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ABSTRACT

This paper is a part of a research program to develop a new design method for reinforced concrete bridge
columns under seismic loading. The objectives of this paper are to investigate the relationship between ductility
and confinement steel amount and to propose a design equation for reinforced concrete bridge columns. Computer
program NARCC was used for parametric study, which was proved to provide good and conservative analytical
result especially for deformation capacity and ductility factor compared with test result. A total of 7,200 reinforced
concrete columns confined with spirals or perfect circular hoops were selected by combination of variables such as
section diameter, aspect ratio, concrete compressive strength, yielding strength of longitudinal and confinement
steel, longitudinal steel ratio, axial load ratio, and confinement steel ratio. Based on the parametric study a new
design equation for confinement steel amount considering ductility demand was proposed, which can be used in the
new seismic design method, ie. ductility-based seismic design, for RC bridge columns.

Keywords : reinforced concrete bridge columns, seismic design, confinement steel amount, ductility demand, proposed design equation.
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Table 1 Comparison of confinement steel equations for columns with spirals or circular hoops

(speC(i:foiggtSions) Equations of transverse reinforcement Remarks
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(2000)" ps = 0'45[,4 U7 or = 0125
AASHTO(1995)'” _ [A _ ] S _ Je
0 0.45 A 1 2 05 0.12 7o
AASHTO, LRFD f P P
= ¢ = 0.5+ 1.25 — =>1.0
st Ed.lggn)” | o = 0.16 7 f0.5 + 1.25 1 Ag} 0. 0.45[A 1] - FA
AASHTO, LRFD N Ay 1L _ S
ond Ed.(1998)" o5 = 0.45[A l} o os = 0.12 o
A, c
oo = 0.45[ 5% —1]f {05+125fA | D=som rinimum value :
CALTRANS™ s . 45[ A, ] Iu
oo = 01275 {05+125fA}1D>900m 0= 085\ ~ 1%,
S P, F =135
J— or = 0.16 7 {o 5+ 1.25 o }+o.13<p, ~0.0D) =137,
s = 0.0002 ny fye: 1-]-fyh
_ Ag (uy —3Bpm+22) f N _
NZS 3101819 ps =14 { A, 111 Fo ¢fC'Ag} 0.0084 for severe earthquake
- _Ae 41 #s = 20 recommend
Os ™ 10d" fu ds
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Eurocode 8 Ps = @udc v (fea = 1.5 Fa = 1.15 ) @ pmin = 0.12 — p, = 13
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Table 2 Comparison of variables included in equations for required confinement steel

AASHTO ‘
Variables o000, | 16th ed & | LRFD | CALTRANS | ATC-32| N5 | EC 8 Proposed
LRFD 2nd ed. | Ist ed. ’
Concrete compressive
strength ® ® @ @® ® @ ® ®
Yield strength of
transverse steel ® ® ® ®© ® ® ®© ®
Ratio of gross sectional _
area to core concrete area ® ® ®© ®© ® ®© ®©
Axial force ratio - - @® ® @ ® ® ®
Longitudinal stecl ratio - - - - ® - ®
Yicld strength of B B _ _ _ _
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longitudinal steel : D22 longitudinal steel : D32

transverse steel : D16 transverse steel : D22

Dgp = 85.4 cm Dsp = 187.62 cm
! O=100cm | D =200¢cm
(a) D = 100 cm (b) D = 200 cm

Fig. 2 Details of column section

Table 3 Selected of parameters

Parameters Values
Diameter of section, D [cm] 100, 200
Aspect ratio, L/D 2,3, 4,5 6 10
Concrete compressive strength, 200, 300, 400,
fa [kgf/cm’] 500, 600
(ransverse st § & f Dughoni) | S0 40
Longitudinal steel ratio, p, 1,2 3 4%
Axial force ratio, « 10, 20, 30 %
Volumetric ratio of 100, 75, 50, 25 %
transverse steel, pos & non-seismic
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Fig. 3 Comparison of experimental and analytical
results by use of NARCC
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Fig. 5 Displacement ductility and confinement steel
ratio (effect of concrete compressive
strength, axial force ratio, and aspect ratio)
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