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Shear Capacity Curve Model for Circular RC Bridge Columns under Seismic Loads

o ® & 1y ¥

Lee, Jas-Hoon Ko, Seong-Hyun  Chung, Young-Soo
2290

= 3 =2 go|ch7}t 2 BHQ T
oMs0| MEtE R, WRMAH Ex
. € gzl i3t 7|z 2de

MotRgel Exg HlDslelch E FHIM FHE 483 7|
Shsp7| = Zo(x|gh AsZTet BjM HES A

[=E=y )

oksl9i, CALTRANS 28, Aschheim &
=M S Wylsldch MekE Beol

=2
Holds MEe HARA e T R2F Wit

F2O - EHA, WM "I E-Het O, MuMdsS

[l

=Y, e, e

ABSTRACT

Reinforced concrete bridge columns with relatively small aspect ratio show flexure-shear behavior, which is flexural behavior at initial and medium displacement stages
and shear failure at final stage. Since the columns with flexure-shear failure have lower ductility than those with flexural failure, shear capacity curve models shall be applied
as well as flexural capacity curve in order to determine Ulimate displacement for seismic design or performance evaluation. In this paper, a modified shear capacity curve
model is proposed and compared with the other models such as the CALTRANS model, Aschheim et al.'s model, and Priestley et al.'s model. Four shear capacity curve
models are applied to the 4 full scale circular bridge column test results and the accuracy of each model is discussed. It may not be fully adequate to drive a final decision
from the application to the limited number of test results, however the proposed model provides the better prediction of failure mode and ultimate displacement than the
other models for the selected column test results.

Key words : seismic design, performance evaluation, fiexure-shear failure, shear capacity curve model, failure mode, ulfimate displacement
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T 1865 kN9 Z¥o] Z&3l9 ZHu|7} 0.070) i3
o RE AFAY dEZozE D109 HFuEFo

115mme] ZHALSE wiZEH]eH, dF¥dde M7 ¥

£ A3 A WA el MS-HT4-N AEY 43
Aol AHH AOZA, 1Y 6(a) 2ol FHY WP &
¢ AAolgdty EAWAZ 28 Aoz I
Fejoltt. wWAZY HYoILRE F3tFol JHEHE B
B Ao d AZYEE ¥ZEdc F WA FHe
MD-HT6-N-L2 AgAjel ALgd ZO2A, 18 6(b)%
Zo] AZHE AL FAFET gF 2o 9F A
&g ZAEE wTHAY wgekA PRl dolst R
e AT FroA Y ARFEHINE 023%9 #
< YehiH, ol $4Ad94E BAEY] Yild ¥ =2
A7 2V AN 2Fshe ARTFEEIH Y 24%9 FHY
g}, 2dhgk dTurt 2.03%2 MD- HT6-N-1L2 A4
oj9lel= umA IG5 AgAY Wy HIWJ BT
1.02%°19, 2% AR WAZY FEZEE 44 343
MPa#} 373 MPa, 23 E Y= EE 248 MPaclth
E 19 71F AgAY 9ugA, AZHH 2 FRFE
AEstA, 48 PH, sF-HY ol¥AF, HIAF
< F3EA 129 139 AA3 IdFH Stk

4.2 2AUAET0| HIZE 7IS0 Chet MERIE HAAO| ME
1% 6(a)9 Zol RAWHET 2747 M2 HZo g u)

E1AEA 4M 2 MELET
Transverse steel (vield strength = 373 MPa) .
Longitudinal. Hoop tie Axial load
Column | Aspect | reinforcement — b T —— Concrete | &
Specimens lﬁa;ilrr:tgl ratio Plastic hinge region | Qutside plastic hinge Cross tie comp. axial load
eight, | M ; ; in plastic ratio
mm] | VD Amg“m Yield | Volumetric f‘:iin& Volumetric Ss'ggn& hinge region | oo (2]
I strength | ratio, % PACING | oo, % pacing, fady
steel ratio [mm) {mm]
MS-HT4-N-SH| 2,180 | 1.825
40-D19 D10
MS-HT4-N-FS| 3,000 25 1.00 % perpen—
' ° D10 D10 dicular 24.8 1,865 kN
MS-HT4-N-L2| 4800 | 40 WMPa) 028 | g5 | 91 | @150 | gosstie | MPa | 007
80-D19
MD-HTE-N-L2| 4800 | 40 | 5o, ~
250 mm coupler —,
ﬁ; \ g s
\ J E :
D10 == D10
(@ MS-HT4 A& AH = (b) MD-HTB-N-L2 A&z
O% 6 e mED AM
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{a) MS-HT4-N-SH (E“c%t'l 1.825)

a3 7 "o i Vs

Displacement [mm]
21..9 43‘3 65.7 371.6 1095

— E xperiment

MS-HT4 N-SH
0 1 2 3 4 5
Drift Ratio [%)]

{a) MS-HT4-N-SH (& ~Hd| 1.825)

Displacement {mm]
48 96 144 192 240

—— Experiment
----- CALTRANS
,,,,,,, Aschheim et al
bt Priestley et al
==== Proposed model

______________

MS-HT4N-L2

0 1 2 3 4 E
Drift Ratio [%]

(c) MS-HT4-N-12 (& &td| 4.0)

a3 8

Olot

<8 A sEtEEEd 393 RAIAS e T
gdZH A AGdge] AFsA doh. 7l do|gEge
2 F99 £3 o7} (Dyp.cot §) °]L FIHE Ay
= BRFYATY $71 (D, .cot )/s olmE, ¥ (25)%
Zol RAMAZY HAAEE V& AN § Ut o
1A Asee WS BAS RAmEZY dEE,
D= 9433 zaaZ 4 319 AREZIYE Aol

y = Asaluly g (25)

oA FgFEZe AGRE V.E

BAmA ol Widd AgA usides 3=

) 242 o TEAsE o
g AdstA o

e O

él-g—tll_ ‘(r)"l = %E.{:.

(d) MD-HT6-N-12 (& &td| 4.0)

Al & i-ﬂ 9| .TL|-.T'_| @ EH (12),13)

=

Displacement [mm]
3;3 6|0 90 120 150

~—— Experiment

""" CALTRANS

it Priesiley etal

______________

MS-HT4-N-FS
0 1 2 3 4 5
Drift Ratio [%]

(b) MS-HT4-N-FS (& 41| 2.5)

Displacement [mm]
0 43 96 144 192 240

— Experiment

20004

Elsua-
]
5 12001
[
"
800
£
]
o 400
MD-HT6-N-L2
o 1 2 3 4 5

Drift Ratio [%]
(d) MD-HT6-N-L2 (& 4Hd]| 4.0)

oM AEsta e ¢899 4%, 45° 40°, 35°, 30°
£ 47 F8890.

5. MEEDol0| HDE Sat By

2t

oE

5.1 TfEele] oE

AEA BEY AREE P47t 1.825¢9 MS-HT4-
N—SH 715(28 7)) FAHI7F 2591 MS-HT4-N-FS
715 A9 (S YA Faguzt 409
o'l‘oﬂ‘t_‘ WA g2t FAFHI DM, U
A7 1.02%% MS-HT4-N-L.2 715 & #3E B
ol wbm Z2waRdE 287 2.03%¢ MD-HT6-N-L2 7%
(2% 7(b)& F-AY %S Jehgln.20

9 82 WE 335 o3 JsF-uy A¥gAe

H10# M23 (83 A48%) 2006. 4



ANRGES e HZEFEE 8 n2te MuMds2EM OE
243 b mde] ALA4nE Yehdt. 21944 33 MS-HT4-N-FS, MD-HT6-N-L2 7159 Z@ad9:= zt4
48 zEde A¥A HE(push) ® %Ur 3e 88, 105, 240 mmo|t}.12™) o]o] w5t CALTRANS
(pull) W&o F 748 FAE vebdth 18 8(a)d W zdd o3 FFHAE 47 54, 66, 101 mmEAN 43
Ebd nie} o], g-dd 37t BT MS-HT4-N-SH A9 0.61, 0.63, 042815 YeElNUTE Aschheim §9¢

7159 A% CALTRANS =29, Aschheim 59

=9,

Adzde AW Uehils AATRNA 4RAH

FahF-a9 TN oA BAY AI2 o3

239

o I Priestley 59 B J3F-H9 IAH @

UAl 42o2AM & Iz F3yh %1
et 18 8(b)e] MS-HT4-N-FS 7|%

243 Agrdel 949 sig

eim 5¢ E9# Priestley

qg

33 7}

+ CALTRANS

°1]~—0}%L1_, Aschh-
59 22 & fHIHY=R o3

&9tk 18 8(c)9 MS-HT4-N-L2 7]5& BE mdo]
2 92 dFsyr, 18 §(d)Y

4gastst g

MD-HT6-N-L2 7% &
SRt

g iz 4%

=
2

Edo] dgAze 2 4-

£ 2& 7 294 9% AAYFHY JFAAE Uehd

. Aschheim §¢ Ed2-& 47)
o, Priestley $9 222 47}

a=
—(-‘D—TFE

SEEEICER

ded

FHE 9S8

52 #
H-%

12lds olE2

| M&gts

o5

A9 938 Bl 3709 AgA diste %

F 1A AgAd gt
% 271 AdA disto
Bt CALTRANS =93l A
ZE AgAd dstq d3dAe 5Yd 745

2dg

Heg WYL 19 solA ParEode e 7

29l AT

Aol

TAsHE 949 Welz AR,

1:1@0

F-Ad FHE 23 MS-HT4-N-SHS MD-
HT6-N-L2 7159 tistd 22 66, 115 mme =

9]

2A AgA#4Y 0.75, 0489E ERASUTE Priestley &
9] 292 MD-HT6-N-L2 7|5l it d-1dd v
2 qZ3gom, 206 mme ZFHY o=
g4 086ME HeEPNAT Atdmde g A 7]%9
F3AH = 47 79, 86, 130mmEA AFAI2 0.90,
0.82, 054ﬂﬂE Ve,

Heha E

AH 2.03% A

S

30 vjERd  Hhsh o),
ol wlake] AAZFo|

dAl—H] 4.0, zu}tﬂ:

gozA 4

]

AdEdez A& MD-HT6-N-L2 7159 t3dld Priest-
ley 59 =do] /1% Agdnel A A4 Y A

oJ9el, A¢mdo| the
FRARR SEENE

6.

b/
=

Priestley 59 2Zd&
Aead 2dE AUy

=

wedo) vsa 4gAse 7}
SELES

718 R st sAE Ad
1, CALTRANS =49, Asch-

heim 9 249, Priestley 59 29, Arde EA&

H w sk on,

T ol A

F38 dg37 7%

)é%‘];'(.ﬂ.g_

gAoR AGHSZA vde FEGY. 438 Wl

aF A3t
ZolAw, ANE d=7719 HAFAAY win

e HEo2A

SR ERE

ol &
HEF A

¥ 30 et uheh 2ol dgel ¥ MS-HTAN-SH, 3t zotwdol sgele 3 Ho4s 29 48
x 2 Wugefel AyZn 9 2z 2do) o5t o5& 3}
Failure mode
Specimens '
P Test result CALTRANS Asahheim & Priestiey et al. Proposed model
Moehle
MS—HT4-N-SH flexure-shear flexure-shear flexure-shear flexure flexure-shear
{correct) (correct) (wrong) (correct)
MS-HT4-N-FS flexure—shear flexure-shear flexure flexure flexure-shear
{correct) (wrong) {(wrong) (correct)
MD=HT4-N-L2 flexure flexure flexure flexure flexure
(correct) (correct) (correct) (correct)
MD-HTB-N-L2 flexure—shear flexure-shear flexure-shea flexure-shear flexure-shear
{correct) {correct)r (correct) (correct)
F 3 g-Mcoh Tha MEAo st 2 mEol 25t o AMFZniete) H|E
Ultimate displacement Ultimate displacement ratio to test result
Specimens Test CAL- | Aschheim & Priestley ot al Proposed CAL-  |Aschheim &| Priestiey et | Proposed
TRANS Moehle y 1 model TRANS Moehle al. model
MS-HT4-N-SH 88 mm 54 mm 66 mm - 79 mm 0.61 0.75 - 0.90
MS-HT4-N-FS 105 mm 66 mm - - 86 mm 0.63 - - 0.82
MD-HT6-N-1.2 240 mm 101 mm 115 mm 206 mm 130 mm 042 048 0.86 0.54
HM10H X2z (83 H48%) 2006. 4. sExirEEts =28 9
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