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An Experimental Study on Seismic Performance of RC Bridge

Columns with Oblong Section
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ABSTRACT

The objectives of this study were to provide experimental data on the behavior of
interlocking spiral columns under cyclic loading, to compare the performance of columns
with interlocking spirals to columns with U-type hoops with hook, to study the flexural
detailing of interlocking spirals and other transverse steel configurations as the transverse
reinforcement. The oblong columns with interlocking spirals and with hooked U-type
hoops and cross-ties better seismic performance than the rectangular columns with
rectangular hoops and cross-ties. The oblong columns with hooked U-type hoops and
cross-ties showed better seismic performance than the rectangular columns with
rectangular hoops and cross-ties. And this research were to make recommendations for
the design of bridge columns incorporating interlocking spirals and U-type hoops with

hook as the transverse reinforcement.

g3e 2% AAY A2 olojd s Yorg WP &
ek 2HE 5+ Qe AYAAE FLFEES Aol ot F2EA
ARAF S 7] A4UR Fho] FAY IWFAI G I FoZA AT F ¢
: : e Ag, Araaee PHEN ¥ FUHFH2 B2
g WAy dF FHoE Agdnt PPFAIY A JYdd 2Pele JHHI L, AF
T2 RRWATY 2o YUFHI L AHREE o) Ywt

s A9, Fene GEIHY Rir s e gnEEgA 974
<o Quuieta BEFST AR oe s syttt S5 3% A4y
css BREZFA HARTY

s

- 368 -



nzhel AL, WAAFol 43 FAHLE Jdout mEge HAHQ] v L %3
Z € 4 JeMNE ZEWIge wdarig €2 ALY x&
g Aoz dddch 43WE GHS YAET 20 ojde AYs
o} Inter-locking % Algg = Qlonz UHAIZY o AFTL£EAEZA WIS 4
A & Aoz dEdd. 28y YHE 29 Z & (Inter-locking) S A2 AFY &4
7t 58 ¢ dong YMAZTS gilstd & #HHE s & 4 U UidsE 0 E
S TR, ARFEEZ g AFY A E st ARTFEEZE E Inter-locking)3HA|
1 Fzadas RRYE2L A48 £5 k. CALTRANSY, EC 8-part 2% 2 AASHTO™
AqHE YdEZY EE3HA ARTFSEAE 934y 98 2o A sty A ILFE2 4
Ao theto 2 AU M I(interlocking spira)® Al4S AH3a lew Tanaka & Park,
David & Buckingham!”! 5& ZAgUH a3 A4 ¢ d7AAE 20 v Yok,

B d3e 939y 9 27 Yiagdg @3 H4¥3 dFARY AFE F8 BHom 5
g A2 N, AuagdE T AANAEGEZ, Z2FUAREZ, 2AUEHE D)0 g nge) A
A& vl FAste QALY dE DZo digh A} P2 YA AA £ A
02 AUAEZ 2 RAUIYAST S AlEsle 249 g LA FaAaE ATt
A4 g,

2. 439A A R AL

21 2484 @8 2 2234

AAZy ddd 434y 9 2o AT HhE Sishe] ©H¥R, 3WgEe 44 2
ERGHUZT JA 5& FLUFE F 7 2§90 4FHE AFSA RT 494 3333
2T ANEAM FEZAHEZH 2PN ETe 2o FAE AHAEYEd 4EAS(TE 1), IS 4
Ae LTS FHEM AU EIE AHEE 431 99 dEAE(2™ 1), HC 29
= RRAUSOEIS AT 2498 OE AIYHNEOE He)E Uad Zolx, AFA F
S¥F, gExs g H2AAE E 13 29 1o Yehidc HC 484t US $xudas @

Wgoge HudIo wiZd Re2A U¥Y FExwd I 90" 27t U

Ol r
=

(@ RT @984 (b)) 1S 9eig4 2 Y¥82 (0 HC 9d ¥4 2 ugszays
29 L AEFEE2e dE Fa A

En&‘_‘.

A7ty wes 93wy e 48 A 1% AYAE AZsdc F A dde @
o] 5U% wHHo HEF @ 7§ ARs, A4 AL 52cmx40cm, %%w =

- 369 -



2 60cmXx40cm® A &Gt Group D9 IS @HL YAAZHe F4% 32 20cmz @
U Zgel o8 ARTEd AE 057, ZFAAE B 29 YeEbHT eI
D16, U4 FE 2 DI0S AH&stdon] IWFH2L 8me] 3] AR WIdH L, 7%
Ao % Zol& 140cmol T},

A

flo

Hr

X1 4% A9 A¥Hs(aspect ratio : 35)

Ehis AEAY ARTF4E2 g | 23E2d | AFTEEIY | 94|
R-RT-07 0.07

Group 1 R-RT-11 Type I (RT) 134 % 249 % 0.11
R-RT-15 0.15

0-15-07 0.07

Group O 0-1S-11 Type O (IS) 135 % 121 % 0.11
0-1S-15 0.15

O-HC-07 0.07

Group I 0-HC-11 Type I (HC) 116 % 1.38 %7 " 0.11
0-HC-15 0.15

(F HUR $zxaadse g Zolg FAE AWIAZ AHu
E 2 Group O (IS &) A AHgA

0% Ae ARFED wAE m ol = o
(B2 J=EW Ao]d Ag) (A 247 A Agiel 3 Aol
A < >
\'2
350 mm 170 mm 321 mm

22 A3AE

WAANSAY oz ZHAAY(Quasi-static test)E AT A PA JeF e o
ZEYE)o0Z 7Y D, 2HEEEFS 100tonf LA HE o] Esld YA3A FA s
WA 1000tonf MTS hydraulic actuator2 13 29 & Fejo] dAAcwaog Hug &5

”~
=

280 0%

e e
St

NN E NN NN SN NSNS DR NN NSNS ENNE . b
2 3 4 5 3 7 3 9 19

"
o

oo
'rees

n S

@R
Drift Level (%)

Displacement (mm)

» oo

N P
T

£
&
o
o ©

Number of Cvclex

a9 2 *éféﬂ%’ 2 0¥ F AP

- 370 -



st stk

3. 45Uy 434 R 4
31 S g

S EZ3Ye £2EY oAz AR AFFEL LE LFATT FAR ATS vE
Aot AEZAHEL] £2EFo] AHHEAN ¢FF FWFE I A2l #EIAUY. 4P
B2 g olFe] A¥AY AAFELS ILFED Ao we J¥ez dFAd 25 b
S GAE GeEhiow AwgE e stdd A 4, AFHoR HYFEIY A
oz AgAe AAHAH, ¥ FHH(0.07, 01D F¢ EE HFAAAN TIF 4L ve
Witk 8] 0159 Z9 RT APAE drift level 7.0 %ollA FLFH 2ol FddEdent, 2
2o} AEAEL drift level 80 %ANA FWFHZol ATHUAT. T HH o dista) 373
A€ vlzetd, 71EEYAY RT 4¥Ae ARIZIHEAA FAHEs FFe BAo, IS%
HC 4gA<s 523 dedt #A5%e9 29 39 YU

2

_ 01515

29 3 % 0160 RE HdPA ] gy

32 95519 B

AgARERY 248 F5F-99 BAS 19 400 Yeud. FEES ol WA FatE
—H9) wAE AEU A As ol AAAY AFS YEhA B oF, BE 2 %
e A&7t vehdy] Agsgoy, sugAad ges A #3 d7x WAEE wAeA
A 23 dAAEL YEART.

Push

S T s T s

e e -]

= 10 = =

Y s g s g s

5 £ £

< ° 4 [

= 5 - s = S

4 £ s

g g 0 —— R-RT-11 & 1oy — R-RT-15

3 s kR ~ OHS-11 RN e QS-S
20 e - O-HC-11 E2 I N el A I e O-HC-15
a8 18- 25
*lpuit lpan solPull
-20 400 MO 6D 40 220 0 20 40 60 KRG 0G 120 SI20 100 B0 S0 40 220 0 20 M S0 RU OO0 120 -120 100 KO 60 40 20 0 20 40 S0 KO te0 120

Displacement jmmi] Displacement Imm] Displacement [mm]

a9 4 3F-d9 224

- 371 -



Z 2id §F-w oldFHe dAYES YU wAFH Y 2olZ AF P Fo A
o7t & TASATE AFUNAZ YA A4 o AEH e vt YLPHIFo] o
49% A=Y 2ol BT £ WIS Role Aoz vewn 23Uddd2 4
A Aty dgAF Bladte 141 %9 FHFETT, 46 %S IWFAIFo) ZA #I
Ao, A AT R A4 EHS UAES 4FAS FAR 3% YERAS

33 H& I drift W& R WAANE

AP SFLHE By A ALTHAAY e FYY drift FANM 23] (cycle) ]
HEEFo] ZtEFols HIAFTAEY FAVF 20% ool AY HWFHT R FWFHIZo] I
HA e HAE HAITEAZ AdsAd. AEAI AP 4PA H2 S drift WS
o] 22 A5 007), ZE AFANA F 7% I dift ¥ &S UYERART 5o
& 725544 015 RT A FAE A A7 dFAANAM F 7%9 I8 drift ¥ &<
YeEtch B¢, ZE A HAE 347 ¥ $EFAASE YehiAh

¥ 3 A4 E R SEFRAT

R Eu9 Fed9 | 3 drift $HFAAT R
¢ [mm] [mm] (%] _ =Vou,—1

R-RT-07 12.14 98.2 7 8.09 3.90
O-I1S-07 12.15 98.3 7 8.09 3.90
O-HC-07 12.26 98.2 7 8.01 3.88
R-RT-11 12.39 98.4 7 794 3.86
0-1S-11 12.27 98.1 7 8.00 387
O-HC-11 12.36 98.2 7 7.95 3.86
R-RT-15 12.92 84.3 6 6.53 347
0-1S-15 12.92 985 7 763 378
0-HC-15 12.95 98.3 7 7.59 3.7

8 4.0

sy B —an®- 38 T e A®

75 A i

= o {é-"‘ ]
o4

651 L] ot .

$9T W Groupl e Growpll 4 Grouplil ¥ Growl e Growil 4 Growpl

5':).06 0.08 0.‘]0 012 0.‘14 0.16 J‘;.Oﬂ 0.:)8 0.10 012 0.:IJ 016

P/fck Ag P/fck Ag
a9 5 HAdA = a9 6 sHFAAS

~372 -



Lol d A guHel Hejel 7ash ol LWL HF-AY FH oHPAR s &
Qo 29 7e YAl ¢ 7 A¥Ae] SHEMLHANE UEhd RozA, AYAY 57
BAZHuE BAel YEA o 5% HEE Uehue BAe HAAAH A dYe2 Frheted
o 23% ol 48l ¥ &E UERRTh

30
-= R-RT-15

T, & Ols15
";25 ~~ 0-HC-15 L i
R "
w201

P ot
- A

=% 1]

515)’ .
®

E 101 LA
2 o .
LT

o 1 2 3 4 5 6 1 8
Drift ratio [ %]
¥ 7 §7tel g4 H(54y] 0.15)

4 FHFATF v

4.00

Q Inter-tocking Spirl

O Inter-locking Circular Hoop
0201| A Circular Hoop + Cross Tie

O Kectungulur Hoop + Cross Tie

O Inter-locking Spiral

O Inter-locking Circular Hoop
A Circular Hoop + Cross Tie
3004 O Rectangulur Hoap + Craxs Ti

E
o
P
7]
E 2
g ois 3
Q
E 2 200
£ o010 3
o >
5]
1 00 o
“E’ 005
=2
5]
>
000 +— 0.00 - . +
00 0.5 1.0 1.5 20 2.5 3¢ 00 05 1.0 1.5 20 2.5 3.0
Dimension of Section, D [m] Dimension of Section, D {m]
p25 DI9 D19
P19 -
, . p1s e D25 b D28 .
4 e e . S ' - B ' . ¢ w=
» A . A . - “ [
i D=1 . . - . D=1 » L . D=t . . D=t
- .
. . - . . . . L4
. - . . . , . .- ' . - , e e u ,
05 (X 0.5 [1X.] 05 _ 0.5
) H=13 - ) H=15 ) ) H=15 B - HetS -
. . . . circular hoo
Rectangular Interlocking spiral Interlocking circular hoop + cross tiep

ag 8 AFYUA L ImT $UFHEIF wiw

- 373 -



Y 82 2A4WUATT ImT FHFEIFE vadtd dehd AoZA, G A&t Fotgs
3

% PUPAITFS 7kt 39S Uehdth 29 8l Yehin g%e] $U¥ HHA£
$ AU YYGITFe e UER WMDY F$ HF Fe g2 dbun, 439 @
Wl F9 by Be 9YgAIFE dehiz Qo

Z Hc]-
E 27t YAAAANG AFTFEE2e g A3Y voe J4EF&ATY FA
of e WAGEH HE ZAEA ATHE FAA 2SIl & Holth B 4+ Iwy A2
drid o2 BEPF Aotk H 4olA A4 SH, dUA 2359, AAYY 5
dEd e o AHolnj, AT ILFI2Z 717 2 wi2E 7182 & RHolx, HAYE &
ARA F 1 moll g FWFHZF A BAREA e Aol

ANEAol AolA RT(AHAE wAHZ) 7l5e $8Fes wase BAuAae vie] A3
A Foe Heol nHALH, IS(AY YHES) 71T YAE IR Afe] pAHSA Yohs
Mol AHAH. HC(#2 1Y UY WAZ) 715 FEZMA29 Moz HIARES IREE
dEygosy BAMEZo FeEg FWFgezr HPWEZo wIHo o} & RT(AHAY
HE2) 7IeRte duyes o] ofA due ol naHUct I, HAA dHe 3
FIFEZ A WALS, AEAE R BAEE 2stq FAse Ao M FeHd Aoz
e

N\

A
=
12
o
e
o
o

S

¥4 94y 2 AAE Zdd v

T ® RT IS IC HC
d4sY A »
R B . o
) 9] A ® ® a
AFH (RYEAD) A A >
AN (BFEE) x O A

F) D s FAG vRAY o igx FRE x o REA

6. 28

(1) ¥4e)(aspect ratio)7} 35% EE %% AYA A oA Ygd2 o) e LA A%
o0, drift level 7~8%lA W PP 20| Auso] HaFFEE F4dte FAAY F&& |
b

(2 A48 $ZaAT 4IARDE AR EIYERA FA=He e RAod, AR
AGAIS), LAUENAZT AYAMHC)E HEZZHET I GA wayq FAFEE 7]
Foz ¥ o AP AIH BRUEHEZe 2247 Hold AR TELTE B/E A
o2 wodEd.

1 0.07¢ 0.11elME 2E A¥AZE & 80 oj4d9 HUAALEE Hojv, 53H] 0159

£ 71&4YART)7F 6539 HAAANEE BolA T, IS, HC 48 & o 769 #HAA

- 374 -

=9

(3)

o A |
o



=& JYehlideh ol ¥ (equal energy principle)s &% S@FAAT A A A
BE AY¥AE 3.0& F3stdeh

(5) & AFA GFHA A 2AFHE Lo 7 dHEPGERZ Z xo]E HolA
T @t SUEgEIe GEA FAguE 5% UdHn FEFEAAM ¢ 23~26%E o
b A ch,

1 AHLER, IXE20FHY, =2 a2 A71E, 2000.

2. Caltrans, Bridge Design Specifications, Califirnia Department of Transportation, Sacramento,
July, 2000.

3. CEN, Design Provisions for Earthquake Resistance of Structures - Bridges, Eurocode 8
Part 2, European Committe for Standardization, 1996

4, AASHTO, Standard Specifications for Highway Bridges, American Association of State
Highway and Transportaion Officials, 16-th edition, Washington, D.C., USA. 1995.

5. H. Tanaka and R. Park, “Seismic Design and Behavior of Reinforced Concrete Columns
with Interlocking Spirals”, ACI Structural Journal, Vol. 90, No. 2, 1993, pp. 192-203

6. David 1. McLen, Grant C. Buckingham, "Seismic Performance of Bridge Columns with

Interlocking Spiral Reinforcement”, 1994

- 375 -



