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An Analytical Evaluation on the Ductility of
Reinforced High-Strength Concrete Columns
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ABSTRACT

The ductility is an important consideration in the design of reinforced concrete structures.
In the seismic design of reinforced concrete columns, it is necessary to allow for relatively
large ductilities that the seismic energy be absorbed without shear failure or significant
strength degradation after the reinforcement yielding in columns. Therefore, prediction of the
ductility should be as accurate as possible.

This research investigate the ductile behavior of rectangular reinforced high-strength
concrete columns like as bridge pilers with confinement steel. The effects on the ductility of
axial load, lateral reinforcement ratio, longitudinal reinforcement ratio, shear span ratio, and
compressive strength of concrete were investigated analytically using layered section analysis.

As the results, it was proposed the proper relationship between ductility and variables and
formulated into equations.

Keywords : reinforced concrete, column, ductility, high-strength concrete, seismic
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Table 1 ldealized stress-strain curves for concrete in

compression
)
foc
a f. ~— Confined
E Concrete
~
%)
-~ Unconfined
€0 Eoc STRAIN
—— &€ (. n
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f7—1+355(f’)°75 il Sy
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2 (As;,fzhsma) 1——=5Y [1& AC ]35.&
& ( ZDC) 4D | 1.
Ag= 2A5h=tota] cross section area of transverse
reinforcement perpendicular to one direction(cr):
C=transverse spacing between adjacent longitudinal steel
bars{cm)
2C,-=tota] number of C in rectangular section:
D_=side dimension of concrete core parallel to perpendicu-
lar to one direction(cm):
f=compressive stress of concrete{kef/cr):
foe=maximum compressive strength of confined concrete in
member(kef/cr) :
f.=maximum compressive strength of unconfined concrete
in member(=0.85 f., kef/cm):
f,=confinement pressure applied on concrete core(kef/cr):

fu=yield strength of transverse reinforcement steel(ksf/cr).

m=total number of C in rectangular section:

n=total number of longitudinal steel rebars:
s=center-to-center spacing between sets of ties(cm):

s =interior spacing between sets of ties{cn):
a=the angle between transverse reinforcement and D,
(degree):

e =strain of concrete:
&,.=axial strain in confined concrete corresponding to fo:

&,=axial strain in unconfined concrete corresponding to f.
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Table 2 Variable factors for analysis

Dimension of Lateral bar Longitudinal bar Shear span Strength of | Axial vload
model ratio concrete ratio
Rsh Ps(%) psh(%) Psc(%) A/D !;‘(kgf/cﬂf) N
0~14 | 0~1.1 | 0~2.2 2.5~6 350~1000 0~0.8

Roh= Asn/Ashiacn. ©s=Asn/(sD:), psn=volumetric ratio of lateral bar
ps=A«a/(BD), N=P/(BDf.), s=hoop spacing. B=D=40cm, D.=36cm, s=10cm,
fo= fn=4500ket/cm®, Ashaco=0.35Defo/Fyn (As/Ac-1)
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Table 3 Proposed equation to evaluate ductility

Equation to evaluate

u=pg - Rug: Ruap: Ry,

ductility
Effect of lateral Y 1.5 - LN
reinforcement pa=a b a 1-0.6e " ° b=3.6e
Effect of longitudinal Py \-u4 _ _ Ox _
reinforcement Ru, = (2'5% ) (N=0), Ru,=0.6+0.4( 5 5% ) (ND0)., Rpg=1 (pyg>2.5%)

Effect of shear span ratio| Ruap=0.81+0.16(2/2)

Effect of compressive
strength of concrete

Ru, = [SLOC(T] (~300/£)

Table 4 Available equations to evaluate ductility of columns

References Equations Range of factor

B

2.33 (G oy = 5mm)

luuz60(1+Bt+ﬁs+ﬁc+ﬁN+ﬂa+ﬁn)
2.84/d+2.03 (G > 5mm). 8. =0.0017(/.~300) (0,=0%)
=0 (o:#0%) £ =128~565kgf/ar
8= (0)°—1 (a/d=3.0) ,>1% ; a=1[—0.146/(a/d—2.93)—0.208] | 4/D=2.5~6.0

HTE Y T - - ot =0.59~1.66%
0<1% 5 a=[—0.146/(a/d—2.93) —0.978] o 00 04
Bo=2.710(p,~0.1): Bn=2.15(c0+10) *®~1: £,=1.26(n) "] oo =0~30kef/crt
B, = (—0.0153 0y +0.175)(a/d—4.0) (gy< 11kef/ent)
=0 (0'(7 > llkgf/cm’)
£ =350kef/cn
L A/D=2.0~4.5
Abdelkareem'”’ p= 2.79+2.7p5-—4.24N+0.97('§)+1.0395: ost =0.85~1.20%

os =0.1~0.65%
N =0.1~-05

B=width of column section:; Gmax=maximum size of coarse aggregate: L=height of column: N=axial load ratio:
n=number of repetitions of loading: p.=tensile reinforcement ratio(%).
o« =longitudinal reinforcement ratio{%): ps=web reinforcement ratio(=Aw/(sD.}.%): oo =axial stress(kgf/cu)
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