r‘:\ Journal of the Korea Concrete Institute
| Vol.16, No.2, pp. 249~ 260, April 2004

SeED AZ-AM0 E EZEdR(E Agwo| XS

OlRE Y . 284D . aME Y

b g

Ol

il ER

i

=

ol

o}

ol

(2003 119 129 A3, 20043 29 289 HALER)

Seismic Performance of Circular RC Bridge Columns
with Longitudinal Steel Connection Details

Jae—Hoon Lee ™, Hyeok-Soo Son”, and Seong—Hyun Ko

Y Dept. of Civil Engineering, Yeungnam University, Gyeongsan, 712-749, Korea

(Received November 12, 2003, Accepted February 28, 2004)

ABSTRACT

The longitudinal steel connection of reinforced concrete bridge column is sometimes practically unavoidable,
however the current Korean bridge design specifications have no special provisions about lap-splices of longitudinal
steel. This paper reports experimental results of a research program investigating the seismic performance of circular
RC bridge columns with respect to longitudinal steel connection detailing. Twenty-one circular column specimens
were tested under quasi-static test. The columns with the entire longitudinal steel lap-spliced within plastic hinge
region show relatively sudden strength degradation and low ductility than the columns with continuous longitudinal
steel and the columns with half of longitudinal steel lap-spliced. However, the seismic performance of the column
with mechanically commected longitudinal steel is similar to that of the column with continuous longitudinal steel.
The final objectives of this study are to suggest appropriate longitudinal reinforcement connection details for the
limited ductility design concept and to provide quantitative reference data and tendency for performance or damage
assessment based on the performance levels such as cracking, vielding, collapse, etc. Ultimate displacement/drift
ratio, displacement ductility, response modification factor, equivalent viscous damping ratio, residual deformation
index, and effective stiffness are investigated and discussed in this paper.

Keywords : circular bridge columns, longitudinal steel connection details, seismic performance, ductility, equivalent viscous damping ratio
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Table 1 Test column details and material properties(aspect ratio : 3.5)
- Concrete .
Specimens Longitudinal steel connection details Confmqment speel compressive Yield strength
vol. ratio (spacing) of steel
strength
CN-SP-NC-10
- 1 D10
CN-SP-NC-20 018 o lap-splice
- ] ’ 0.40 %
CN-SP-NC-30 |omm==e (200 mm)
CN-SP-HL-10 e
CN-SP-HL-20 1 205 MPa
CN-SP-HL-30 Lap splice 50 % (301 kgf/cm®)
CN*SPH—HL—éO L=260 | lap-splice 099 % Confinement
CN-SPH-HL-20 . (80 mm) steel, D10
CN-SPH-HL-30 367 MPa
CN-SP-AL-10 o (3,740 kgf/cm®)
CN-SP-AL-20 it (2%gom§1>
_CN-SP-AL-30 | tapspten | 100 %
CN-SPH-AL-10 L=z | lap-splice 0.99 % 955 MPa | Longitudinal
CN-SPH-AL-20| =l (80 mm) (260 kef/cm®) |  steel, D16
CN-SPH-AL-30 338 MPa
.y 2
CN-SP-HML-10 - (3,450 kgf/cm®)
_ Mechani.cal . ]ap—sp]ice
CN-SP-HML-20 . Corlin::t;:nw Ltisz';léce + 50 %
_— mechanical
CN-SP-HML-30 connection 0.40 % 295 MPa
— 2
CN-SP-AMC-10 - (200 mm) (301 kegf/cm”)
100 %
CN-SP-AMC-20 mechanical
connection
CN-SP-AMC-30 |

Note) description of symbols,”
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Fig. 1 Comparison of hysteresis 100939)
(effect on lap-splice of longitudinal steel and
confinement steel amount, axial force ratio is 0.3)

ZHBHET oZANMO ME HD23RE dEIAY| LIEMs

(=

50 %7t A3el¢d Fig. 1(b)9) CN-SP-HL-30 Alg@A9]
By 9 SUFEZoR 49 Fig 1@9) CN-Sp-
NC-30 Al@ART ot @2 ddsEs vehisied,

Egols AT ZFwd Ashe A o
i, 4 FAETE eI 23
U, BE SWeddo] Ailoled Fg )9 CN-SP-

4% 3= R 34
_]

3 Eurekd 2o 50 %7F BRolS HoldE Fig 19
(d)2] CN-SP(H)-HL-30 Al@Ale AS AR +E5ETH
o] FMETE AYTHL YL Ao eyt

"=+ PEER(Pacific Earthquake Engineering Research
Center)ol Al 7+l Hose S¢] A7na4%= Ax4 2
Aol w5 7Kbridge performance assessment)
£ 93] Table 29 2] 59419 A %5%5F(performance
leveDS AL & 159¢  uAEG(hairline
cracks)d WA G5 o232 SFE2Y 5
AR AEEZ 1 mm og MISFS BAgHE ] Azt
Az f5ZAE we7b A1RE 5, ARG E(diagonal
cracks)o] A7) Al AFHoEE 1~2mme
TEE3} g zole] 1/10 o] ¥ go]

SAE yehd V5&9 3¢ 9% 4 gE&3

sk 9AE vehdnh wA)ek A
Wk o] AF, ARAFEEE e

2 ARZAE S} wAEe EARAN ARER
oA 2mm o3¢ TdFo] %
% ol Wie] WAEE dARESE 3
go] HAFslEo &% olstE AdtEe GADZE
e}l T3 PEEROIA A|A3F 59HA|9 AsEde
o] &5} Aty A EH(performance level
a9 Af &do] dAEA] @& DANO damage
leve), O5F9 7% A5 &Ao] A o
(MINOR damage level), M5HY A$ FHEY &40]
3% GA(MODERATE damage level), V&9 72
it $=do] HhAIEE GA(MAJOR damage level), 1
231 VY B¢ 154 g8 2 F2EY St
st ALOCAL FAILURE/COLLAPSE damage level)
2 FREIY Y AeiEd SRR AARAE

f
o>
QL
K]
1
i
o=
ol rlo,
=
oY Iy
*u

=
i1t
ry
o,
TR o oo
— ol {0 oot o ml pfoAl mE oRE (¢

251



AT Table 25 o] AukaQl )

& A55H © SRS VeeE 7

AOBA, olg3 H/P|ES A& YaME TAA

A (numerical  determination) F¥  AE/34(test/

analysis) 495 0|43 Hr} AdAoln FAHQ EA o]

Fod "ok F, %W olg#A, EvE-IE #
=

s HME B 51
22 9 zadce WYE PI 3

re
-4
=2
>
e
>
o
ml
flo
e
3
i
2
=
o
M
A
o
i
9|L
8

At

HESES U ATZIYE /)59 A9 v 2
= T HMaese olg) =3
AR o)zt geAn dzj7pA) e £
| AYEA] 53 Faloju] dubHoz Zuiek
2 ARIgged g sjFEer
10] gejoltt wehd, B djdae 2+ A3
AAT o3t FeHY(ultimate displacement) %
2| ZEH| S(ultimate drift ratio)d”, AT b}
o) Fwrapao? MAyFd wel ANE THIL
X8k s’ Sde wglae) Big A
HA 7 (st cycle)d] F3EAES T WA 7HEA)
(2nd cycle)®] ST Hl&o] % oJ3lE FhHE
sEgol M) Wy F g e g Y
4,2 Aslgon FFcgzen g I o
3 AP FRE|C)2ARAAN sFAsE7= 2
N9 vl&Z A5t Table 3 Z Fig. 2~4% A8A
248 2+ AgAY Fehig) 2 IS ZERSES Y

]
[e]
Ehd Ao 24 CN-SPH-HL-10% CN-SP-AML-10 A3

o 1o

M1opgL o o o
i > ot ﬂF
{12
o
o 2N
do &N

o]

A% FUgA sl ezt AdEolon

2 AYY UmA NRAS BSlE FRUE

o) Asjol o) AU} ARHUL, ol B

o ipe) APAY ARTEAS $aRA] A0mm
ity

Table 3 Ultimate displacement and ultimate drift ratio

Axial . Ultimate Ultimate

load Specimen displacement 4, (mm) |45t ratio
ratio Push | Pull |Average (%)
CN-SP-NC-10 | 739 | 695 71.3 5.09
CN-SP-HL-10 | 56.2 | 46.8 515 3.68
01 CN-SPH-HL-10| 58,0 | 778 67.9 485
’ CN-SP-AL-10 | 45.7 | 45.0 45.4 3.24
CN-SP-HML-10| 555 | 44.7 50.1 3.58
CN-SP-AMC-10| 59.4 | 58.9 59.1 4.22
CN-SP-NC-20 | 555 | 615 535 4,18
CN-SP-HL-20 | 51.0 | 495 50.3 3.59
02 CN-SPH-HL-20| 57.0 | 695 63.3 452
CN-SP-AL-20 | 395 | 36.0 37.8 2.70
CN-SP-HML-20| 514 | 46.7 49.1 350
CN-SP-AMC-20| 59.0 | 58.3 58.7 4.19
CN-SP-NC-30 | 51.8 | 523 52.0 3.71
CN-SP-HL-30 | 40.7 | 40.0 40.4 2.88
03 CN-SPH-HL-30| 535 | 71.0 62.3 445
’ CN-SP-AL-30 | 375 | 356 36.6 2.61
CN-SP-HML-30| 50.7 | 424 46.6 3.33
CN-SP-AMC-30{ 61.7 | 51.1 56.4 4.03

Table 2 Bridge performance and damage assessment according to PEER REPORT 19991

Performance Damage Qualitative performance o -
Level level level/classification description Quantitative performance description
I Cracking No Onset of hairline cracks. Cracks barely visible.
s . Theoretical first yield of .

I Yielding Minor longitudinal reinforcement. Crack widths < lmm.

Initiation of Initiation of inelastic deformation. Crack widths 1-2 mm.
m local Moderate Onset of concrete spalling. Length of spalled region >

mecchanism Development of diagonal cracks. 1/10 cross—section depth.

Full - : . Crack widths > 2mm. Diagonal cracks extend
IV | development of Major W%?S’l (lz(r)iglf Xégﬁ%iﬁfllﬁggio?lver over 2/3 cross—section depth.
local mechanism glon. Length of spalled region > 1/2 cross—section depth.
. Buckling of main reinforcement. Crack widths > 2mm in concrete core.
\% deSt;:ggtti}:m L o/cé%lugalélére Rupture of transverse RC. Measurable dilation > 5% of
g p Crushing of core concrete. original member dimension.
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Fig. 2 Comparison of ultimate drift ratio
(effect on longitudinal steel lap-splice)
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Table 4 Summary of ultimate drift ratio, displacement ductility and response modification factor

. . 4 4 . . Response modification factor, R
oad fatio | Specimen | S| o | S it o) | e Zua—1 s
CN-SP-NC-10 9.3 71.3 5.09 7.9 3.8 77
CN-SP-HL-~10 8.7 515 3.68 55 3.2 55
01 CN-SPH-HIL.-10 8.7 93 67.9 4.85 7.3 3.7 7.3
’ CN-SP-AL-~10 10.1 ’ 454 3.24 4.9 3.0 49
CN-SP-HML-10 11.1 50.1 3.58 54 3.1 54
CN-SP-AMC-10 11.0 59.1 4.22 6.4 3.4 6.4
CN-SP-NC-20 9.6 58.5 4,18 6.1 3.3 6.1
CN-SP-HL-20 10.8 50.3 3.59 5.2 3.1 52
02 CN-SPH-HL-20 95 96 63.3 452 6.6 35 6.6
CN-SP-AL-20 8.5 37.8 2.70 39 2.6 3.9
CN-SP-HMIL.-20 12,0 49.1 3.50 5.1 3.0 5.1
CN-SP-AMC-20 6.5 58.7 4.19 6.1 3.3 6.1
CN-SP-NC-30 10.2 52.0 371 51 3.0 51
CN-SP-HL-30 10.3 404 2.88 4.0 2.6 4.0
03 CN-SPH-HIL-30 115 102 62.3 4.45 6.1 3.3 6.1
’ CN-SP-AL-30 95 ’ 36.6 2.61 3.6 2.5 36
CN-SP-HML-30 13.6 46.6 3.33 4.6 2.9 4.6
CN-SP-AMC-30 8.5 56.4 4.03 5.5 3.2 5.5

* 11,4 ¢ Displacement ductility factor based on the yielding displacement of CN-SP-NC series specimen
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Table 5 Summary and comparison

of parameters considering performance level
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