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1.l ntroducti on

1.1. Research Background

Dampiimgssoci attlreal ewidrhgy di ssi pat.i olnt oifs a
represented by a calmeedda mphhédrgs s ameasumwme f
critical 1lljcha nsptirnugc.t ur al engi neaermasreg ffioel ds .
aedynamic and ager bevieahgtecilce aanmablleyystiioss § @ n

el ement modeld dWp@amicgFRRaogalrywuscdsu.rleasshgsuch a:
Span -scuapbploer t etdh abtre drgelsati vely more fl exib
structur al dampi ng ceasppaecaiirtaylt lieyalmpiamgonabf
vi br asteromiadeabi | i ty.

Current code pract.ceed ismr Koremalsudgmpt 8
wel ded st agbdchAbbes(pPpebld)maecr obrdiidhggeds o Co mme
on Highway Br i dge Heeved genr ¢ @ qudeeraphi pnogt be
predicted before desi,gntdlamay clenplitadhwes ro nt fod n

initialdl wadusesmespeci fied in code

TablleSuggesst eddammilragsi awur r prnac t[i2cje s

Structur a

Structural Ty Damping Rat

We |l d e ¢ 0. 4
St e Hi gh
Cablgp,idresista 0.5
st aye€
susperit Ordinar 0.8
bridg :
Composite 0.6
Concrete | 0. 8
Indepe St eel 0. 2
pyl or Concrete 0.5
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This issue is highligbtedxbynde¥ledt vobcat
in mul tisplpopocabkbde brtildgtescawns ekdorwermdesi rabl
exceeding serVvinc daabeitl b@tesyeo hodfmidti srv.dva s Br i dge,
di scow&r end et 3tjaht one acfwvbdb&Ba wmadjeosri r abl e
vi br avtaiso ddmawepri nd Or. 209i%adver ti cahamdda) ti al
assudnesli gn Sivmiclaseesr e obsexamilmad td he Yi Sur
Shin pb4[j5lge CheonwhaeirBer wdhge concl uded that |
captayciwmase of t hteh&iamgie s e ddnihleistey riexcewmd eve
undertsliceoriemportance odf tdearmpd mrgs tersudtmaan omf
outlined in many previous |l iteratures.
The simplest approach t of isternudtfwriensg itshet
cont rdoylnlaendi ¢ testing. This is generally r
analysis (EMA),priopewhtiiegchsstdymamuce ( modal
shapes and damping ratios) axei taatdindan f i e
resploéMthe.l e EMA can be madddisltyr uaxpgplriesd ttha
controlled environmedtag,gei tciivd | q wintgd nae eah i

such asThesteErgesctures marssi vargea eguondring s

equi pment such as meedaaidulnanl s efalirt dres moh &t
bri dgseusbg¢atroet a mul ti tude of uncontroll abl e
and treafdércing a controlled Cexpegumant y n

recent studies have focused on operational

©
—
o

perties are i deOMAmAked ftUsemobutmbi ennl
sources such as wind and traffic that a
condi tadnswsancd vil engineer sduroi ngempaerfayt idc
of struorhesypeosns e data such asaaecekbquatidn
Wi tmtor e avaibludlnit Imotnyi tofri ng eoperamselhdat bri
data can ime cwsng uncti on with OMA to perfo
reflects environment al conditions.
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However, there are major challenges in a
Because OMA is a type of sypdseed iadmredtt fug
hihd y sensitive to paramekerl am@i eetsipoms eNo
al so asi mocwiwediates one of the fundament al
Vai abi dampi todcerlefat es di ftHercaul t s eqnosisnangl e
establ ipshnegd noeacrmiatn i islsm aveinidt hat d amamiyng vari
environment &All | c ®d @ dttleemes s O@® d coOntri but e
uncertainties of dampbaged ad ampi mog de grtaikme

di fficult process.

1.2.Li t eraudruv ey

I n order to identify environmentfal] effect
used-tleomg moni tori ng dyaetaar cipoel sl teocdhaetde onvoed a l:
frequenci es of Maoceh8paelt.feo rbnreidd geeut omat ed
i denti fi enmetainsn cwiutshh ekr i ng and other cl assi
of data collected from the structural hee

cabslteayed Bridge and anabkared dv airhnea teondvai lssr o n m

frequélowvied®r, botdnlisyt udd ceasl, frequenci es, n
were identif-itedmfdamat he | ong

Asadol | alh@ler aodmeid statistical an-alysis o
term data collected by ®ewairrplkesodsamsolr x|

the effects of temperatur e anidncdxucdiitnagt i o
dapni ng .Zlamg@sYi[lla@An set asls.essed the effects
conditions on modal proped-tomgmn Mpaoamt drit ra
system. For bothvestaoadmensnt abwetvkd@mtrgewer e
uncer tiani retsitesmat ed damping ratios.

To ncrease mdamps nme st o m&EKtiimp repprad ce sne d
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parametric studies on a time domain OMA :
damping rati-esayfeodd bar i dagkel efr om 4 days 0
measur emBot osahaek [dr@¢g pBlirlekbkard ng Points to
the ClustefORElL G&) uyg p abraesfe dd ecnl suistty¢ mi ng al g
aut omati chhdtlay an disrtemo¥ e o & prodshwlKssmp @lt e | |
[18ppl i ed displ acteomemmeta sruerceod rsieroueahteitrcard t @ ah

t hasithlyge reconstru@thgdsi dabbhigepgrssey
component s-i hdaome t r a&riabnrhaatni ceends boifde mpy/i n g

esti.mates

1.3.Rese®&rcolpe and Gener al Layout

Thids sses eak s opnroopfdsrestan aut omated damping
t hat requires minimum user intervention a
by applpiragodeck Ipoiwgrempser atbatoodbalaf ne

monitoring woy sctagmipse rotfgidt baicmget ouct stati s

model s of daanap stelsesraftfiost s of environment ¢

131 Target Structures

Jindo (Brhiedgki rstaddn&or @&ki Bgeldge were sel
structures for dampeisngarees tliontaattieodn .a tB otthhe b
t he Korean peninsul a, i n tdhoe) .SoTuhtehi rJ egod n es

characteristimalbd&2are outl i ned in



Talbe2 Gener al characteristics of target st

Bridg Jindo Brid Sor ok Bridg
Struc Setlafnchored s
Type Cab-beayed bi bridge
Mai n
Lengt 344 m 250 m
Deck 1 St eedx gird St ekedx gird
Pyl on St eel pylo Di amond conci
Monoabl e, Pre
Cabl e Locked Coi l F Parallel Wire
cabl e

Figdtle Target structures (a) Jindo Brid

Monitoring systems built into the target
I nfrastructure Saf et yt eCrom pataa i wenr g KdiSrTeEcO
from tkkrvers of the monitfordKm@ETEZLst &ms w
overview of the available sensors and dai
structur esTaibil3eo Ftolri rBeod oikn Bri dge, only two
mi dspan were utilized as the accel eromet e

faulty data or did not match the modal fr



Tabl3e Avail able sensors and data character

Bridg Jindo Brid Sorok Brid
AccelerTotal:_2 (2 4 Tot_a(z:at4 1/ 4
mai n span poi nts osfpatnh
lpropel |l er
Anemom 1 ultrasonic 1 propeller |
Acauir d 201801 O00: 0 201627 17:0
g 200881 23: 0 20095 11: 0
Sampl i
Frequd 100 Hz 100 Hz
100-omi nut e sed¢d 100omi nut e seg
bata F TXT files TXT files

1.32. Gener al Layout

Chapter 2 describes in detail the.propose
Thr e shhacsled fault i solation and di spl ace me
preprocessing the meAsner € d mald gne iOBMAR e 0 n d e
for damping paedt pratigse aseawibtrimed-bdeadi ty
clustering€hd mtoeersudh ap pf r @imhpér cppsedess

are di,panutsisicmlé laaltyon to envFi oahbwti amalg cond

rati os ar esteatail uthisealr amgdesent ed for each



2. Aut omated Damping Esti mat

21.Preprocessing

Befdampi ng easattimmant imera,sur enmasnt bey Prems ocC e ¢
beforehand in orderSutch ifaal &tpe epdrvieggus f a

can |l ead to failure oérdampong estsumasi on

211 Thr eshadr@dlsbl ati on

Var itoyupsefsa uol ftesv ietxd slty i n dne @ e g ufemdem g
temmnitor i nSu cshy sftaeunist.s i ncl ude mi ssing val
noi se. While missing values, bias and dri
fremmpgaieas pee.tggherc k(i ng for not a number (N
domain datamsess&amtdoet i mean squameéesERMEhnoal
be so eadirloyn icuoclsatEexcdampbpecbfohauvelrtmrs f oun

data areFigakreded i n
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Thus, maxi mum cor r<il rmmé @snuerpea etse mt (| M@F )t ,y a
ofsignals in the afppeégqeendyrdadmaiM@GF iiosn of
defined i21), Equati on

D6 M GMcdeid tpmm 2.1)

whemeis the power spectral i,Gensi t yweofnathe x
of pairwise cofoel at l,oomd aM@FRiiiss i temd smax i mu
of the resmwdvesxed udiiamgi xt sThdiisggoinfala teh as
possemrstasli@ael MCF wiallhupdjysst mi | arity compar ¢
chaninel she fr egAuneontchyerdonoaint t o consi der

possesses an MCF valggtehsdhsee xcah@atmimyed 1 G @G%, [
of noise identical to anot hFMICFRahaemsel com
l ohgrm data obtai nedwefrreo mc athatrdigl eshta emditarl U oyt U
i nsedtctwas assessed that d&8t%siendtiheoeattdd MCI
presenof alhrmommdlse.x aSwpclhe ains Fhg@RaBRpel ow i n
empl oying MEF Mt dfad@hgy data can be isol at
intervdntompuawdriiosnadd himdedvoul d ot her wi se

wastadkfercti ve dat a.




































































































































