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Abstract

In the present design concept, the nonlinear behaviour of bridges is allowed under large
earthquake, The nonlinearity is, however, localized like pier, bearing, etc. Especially, pier
columns are most important members for seismic performance. It is, however, difficult to solve
the problem how the nonlinearity of columns should be modelled, In this study, the fiber
element is used for modelling pier column. The element is a kind of structural elements like
frame element, and it can model the distributed plasticity of plastic hinge. A 3 span
continous bridge is taken for seismic analysis, First, the nonlinear static anlysis the column
at fixed support are performed so that the characteristics of column is analyzed, Second,
Linear and nonlinear dynamic analysises using simplified model for longitudinal direction are
carried out and the results are analyzed.

Keywords : Pier column, fiber element, distributed plasticity, plastic hinge, nonlinear
dynamic analysis

.4 E

A JIEA AdS 2 A BAYE 23t aPo] tf o= FxE v)HY ASS &
331 oot Aol Z AAA MY AFS B 7Hsdol sl ¥l 24z IRREYR] 59
U Fajolrt. F3) 2zt & A 2ol wgshs AAYE AYshe T80 FARA 2404
e 2%l WEY 4 ok ditdeg JAdAN AYAHAANE SHTAASE B
3= WAo® azke) Hldy ASS Ttk s 2P UAYEE Fosh) s A
QA ujAy Mol ©Wasict

7153 #2 ¥y FAE Bgaydhs ES 0 GURAE ARSI Y} wiojesd) T2 3
Z 8 A&(structural element)E o]&3l= W g U 4 Q. FREAE AJL3l= w2 Ay

ZEX 2 7 AAA A%l o) 2L FHYE FXIsPHA FAFHolgt= FHo] Ut 2=
242 715E RPN B 94 2A UF44 2D (lumped parameter model )2t EAtAGRY

2

+ Y, YI3EIgd7Y A7
= ANY, VFALI¢ATY ATy
e PHY, PRSI TY +4AT7Y

— 151 —



(distributed plasticity model)E tHg 4 it} o] HatAdwle A7} B Huisto g
iz 4 gelAos RUlly 4 gtk # Aoy nzbe) uldydS 2dasls] 3 A
8 4(fiber element)E& =¢319ith. 4d-H84L Spacone, Filippou, Taucer So] A ¢ls}gs ],
fFaxde] 7lxsla gon Eisdrdolrt B dAFAE 3737 Ad&ado] aelsie 22|
S FUIYPL. WA J5E AFL4LE BYYsie FYHE $YUsl JNE5SEES sign. F
HAE Y23 Ysol] o3 UAFE2 ZHed 2o ofs] HReLE o] 8% A9 FdA ©
He] A g2 HAFAIY YEG JE0E ¥ FABEE o] &Y T LE o] LY B9
off chaf 2z} WM& F3y3te] wjadtgch

2. df{as
2.1 4784 e

FAEH(flexibility method)o] 7]X8to] HAAN S RAAY 4 o= MHLA(fiber element)
£ Spacone, Filippou, Taucer Fo] AZo= A¢sigrt® Hegat AYARS FHass
Bernoulli Ro]&& 7} 3teo] ¥AJu|(aspect ratio) 3.5 ~ 50]4te] Ho|] x|uj3ed AZS Roj& 7
Soll H8Y 4 vk AT 22HY, Mark Austin® 5¢] Ao Timoshenko Bo|E2& £ 5}o]
T FFAU AckHy ARG Yy 4 UEF $£AH o|2o] A2 glrh. FA|gt AghHy
2 JFY YA Y BAZ A LeE oy YECL

AReats T9EE A EUY HA(fiber)o] o2l Zzt F¥Y Y- HY T BAF 233} o
ol AAY $Y-HYE BAE ASY S AU HHFAAE =23Y 4 AUtk 2Y 1L H{as
o] ALE Uvehdz gtk HHa4 FA o glojA YAHQA Alge Fol HASTE HYY
g ZAsh= FEolth o1& #3 FUX'U(flexibility method)of] 7|23l= o], ¢e&S /Y
Hog dPstd 2t Zrlh Foi3 AFH HYRRE AEYo] EAYS= YAoA Y thHEYPoeg B
B3ta, HHPo o HE ThEHEEE Aista, o chue ojatte HBe WYL ¥l Zzte
Afre] HEo2NE uAY 2T Bdo] 3] $HE ALl ol§ Bl THUY S A AR
oluf AAY AUt ghAolA] B thAPo] BYZ o]FEF NEAARICE HYo] o]l
Y AelE thi] RASUYOE AR AHMY AAUYPE AFHoET AL ok
H-4% As3 ¥UY daelFolal, Spacone, Filippou, Taucer Fo] HXZ ety BEo|ch @
AehHg e fxhe gAYy daAthEY o njag g U Alo] FolxlE A9, thH £20 2
AY 4+ UES ¢aIUES A ¥yY 4 Yt @@

e B s

38 1 4784 7le
- 152 -



2.2 A8 29

ARe4ts BIIAE 7153 &2 FAE 43t 8l Ud FUR4LE ojE TAWAA
& AMg3te Jiof ulet BYe] FUEst 3A 2eHch dRedddA ey FAYFAL H-dH
ASo2 A $£AYIHS BYasls 18 $H-HYSE FA(Uniaxial stress-strain relation)}
AhHY S 28y wf o £ dgiAcE-cidActhEdE s BAolcl B dFox= E3:E
AERYE Mander, Priestley, Park $o] Mgt ZAE UG AHE3Act® o] e gun
HIO o3 74 AR EY A Ao BAY 4 93, Y FEA) g gt 23
2B FHZ 252 Wil 32 E(cover concrete)7}A] UWHAUA EH3ID Ut Mo £9-
HYE 34 232 AEd328E &% Menegoto, Pinto 52 2Wo} Baushinger X3}, 332
E U 53 d#¥ 33 AL 2Ysid o AUy 2de] ZAsixmh Y dzje vy
bilinear model & AH&3lich At -AchAY TA gA] g} A bilinear model 27 LA 5 of
A3, FUY RS diAME £713A 477 ey RoE Bk UIHAI 23" 715 2
§ FEHEEAE, v r&EALE, A U 47 AERAL st siMdsta, JALA H
2] ool FWA Aol A FHAINI} QL Aol Ut FAEY AZ 2L 23ty A

& 4 Qi)

Mander's Concrete model Bilinear model for reinforcement Bilinear model for shear section force-deformation

a9 2 74 43y

AeRAE dfrase] F&37] H3liNe BE ZH$o) dis] AYs] Felsojol girt £ dAFolN
& Mander, Priestley, Park % o] A3} ZA2E R alas}(reloading) AEjoAl ThA] 35}
(unloading)El= F&E£& F71H22 sty AMgstdch. 29 3 3} Zo] |3l ctAlolA A3t}
dojd Zg £4HY=EI} EolErhs /Mol A2 A 31H (unloading point)3t A4 HEEHS
ARSI, A G 71ELE AT AL welrlE s Fostyct. @

t

'
€u  Eu €,

37 3 z§23}=4 (Reloading branch)ollA] 2] A8} Unloading)

- 153 —



3. A4 o4
3184 AL

MEQAE ol 88t I3 4, 1% 59 2 337 A4aP e A AHHE sy, FAYEE
fu = 240 kgf/cm’, Ec = 2.32x10° kgf/cn’, B3-S SD400)3 f, = 4,000 kgf/cn’, Es = 2.32x10°
kgf/cm® oJt}. EsMA] AFRH AW 19403 El Centro A|Z(IMPERIAL VALLEY 5/19/40 0439,
EL CENTRO ARRAY #9, 180))®'& ) AA7EQ 7145 A4 0.154gol] W30} ApgsiaArt. 2ol
P12] & J15S tioE FHAUNE 45l 71T FEL BMsla, aFuyd oyt FAHE
sl

130m
40 m | 50 m | 40m
| [
C . . ]
) FIX MOVE
L L1
A1 P1 P2 A2
2% 43733 4% oA Ay
e D32, 48EA
L) U e D22, s=15cm
3m i ;
o4m -t \ ; Cover concret
3m 8m N~ Core concret
N
11 12m 2000m
2m
‘ ‘_JL
ag 5P oz

3.2 FsfAjof 2% 554 ¥4

PIY) &5 tIHeE 19 63 Y FHNS SUskdch V15 MRLAE RUISAL
N2, FERAAE, NISWITIDE FEOT Uro] 3 Basle HRE 228 FASAT 3
222 QAW Sol YT AL 730 tonolth AYAAE WA FUG AT F S WYl thel 4
Halolol eja) 2zol WY o 7 AHY Holth @AWY J1EL BTl ART4BAYE
7} 3% ANE(F 0.12, 0.01)0] EPY thE 71FOE sPtl, B Hels Arr4EaE
9 A2 ol WRgch

— 154 —



l 730 ton
Monitoring fiber number at bottom section

2
- - 269
F, u -
©) @ fiber element
X
z
Y,
&»x ! ¥ jocal
2z coordinate
longitudinal direction of bridge longitudinal direction of &
F(ton) M,(ton-m)
150 0
Force-Displacement Relation Moment-Curvature Relation
1204 T 400 at bottom section
i 7
S0 Yield point -800
(0.09,95.9455) Yield point
607 -1200 (-0.0017633,-1295.3)
301' -1600 5
o 2000 | Ele =7345%0 ton/m® __
g 61 02 03 04 05 06 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 ©
u(m) k(m)
o(ton/m?)
0
Stress-Strain Relation at 353 fibe,
-10000
-20000
-30000 !
-40000 Stress-Strain
10000 Relation at 329 fiber
-50000 -+ . — — 0+ — T . f
-0.012 -0.009 -0.006 -0.003 Q Q 0.01 0.02 0.03 0.04
&(r/m) g(m/m)
o(ton/m?)
0 0
Stres_s-Strain
1000 Relation at 9 fiber -500-
-10001
-2000
: -1500-‘
]
3000 \___‘/ -2000 Stress-Strain
| Relation at 257 fiber
4000+ T T T -2500 T Y ~—— T —
-0.01 -0.008 -0.006 -0.004 -0.002 O -0.015 -0.012 -0.009 -0.006 -0.003 0
g(m/m) &(m/m)

3" 6 715 Fod =Y % HMAY

33 6ollA B stF-84 A, &8UATE YAsHE 7|28y gHENE-AZE M, 3
o4 Y- H%E I, WAEIE QL ARIFHEANEY $H-HYE BA L UEhiZ Uct ¥
I M2 ¥ES JELE ¢ v FARAY Elrt 7.35x10° kgf/an’o 3 AaEgE o 29
A 7Y El(1.82x10° kef/en’)oh ulmsla oF 40 ¥ $-Fojch WA oY UZo] Es)z,

w

 lo

— 155 —



E3E WAF AZ%Y(spavling)o] dolten HFHoE oo HRFELHIZo| JUAYE
of et} 7150l UAHUSE }AY 4 gt

3.3 2 AFYY XAy

aeke] sAwake] chs AlgoldsN e I 73} Lol VS Ji5 Ao Aol I H(w-166.56
ton-sec’/m) o] 9l Ro2 etsie] sAstAct. J15S HReso MYese Frwlass
2zt ma sl st Fmwtiese] F¢ FAA AckA 23 El, = 1.82x10° kegf/en® &
AR R 9o kAl FMolA ALY Y MR YHS JFoE © DU FARAY Ele
£ 7.35x10* kgf/en’E AHER FrlA] Ffo tha) A Fgstdct.

3 704 2z Aehie] AopHel, A4E, EAUYE HRLLE ol L3 uUYHNY AL
El;, ElerE AMSY ZUWciass AYHT 399 Seoldg naste #Asged, dfas
g At A9 dHRdE-CHIg 24g Yehgch THRUE-¢EIE IHo] gAY x4
L 7150] YE(HAH B2 ¥E J)F)s1A] e Wl olfo] A ¢ 4 Ut = EIg
% AHESte] YL sHe 9= HASY T FAUFS RS AR AU & 4 Yt} Eleff
& AMgsle] MPAshe A9 SHoIYNY Aol At Yo J1FoE Uy} A
o falgt AE Urhdoh 2 ol #AlY A A4Fo] PHHRUE-UHIE T e T 4
AFo| tido] BHE3}7| o]Bo2 AN 913, o] TN Elr & 7HESH: o ALY M9 7
€718} AR 71 €718 Rol7] wiiolt)

4. 4 &

a2 vy NS £33 HAME 15 v e dtgslol ). JEEA
o] vl S 37] AR o FYRLIT EAUTE £ AT =Y ARHLLE FRLL0]
HA 71 wolo} At Fu|Zt AN H ABo] AuiAA F YW FAF &%= 2L
Zojch, EY 00 FiraLo] vs) BAFolm, o AN Rl ALY 4 Ut dAAFeT
3 Z} A&GIAE ARsle] 715e) iyt A FM S £t 5L Tk 2wl o
U SN2 HRAALE o] &Y ZF-9 FEA v AN Zdz) YA YR e @
REZEE o] &Y FUWIRAR o] &Y FH9o tiz] 4 3y $39slo] nlasigc). Atold
A FEH Y AN YL o83l Ay AL S AuUBIEIY, RABELS
AR AL B A3 dHAo] AREY Ao HAY ZAes wghhch spA|R x|
A71et Fut4 AEol] wigl ol SHe HolJl UL 4 9ermg Hrl AYY HYANE =&
AL vy o] RqlElojo} 12, HAR4AF o] &3he o] FUEL} ZAAY HolM FAY
dgd 4= gt

5. 2] 2
47t RAMredTEY 20019 ‘2 AEs Bt f 3% vy WAdsiyzeay

e Alede] dBez £3Eiglem, o] A3z} i FA= T M) AgH =2
12 9] Aol /LY SCAP(Seismic Capacity Analysis Program)& o]-83te] 3j4 ¥ g4t}

-~ 156 —



Dynamic analysis of column
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