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Application of Tuned Mass Damper for Bridge Vibration Suppression
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Abstract

This project studies applying a tuned mass damper to
reduce the vibration of the bridge under the scope of allowing
the bridge to vibrate freely without external forces involved. This
project aims to study the efficiency of using the tuned mass
damper before and after installing the tuned mass damper. This

project analyzes a model of a bridge that exists in Bangkok. The

bridge is over the Bang Kapi intersection (Lat Phrao - Seri Thai)
and is under construction along with the construction of the
runway of the MRT Yellow Line. This project analyzes the
vibrational behavior of the bridge in various forms and explains
the theory and principles of applying various parameters to
design the tuned mass damper, including auditing procedures
for the general public to access and understand easily. The
study's results with the model of the example bridge show the
efficiency of the tuned mass damper designed with a mass ratio
of 0.022 and a mass ratio in the model of 0.018, which can
significantly reduce the actual vibration of the bridge. The flicker
is 40% in the case of free vertical oscillation, and the efficiency
of displacement reduction is 8 5% in the case of vertical

resonance.
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Fy sin(wt)

’—) xs(t)
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meXs(t) + cq[Xs(t) — Xq (O] + kalxs(t) — x4 (O] +
ksxs(t) = Fysin (wt) 1)

Maiq(t) + cq[xq(t) — %,(0)] + kglxq(t) — x,(£)] =0
(2)

dlerhausly
m, Ao WaveIlATIa31anan (Main structure mass)
mg Ao 1aUDIIaNLINUTUAT (TMD mass)
¢ Ao ANunUNYedlATIasavan (Main structure damping)
Cq AD AMUMNBIIANIIUSUAT (TMD damping)
ks fo afniuauadlasaasiamdn (Main structure stiffness)
ky #o afviiuavosuianiasuiual (TMD stiffness)
ws = [k /my fie pnudsssurfvediasasiaman
(Natural frequency of main system)
wg = Jka/my fo arudsssurfvesnaviosusue

(Natural frequency of TMD)

i= V-1 fo Fwultou (Complex number)

C a Y] ' ' £y Y]

{; = —— o dnndunsnunvedlasadanan
2Mmswg

(Damping ratio of main system)
C & o ' ' ' PV
{q = —2%— fe dhndwnsmiswosnanhsiua
2mgwqg
(Damping ratio of TMD)

mq
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U= fin dnTduTesnanUTUATLAZIIATY

TAseasandn (Mass ratio)
wq

a=—
Ws

(Frequency or tuning ratio)
w

F=
(Forcing frequency ratio)
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X =—
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(Static displacement of structure)



Wauns (1) way (2) idngluazuiaunisnuadaemans agle
NARBUALBIYBINITUTAGIaad 1T udnard1unuulinu e
(Normalized response) %3 AduUszavsUUTeRana WD ITNg
warans (Dynamic magnification factor: DMF) Ferrilavuansds
FIUIUYIIVINITVT LT INaAI@R3 LA 8 U UN15UT LT 9a i AV

Taseasrauazanantasusuan 1

DME, = |25 =
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[ (@?-82)"+(28aaB)? ] 3
[(@?—B?)(1-p?)-pa?B21+(2qap(1-BZ—up2))?
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Xst
1/2

[ (@®)?+(28qaB)? ]
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msjc.s(t) + Csxs(t) + Ca [J'CS(t) - xd (t)]
+hglxs(t) — xg(0)] + ksxs(t) = Fysin (wt) (5)

ma¥q(t) + ca[%q(€) = X:(O)] + kq[xa(t) — x5(8)] = 0
(6)
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Xa

st
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CSiBridge Design
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1avealATIEssEL I URTanINsaInaillalaennse Joint
Reaction N8asyuinganmassuasaenIuluIntu agla
mg = 1089.361 kN

WainluduvesnanulaUsuatazldimn

mg = 20 kN
thawmenilufuaummsfime Simnzauss
my 20
M= . ~ 1089361 _ 00184
1 1
®ort =T~ 1400184 07820
3un 3x0.0184

= 0.0823

Zd,opt = 8(1+ ) = 8(1+ 0.0184)
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Usum?

33.1 nsdnrsaulnsuudase
nseraesaznulififianisdusuudase tnenislduse Point Load
u1A 500 kN Tufi ANt Gravity 7 61Uy 9 anansasniy uag
Anualiuseiladnlutunseyindeasnudunaid s 0-1 Juadi
usn antueusteenviuiindrUdesliduuuudassauninlasaine
azwiuaengadu vonanduldihnsinualisnsaiunumiag
Yosazwudlavingy 0.016

a¢l#n319 Time-History Function adlasadeazniuaniield
WisuiflsufusswinansdlieunasndnisingananiasSuen

33.2 nvdnisauioe

n15s1aesdznuliiAnn1sdunes Tnenislduss Point Load
yu1n 500 kN TufiAnia Gravity 7 siuvU A sna19asniy way
AunldusefinssviAuasmuduiianuaaseiuausssurives
Taseateaenny Fawidv 0.341 3undl uarliaenududonuds
TWides 9 1unan 30 seu wenarntuldimsimunlisnsidiu
AUVUILAN T EENIUEAYINAY 0.016
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Oil Damper

Upper Frame

(Moving Frame) Moving Mass

(2ton)

Temporary Fixing Jig

Spring

Rotational Bearing (Hinge)

Base Frame

U 14 dudsznauvesiamiiuiuaavihluinnwsedmiy

Avnudnuuwenu1ensl

waninlTuadmTuasnutuwenuanUasldnamiiaiu
Awiineuiiy (Cantilever type TMD) Slvwaiiuiiildluniseenuuy
Laiifiu 5.670 m3awns wazadliiu 1.400 was vilildvwinves
guUnsalfimunTIa 1.129 lwAsAIueT? 1.834 Luas wazAI NG
0.734 Aadud3unns 1.520 gnuradiuns Weswasen1stdnuniu
TormuniunmatRarUssavsnmussgunsaiiumunsdulin

o
o

Yniln 2

Sa

Tnendnmsviauegldinaniaadeusi (Moving Mass) il
Fu mun13197 16 FermunsunuautAuazUssansamuag
guUnsaldumunsdulm udSaRndeuunuiauL (Upper Frame)
gassruvfiaunsandeuiitu-aduunisls adrefunisdunduly-
nauNvesgney Pendulum laserduauseinuau 4 dududaimun
Frsvesnuiiual vesszuunusEazedaTiiuidnaanares
snaviaaageavsu (Hinge) Taufisiinszuandantasaintiiu (Ol
Damper) Aianunsauuanunialdriunisusuruiavess (Orfice)
melunszuen MlAldAAuvLsivangas (Optimal Damping)

Weaanendsnulaziivissuunduididannvaunailiainnisdu

A15197 1 JormuaniunnautRuazUssdniamvesgunal

Frumunisduln

Specified Volume Unit
Moving Mass Per 2,000 (£10%) kg
Unit
TMD Volume <15 m’
Maximum Stroke +50 mm
Motion Direction Vertical
Required Tuning 1.00f,x£15% f,=2.60 Hz

Frequency Ratio 1% bridge frequency

Required >0.05 ratio by free vibration
Additional Damping test

(1" Modal damping

ratio)

Warranty Period 5 years
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