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Strengthening Effect Analysis of Circular Concrete Column
Strengthened With Laminated CFS

olM=* [ k= o e
Lee, Sang-Ho Heo, Won-Suk

ABSTRACT

The purpose of this study is to develop an analytic model of the concrete column strengthened
with laminated CFS, and to provide a basic guideline for the strengthening design by CFS
considering orthotropic properties of laminate.

In this study. an analytical stress-strain model of laminated CFS is presented based on
Tsai-Hill failure criterion. This model has been implemented in an algorithm which can evaluate
the confinement effect of CFS. Through this algorithm, the stress-strain relationship of confined

concrete is obtained and compared with experimental results of other studies. Using the
constitutive relationships, section analyses of concrete column strengthened with CFS are done,
and load-moment and load-curvature interaction curves are obtained. In addition, the

strengthening effects of CFS according to various laminated angles are analyzed. Analytical

results show that the strengthening effects of the strengthened concrete columns are significantly

different in compression, flexure, and ductility according to the laminated ways. In compressive

strengthening effects, [90)s laminate in which the direction of fiber is perpendicular to the

direction of principal stress shows the superiority, where as in flexural strengthening effects,

(0/90)s does. In the aspect of ductility, [90), shows the best effect.

Keywords © concrete column, CFS, laminated angle, strengthening effect, Tsai-Hill failure

criterion, confinement, stress-strain relationship, load-moment diagram. load-ductility
diagram
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Fig. 1 Flowchart for the failure analysis of laminate

Table 1 Material properties of unidirectional CFS lamina

Material Property Unit /SI(I\Z‘AI%S
Fiber volume ratio - 0.65
Density G/em‘| 1.60
Longitudinal modulus GPa 177
Transverse modulus GPa 10.8
Shear modulus GPa 7.6
Major Poisson’s ratio - 0.27
Minor Poisson’s ratio - 0.02
Longitudinal tensile strength MPa | 2,860
Transverse tensile strength MPa 49
Shear strength MPa 83
Ultimate longitudinal tensile stra| - 0.016
Ultimate transverse tensile strair| - 0.005
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Fig. 4 Flowchart of confinement effect analysis algorithm
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Table 2 Mechanical Properties of CFS used in Experiments

Properties Value

Thickness (mm) 0.163

Design | Tensile strength (MPa) 2,942
Value | Elastic modulus (MPa) 392,000
Rupture strain 0.010

Thickness (mm) 0.169

Measured | Tensile strength (MPa) 3.972
Value | Elastic modulus (MPa) 439,000
Rupture strain 0.009
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Fig. 10 Stress-strain curves of the circular concrete
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Items Details
Diameter (cm) 152.4
Cover thickness (cm) 5.1
Area.of tension steel (cm®) 464.64
No. of steel bar 32
Tensile strength of steel bar (kg/cm®) 2.800
Elastic modulus of steel bar (kg/cm®) | 2,040,00
Compressive strength of concrete (kg/cm®) 210
f— e —

Fig. 8 Cross section and reinforcement of the circular column
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Fig. 12 Comparison of the strengthening effects for 4 different

strengthening ways
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