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Suggestion for Confinement Steel Ratio of Rectangular RC Bridge Piers

Chang-Kyu Park"*, Young-Soo Chungl), and Sang-Chul Yun”
"Dept. of Civil Engineering, Chung-Ang University, Ansung 456-756, Korea

ABSTRACT Many losses of life and extensive damage of social infrastructures have occurred due to moderate and strong earthquakes all
over the world. In this research, various design parameters have been evaluated to develop a rational seismic design code of rectangular reinforced
concrete(RC) bridge piers. It was confirmed from this study that the axial force ratio and longitudinal steel ratio were most influencing design
parameters on the seismic displacement ductility from experimental results of 54 rectangular RC bridge piers, which were tested at domestic and
foregin countries. However, these important parameters are not considered in the confinement steel ratio of Korea Highway Bridge Design Spec-
ification(KHBDS). The objective of this study is to propose a rational design provision for the transverse reinforcement of rectangular RC bridge
piers. New confinement steel ratio is proposed by reflecting the effect of the axial force and longitudinal steei into the current code of KHBDS.
Furthermore, minimum transverse confinement steel ratio is also proposed to avoid a probable buckling of longitudinal reinforcing steels of RC
bridge piers with a relatively low axial force. New practical code can alleviate the rebar congestion in the plastic hinge region of RC bridge pier,
which contributes to construct RC bridge piers in a simple and economic way.

Keywords rectangular RC bridge pier, confinement steel ratio, axial force ratio, longitudinal steel ratio
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Table 1 Details of test specimens

— -
. Section | Height Aspect Congcrete Longitu lnal. steel ' Confinement steel Amal. Displ.
Specimens (m) | (mm) ratio | strength Size | # Ratio [Strength| Ratio Size Space |Strength| force ratio ductility Ref.
» HW)| MPa) (%) | (MPa) | (%) (mm) | (MPa) | (%)
1 - - - 46.5 - - | 151] 446 | 041 - - 364 800 [ 7)
$24-300 240 | D13 | 24 1.10 010 | 6.94
30300 450%450{ 3,500 7.8 200 1.50 | 300 e D10} 50 | 300 73 5)
Al 272 0.37 110 | 455 5.60
B1 380~610) 2335|338 28.1 | D19 18 1220 | 448 048 | D6 83 | 455 009 | 740 R
Ad 635%635| 3,188 5.0 | 383 32 | 225| 485 | 0.70 38 | 522 0.10 | 814 | 10)
u2 30.2 453 | 031 150 3.64
U4 320 438 | 0.94 50 | 470 16 6.80
uUs 350350 900| 2.6 | 493 |D25| 6 |327| 430 | 031 |DI0O| 150 3511 9
U6 373 5.66
T 390 437 | 0.72 65 | 425 13 557
Cl 0.52 150 5.56
CIE 150x300| 1,000{ 3.3 203 | T12| 6 | 150} 534 03 @8 7 286 25 280 11)
1 - - - 23.1 - - 073 | - - 297 26 600 | 7)
2 - - - 414 - | 1P 3 113 | - - 316 21 6.00
A2 272 0.37 110 24 540 | 1)
0 380x610| 2,335} 3.8 351 D19 | 18 | 220 448 043 D6 3 455 3 630
BG3 350x350| 1,645| 47 | 340 (20M| 8 |196| 440 (096 | D12 | 76 | 570 875 | 12)
NC-2 440%x440( 1,520 35 | 414 {D25| 8 {1951 414 {130 D13 | 98 | 414 20 8.00 | 13)
S1 350x350; 1,800] 5.1 200 (20M| 8 | 205 325 [0.13 | D6} 265 | 350 4.00 | 15)
C13 26.1 0.70 50 22 5.26
o 400x400] 1,400 3.8 T DI9| 12 | 2.14 | 497 0.68 D 6 = 460 2 535 16)
FHC1-0.2 64.1 129 100 | 445 20 545
FHC3-0.22 62.1 | D29 1.04 125 | 524 22 430
FHCS.02 510x510( 1,778| 3.5 o D36 4+4 | 260 | 473 086 Di6 o 45 vy 17)
FHC6-0.2 ) 0.86 524 20 462
D60-74-2 5/8-0.2P 54.0 142 | D13 | 66 7.00
D60-7-3C-1 5/8-0.2P| 305305 990| 3.3 51.0 D19 8 244 | 414 201 | D10 41 414 8.00 14)
BGS 350x350| 1,645| 4.7 | 340 |[20M | 12 | 294 | 440 | 061 |D66| 76 | 580 23 875 | 12)
Us-0 250x500 32 183 0.26 3.94
TW0 500250 1,600 A 9 Di8| 4 | 081 | 3560 o1l o8 | 200 | 286 38 300 8)
7 - - - 32.1 - - [ 125 s11 | L10| - - 325 800 [ 7)
NC-1 6.00
NC4 100 5.00
NCS 130 | D13 “ 200
NC-8 440440 1,520 35 | 414 [D25| 8 | 195 414 50 | 414 6.00 | 13)
NC-9 0.97 100 5.00
NC-10 096 | D10 | 57 5.00
NC-12 1.10 89 5.00
2 0.52 150 5.96
OF 150x300] 1,000 3.3 203 | T4 | 8 | 270 | 565 103 O = 286 745 11)
FHC2-0.34 D29 | 4 129 100 | 445 34 4.00
FHCA033 510x<510| 1,778| 3.5 62.1 D36 | 4 260 | 473 Lod D16 55 T 505 3 381 17)
AS-2HT 305<305) 1,473 48 | 717 |[20M| 8 [258 | 454 | 166 | IOM | 90 | 542 36 620 | 18)
C-S 0.09 57 325
D-S 0.11 65 3.16
A o] o] 7 T
DA 200x200) 800| 40 | 700 |DI3| 8 |[254( 448 1S D6 16 30 138 6)
H-A 0.13 27 485
L-C-S 0.13 40 560 3.64
L-D-S 0.15 46 3.70
NC-3 440x440| 1,520 35 | 414 | D25| 8 | 195 414 | 130 { D13 | 100 Al4 40 500 | 13)
D60-4-3C-2 5/8-0.4P|305%305| 990| 3.2 27 | DI9| 8 |244| 414 | 125]|DI10| 66 4.00 | 14)
ARIEHH HRZ32|E w2te| MRPEHET| Kok 751
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Fig. 1 Experimental displacement ductility in terms of axial force ratios(AFR) and longitudinal steel ratios(LSR)
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Fig. 2 Normalized displacement ductility in terms of normalized confinement steel ratio in AASHTO
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Table 2 v, of Eq. (4) in terms of axial force ratios and longitudinal

steel ratios
Longitudinal steel ratio
Vi of Ea- () =50 1.5;, 20% | 2.5% | 3.0%
10% 0.656 | 0.843
Axial force 15% 0.745
ratio 20% |(0.747)% 0.839 | 0.880 | 0.998
30% | 0.533 1.248 | 2.164
40% 1.926

*:( ) is the calculated value by the regression analysis
The blank is no experimental data
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Fig. 4 Normalized displacement ductility in terms of normalized confinement steel ratio according to Eq. (5)
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