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Seismic Performance and Retrofit of Reinforced Concrete Two-Column Piers
Subjected to Bi-directional Cyclic Loadings
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ABSTRACT >> Seismic performance and retrofit of reinforced concrete (RC) two-column piers widely used at roadway bridges
in Korea was experimentally evaluated. Ten two-column piers that were 400 mm in diameter and 2,000 mm in height were
constructed. These piers were subjected to bi-directional cyclic loadings under a constant axial load of 0.1f4A, Test parameters
were the confinement steel ratio, loading pattern, lap splice of longitudinal reinforcing bars, and retrofitting method. Specimens
with lap-spliced longitudinal bars were retrofitted with steel jacket, pre-stressing steel wire, and steel band. Test result showed that
while the specimens subjected to bi-directional lateral cyclic loadings which consisted of two main amplitudes in the transverse
axis and two sub amplitudes in longitudinal axis, referred to as a T-series cyclic loadings, exhibited plastic hinges both at the
top and bottom parts of the column, the specimens subjected to bi-directional lateral cyclic loadings in an opposite way, referred
to as a L-series cyclic loadings, exhibited a plastic hinge only at the bottom of the column. The displacement ductility of the
specimen under the T-series loadings was bigger than that of the specimen under the L-series loadings. Specimen retrofitted with
pre-stressing steel wires exhibited poor ductility due to the upward shift of the plastic hinge region because of over-reinforcement,
but specimens retrofitted with steel jacket and steel band showed the required displacement ductility. Steel band can be an effective
retrofitting scheme to improve the seimsic performance of RC bridge piers, considering its practical construction.

Key words RC two-column pier, bi-directional cyclic loadings, lap-spliced longitudinal reinforcing bars, lateral confinement
ratio, hysteretic response, retrofit

1LME Aol Zeig wsi7t $E5HA it Eueke HI7HA)
= Ao diste] kATt of7]o) WA o] 4&3] 8}
AT AA FAA AR Qg e E ARPIRE Qo Aol AN AEE 93 B Aol 1R T

At 53], 20049 109 239 L2 Yrterdo] 2= 6.89]

SAMs W HLE ESTEW, W4 (WEMX: chungd7@cau.ac.kr)
2 Zol(jeln E2B8D, JeLAF 737, 20043 124 269 QI=|Alo} 71 EEMIH = 9.09]
) Z=or)E sl D8
| BeUsm sReasam, S0 2] o8] e e Qv Aulshs 2o A
= =20) (13 £9S 2006 88 31U SFZ 2U FAH 1 2D e a9t AL o
S JTsRuSLICH 7IREAI A o] Ikl Bt HE B Eﬂ eI

(=2F+Y @ 2006. 5. 2 / AASEY 1 2006. 5. 10) itk LuEte AR 22 §49(2004.5.29, A% 5.0), 7



48 SHEXIFISES =2 Hi10A A= (B Fl493) 2006. 6
HAHH(2005.3.20, A= 4.0)9] ool Hzo] § o4} A I FHolZE APAY wZsHEE Prefabricated fiber

ofl HalA QHAATF ofick Sejueloli 19924 =
5 EEANAS] WAAAR] AgEIem, $elo 44
of WA A7) $I% PES e 7lgoln 9k
AT e AT S §7 o] vl
U PHol SR} 27| ERulast AT 4 9l ket
w2te] IHE SRS 9o AR ZHA S WAEAT
e mrke] 24U FEZ AoleL drds) 2
ou, gejtelel 22 FAH AololA Fu
. Y7sUTe A7 Sol B AT W 5
HolgE FEAoR sgaka gick Teik, WAl
Q151 1992 o|Hof) 47| AFE BT ZAE T
A Tl S G0l S ke
A2oleS 7T gl o] dhiolt Y
S5 ook %) 42 2asl make) Wk A7
o] ofsha 38T FHolLo] G Fe A FHI
T«-srurqoﬂ ofste] W] 27 Astele Ao B
Stk 230 ATAUCIME SarEo] mE A
1° Yol A xjia)zh walstel 37 2

g

JQ‘O.B.H

A]

I8
4 1o

4
A7

—
ZrE

A 4
(D5

flo 3
FLJ » Hom 09; ;3

o)

bl g
o= APAY} sraEm, 2Es) A0l Lot %
I S

A= SR EaEa ik olof g2 d7AkEol

A2 % 5 T Y Solel 3 Byl

%LHOﬂH% é‘%‘!# =G0 &) 4.0, 70| 600mm¢l
AAolgg 71 *e‘féiiﬂ% SRR Bt APL
4 ]

gajgled, 1 4
e Ao vtk Ak S92 47 1,000mm, %]
5,000mme) AEAES Azst
SA$7] e st A=t p=15 A p=6.02
2 dA3] ZRle AoRE vEhgnh 99 H9 MUJN.
Priestley et al. V= £0] 4,000 mm2] ¥& RCzHo] FH
ARl gt Y RAke] et At ~aY5}o]
Steel Jacket¥} Composite Materials Jacket E7}of| 2]s}o]
FAtE] YA A8 19jt}. Hamid Saadatmanesh et al.®=
A% 305mm, =°] 1,892mm¢l HA¥A 5718 =42 43
ol 5T ArEAS WaR sho] AHS a¥sigth AHE

reinforced plastic(FRP)Z X7}8F AgiA|7F 27} & 24
o] 43| 3RE Yt Byt NCEER E_”ﬂ_/\ioﬂ
A 1. B. Mander et al.®) 5.2 233 7HHo|S0] 9l 3%
wZks dHESA E”OM WagsS ddstalen, E??l
ASEA] 329 258 w7k ok RS stk
S QloflA RCZE] WA tidt g2 A+E &
okl 22 4TS 22T oLt ABoly DI u
S8 W U] Bslo] et MRS ek 2e
=23 Ao w7t fifio] tuzte] A& o
SojA Qo Eak AP ANeFL ol B
2ol oju ot wgro=ul x43hx| okt
2 a7o) B4e Zauan Anraaa it
9zl Y stert W 4 282 39
oo P ATRIEE 279 We) YIS Husp]
to] AASIA 7 o] A" HEE(steel band), T
734, 28 2P (steel jacket)S ARRSlo] EHFE L
AAEE sotelel EAA BAYLE AR

N}

nJ

o u
of

l>

ol

Ed
7o)
o}

£

=

N

. HEA

i

Y

2.1 A

712 Z23YE W@z 2A, 2ZAEA Ao A&
23 EL F2 ZA] HdX4: 25mmo|u, W/C 49.7%°]
drjuAe T3S ALgstEon 7% B eldw
FIYEQ 28Y HHFYE7 = 28MPao| g}, 181l &
Az gHLe 7hzt D30?l D133} D6& AME-31¥om,
QIR AT} Zk21o] gREIIE = 330MPa(D13), 390MPa(D6)
o] uith

=4
SIHkEEs| 7lgeo]= FH Wl vkrlH 5;0]7]]-7\] _,_E:]
7‘(__;]:_11]‘_—_ z%oq

= i 2°ﬂ*i He H}-‘ﬂ} %‘01 7&%401—%01 S
HYZHAE iﬂ 27], AYol% AHA 4719} HE A4
A, WAAEA 2 27], & 10749 AFHE A =5}

QL
bt
f‘l
@ 1
ni

] 01}_—_

(E 1) M3H 23plE0 HEE
o 9} 22K kg/m’ -
T | we | wiw | au= L L =
om | @ (%) (mm) 2 ARE | FeEA | ATA | AE AR | (MPa)
25 49.7 3.9 130 171 344 975 852 1.73 28




olmprEslES Wi 25y HaFEARE o) URIMSE BY 49
£
Lateral Force Lateral . . Lateral g B 2 é
7 Force Axial Loading Frame Force g g 8 2
1 | -4 a A 7
g g e 28
] e ey
| " o
] Ie) 2 ——:0:3 g &
g 3 3
H H & g =
P —s (=
D6 g S 3
_ 8% @
—e R - 2 [C]
9 —3F 9
g D13x16EA 1600 | | g g 8
® 8 2 §
30 || 340 || 30 d [ 5% 1 «
=] ® -
400 3 @ < 8
- -
2 $
T K B
_‘_ T I 0 =4 =42
o [=3 (==}
28 % &%
b s 8 3
g g g
(ag 1) AEH MM
(& 2) 39 EH
FH(16D13) HEFEHD6)
AgAg ZEmm) | FIEIE | FFKN) H7AHeh
2] 2H|(® 210].2(9 Z1nl(e - "
A2ul%) | FHS(R) | ETHA)  |pe s NPHR
N2C-SP50-L 50 i
W&
IR N2C-SP00-L 0.231 150 / 150
N2C-SP0O-T P&z
i L2C-SP00-L S
El i 0 0.433 80 / 100 - P
L2C-SP0O-T hmE->as =01
$2C-SPOO-L L61% T3 Tacly
= - milL
Y= 0.867 40 / 80 — 600
S2C-SPOO-T FEA 7}
N2C-SP50-JR-L A8 27
WAIE7 | N2C-SP50-PR-L 50 0.231 150 / 150 e ZYAEGA P
N2C-SP50-BR-L AE W
L Zaigutare] mEHaRA AEA (L-series), T:F3Mggko]l REZ7Yarel AAA (T-series),

A37] 0.25%71A] AEE =33

B7Ee A5kt N2C-SP5

2
112ad
o
2
=2

0-B

=

L ddAe 2" MES

Ahgsto] BAsI9iT) A8 Wt SS4007A1% F7 3.0mm
Z 2.5mm¢! bandE 75mm 1AL E 715350l 600mm
L=o|7}A] W3t N2C-SP50-PR-L Al A= PS7}Alo|
TAULEHAE o} B PHES AT PSPALS
TS ARG 20kNS] ZHAEYAE ZISHT B
Eol= A HA Aot FUsHA widsiEth 24 W=
o} PS7EACE Bt APAlE BAtE o] 700mm
T 60mm FA9| B u 2et= 7 GARITE N2C-SPSO-JR-L

A= 24 Ao R WAL AAskgch wZkat Jae



50 srZRFIEEE =R Miod M3s (B3 M49E) 2006. 6

(a) N2C-SP50-BR-L.

(c) N2C-SP50—JR-L
(18 2) H3dy

2 Yt =3 #%6%94 57}011 o3t mzke] & 3
oz o] 7|xHolA HEE o] AYHE AL @

817] $j8) 7122e oF 25mme) 7442 Foick

_E,

Felah 23] Jaleg At o =S dA=HNS

Hot SbddA7} Eof AFE 4 =S sk =
FL 0.11,4,0 AGohs 600kNS 7h2isto] 7} 7]5o]
300kNo| AjBtE=s slick I2u JUF S WSy
ko] 749 1,000kN(stroke +250mm)-§2k2] 9217127 | Actuator)
2 y=R7Mp3Ee. 500kN(stroke +125mm)&eF9] 4517}
2715 7t B8t Aststeich. ddsd & A8
O} A& B3| 913t ZnI= st Rk Actuator
of) WAE o] 9l Load Cell-2 o]-&3tg o0, a3 E
Z74517] YJste] MAAS HAsHct w3t AL, O

1.5%
Drift
A 1.0%
0.25% % ﬂ m
. . g 0
Lor}gltufilnal N N [\ [\ _
Direction U U v U b Time
Transverse " 1
Direction A {f -
0075% 159 I UU Time
0.3%
0.45%
CYmE1E
Drift
A 03% 0.45%
Longitudinal 0075%  015% i n
R I -
Direction W 7y

T e

Transverse N N /\ ﬂ

Direction RVAY, U

1.5%

Al L-series @_fﬂﬂl—l s A

22X ZHIGR T-series

= Jogo]
ol Drift 2 ®@HE WY Alojg2

WS} HAE)Z, 7
7244 7R

o] 28m, FFol WEZ W AHHE 715 &



51

F70] 1m2) +0.25%, £0.5%, +£1.0%, £1.5%, £2.0%, £3.0%,
+4.0%... AR A Z7HEE Wold S TaAzA] =
olalglom, zHzte) 71gBiglay] uith B WS 23] Ht

=35} shol w2te] A

2 AEAY

=)
5

o o=

EEXO. H] i

B3t 2 2

oF Zug $UsPY 28] W At ShEck

3.

3.1

e,

5ts - Hel oM

39 5& RS olfFAE HoFa glew, o9

258
ggst

Lateral Force (kN)
g8

bob o=
S

-400

<280 210 -140 70

5 8 8 8
888 8

Eateral Foree (kN)

a4 % o=
g 8

-400

280 210 -140

Lateral Force (kN)
b R PR
55 _38¢8¢8&
EE.88¢8¢8

&
g
g

-400

280 210 -140

300

Lateral Force(kN)

280 210 140 70 O

400
300

Laternl Force(KN)
& _38
g .88

& &
s 2

-400

280 210 -0 0 0 70

‘Longitudinal Axes’

Laterat Force (kN)
b = - W
€888 8

&
g
-

“Transverse Axes.

70 140 210 280
Displacement (mm)

-400

280 210 140

-70 [] 70 140 210 280
Displacement (mm)

(a) N2C-SP00-L

Tongivatinnl azer

-
2

-

_Transverse Axes

-70 0 70 140 210 280
Displacement (mm)

Lateral Force (kN)
I w
88888

-300

IS
g

280 210 -140

-0 o 70 140 210 280
Displacement (mm)

(b) N2C-SP50-L

" Longitudinal Axes

=70 0 70 140 210 280
Displacement (mm)

Lateral Force (kN)
-

280 210 140 70

' Transverse Axes

- 0 70 140 210 280
Displacement (run)

(¢) L2Cc-SPOO~L

Longitudinal Axes

‘Transverse Axes

70 140 210 280
Displacement(mm)

280 210 -140 70 O

7 70 140 210 280
Displacement (mm)

(d) $2C-SP0OO-L

40
Longitudinal Axes | 0 | Trasvere Ase
. & 200
f ¥
P %100
U, - S0l ~
. B100
*
Fa00
300
400

146 210 280
Displacement(tm)

280 210 -140 -0 0

0w 140 210 280
Displacement(mm)

(e) N2C-SPOO-T

7+ ARA Y] AL ¥ 39 Astglth

N2C-SPOO-L : 19 5(a)= 32 7H3o)Lo]
0|3y AYPA|ZA $2HES FYolZo| %
A} Zo| 7] 3.0%00A EAYSHICE

gl WA
< " A

22, 2

Fa1zat sl 71Hueiar] 4.0%AA AT 7}
2u9l=17] 5.0%004 3ehglol ERelgih of ARAIE
AT 4.0% AT P55 olF 74y REo

QIsto] Aol AstEglon, FeHY o) 2% A 7t
W9137] 6.0%IAE TR EaREst 4ls| geE 3

FaAT

“

=

stAle] Aoz st E ik

-400

280 210 -140 70 0

- w e
882

]

Lateral Force(kN)

P
28

280 210 140 .0 0

- ww
22 8

g -

Lateral Force(KN)
g

&
8

-400

280 210 -140 70

N
F-E--]
88838

Lateral Force(KN)
-

280 210 -140 -70

-400

280 210 -140

Auaae) BEoEdsel REA4YF A

“Longitudinal Axes’

T o
g
£ 0
Famw
2
LB
Aaw

Transverse Axes'

70 140 210 280
Displacement(mm)

280 210 140 70 O

70 140 210 280
Displacement(mm)

(f) L2C-SPOO-T

400
Longitudlnal Axes . 300
- % 200
P 8 100
- W S o
Z -100
&
Fam
300
-400

70 140 210 280
Displacement(mm)

280 -210 -140 -T0 '] 70 140 210 280
Displacement(mm)

(g) 52C-SP0OO-T

"Longitudinal Axes’

7 70 140 210 280
Displacement(mm)

400
300

é 200

-400

280 210 <140 70 0

_ Transverse Axes |

70 140 210 280
Displacement(mm)

(h) N2C-SP50-BR-L

Longitudinal Axes

0 70 140 210 280
Displacement(mm)

400
300

Lateral Force(KN)

400

280 210 -140 70 O

“Transverse Axes’

70 140 210 280
Displacement(mm)

(i) N2C-SP50—JR-L

Longitudinal Axes

=10 0 70 140 210 280
Disptacement(mm)

Lateral Force(KN)

280 210 -140 70 0

Transverse Axes

70 140 210 280
Displacement(mm)

(j) N2C~SP50~PR~L

(2% 5) sH5-1g olHTN



52 SHRAXIFIZ e8] = 2

HioA H3Z (8A Ml49%) 2006. 6

(& 3) sIETAE aZYs S

Drift (%) 025 | 05 | 1.00 | 1.50 | 2.00 | 3.00 | 4.00 | 500 | 6.00 | 7.00 | 800 | 850 | 9.00 | 10.00 | 11.00
N2C-SP00-L * L v * ® Ay

N2C-SP50-L * ® ve | ©

L2C-SP00-L * ® v * A®

$2C-SP0O-L * [ v 2 A

N2C-SP00-T * ® v * OFN

L2C-SP0O-T * o v L 2 OFN
$2C-SP00-T * @ ve A
N2C-SP50-BR-L | * @ L g ® A
N2C-SP50-PR-L | * [ L 4 ® A

N2C-SP50-JR-L * o L 4 OF N

o

d @:FELF € :HYsls @

N2C-SPS0-L : 50%2] -] HAlolgy ujUjA o]y
ABAEA 23 5(byol] Hol= Bl o] 7129 91=7] 3.0%
oA Hejgshge] Egstn &R WEEde|Es} o
ol GAo] WASHACh 22 AWoIST PFEAR
o Bxoz 270 wuiglo] HHMeIa] 4.0%)4
ghaslo] =gete] FAT ATolLo] g AURINC-
SPO0-L)Ht} WA 0| RS oz byt
I12C-SPOO-L : E3) WX FA2 50%, 32 vzl wzto
1.878) 7&AHIHE 2= APARAM I S(e)o Hole
o} Zo| HhysiEat W2 geke 2 Rslar] 4.0%04
Sk St A sl g Tl uela)
7.0%914] 2AysHE
S2CSPOO-L : W) =2 AA7IZS] WAl uet 4
74]51 U2 ARAIRA 28 5(d)o]l 2ol Hiel go] a4
80| uj¢ Hojd AL & 4= AUtk o] Wl AEA L] 73
Lot7tEiz) o 71w o] A8l 250mmE ¢15te] 7}
waﬂ 8.5%(238mm) 2 HHEASSHom HEA A of
wpskEe) FH o) seks)glck.
N2GSPOO-T : B2l 4AE 22024 27l By
o] gFAfo 2 =]t FasHA Actuty|z} dwhAgsilet 1
Y S@)e) Hol e} 2ol F3F W stug)a]
8.0%00| A A 7Pk shEAfstA] Adkekn 7t dAystich
ot BEEaE Yo B2 2aEY Hchysly 3
23} 374N BxoR o
12C-SPOO-T : AME: Z2FE 79L& 4.0%0] 4] At 1
ARalmel gete JlEuear] 6.0%olA wslgon,
FaeE w8 9o se] YFelA WAe F Au
WEoll A st
S2C-SPOO-T : AH57<E-2 4.0%004 LA3tH o Ayl
Ho| gge 7w A7) 7.0%04 WAk =3 5

SUYsE A TS B3 A Heey

Beebdye L2C-SP00-TS SUstA tepdes.
N2C-SP50-BR-L : 18 5(h)= A8 W= Bk AdA
24 71E9IEY] L0%AIA BRI Asiie] 43
o] WA oH, 8.0%0I4 FAZe] shrow L7
o) S5 B4 Tasigth Bl osle] BAES B
glom, Zazo| Aeroz malrl AEE M Heldel
T 9lck.

N2C-SPS0-JR-L : 13 5()= 7oo 2 273t A8 4 2
24 FhuIela) 5.0%olA gl tsiel Zwto] ¢
Brofon Hol 02 maS WA & 99k ol 7]
50| 53 o 2 YrilEsl 2aln 24T F
Aol 223 os Qlslo] Ras|Ee] Fon st
Aoz wee,

N2C-SP50-PR-L : T3 5() PS7HAe] ZYrEGAE

(‘

Zste] 3 T4ES Z7HAI7L ARG ARA YR
BER T4E Bo og% %_Hg ﬂﬁo‘% sHIE 5

ke of AEAL 4
sollA) wAbet gk, uz ﬁ wQl B
oS GElold 2437 }%a}% APy warE 7
AgoRH A3 RAPPole BEEA] e

|

w
ol N
N rE

r.& e rE
QN

d0
i r_e
H'I

RN A FY V& At
Bl V,,,, 8] 75%0] SfEske B xM—e
Bamel nE YRANS Belsiston, Tu
L A3 A 15% Z4H 0.85Vmax7/} He Jo=z
Agsloick. A= uslol tie JehAgle) GO ANES
Besision BANYES X 4d H sk B4
3} 237 F0lgo] glol HMURLAD F ol AT
A Qauhuslse oA el 2w B4

, o &

nJ,_IN oh.
0 l"_L. F_L,

r
oh‘



ZEARE W) Elds HY 53

(& 4) 89 A4

2EA B H S (mm)| FEA(mm) | M9 A=
N2C-SP00-L 37.0 126.4 35
N2C-SP50-L 39.7 99.7 2.5
L2C-SP00-L 36.8 176.9 4.8
S2C-SP00-L 38.7 > 238.0 > 6.2
N2C-SP00-T 18.3 72.0 4.0
L2C-SP00-T 19.2 98.4 5.1
S$2C-SP00-T 203 > 120.0 > 59
N2C-SP50-BR-L 36.3 191.0 53
N2C-SP50-JR-L 36.3 186.2 5.1
N2C-SP50-PR-L 43.8 141.2 3.23

,q MPE} _7}0}0:] o:w
o] Atz Ao A7} -?J_EP B e e M il
75 ATt FTleke ZA0R odY dEHiEsHES W
ZYo| AFAAe} fABHA Wbt A A
P00-L, L2C-SP00-T)2] 7% &sB742] 50%0l| 3
She FEETHET WA E 5o sk AoE Y
ERsith 8T Holgo] Sl ARAIN2C-SP50-L)2] 7%
= QAN T QAN Sof| A B o= Ao et
Wtk A 7] AdE s F W FES AAJEkL
&% HHo12H M*oﬂ tfalo] s ¥ Fa5E] wt
A= } OE = AT A =20 HA7)Ee] a+-
*éE% = HoHHL WaE7e] Haigde SRIsk
TP AEHA FAoZ H7kE ASA(N2C-SP50-PR-L)
9] A% AAE 323 YEYo] AT AN 5& AdE]
o Xe ALR eyt skt A8 Weg BAs A
HA(N2C-SP50-BR-L)2t A€ z#A oz Rz A8
(N2C-SP50-JR-L)x= Z+7} 5.3, 5.19) =S vJehfjo] 314
AX AFFET B £ JHEE Uehjglod 3%1%5
SE USSR 2102 Uelith Rl ARA(S2C-SP00-L)2] 7
I =T ol Holuh @ FAREE F29] “PEO}XIUP
U7HA719] StA 2 FERt HAEE okl X3t
ek &, o] Z2E Bt WZWXIQ l ﬁﬁ% S2ueto]
ZWO}E 3 W3S H&EINE

rl

%

2

mj_;;

B70)7} Hol
5% Uofelol 23, 248A0] 71%58) 4 st ] 25

g

"+ N2C-SPOO-L

Lateral Force (kN)
-4

100

- L2C-SPOC-L
-150 o S2C-SPOO-L
200

-280 -210 -140 -70 0 70 140 210 280
Displacement (nm)

(a) nEYWY

m

Z 100

8 s0

et

= 0

g -50

2 10 - N2C-SPOO-T

- —~L2C-SP00-T
-150 - 52C-SPOO-T
-200

280 210 -140 70 0 70 140 210 280

Displacement(mm)

200
—
émo
@
g 50
= 0 . )
T 50 4~ N2C-SP50-BR-L
8 ~~N2C-SPSO-PR-L
&100 —+—N2C-SP50-JR-L
~4~N2C-SP50-L
-150 -+~ L2C-SPOO-L
200
280 210 -140 70 0 70 140 210 280
Displacement(mm)
(c) 2

(78 6) HY-515 ZAZM

A7IHA st RS 7159 A stdol Rufsto] #gst
el Q=7 SvIshe e deE.

=Saliy IR PN

w2k} WaldsE& Brishe WS sttt ouiAl 3
ZHEA, T2E B ofE A F AURZ SlolAl A

Aogalido] g v ojgoniy UA2 F4~ Y &4
He oUAE Adstal FeldAFT vaste] 7222
A ARE U] Fee R EHTTE oA a4t
8E SAs] fstel 19 59 she-HolE=SA Y
FHHoE Aot o TId 7ol UEhd adtoirls W




54 BIEXIFISsEI=RE MioA M3z (BA Ml49E) 2006, 6

] Faarel shsAste] WE BE 44 oA
£ 3t 2o zA a8 7(a) € (D)olA Ueht = AR
&H 7L 48 R AAFeEE 3| epRTh E3
I 7(c)of) Lebd vkl Zo] H3lole-g 71K By AA
H APAN2C-SP50-LyErt B2 3 A A(N2C-SP50-
BR-L, N2C-SP50-JR -L, N2C-SP50-PR-L)= Z+7} 263%,
263%, 237%7} 27Kt Ao g Uehgtt E3) 7j&
el 2”AS AR AFA(N2C-SP50-JR-L) 2t A 28

E7OI-H°P

Hrppotel A8 Wit ARSH AFA|(N2C-SP50-BR-L) 2
iz 2isELe 7ol FUg AR Yeyith 3PS
AA o2 B7s AFAN2C-SP50-PR-L)= #E7O2 3

’é*600

E | | = N2C-SPS0-L

E 500 |+ Nac-spoo.L

~ 400 - +-L2C-SP00-L

9 -+ $2C-SP00-L

g 300 319%

=

: —

£ 200 80%

g

= 100 Teiw

z "

B 4 L

0 2 4 6 8 10 12
Drift (%)
(a) mEWE
E 600
-+~ N2C-SP00-T

_21' 500 | -4-12C-SP0O-T

e - ).

400 | ~-S$2C-SP00-T -

5 -

£

= 300 169% 200%

§ 200

€

&

£100

&

2 0 lees

0 3 6 9 12 15

g £

g

Dissipation Energy (kN.mm)
-
&

100
50
0
0 1 2 3 4 5 6 7 8 9 10
Drift (%)
(c) BZ

(38 7) Adtoux|

&20] A7|7t F78te] ZIRHYar] 6%t T
U] 2AHHE HPou YT walel 34 dA4
L89] A2 o oA ofLR] MEEE WFSHA] ZstsTh
3.4 HYE

AERS] A sltito] tidh 289 WEES 1™ 8ojA

3,000
— -N2C-SP00-L
2,000 -+ \L2C-SPOO-L
o i N
< 1,000 il - -s2c-sP0O.L
2
2 0
& 1,000 -
2,000 |
L ! L] L]
S0 G365 10 15 2.0
Drift (%)
(a) L-series SIEE dh= 715 HEX SITS
3,000
e N2C-SPOD-T
2,000 F — -L2C-SP0OO-T
» »§2C-SP00-T

=
o il

-2,000 -

STRAIN (ug)

1 1 i I
3,000 5T oS 1.0 15 20

Drift (%)

(b) T-series SI52 e 7|5 MEH IR

3,000
Top ~ = N2C-SP00-L
2,000 L -+-12C-SPOO-L | |
T 1000 | - --S2C-SPOOL
=
Z o oo AAR AR LY
: AR
2 -1,000 |
-2,000 |
! 1 ] L. L
3,000 5 15 20
A
3,000 TTT
—— N2C-SP00-T
2,000 — -L2C-SP0O-T
- - -$2C-SP00-T

1,000

STRAIN (u£)
=]

-1,000

=
{
Fi—— R |

-2,000

3000 s T T 18 10

(d) T-series 3152 We 7|15 AEH MOE

(38 8) HAIE 24



OIFHI=GIES Wi 258 MZEARE w2e) WRMSTH BT 55

Hojz31 Q)td Hook’s lawol wE ?';} Z3=(SD30=300
MPa)@} EFAIZ20 GPa)y2 174; FEBIFO. 1 5000202
Aofsigint. HPEL 3R Rl -réi:“’ﬂ g g

2 strain gage SollA AT Agsich 19 8(a), (b)ollAl
B vie} Zol, L-series 852 W= A= 71EH$]a7]
1.5% B8-S SIHAL, T-series 3t5-& W= AEAl= 714
7] 2.0%004 FESIGCE FEHFY THERIBYII=
FEANY 7RIS} HsSkA Eedth e 1
8(c), (d)oll4] B ule} Zho] L-series®} T-series 3152 HH=
AYAIES] HYPAS th2A] Ueitth A3AY Ads ¥
L I-series S Hh= AEA|7} T-series 3152 W=
A Hot 2H) Uit 183 Leseries 3158 W= AEA)
7t 7% sitRoll ARt AR e 7t EIQIAIRE, T-series 3}
T2 W= AT 7159 A P Bl AgRIA AT
7 S 19 89 W BN E E;RIT £ itk

4. EE

(1) B e ST meb w7k agert
S7rtg o, FergRel BEAZl A B
5 A@AELD § F2 Q=S Yl S
SHPLFORE Wistgo] AA AR 0] 23t
=BG E HoUA obE = 7] WEl SER
Aol tigt Aol Basgt Aoz dag
() YA w7z A vl Wz A=} 41%
A UERgth et 4% i el e A B9
AR} 83 Yo 30% e RE 87 WAy
58 WSS Lefu; o WHEslE S e 79
= B7E AIuH @Y WAl 50%elH, a5t
E313 Aort 1678 Z7MAZ0E A HWodAE
5 A AT WALEA 9] 9= 279 =
T TE3] UEshe AR depiny nek XY
of Heet WAl & Bu] AL olFiEs T
At A7ERE ol & Ao Hukdck
(3) AHolsd 2R S mE el A= B
7VE 7WASi AF ieel A" AP0 R BIKGE 739 317
& T FET AR AYPse TS e 87
AEE ukEslgoL), PSHCR BK A9 v
(&RA7ZH Y S A7 87 A= WSt
7| 3tk 29 e watE APAT A Ao
33 A Eo AAA = th ZA] YERAL o]

ES AL

7] @z

A & %a o frAREE & o, Al38e efebd &
g His ®7bo] YAlE o] aukAele B1E 2 QIgith

& 97 Az
12005-0)2] ¢

#Alel 2

TAE(FAWS: R11-1997-045-
H dqddriedra 72A9F WA

Ao gz —rﬁﬁilaﬂml olo] FA=HY.

10.

11

12.

- Y WPt 023, “ANE BEY

- olHE, A oA,

- A AeE, oF

. Mander J.B., Kim J.H,, and Ligozio C.A,,

#a

#

Mo

4w 2.5 RC 2249
P ENAAE BoP, ARANTS =2, AT, AB
3, 2003, pp. 79-88.

$37, “FAT FPoleH FAh|
409 98 Aaz3aE wzte] YAASHP, detelst
3] =827, A22d, A5-AS, 2002, pp. 1193-1202.

. Omar A. Jaradat, David 1. McLean, and M. Lee Marsh,

“Performance of Existing Bridge Cloumns under Cyclic
Loading-Part 1 : Experimenta Results and Observed Behavior,”
ACI structural Journal, Vol. 95, No. 6, 1998, pp. 695-704.

. Riyad S. Aboutaha, Michael D. Engelhardt, James O. Jirsa,

and Michael E. Kreger, “Experimental Investigation of Seismic
Rapair of Lap Splice Failures in Damaged Concrete Columns,”
ACI Structural Journal, Vol. 96, No. 2, 1999, pp. 279-306.

. Young S. Chung, Chang K. Park, and Eun H. Lee, “Seismic

Performance and damage assessment of reinforced concrete
bridge piers with lap-spliced longitudinal steels,” Techno-
Press, Vol. 17, No. 1, 2004, pp. 99-112.

7 OAIE, “;EA] gt 9% RCHA4

HWilds &8, A=A dcteds] =24, 239
SA, 2000, pp. 911-920.

. Prestley, M.J.N.,, Seible, F. and Calvi, G. M., Seismic Design

and Retrofit of Bridges, John & Sone, Inc.

. H. Saadatmanesh, M. R. Ehsani, and Limin Jin, “Seismic

Strengthening of Circular Bridge Pier Model with Fiber
Composites,” ACI Structural Journal, Vol. 93, No. 6, 1996,
pp. 639-647.

“Seismic Per-
formance of a Model Reinforced Concrete Bridge Pier
Before and After Retrofit,” Technical Report NCEER-96-
0009, 1996.

Y oANE AR 5 “IEER 71E 1Y £ WA
BEH7E AR ARH I, FEEEFAL 2001

Wong Y.L., Paulay T., and Priestley M.IN., “Response of
Circular Reinforced Concrete Columns to Multi-Direction
Seismic Attack,” ACI Structural Journal, Vol. 90, No. 2,
1993, pp. 180-191.

Zahn F. A, Park R., and Priestley M.J.N., “Strength and
Ductility of Square Reinforced Concrete Column Sections
Subjected to Biaxial Bending,” ACI Structural Journal,
Vol. 56, No. 2, 1989, pp. 123-130.



