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Evaluation of Axial Strains of Reinforced Concrete Columns

Jung-Yoon Lee,”” Min-Ok Kim," and Hyung-Beom Kim"
I)Dept. of Architectural Engineering, Sungkyunkwan University, Suwon 440-746, Korea

ABSTRACT The longitudinal axial strain in the plastic hinge region of reinforced concrete (RC) columns influences on the
structural behavior of RC structures subjected to reversed cyclic loading. This strain decreases the effective compressive strength of
concrete and increases the lateral displacements between stories by causing the elongation of member length. This paper investigated
the effects of the axial force on the elongation of a RC member by using a sectional analysis of RC members. The analytical and
experimental results indicated that the axial force decreased the axial strain in the plastic hinge region of RC columns. In this study,
a model was proposed to predict the axial strain of RC columns. The proposed model considering the effects of axial force ratio
consisted of three path types ; Path 1-loading region, Path 2-unloading region, and Path 3-reversing cyclic loading region. The axal
strains predicted by the proposed model were compared with the test results of RC columns with various axial force ratios, and agreed
reasonably with the observed longitudinal strains.
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Fig. 1 Discrete elements for a reinforced concrete section

20 | e=E3E|Ese| =24 M253 M[1= (2013)

Ae,

Y., Z) =1 Zj = Yu} A9, M
A,

Ae,7F A (D2 &3l a4 () M &
g g A 0l T QT B ()22 B4

Aol

AN S 1
AV =33 [ | 2, |ac, a4 3)
ant| S Ay

A4, @), (3 A
@k 2ol AN 5 ek

AN
behefy
AM, Ky By —K;z[ Ae, J

| K, K be Ad

b2 e h oo fa |l ya vy yz

7b. h2 .fdc,

“)

of el A,
m. n E A
— Yoy
](Ix_zzb_h.f(k

i=1j=1

Fig. 2 Curvature and strain distributions of a section
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Fig. 3 Compressive stress vs. strain curve of concrete
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Fig. 5 Strain distributions at steps % and (k+1)

Table 1 Material properties of analyzed specimens

Name Cc00 | CO5 | C10 | CI5 | C30
Axial force ratio | 0% 5% 10% | 15% | 30%
fo 30 (MPa)
Confining coefficient 0.005

Longitudinal steel | 3-D16, f, =400 (MPa), p=0.0113

Axial force ratio=axial force/(f,.A
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Fig. 6 Load vs. curvature and axial strain vs. curvature curves of RC members
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Fig. 7 Strain distributions at points B and C

Table 2 Strain of steel bars and axial strain at point C

Name £, & &,
C00 (-)0.03% 0.45% 0.2%
C05 (-)0.07% 0.42% 0.175%
C10 (-)0.09% 0.38% 0.145%
C15 (-)0.12% 0.35% 0.115%
C30 (-)0.23% 0.27% 0.02%

&,: strain of upper reinforcement,

& strain of lower reinforcement
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Fig. 8 Stress vs. strain of steel bars

Table 3 Axial strain(e,) of members at point A~F

Point C00 CO05 C10 Cl15 C30
A 0 0 0 0 0

B 0.085 0.064 0.045 0.029 -0.01

C 0.2 0.175 0.14 0.115 0.02

D 0.12 0.076 0.05 0.029 -0.04

E 0.098 | -0.003 | -0.013 | -0.023 | -0.05

F 0.24 0.19 0.15 0.118 0.012
Unit: (%)
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(a) Specimen C00

(b) Specimen CI15

Fig. 9 Axial strain vs. rotation angle of member
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Table 4 Materials properties of experimental specimens

Longitudinal | Axial

fa Shear .
Columns . tensile force
(MPa)| reinforcement . .
reinforcement ratio
0,
C00 | 27.37 D6@A40 3.D16 0%
C05 | 30.56 5%
C10 |30.56 | f,=330 (MPa) |f,=322.4 (MPa)| 10%
C15 |27.47 15%

»,=0.0063 p=0.0113

C30 |28.02 30%

Fig. 10 Proposed model for axial strains of reinforced concrete
columns
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