Journal of the Korea Concrete Institute
Vol.17, No.4, pp. 603~ 611, August, 2005

Y HIE3EE W] YRYs | MF

SETH| dg B got

=11 = * Slagox 2
Olck V- upmt 2 ST 2 YA 2

VAmdie Bust P st =gt

(2005 49 189

A8, 20054 79 149 AANER)

A Seismatic Performance Analysis of Circular RC Bridge Piers 1.
Evaluation of Influence Parameters of Confinement Steel Ratio

Dae-Hyoung Leel) Chang-Kyu Park e , Hyun—Jun KimZ) and Young-Soo Chung 2

b Dept. of Civil, Gyeongdo Provincial College, Yechon, 757-807, Koera
2 Dept. of Civil Engineering, Chung-Ang University, 456-756, Korea

(Received April 18, 2005, Accepted July 14, 2005)

ABSTRACT

For the establishment of rational seismic design code for RC (reinforced concrete) bridge pier, this paper has
analyzed the seismic code of RC bridge pier specified in well-known codes such as KHBDS (Korea Highway Bridge
Design Specification), AASHTO Standard, ATC-32, Eurocode 8, NZS 3101, etc. So as to secure aseismic ductility of
RC pier, transverse confinement steel ratios of those codes have been examined together with other design
parameters such as strength of concrete and reinforcing steel, axial force ratio, aspect ratio, longitudinal steel ratio,
etc. However, there has been arisen a doubt for the validity of those parameters. Thus, the objective of this study is
to quantitatively evaluate the validity of design parameter of each code on the experimental seismic ductility for
about 80 test specimens. It was concluded from this study that the axial force ratio is a dominant factor for the
seismic displacement ductility. Therefore, it is desirable that the axial force ratio be further taken into account in the
corresponding seismic design formula of RC bridge pier in current KHBDS.

Keyword : circular RC bridge pier, evaluation of seismic performance, influence factor, axial force ratio, confinement steel ratio
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Table 1 Required volumetric ratio of transverse confinement steel
Design code Required volumetric ratio of transverse steel Remark
KHBDC”7)(2OO()) Ry ;
AASHTO” (2002) _ o e o
CSA Standard®(1994) p: = Moz [0'45( A 1) 7, My }
ACIT 318-02”(2002)
P .
p, =0.16 o 0.5+ 1.25——+0.13(p,— 0.01) for H/D<4 m, - ?urr{ber of
ATC-32? Fye ey longitudinal steel
(1996) . P, f. =131,
p, = Maz|0.16 (054 1.256-—— |[+0.13(p,—0.01), 0.0002n,| for H/D>4 =
s fy t b fye 11fy
i ce” g
4, V£ 4, L P,
: p, = Maz|0.45 Ag—l =, 045\ —F—1]=5{05+1.25— for D<900 mm
Caltrans™ c Iy A, fy fA,
2000 Moz 045( 4, 1) Ja 012fr i D
= . -1, 1222 >
Py A 5, 7, ) for 900 mm
o = f_cd p,  curvature ductility
Eurocode 8% bt whe yd Limited ductile = 7
(1996) A, Ductile = 13
Wy = LAX LT (00091, +0.17)m, —0.07} = w,, 10 n, © axial force ratio
¢,/¢, =20, pm=<04
NZS 31017 5. = Mia| 1.4 {(¢,/0,)—33pm+22} A, f, N* 00084, Ast/f_i pilongitudinal steel ratio
(1995) s 111 A, Ty ¢f A, 104" f,, d, m=f,/0.85f,
N' : axial force
Table 2 Parameter of the required volumetric ratio of transverse steel of each design code
Parameters KHBDC |AASHTO ACI318-02| CSA Standard | ATC-32 Caltrans |Eurocode 8| NZS 3101
Je o] ol ) o] ) o] ) o] ) o] ) O
fup oe oe oe oe ce ce oe
A /A, o o o o® o o
Axial force ratio ] ) O @] O
Ratio o] J O
y O
Longitudinal Aj;ea o) :
steel Number o] )
Diameter o] )
Required curvature ductility o] O
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Table 3 Details of test specimens

Diameter | Height | Aspect Longitudinal steel |Confinement steel| Axial force ratio| .
Specimens (mm) | (mm) | Ratio (N{g Ratio 7y Ratio Fon P'=Plf.A, %jgiﬁiem:m Ref.
D H | /o | M| 506 | vapa) | 0.0 | (MpPa) (%) Y ia
CSIP2L 0.73 15 620
CSZPILL 500 | 2032 | 406 | 242 | 116 | 400 [ 037 ] 300 9 417 2
CS2P2LL 0.37 15 5.00
N-SP00-P1_RO 10 6.97
N_SP00_DZ-R0 0.19 15 527 17)
N-SPO0_P3-RO| 600 | 2400 | 400 | 206 | 1.13 | 460 360 20 49
L-SP00_P1-R0 047 0 7.46 0
S-SP00-P1_RO 0.78 10.82
MS-HT3-N L2 9.03 20
MS-HT4-N-L1 6.37 14)
MS_HT4-N-L2 4800 | 400 Lol 9.84 21)
MS-HT4-N-13 : 0.23 8.40
MS-HTaNTFS| 20 [3p00 [ 250 | 240 300 300 7 731
MS-HT5-N L2 753 14)
MD-HT6-N-L2 4800 | 4.00 02 561
MD-HT7-N_L2 ' 047 6.07
DN-SP00-RO 0.23 773
DN-SPOO-RO | oo | 1500 | 250 | 240 | 155 | 300 f—ger— 300 10 L3 18)
NS-LP1-Al 023 479
ML LPL-Al 064 6,58
S-LP1-Al 0.96 0 7.89
NS-IP2-AL | 500 | 1882 | 406 | 261 | 116 | 387 [ 023 | 350 306 16)
ML-LP2 Al 0.64 4.10
S-LP2-Al 589
S LP3-AZ 09 5 8.35
2.5N-SPO0-RO 023 722 >
2.55-SP00-R0 1,500 | 250 1747 "
CS-HP50-N 12.64 "
CS-HP50-S 155 106 11.93 .
S-SP50 : 821 23)
—?355132%%013?0 600 24.0 330 350 10 12%‘3 22)
—3.5N-SPO0-R0 | 2100 | 350 0.24 :
35N-SP00-HK : 711 x
35L-SP00-pl12 112 10.21 "
35L-SP00 pl 55 155 053 10.60 "
35L-SP00_pl 07 197 8.09 "
3.55-SP10-PW 155 1.06 951 "
CN-SP-60-30 132 30 5.97
CN-SP-80-20 099 20 6.43
CN-SP-80-30 : 30 5.08 2
CN-SP-100-10 10 6.69
CN-SP_100-20 0.79 20 459
CN-SP-10030 30 384
CN-C0-80-30 30 414
CN-C1_80-30 30 5.39
CN-C2-80-10 10 851
CN-C2-80-20 126 | 3% 20 6.17
CN-C2-80-30 1700 | 425 | 280 30 428
CN-C3-80-10 10 7.96 :
SRC3B0-10 1 400 099 | 367 10 % 15)
CN-C3-80-30 30 511
CN-C480-20 584
CN-C5-80-20 5.49
CN-C6-80-20 % 6.34
CN-C7-80_20 726
CNH-SP-60-20 132 563
CNH-SP-80_20 393 0.99 439 3)
CNH-SP_100-20 aug |09 % 480
CN-SP-NC-10 10 6.33
CN-SP_NC-20 1400 | 350 | 295 | 126 0.40 20 543 19)
CN-SP-NC-30 30 332
Column 2 610 | 1820 | 300 | 300 | 106 | 462 | 018 | 361 6 4.00 o)
No. 1 406 | 1829 | 390 | 493 | 147 | 490 | 052 | 469 30 6.01 %)
la 800 | 400 I 0.88 4 710
— b1 o 320 0 q60 | 450 260 5 8.70 %)
%b Ta00 | 700 ] 303 | M 106 790
3b 2000 | 10.00 | 291 067 | 250 6 750
1S4 57 | 2415 | 528 | 320 | 250 | 429 | 082 | 386 15 8 D

* These are new test results which have not reported in any Journal.
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Fig. 8 Displacement ductility analysis in terms of normalized confinement steel ratio in Eurocode 8
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Fig. 9 Displacement ductility analysis in terms of normalized confinement steel ratio in NZS3101
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Table 4 Normalized confinement steel ratio required
for the specified displacement ductility

AFR| 10% 15% 20 % 30 %
NCSR™

Code p/preq p/prﬁq p/preq p/P,.eq

AASHTO 0.321 0.452 0.833 1.191
Full 0.754 1.066 1.296 1.549

ATC-32 Limited | 0.402 0.568 0.691 0.826
Eurocode 8 Fu.ll 0.346 0.439 0.931 0.983
Limited | 0.260 0.329 0.699 0.705

NZS 3101 1.339 1.099 5.460 2672

* AFR @ Axial force ratio,
** NCSR : Normalized confinement steel ratio(p/pm,)
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