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ABSTRACT

The purpose of this research is to investigate the flexure-shear behavior of bridge columns under seismic loads.
Four full scale circular reinforced concrete columns were tested under cyclic lateral load with constant axial load.
The selected test variables are aspect ratio(1.825, 2.5, 4.0), transverse steel configuration, and longitudinal steel
ratio. Volumetric ratio of transverse hoop of all the columns is 0.0023 in the plastic hinge region. It corresponds to
24% of the minimum requirement of confining steel by Korean Bridge Design Specifications, which represent
existing columns not designed by the current seismic design specifications or designed by limited ductility concept.
The columns showed flexural failure or flexure-shear failure depending on the test variables. Failure behavior and

seismic performance are investigated and discussed in this paper.
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Table 2 Test column details and material properties
Shear Transverse hoop tie Compressive Yielding
Column | aspect . L. . Outside plastic hinge | strength of .
Specimens height | ratio | [nside plastic hinge region region concrete zzi;(gﬂlpgg Axi_zlﬁéoad
(mm) | M v - : ; ; (MPa) (kgt/cm?)
VD olumetric Spacing Volgmetnc Spacing (kef/cm?) gf/cm
ratio (%) (mm) ratio (%) (mm)
MS-HT4-N-L2| 4,800 4.0 _
D19 0.07 =
MS-HT4-N-FS| 3000 | 25 115 343(3,500) 7 £ 3 )
0.23 S/dw = 6.0 0.175 150 24.8(253) pe 1"‘86" KN
MS-HT4-N-SH| 2,190 | 1.825 s/dy = 12,0 D10 =1L
313B800) | (190 tonf)
MD-HT6-N-12| 4,800 40
bl oiES Wi ABT2Y| 8- Het HE 825



at

o
m

3.4

dH
x

31 As ¥ sE-H9| ol

Fig. 62 2+ AgA9) #sl5-wg ol (hysteresis
relationship)& ERA Aotk Fg. 6(a)o] Yebd who}
7o) A7} 409) MS-HT4-N-12 A¥AE 025% ¥
Anjof|A] 7)1 5kl Fgo] WASI 1, HAD 4
o] gEe o]F AMAFTS BHole AFA] FAE
S HAth W9 F7tel mek Fdde] ST W]
20 %014 #EZAES} w(spalling) 7] AZEIH
A9 E"JFH%I" HH] 25 %ol A YeER S, Wy
50%0A4 Sdebd o] sdso] WA (pinching) #/4-&
Holn 33lFo] A it

Fig. 6(b)= &7l 259 MS-HT4-N-FS A3 )2
St °lal’*d°14 05% WHeIH|o) A 7|53t
ddo] B, Hejg FWskdTo] FEG o]F o
R ﬂio}ﬂ A2 20 % HAuolA o ¥
HARE YeEhT Hel st dAT 7ol AR
Fow AANE Avkrdo] BRHU Welv] 30% v
AolA A stiolA 98 ZIEY wErt #
Zxlom 35% WAulelA] RARAF-9] FHaka ol
FAHAE 45% WA Suakdol sdd $ 3
e voln dslFo] 343 7t

Fig. 6()= 4|7} 1.859 MS-HT4-N-SH 284
9 3=-w9 olALAo|t}, 05% WYHA /)% e
of BFdel WAL Adag] et Fho] B
Sepon DAY, 25% BevlolN A YERES
UeR o™ FAtge] A JAEHIAY. W)
35%A AFA PR ¥ gEsddlA gEEA
&9 vy} #aAElom, M 40% olF] 5438
atzo] AstEArt. MS-HT4-N-SH A AoA 34t
s $YFATE) sho) WA sk

Fig. 6(d)= MS-HT4-N-12 A&A)9 £As 409 2
B ARG Fuase] 2 WaEe] Hud
W7} 291 MD-HT6-N-L2 A8 a9 o
Aojt}, 025 % HH|A 71Fsietl] Fado] Al
1, #H9E gkd o] 53 o)) 71vo}“4°ﬂ
o] wrgl7b B 03% WYHITA AAAF
MS-HT4-N-L2 23A¢ A 7% UrEPLH“E}
3ol Aok 25% HHH|A LPE}kh?}. A
AH] 40 %ol AEA Ao JF dFATA T
A wrt #Eg oo dddgd we} it
o] WAt I, AAPFoR FASHA AT 60
AAIE S JE 5 50% A g

4

O\' _xm nPJL'

}

bz By

r
413**
AQNEJ}Er_&oﬂ_&Wi&JH U oft

Displacement(inm)

288 192 -96 0 96 192 288
1500 - -
1200 ; :
Z 900 | y 34
600 |- MS-HT4-N-L2 . 15y 2
£ 300
S 0 —
T 300 pas z
£ 600 [ g
- -900
1200
1500
% -4 2 0 2 4 6

Drift Ratio(%)

(D Initial crack @ Longtudinal steel yield @ Crack pro-
pagation @ Initial spalling ® Longtudinal steel fracture

(a) MS-HT4-N-L2(aspect ratio 4.0)

Displacement(mm)
-180 -120 -60 0 60 120 180
1500 - - T

1200
Z 900
= 600
2 300
= 0
E -300

— -900 A,

5 f E
1200 : ;
-1500 -

-6 -4 -2 0 2 4 6
Drift Ratio(%)

D Initial crack @ Longtudinal steel yield, Initial shear
crack @ Initial spalling @ Confining steel fracture
® Longtudinal steel fracture

(b) MS-HTA4-N-FS(aspect ratio 2.5)

Displacement(mm)
R ! . 43
1500 1314 876 4}.3 0 (g)msm 1314

1200
000 |- S A— 1 M A N
600 | MS-HT4-N-SH
£ 300 i
g o Z4
E -300 g
5-600 VA1
3 900 [ & o
1200
1500
6 4 2 0 2 4 6
Drift Ratio(%)

@ Initial crack @ Longtudinal steel yield @ Initial shear
crack @ Initial spalling

(c) MS-HT4-N-SH(aspect ratio 1.825)

Displacement(mm)

-288 -192 96 0 9 192 288
1500 i i H H
00 S IO R—
600 |- MD-HT6-N-L2 7 ” =7
3 //
2 300 g
£ 0
B B00 | T e A
g \*é Z '
= 900 [-(®) =
-1200
-1500
-6 -4 2 0 2 4 6
Drift Ratio(%)

D Initial crack @ Longtudinal steel yield @ Initial
spalling @ Initial shear crack ® Confining steel fracture

(d) MD-HT6-N-L2(aspect ratio 4.0)
Fig. 6 Load-displacement relationship

sH=Ea2| =55 =2 MI6H 65(2004)



32 HAHE

Figs. 7~10& 7 4849 s98de . P4
7} 4090 MS-HT4-N-L2 A9A(Fig. Vv &A3IX |
EELERE-EEERTE

gam|7F 2521 MS-HT4-N-FS A8 4| (Fig. 3= #3
89 92 24UA9 Bt @A BeAsal AT 9
Fdo] WgaT FRHow JuFday dud o
P vmwu Btk a7} 18259 MS HI4-
N-SH JA(Fig. 9= B85 Aedgd o8 A4
Felo] AT Aol lsle] AR WH
7} Fig. 9b)st o) 715 HA) old A AR Aek
Fdo] 342 salel Qlo] HYen PH2AE 4
Assle) Zske weld. Jed MS-HTANFS 284
ohe 92 ggETol WuEA Rgows Zaed
AuATsHe 440] shale] R0 ok

4] 7F 4091 MD-HT6-N-L2 284 (Fig. 10T 3¢

e,

T MS-HTANA2

Fig. 7 Failure of MS-HT4-N-L2

H 5 283 Adtgo] o3 A}
] *36}913, THHoR Yurd o] duy Mo
of o3 F-Ag A P4L Bl MD-HI6-N-L2
A= MS-HT4-N-L2 A8 ¢} umo}oq e 21&

B
ofi
N
rO
o=
o
rir
ok
e
e
o

=
ik
ot
o
o
s
4t
)

(a) Cracks at drift ratio of 35 %

(b) After test completed
Fig. 9 Failure of MS-HT4-N-SH

(a) Cracks at drift ratio of 2.5 %

(b) After test completed
Fig. 8 Failure of MS-HT4-N-FS

= &3

(b) After test completed
Fig. 10 Failure of MD-HT6-N-1.2

827



Table 3 Failure behavior of test columns

Drift ratio (%)
. ... +|Longtu Confin | Longtu
Specimens  |nitial M43 “dinal | Initial | -ing | -dinal
crack crack steel |[spalling| steel steel
yield fracture | fracture
MS-HT4-N-L2| 025 - 1.0 20 - 50
MS-HT4-N-FS| 05 | 20 | 20 3.0 35 45
MS-HT4-N-SH| 05 | 05 | 20 25 - -
MD-HT6-N-L2| 0.25 | 4.0 15 30 5.0 -
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