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ABSTRACT

Concrete-filled steel tubular (CFT) columns are the composite members in which steel
tube is filled with concrete. CFT columns offer numerous benefits in terms of high axial
resistance and stiffness by combining the advantages of both constituent materials and
hence, are being used as the load-resisting elements in various civil infrastructures. The
enhancements in axial resistance and deformation ductility of these members under axial
compression loading are primarily dependent on the extent of concrete confinement. The
important parameters that influence the concrete confinement in a CFT member are the
type of cross-section, the length-to-lateral dimension ratio, the width-to-thickness ratio,
and the nature of loading. The main goal of this study is to investigate the influence of
these parameters on the monotonic and cyclic performance of CFT columns of both
rectangular and circular cross-sections subjected to axial compression. In addition to
experimental investigations, numerical and analytical studies have been conducted to
predict the peak as well as the post-peak response of the CFT columns with and without

steel reinforcing bars.

Three-dimensional finite element (FE) analyses are carried out using the computer
software ABAQUS to evaluate the axial behaviour of CFT columns. Concrete damage
plasticity (CDP) model is widely used to represent the constitutive behaviour of confined
concrete in CFT columns. This model requires a constant dilation angle and a stress-strain
base curve of concrete as the main input parameters. However, in the case of rectangular
CFT columns, the variation in the level of confinement across the cross-section makes
both the dilation angle and stress-strain base curve to be solution-dependent. In this study,

a novel algorithm has been developed to estimate the dilation angles and to generate the
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multiple stress-strain curves of concrete under various confining pressures. A numerical
technique has been proposed for the modelling of confined concrete in the modified CDP
model through the implementation of a solution-dependent field variable (SDFV). The
efficacy of the proposed modelling technique has been verified through finite element
validation of twenty previously tested reinforced concrete (RC), CFT, and reinforced-
CFT (RCFT) columns under both concentric and eccentric axial loads. Tension stiffening
effect of concrete has also been considered in the modelling of eccentrically loaded CFT
columns. The proposed numerical models accurately predicted the load-deformation
behaviour of CFT columns with and without confining reinforcement under concentric

and eccentric axial monotonic loads.

A parametric study has been conducted on the validated FE models for width-to-depth
(aspect) ratios varying between 1 to 2, tube width-to-thickness (B/t) ratio ranging
between 10 and 266, percentage of longitudinal reinforcement varying between 0.87 to
6.21%, five different arrangements of internal ties and volumetric ratios of ties ranging
from 0.12 to 3.14%. The peak axial strength, post-peak behaviour, and confined stress-
strain characteristics of RCFT columns under axial compression loading are studied. The
RCFT columns showed a significant increase in strength and ductility when effectively
confined with internal transverse ties, even with a slender tube section. The results
obtained from the numerical study are compared with the analytical confinement models
and the design equations of building codes. Based on this study, suitable modifications
are proposed for existing design equations to consider the effect of confining

reinforcements.

An experimental investigation has been conducted on twenty-two CFT column
specimens subjected to monotonic axial compressive loading and twenty-seven

(including ten aged) column specimens subjected to cyclic axial compressive loading
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until their failure. The main parameters varied in the test specimens are the grade of
concrete, slenderness i.e., length-to-depth (L /D) ratios, and tube compactness i.e., depth-
to-thickness (D /t) ratios. The L/D ratios are varied in the range of 3-10 for two different
values of D/t ratios (i.e., 13 and 26). The performance of CFT columns is evaluated in
terms of peak axial strength, ductility, and post-peak resistance. Test results showed the
improved peak axial resistance as the grade of concrete is increased. Further, the increase
in the L/D ratios resulted in a steeper degradation in the post-peak stiffness of the CFT
columns. The results of the cyclic compression tests are compared with the monotonic
tests. For the CFT columns, the backbone curve obtained from the cyclic test is similar to

the monotonic load-deformation curve.

An analytical investigation has also been conducted to predict the axial strengths
using the available confinement models and eight different international design codes.
The D/t ratios are varied in the range of 10-120, whereas the L /D ratio is varied between
3 to 48 in the analytical study. Based on both experimental and analytical investigations,
a modified confinement model has been proposed to predict the peak axial strength as
well as the post-peak axial resistance of CFT columns. The proposed model includes the
effects of material grades, tube compactness ratio, and column slenderness (L/D) ratio.
The accuracy of previous cyclic confinement models is evaluated in predicting the
behaviour of concrete confinement in the CFT columns. Thereafter, modifications are
proposed to the existing cyclic confinement model to predict the cyclic load-deformation

behaviour.
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