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ABSTRACT The goal of this study was to assess the seismic performance of hollow cast-in-place and precast reinforced concrete
bridge columns with triangular reinforcement details. The developed material quantity reduction details are economically feasible

and rational, and facilitate shorter construction periods. By using a sophisticated nonlinear finite element analysis program, the

accuracy and objectivity of the assessment process can be enhanced. The used numerical method gives a realistic prediction of

seismic performance throughout the input ground motions for several hollow column specimens investigated. As a result, triangular

reinforcement details were designed to be superior to the existing reinforcement details in terms of required seismic performance.
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Fig. 1 Hollow cast-in-place and precast columns with triangular
reinforcement details®*

714 | et=2232|ESE| =% M[287 MI65 (2016)

2
)
dlo
)
=
-

£ o l:ffPE‘r"’) oA A
H} Sk :10 H/\ LHoﬂ

FSJato] 7t A

ot
4
2
X
Hy
e

o,
oo
KU it
1
<y
4
[

[
Kul
it
U O

ox % o\ oo
1>’ 11>'
mlo

e o M O 1M
e S
o o 1o
= ol
o
£l
N
ﬂl&
ru
h
=

8l
ot Tl

o e Sk
£l

o
o
e

A

o
o%k
it

ru
o
i~
i~

i)
m
bl

&2
o) o m
ol ok,

a1

Mo

=

rl

of

o ol

B

s

S

2

rf

=
o2

m&

(LB X0 > f 0%

o
o
N

Bﬁﬁﬂ)‘rﬁ:\ﬂ
HEOV

o

d
Mo
N,

N
w0 yo iy

FABE SN DAL Q. 5 -9
o] WS KU 2] =of drh ] 0= 1 who] wit
N2zt FRAoR f23 As 5495
% AT B7) 329 g A Azt Lo
Yoz 22| EY 3% T4 HAT 5 9]
o] FelstAl AFde 5 glon o] & F
| 7] %] &= Oﬂsko] U]U]z‘g]_—LH

M o
N oo 2
M o2 oXx
m [

©
|

ox Mo o k2
-
I
oEL olo

= A S T S T
JE
2

o

o

N

TN
offl

o )

>
2

ne. off
Ly
¥9
5
&
_?_1'4
FH
o
1o
1
ko
e

of
e
oy
ol
i
ry
lo
o
)

1o
»
!

d

At
72}15}“ 9 2 %A T3 4

Y E Eﬂﬂ HVW <= B8 AR S E3
7] $181 A4 Table 101 Wb 7212} 22 A oA5-342)
P AAAE sk on el A9 o= Fig. 2, 3%

olul wzt AdA o A=A 2w AAE) 2
AYEF X719 1231 AASHTO LRED'VE 7 & &}
Fom ek HAFE F3uUlFrL AP FAGHe R
= J -39 a3 ste] 2Hg kel

AR T dd w2t AEA= 2174 1,400 mm, W
1,050 mm 183 %°]= 4,900 mmE FA4H] 7} 3.50 2 A4
T3 ATH(WAE/817)
© 0.75%2 @A A A A Zo] 7hs gk Hoj x| Grol ) 18] AL
2 T3 w2 A A ] w2 217 0] 1000 mm, W7 ©]
500 mm<l F& AR o 2 A w7te] atF A 7R &) 3=
°]+= 4,500 mm©] t}.
T4 Ao gigt AlF-A 1 AF A= Farm e &}
3] A E]o]Ql o tf 4 A= Fig. 4o YR SITH
Mdd AGERE W 2] AT T ALEAYE

}\]AEH.Q_ /;j?S”Oi?-A x% Al 3

T
£5 g0

J

— H



Table 1 Properties of test specimens®

Soeci Cast-in-place Precast
ecimen
P S-CHC-80 S-CHT-80 S-CHNT-80 | S-PRHC-80 | S-PRHT-80 | S-PRHT-120
Cylinder c((f\r/}(l:)r;)te strength 281 243 274 470
. fu 408.3 408.3
Longi. (MPa) . .
reinf.
(D19) ((f/’l) 1.5 1.53 138
(V]
fu
(MPa) 405.7 405.7
Trans Space Outer @80, | Outer @80, | Outer @80, | Outer @80, | Outer @80, | Outer @120,
reinf. (mm) Inner @80 Inner @80 | Inner @400 | Inner @80 | Inner @400 | Inner @360
(D13) Ratio Outer 0.0047 | Outer 0.0047 | Outer 0.0047 | Outer 0.0083 | Outer 0.0100 | Outer 0.0067
(Compared (49%), (49%). (49%), (52%), (63%), (42%),
o currerrl)t code) Inner 0.0047 | Inner 0.0047 | Inner 0.0009 | Inner 0.0083 | Inner 0.0020 | Inner 0.0022
(49%) (49%) (10%) (52%) (13%) (14%)
‘fyt
Cross-tie (MPa) 405.7 405.7
(D13)
?ﬁ?ﬁ‘;‘ 18@80 12@80 12@80 12@80 8@80 8@120
Axial P
force FuA, 0.1 0.07
(Note) S-CHNT-80, S-PRHT-80, S-PRHT-120: Only outer lateral reinforcement
1400 s
5 g 4 8§
4§ ‘

an [l
1400
1600

| 760
1100

2900

Fig. 2 Hollow cast-in-place bridge column (Unit:
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Fig. 3 Hollow precast bridge column (Unit: mm)®
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Fig. 5 Finite element model for cast-in-place column
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Fig. 6 Finite element model for precast column
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Table 2 Properties of test specimens

Specimen Natural frequency (Hz)

S-CHC-80 2.97661

S-CHT-80 2.86529
S-CHNT-80 2.96676
S-PRHC-80 2.52879
S-PRHT-80 2.49908
S-PRHT-120 2.52322

Displacement (mm)

ScHC-80
| R SCHT-80

Displacement (mm)
°
|
3

200

SPRHC80
| SPRHT-80

| SCHNT:50 | SPRHT120
200 — T -400 — T
0 4 8 2 16 0 4 8 2 16
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Fig. 10 Response for specimens (PGA 0.154 g)
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ool A aL glrk Fig. 133} o] 7|& $3 HAI2agE wzt APA
A7 WA= T 2= A5 T Wil s S (S-CHC-80), =FA# T+ AIZAYE w7zt A9A
gust e deERs BT TS = 2L (S-CHT-80), 18] L W5 F A 2] 75 o -5 W= sk
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Table 3 Comparative evaluation of progressive damage
Input Acc. S-CHC-80 S-CHT-80 S-CHNT-80 S-PRHC-80 S-PRHT-80 S-PRHT-120
(€9) D.I. P.L. D.I P.L. D.I P.L. D.I P.L. D.I. P.L. D.I. P.L.
0.0627 0.01 [ 0.01 [ 0.01 [ 0.02 [ 0.02 [ 0.02 L
0.0803 0.02 [ 0.01 [ 0.02 [ 0.02 o 0.02 [ 0.02 o
0.11 0.02 o 0.03 o 0.02 o 0.04 o 0.04 o 0.04 o
0.154 0.04 o 0.04 o 0.04 o 0.10 o 0.10 o 0.10 [
0.22 0.08 o 0.07 o 0.07 o 0.21 © 0.22 © 0.23 ©
0.3 0.18 © 0.21 © 0.17 © 0.26 © 0.23 © 0.24 ©
0.4 0.30 © 0.38 © 0.35 © 0.27 © 0.27 © 0.26 ©
0.5 0.34 © 0.39 © 0.38 © 0.31 © 0.35 © 0.34 ©
0.6 0.37 © 0.45 Q 0.42 C 0.37 © 0.39 © 0.42 @
0.7 0.42 O 0.49 @) 0.52 C 0.43 o 0.46 Q 0.42 Q
0.8 0.49 Q 0.54 o 0.52 C 0.48 o 0.53 o 0.47 O
0.9 0.57 Q 0.63 Q 0.59 C 0.52 O 0.56 Q 0.54 Q
(Note) Performance level: Fully operational - @, Delayed operational - ©, Stability - O
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