {(m) 46.0

air density p (ts?/m?) 1.25%10°4

natural bending @ z{rad/s) 0.355

circular
frequency torsional ww (rad/s) 1.268
ratio of freq. wy /o 8.572
damping bending é , 0.02
(log-
dec.) torsional &y 0.02
spring bending K.1 (t/n?) 0.499

coeff. torsional Kyi (t) 1412.4

T ki 3.
%% ¥z B 3  Up=78.4 m/s(ws=0. 835 rad/s)
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Fig.2 Relations between critical wind velocity and natural
circular frequency of TMD.
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Table2 A comparison between two cases.

case-1 case~2

natural windward 0.892 (rad/s) 0.772 (rad/s)

circular freq.
of THD

leeward 0.732 (rad/s) 0.852 (rad/s)

critical wind velocity 86.65 (m/s) 79.67 (n/s)

critical circular fregq. 0.731 (rad/s) 0.788 (rad/s)

absolute phase absolute phase
value value
mode 2, 0.114 97.¢2° 0.186 45.30°
22 0.143 94.14° 0.410 -59.70°
I3 1.0 2.0° 1.0 0.0°
v 0.0021 69.74° 0.0053 21.59°
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Fig.3 Relations between critical wind velocity and the
distance of TMD from the center of bridge deck
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Table 3 Properties of the bridge model (Model-T)
(length : 1.05m).

mass My (kgs?/m?) 4.082%10°!
inertia moment 1; (kgms?/m) 1.802%10°2
half width B (m) 0.261
natural bending @ ;1 (rad/s) 9.817
circular
freq. torsional ® w1 (rad/s) 18. 41
damping bending 8 21 0.005
(log
-dec. ) torsional & 0.005
(B)522
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L () > 45.3]
(mnm)

Fig.4 Cross section of the model.
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Table 4 Properties of TMD model used in the experiment,

mass My (kgs?/n?) 9.18%10° %
non-dimen.distance X 6.67
circular freq. (rad/s) 14.173
damping {log-dec.) 0.30
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Fig.5 Relations between double amplitude and wind velocity.

T 1 D OELY i 7.
EBRIE—BRPTIT-7. 20 V-AR% Fig.5 IoR
9. Fig.5 &0 TMD »SRIRBEED LRICHL THERZ
b2 EMbrb. T, BIFEBIIAOTVWEEBELD
(0.251X 4=1.004kg) ZH VS L (Model-T), #&
% Table6 D kI ICETEZTERET- 1205, #0
BIZBNWTH Table 7 iR L5 CEEZERPES 1
TW3, COERBRICBIS TMD Z3AUC LD ZFERAL
T3, EBRCORBEEERLET 57 HICRIETENR
LFREICE KO 12 BEBRIER AT Tableb, 7
WBEOBOD— %733, Table5, 7 3EEB&ERE
BRI R ST LTVWSE I EEZRLTVS,

6. ¥ & &

APIFEE, EIGER T 5 v ¥ — oM L T I35
HotzhToiz TMD o2R %, BEMFF - RRAER
EEBLTBRELLZLDTHS. 20ER, TMD £/
Frgsrcepcang, ER7I 95 —icHULTHE
BrPRELOENSDE oI, 1, £0OBEO TMD
LT, #hif, AUNEAEHTHEL CRIRE L2 D
PEEUL, RICAFIEO LD KlcRET 2R %
ZETs201E, ARLMEVLATAO TMD Of»

HERE - BRI - R -

Table5 The results of wind tunnel tests and calculations in
Model-T .

critical wind velo.(m/s) | critical frequency (Hz)

experiment [ calculation experiment | calculation

without TMD 10.3 11.88 2.539 2,408

vith TMD 11.9 12.88 2.246 2.182

Table6 Properties of the bridge model (Model-f )
(length : 1.05m).

mass My (kgs?/m?) 3.06410°!
.inertia moment I; {(kgns?/m) 122941072
half width B (m) 0.261
natural bending ® ;4 (rad/s) 11.05
circular
freq. torsional w1 (rad/s) 20.86
damping bending S 7, 0.00%
(log
-dec.) torsional &y 0.005

Table 7 The results of wind tunnel tests and calculations in
Model-T[.

critical vind velo.(m/s) { critical frequency (Hz)

experiment f calculation experiment | calculation

without TMD 10.0 11. 84 2.71% 2.930

%ith TMD 1.2 13.67 2.720 2.930
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