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Seismic Performance Evaluation of RC Bridge Piers using Capacity

Spectrum and Energy Analysis
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Abstracts
This research aims at evaluating the seismic performance of the R/C bridge piers, which
were seismically designed in accordance with the seismic provision of limited ductile
behavior of Eurocode 8. Pseudo dynamic test for six{6) circular RC bridge piers has been
carried out so as to investigate their seismic performance subjected to expected
artificial earthquake motions, The objective of this experimental study is to investigate
the hysteretic behavior of reinforced concrete bridge piers. Important test parameters are
confinement steel ratio, input ground motion, etc. The seismic behavior of circular
concrete piers under artificial ground motions has been evaluated through displacement
ductility, energy analysis, capacity spectrum, It can be concluded that RC bridge piers
designed in the seismic code of limited ductile behavior of Eurocode 8 have been
determined to show good seismic performance even under expected artificial earthquakes in

moderate seismicity region,
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AU E ZA A4t Hart e 2Rl AL dAMEolet & 5+ dov F
2 & sl & of n|ZFAHolzt AtRHT} W}EV‘] &«
2dZ o] 19929 E2AEFAYA WIEAAFZ =AU dAFF A atel
AAY 32}, Eurocode 8(Parts2)] ¥tAH A A% (Limited Ductile Behavior)el mwhe} AR =
7zt 4 YU IEFAYA AT wel AAE 27E A ZASt FAs A 23
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2. RCaZ}A A

2.1 gAY

F 622 AU thsted YAAATEY Loading Pattern, WHHA A& fFol HE 448
T8 WUPAIVS VYIS St FASAAYS FUson B 1S APAY U Ay
ABg el 7 gtk HYPAL sgmel YRIFUol thel AP HEH 43.01tonf
AgA AT EAEL BEYFLE Ukefom’E HAEAAS BmmBAel duldg A18sis
on MTE SDM0L AMESISIT JISEAS EAE YBRYEE o BlhglomlolUrh. B2 e

¥ 1 AYEAH ¥ 2 HAEA
Loading Pattern Circular Solid Section
Ground Designation 3+ 2
Motion PGA Prototype | H[UiF | A AY 1= |
0.154g NS-LP1 ZouskE| 40eD19 326D10 |  32aD10 32@D10
LP1 0.220g o
. ) =1
(KHC 0.300g | ML-LPI BrvE= D6 b6 o6 D6
ol@=x]zlz})| 0.400g ‘—SIT 42 hinge - 4 hinge | 44 hinge
0.500g - sk | s=10.5 cm 125 ©s35.5cm | : =3.0 cm
s=lZ,
Lp2 0. 154g NS-LP2 22 747 (u] 44 hinge on H] 4/ hinge| ] 44 hinge
(Kaihikus?l| 0.220g —ML——LP—Z— ¢ s=15.5 cm i s=4,5cm | ' s=4.5 cn
Fx W} ‘ 0.260g sir2 23 Hinge| 170 cn - 50cm 28.5co
ENFY 2 /%ol | 170cn/640cm 188. 2cm/50cm

[Notation] S : Conventional Non-Seismic Code Design ML : Limited Ductile Behavior Design of Eurocode 8

S : Current Seismic Code Design LPl1 : Loading Pattern 1 LP2 : Loading Pattern
KS D 35040 2]%F SD40Q! D109] A&HZE FHIOE, wWHIL D62 A1&3tdem KS B 0820
of whe} ztzhe] 378e] Almol iyt AFAUEE AAFA zz BIFYEZLE 4,700kef om’ 2
4,400kgf/cm*®) 3k& BHAtTh

2.2 RCZPE A

B AR 7% dAle X WiET 2YLE AAY +U4] EAE 173,454
2dE 3t z} AHAE dASATE v dAE 19929 S22 EEAYN WAEARAY =4
olde Aol uwel HcoiB ol iyt AFFez uUIMHAE stHem, EFurocode
8(Part2)] TRALAFA wet A (1)3} o] Folxlx JYFHIFF P s BF A
AAE stk 2eln RUESIIEEAYN WAAAFE oot WALAE stgon, Y iy
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el stzdm g zh AEAY HASFEL E 2o HojFa glrh

wwd.ﬁ‘:1-4a)wd,r W »r=

A0.17)7,—0.07 2 @ . min (1)
A7 s BUSEZA (LY HA), mwd,ci%"ﬂc}tc}ﬁ ZAFul (AT ), A AYd
A, FolEAE wHAF, o eFHAAHE, 7 FYUFHEE Uehdch. A4AS
(ductile behavior)?] 7§ Eurocde 80lA = . =13, w, min=0.128 Fo|x glon stgAGHA
Z(limited ductile)®] 7

('l['

4.=1, w,min=0.0822 ol gt}

2.3 d¥AAF

A FoflA = 3t2 % & ZxHKorea Highway Cooperation)ol A 2FAd¥t QIZA]ZIuH(KHC Artificial
Earthquake)$t AdBAGHE BEEFJ-LLoA A4 QFR| 2} (Kaihokus Artificial Earthquake)
olgotol FABAURE £AsIATE KHCAFAATE EYZ o] Yol EUZLS W E
A2 EZo| A|&4A|7H2 24Xo|rt}. PGA(Peak Ground Acceleration)i= 0.2go|m ofzje] 1
lof AFA 2P Hoj 1 ot KaihokusQFA|ATHAAA] & FH U ZAM)E E
2o 9101*1 Aot Aol sigsty &2k 24X, PGAE 0.36g0]il, 1 20 ¢1Zx|zw}
alct.
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Acceleration(gal)
Acceleration(gal}

3% 1 KHCQlE=]| M ut 3% 2 Kaihokus®l3-x] 7 a}

3. 48 43 &4

3.1 &

BN FHAlo] 2|3t SAAE 1/3.4F54 REE sto] 1992d =23 HAAYAM WAEAF
A =gjolde] AT wel dAY AL EA 28, FAUEEI AAAYA FF wel
AAE WA EA 2&, Eurocode 82 VAAGMHA TR ulet HAH HBA 2822 3 F
622 AN o] thsl Explicit Newnark¥ 22 RASALPE $8slgon, FA5Y 482
A2 yehd dubdel A st P WA $PFdo] YA, £EEE TR MY
FAFYo] gzt AF w9 oS AAHUA o] UAY FYFPo] AP eR WAt
A Hn Fd Fo| tlg AxA Hrh o]F stFo] MHHAA £44RA|FolA IEIIAZES
geto] AlZEln, mEZIeETL WEH ojFolx AW HIHHE Holtirl =&d HIo]
HolFo] HIEEHEA o|F FHTo| mitty] ol2A H& mIWINEE o FUch
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3.2 94 (Ductility)

FZEY 24HESsYY 7|2 REHE HdE5YE JIELE RCEAY UAESE HIt
g 4 vk RCzZe] WAE S HAMNE( u, = 4./4,)8 7IE2E H7isly] S1% gEHe Y 3
S 27 30 R MY o]E3U FHAUeYA A3 +H5E VE FUF 0.V
interpolationof 2|siA yEHHE ZARsArt. IFTHEE 28 394 EE ZAE strength
envelopeA}oll A strength7t 0.85 Vi, ©13t2 drop®lA] AU B3t FHEZLY IHYE
( €g4)0) 0.030] =EtsldSuls FIHEFEo] Uehts AZA7IA] ZEY HopHelE PR
Holslgm, FH2o IFTHHL( e ,)0] 0.030] =@l ot=ulE B8t strengthy}
0.85 Vo 01312 AFIEALWE 0.85 Vi, ol 3Rste MelE IJAUHE AFolstgleh $lofA
Aoyt e ol Igh el oo wel WA E( 4 ,=4,/4,)8 MR, BRI F
ZAUMo] o] tisiA 388 FASIE = we4A A4, R Factor& £A3IATE F 304
RE 24 uUAAEN L WA EE 5.143~4.065, F AL AALEAE 5,813 ~6.000,
WAAEA = 6.653~7.6162] k& viehjlch & 3o4 RHol F= ZAY R Factor ¥4 73}
U A YA = LP19] KHCQIZR] M ulof tfdf o] X R factorF w&3dl= & & 4 9lolrh

Foree ¢

The Experinced Macimum Dislacerrent £ 38998 =
Held4EE R Factor
T &
Ua=4d,/4, R=V(2x, -1

NS-LP1 5.143 3.047
ML-LP1 6.000 3.316
S-LP1 7.616 3.773
NS-LP2 4.065 2,670
ML-LP2 5.813 3.259
S-LP2 6.653 3.507
S-LP3 5.383 3.125
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3.3 Capacity Spectrum
313-19 olPIJHE o83t AFAMEF Y] Y3led RCAZAHEA Y WY& Bt
At ® $dAlo] A% UAIEF 2HE JESEEE O oy FRES NATFY 1G] 9]

[
£
o
ot

2 FREE eyt EXRPE Sp)atel ittty MG S BS JgayEGY
Mg o83l ERIEEAMA] TR ok AssUSE FAYASEo| sy wztel
A3 Eg Wristeih. ATCA00]AM A ¢t glis Capacity Spectrumey ]3] W2/d5& H7ist
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M zoltt, ATC400)lA] A8} Q1 demand spectrumi} capacity spectrum& ©|

HEHESH o EA% AE 1Y 40 B F3 9tk 23T A& 2
furdg slo] zt AEA ]2l Capacity Spectrum ¥4 Zt RE APAV} 7154
|+&E BEF3= ZoE Ueigton, olE 19929 =EE2IAYA UIAFE] =
codeo] whel AAAZLH vRIHEAE FAAA oM ol Fxo A
stk 4= glch ¥ A4 2L cfF-Eol 2737 ol Aol weEw

2 3}o] Capacity Spectrum w43 & Z3 uUiIdEAE= PR
A3ta Y FAYANLES UHA] dsten HAGHALZ W A
22 UEetyTh
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[Notation] A Curve - Demand Spectrum of Failure Prevention Level
B Curve - Demand Spectrum of Function Maintenance Level
C Curve - 2 Span Continuous Bridge D Curve - 5 Span Continuous Bridge

%! 4 Capacity Spectrum Analysis
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SDOFAl AR 2] P2 Fo] AMFE Berhd T2 EY F3HFAL A (3)3 o] FHE Zojrh
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., e JMREE, ok dapingd, o= $EE. fE 5Y¥E = AW
£

45 E Jeldcl, FZEo] ground motiondf] 2] YHAAF LS pEr)

total input energyl= £EoIUA U WYY FZEo| YAHe

= Aol x|
BBES damping energy X hysteretic energy?] HEl® BT A Zolt), 4 (3)2 &5
BAE ofvz] w4 o g HIRE (4)4o] © FHojrh

fm " dv+fci;a’v+ ffsa’v=— fm ug av (4)
2]2] AloflA fm J dv= E,= kinetic energy&, fcbdv=Ed—‘5 damping energy &, ffgdv=E,;L‘f
FZ28Y F43EE FPAUAE UeiE E& 3HE e 2E8AUA E 9 3HE Bl
gt T2 E9 hysteretic energy E, 2] ¥22 74EHM, —fm vg dv=Ex= AP WsFo 23t

total input energy& UE}WTE uwhetd 18] A (4)& Th29] A3t o] EJE 4 glom, 4
(5)8] o WF A& o] &8t Zt AP Aol 3] U= E4E& & HAAE I8 140 Hof F2
it

Ey+E s+ E,=Ey+ Es+ Eq+ Ey=E; (5)
3% 504 Failure State: 3.13o] 7|&¥ AEAY LS BEF BA F £4UAF79
FH o] kst A E ] PGAE Uehio, AEA2} KHCAF=| M utof] i3] Z]Sul i EA %
WAAEAZE 0.70g H 0.90go4 22t maE Rl wbHo| KaihokusFA|zte] chsfr=
0.154g % 0.260goll A ztzt 3] & 2ol LPIARA 7L LP2A ol u3) zlz] PGAZE & A LiE}
¢ & 17 50l BZo] KaihokusA| %] Data®] 7] 22 F-tolA AW HFe] HFAU PGA
of oJsir =3 o x] Aito] WSl o] HFolAM HEAE AT &S Wl WS
I=E A3iAFlE ZAabe Wl LP1 ABAE fatigueBAzt Zo] AT hysteretic o= ¢
A4S UeRllY] o elch
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yaisgaxtes AAY A7E $UAd $1x3 st E 1/3.4 FAREE st 19924 =
2ARFANN YALAAFHAEUo| MY HAFE utel AAY 27, Eurocode 8(Parts2)e] ¥t
Mol A% (Limited Ductile Behavior)ol wet AAH 27t 4 V@Y= IXFTAYA HNAEAF
Holl whzt AAY 2ztg A Aste] £qY FAEHUEY AES Felshd ohe3t Zrh
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) AREERREALNY WALAFE £ ol dAFHA wet AAH v RCALAE

HCQlZ =] R ztol] cfa] 0.60g7t2] Atjo] tiae] YidsS 2 e e el el Kaihokus

Q1A A mhof thsiAE 0.154glME BAZ &4 B FAch ol LP2AHA 7L Kaihokus?l
Zzpe] Z7) 22 F2olM LUy ¥WHe YFHA PoAN oM ZHY Mﬂ_mb1%%

st Zlabe= el WPl AgAls obA] fatigued @83 Zol 43T

wied7] wiFolct.
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