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Abstrabt s study aims to accurately i dentdiefgyofpereidodrs sd

installed on shallow foundations in dynamic (ckbhD) irmeat
A series of dynamic centrifugando-thebofesedomester comnu
shall ow foundations and sandy ground. The frequenicyd:
and the |l engthened structure period.isThaectesel tsysolem
and mode shapes, are compared with those calcul ated
resspe spectrum (RRS), fast Fourier transforms (FFT)
demonstrates that FDD is effective in terms ofisbotbt
systems kasddigen teesnt dat a
Keyworacsentri fuge modelling; frequency domai-ded-Beemgdo
structur e; natur al peri odstorfugtrwme di;ntsérad d toiworf oundalt
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(National I nstitute of St an

Structures and grounds mhaes entheed ranureigquuad i mratohat

equencies (or its dinver spers omat(ulrean g tpheerrdiesds s eprei hoedo)e
sponses are amplified wigti fefamrda shey,ucaakra ktiyn gihratoon h@ @ @ ¢ @ m |
t he resonance phenomembuas, haist besencr isteirc @aluslhy acec
cogni zed by ad opunbelneormabee gopemrao 6ds of the ground and | en
served in the severe damagies mitc Meexsiicgon Gsntdy uuentaluerr s d itarantid
1985 (Vucetic and DobryTol98hv)e.st Thast e |teldet tdaycnt autmiesc

t he ground and structunmocadeldumngndaseibeminc pbpadiangy,

cluding seisenticnideasli gsettrobchtglkroensy (tkaibhe i n a e€tenda? 0f2g
20e@t. a2,BL et .2c2,Most af aehAl sama@wmar anpndagrualta ak021) .
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the ground properties agdoeaditrmhatadrkalhemmegmiidd def (tAIBECE
20evi prasad and,Choadiadghdaur dgdurn d2G62 0 abl e refl ected waves
230 ani and ,Ewamia2@d2%. Fuwit hlker moade!l ed ground and no
centrifugal acceleration are
i nstrument measur e merhti (2T0ely3m!
* Correspondinguthor,Professor Striegeral2010) . In the case
E_ma”:ywchoo@kongju_acrk acceleration of t he input mo
aph.D. Student number of degrees of freedom
bResearch Professor is more challenging to accur a
°Professor ground amea dueutdbuthe intera
components.
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For the ground period, i tTaibd ed dt Spraicndd clayi bhe oésKAh
spectrum ratio, whi ch is TtThe RP 1 Ol the 0d.0.% gr fac.
divibcyedhe RS of t he bedr oc* IIIIM elllLillg lIlUpCe_FE? CaS of
the predominanttap leddlandnpultse éj §mi ¢

en
motion but highlighting the nat!/@t4P " Beriod 8t the grour
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(a)
FigPi ctures on (a) SDOF installed on soil mo d el
Table 8 Soil Properties t feoundation of the structure
Properties Silica s and accelerometers wéadtsatt a
Speci fi'®© gr a 2.65 perform the test. Table 4 su
Maxi mum dry dofen 1.607 properties.
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X-axis - X-axis
(c) 2DOF structur (d) 3DORBCture
Figxperi ment model setups (unit: r
TablMo del Structure Properties
SDOF 2DOF 3DOF
Model Prototype Model Prototype Model Prototype
Lumped mass 0.15x0.15 x 0.15 x0.15 x 0.15x0.15 x
© o 9 0.0 9x9x0.6 0.01 9x9x0.6 0.0L 9x9x0.6
Leg 0.109 x0.15 x 0.109 x0.15 x 0.109 x0.15 x
0 o 9 0.08 6.54x9x0.18 0.0 6.54x9x0.18 0.008 6.54x9x0.18
Foundation 0.15 x0.15 x 0.15 x0.15 x 0.15 x0.15 x
© o 0 0.0 9x9x0.6 0.01 9x9x0.6 0.0L 9x9x0.6
Mass (kg) 1.480 319,652 2.352 508,084 3.227 697,032
Eﬁec“(‘lg)maw 0.7759 167,594 1.5543 335,729 2.2871 494,014
Co'unzlgfr‘:]‘;f”ess' k 430948 25,856,872 430948 25,856,872 430948 25,856,872
e e “Y=0.019 "Y=1.16
Natural period”Y (s) 0.008 0.48 ,,$: 8'832 "\g(-_oosg "Y= 0.0 "Y= 041
e e “Y=0.004 “Y=027
Natural frequency, N n "(=51.57 "(=0.86
NumericalAnalysis 123.22 2.8 éi: 17374;7 i %228 "Q=147.93 =247
"Q(Hz) : : "(=219.89 (= 3.66
Natural frequency, N N "= 45.00 "=0.75
Impact hammer test None* (§=2:166170504 g ;g% "=132.00 "=2.20
"Q(Hz) ) ) "= 199.00 "(=3.30

*Failed to perforndue to structure damage



Period identification ofshmulltoiw deogmada thyfp afimeere dcoenm t srtirfuucgteu rt
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Table 5 Free Field test (Al) PGA at bedrock

Free Field
Kobe e Northridge Northridge
Sweep Resweep SM Atrtificial MW-CIT Chuetsu SM
Event Event Event Event Event Event Event
Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA

001 0.008 004 0.001 014 0.012 022 0.012 030 0.010 037 0.017 04 0.011
002 0.011 005 0.011 015 0.013 023 0.014 031 0.0 038 0.022 050 0.021
003 0.012 006 0.014 016 0.040 024 0.032 032 0.012 039 0.046 051 0.058
017 0.064 025 0.04 033 0.022 040 0.067 052 0.076
018 0.091 026 0.128 034 0.08% 041 0.130 053 0.150
019 0.12 027 0.179 035 0.1& 042 0.1 054 0.258
020 0.2 028 0.217 036 0.256 043 0.226
021 0.228 029 0.243

Table 6 SDOF test (A2) PGA at bedrock

SDOF
Northridge e Northridge Kobe
Sweep Resweep SM Artificial MW-CIT Chuetsu SM
Event Event Event Event Event Event Event
Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA

001 0.012 004 0.014 007 0.011 014 0.0109 021 0.011 035 0.013 042 0.012
002 0.014 005 0.015 008 0.014 015 0.016 022 0.013 036 0.013 043 0.0
003 0.017 006 0.026 009 0.031 016 0.041 023 0.0%# 037 0.014 044 0.044
010 0.064 017 0.064 024 0.065 038 0.03% 045 0.077
011 0.1@ 018 0.094 025 0.093 039 0.107 046 0.137
012 0.146 019 0.130 026 0.115 040 0.181 047 0.198
013 0.244 020 0.229 027 0.1%A 041 0.228 048 0.179

028 0.207 049 0.186
029 0.243 050 0.218
051 0.2

North$Mdgart hquake (Statiod7 S$anda MWHiydan? @A®29395 Ti me

K o bSeM earthquake (Station:and MAe skhmones)e, s m&Fd Bf u ms aare pl
seismic waves, 1994 Northridhoe ¢éarthqgfuticddad (vegatsaufmbenevi tCH
Seis Sta), and 2007 Chuet (Al ar tifqtueark er 4 Bpian g oru:p Itioz ut
|l mokawa) . The inpetd motoimorRdc ek Sroddigi, 6 wh movf | GWde sweep a
Hz to comply with the all oowadabloe sf rwearned netxiicei rt feidg e t-Sdvk a it tht
inflight shaking tSaw!laend-akuwhset hiencMememrntiaddeg el evagtied of r
SM were matched to the tar@QefgS5specelr unisaeecoTablngg 69 . KDAS
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Table2 2DOF test (A13) PGA at bedrock

2DOF
Northridge Kobe s Northridge
Sweep Resweep SM SM Atrtificial MW-CIT Chuetsu
Event Event Event Event Event Event Event
Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA

001 0.012 003 0.011 006 0.011 013 0.013 021 0.011 029 0.011 037 0.015
002 0.015 004 0.012 007 0.018 014 0.015 022 0.016 030 0.012 038 0.05
005 0.023 008 0.045 015 0.041 023 0.038 031 0.014 039 0.043

009 0.0 016 0.065 024 0.071 032 0.0297 040 0.077

010 0.122 017 0.1 025 0.1 033 0.089 041 0.122

011 0.207 018 0.107 026 0.218 034 0.129 042 0.191

012 0.247 019 0.136 027 0.221 035 0.215 043 0.203

020 0.278 028 0.2 036 0.281 044 0.212

045 0.273
Table3 3DOF test (A14) PGA at bedrock
3DOF
Northridge Kobe e Northridge
Sweep Resweep SM SM Atrtificial MW-CIT Chuetsu
Event Event Event Event Event Event Event
Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA Number PGA

001 0.014 003 0.014 005 0.012 011 0.013 018 0.012 025 0.012 033 0.017
002 0.020 004 0.017 006 0.014 012 0.015 019 0.016 026 0.014 034 0.0%
007 0.032 013 0.039 020 0.036 027 0.015 035 0.04%

008 0.060 014 0.063 021 0.072 028 0.041 036 0.069

009 0.1®@ 015 0.104 022 0.128 029 0.113 037 0.125

010 0.208 016 0.110 023 0.187 030 0.180 038 0.201

017 0.208 024 0.251 031 0.220 039 0.1%

032 0.27 040 0.1%

041  0.217
TabdTest I nformation
Test ID Structure Condition Relative Density Description
Al-1 N/A 77.10 Free field
Al-2 SDOF 78.23 SDOF Shallow foundation
Al1-3 2DOF 79.96 2DOF Shallow foundation
Al-4 3DOF 80.45 3DOF Shallow foundation

Nort hClidgeChudlbst hINadgart h@ualRes udtlitssc uasnsdi o n

records foll owed. Then, the ramping of the centrifuge
stopped after the first teszt, twxenfiini sde dt,esananbhhegsiSd
structure wags ainrds treelalcecge |ferrat ed to 60

the next test I n teexsctist awii tojn tolf @ i &8/ &4 Nig lﬂ\/]‘ﬁ$g1rdobJﬁwed mot i
thabomenti oned earthquaIQesS@vpé@terdepte@tle rle’slent the ot
Tableubiret sB8r(2BDOFAStructayrgs i Laby Ce]T7N)0andrlcu et su
and-4AY 3DOF structure, Tablpeggu,w %rh{aﬁ &@tﬁé;l dgm&?)ﬁl&
next structures replacemen n ©© &? |'S et’00| néchda lﬂltalh];
sequendea p wtf motions and E | ?k é)Ll]IIn abl e. or
acceleration (PGA) at the 8§wr8?|§1t|{/8 taa ullat s |t:|. eg b?
toD8e to repeated ramping ur?o Pa8c ebrat JR Xﬁa e i t
excitations, the model grodn fu\l&érde er{§1|ef| Oce erhomae ee[
degree. The relattlvvea&edarheea?g £l ‘eac t.es

by monitoring the surface set® | EREBnmebpoqd hEinglily nRige
during each test and the r%8mSiityye f i 8 00856 & Re dy Mol e,
Table 9, indicating densifiofdatg&amnh soi model and stru
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3D Mode Shape (Peri
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r a period band (where téiegamvtactadr eddroidveddcds telxrpewagh
e extracted CPMNDr toh$ Medagdeh (g8 M0k, wand represents the re
shows typical exampl es of ethiaodies hs rpa ptes t b e, trhied elpeedargdea k
atur al period bands from ftouendatti oactienl Ch$EDBs PFaoperegac!
ase during -StM.e FNogr.t h4i dg@augsntirtautdees, t dfe t he di spl acer
ariation in mode shape ampeasudesewit hopatioedic variat
ig.sldwmyg the FDD resul t2s, f oTrhetrheef ogrreo u ntdh e TreesltatAilve amp
vent 013)4(-Wwhd) esiFaowst he ®BED irnetseuriptrsentgepdo nd £ s & dndex t
he SDOF, 2DOF, and 22DOFEvsteturce uertss ( Thet mnal ative dis
13; T2st Evdnt 041,2; Evleerstt O0Ml0Ohr atTihken mode of each obser
ertical aexitd c@t i tlloed t-a>dns Stnr utchteu rger oourn dg, r ozu n d . 't can
overtical |l ocatiooxii)sadi caedothbetthuer egreund and the st
height of the accelerometeﬁsrbmbpddédngnp@lhleo@rohﬁdg$$
the bedrock in .Fi(gh] di ( as)h owalitithrea | Fipgesr i od (or the fun
vertical |l ocation of the ®measemygmometlierts vattaampHed ude
mass of the structure fromspleei dccebPeromdt émwhachatbeexp
founmati The hori zeaxtiasl), axiffshi edx s def i neudenacsy tahmed ni ast ucl

oo <

<O~"MM<OSA~—=0O

I
'
y
0
&

"Accelerometer -agray LodataoeRRSkhed ratio of fast Fo
horizont al di stance of thei aeeo®eomdomr ofar CRPpDf aAOMH M
centerline of the ground mpdetltedviih FodgitiSve Ivml Geg. i
south direction and hnaeadateici@xowau n esi nignultane viad ute i s 0. °
alonagxis. |In Fig. 4 and theéheFnD dfend deed i hbéekedwatthbat
mar kers represent the modé&( &)h.apkt dmplsi ttddes bhe esaucrhf a
accelerometer. Based on tidhaperofohhel gnagred sahxoives tai tr
"Relative Amplitude", soutphewarogd . mé i @rddi i ode, f | GRSID od
positive, andomoi shwearfd nendt o) .5 evfpa tcihv eagrfe tthhee gpreoruinodd (
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