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ABSTRACT 
 

This paper reviewed rhetorical discussion on behaviour of concrete composite 

beam-columns under cyclic loading. Experimental as well as analytical and numerical 

research contributions have been focussed in the review. It discusses commonly about the 

behaviour of beam-column made of concrete-filled tubes as a structural members. The 

specimens were tested at various combinations of axial and transverse loads. Concrete-

filled steel tubular structures are rapidly emerging as one of the dominant structural 

systems in the construction and excellent performance. The concrete-encased composite 

beam-columns can develop stable hysteretic response and large energy absorption 

capacity by providing cross ties and decreased spacing of transverse ties. The concrete-

filled double skin steel tubular (CFDST) beam-columns were found to have significant 

increase in strength, ductility, and dissipated energy over the outer jackets. CFDST have a 

great potential to be used in the construction of building and bridges. In concrete-filled 

circular fibre reinforced polymer, the longitudinal fibres maximize strength and ductility 

in bending, while circumferential fibres increase axial strength by providing confinement 

to the concrete core. The literature available on beam-columns has been extensively 

searched for getting a platform for the start of research on the behaviour of concrete 

composite beam-columns is disused briefly. Finally, general concluding remarks are made 

along with possible suggestions for future directions of research. 
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1. INTRODUCTION 
 

In most of the practical columns, the members carry end moments or transverse 

loads in addition to axial loads. Such member which is subjected simultaneously to axial 

compression and bending moment is referred to as beam-column. It is a general structural 

element containing beam and column as its special cases. In beam-columns, concrete can 

be cast in an fibre reinforced plastic (FRP) tube, which acts as permanent formwork, 

protective jacket, confinement, shear and flexural reinforcement, Amir Mirmiran et al. 

[1999]
2
. A concrete-encased steel composite columns is in the form of a structural steel 

column encased with structural concrete, and usually further reinforced with longitudinal 

bars and lateral ties. As compared with the use of either a steel column or a reinforced 

concrete column, the concrete-encased steel composite column has the advantage of 
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increasing axial load-carrying capacity, structural stiffness and fire resistance, Cheng-Chin 

Chen et al. [2005]
4
. Concrete eliminates or delays the local buckling of steel hollow 

sections and increases significantly the ductility of the section. An efficient ductility of 

concrete-filled steel square hollow section (SHS) or rectangular hollow section (RHS) is 

very important especially under earthquake loading, Han LH [2003]
7
. Concrete filled 

double skin steel tubes (CFDST) has advantages as increase in section modulus, 

enhancement in stability, lighter weight, good damping characteristics and better cyclic 

performance, Han LH [2006]
8
. Figure 1 shows the action of loads in the members which 

leads to existence of a beam-column in a frame.  
 

 
Fig1: Loading Pattern for a Beam-column in a frame 

2. EXPERIMENTAL PROGRAMME 

 

 2.1 TEST SPECIMENS 

  

 A total of five 178 x 178 x 1320 mm concrete filled FRP tubes were tested. The 

core was ready-mix concrete with an average 28-day compressive strength of 18.75 MPa. 

The tubes were made of one interior ply of bidirectional 24-oz E-glass woven roving on 

all its four sides, and 15 E-glass angle plies with a winding angle of 75
0
 was adopted as 

test specimen by Amir Mirmiran et al. [1999]
2
. Cheng-Chin Chen et al. [2005]

4
 used a total 

of ten specimens of square cross section of 300 x 300 mm. The variables studied included 

number of longitudinal bars, spacing of the transverse ties, axial load level and cross ties.  

The T-shaped structural steel used in the specimens consisted of two hot-rolled sections, 

an H175 x 90 x 5 x 8 section and an H100 x 100 x 6 x 8 section. Thirty concrete-filled 

thin-walled steel SHS and RHS beam-column specimens were cast and tested by Han LH 

et al. [2003]
7
. Han LH et al. [2006]

8 
have tested twenty-eight CFDST beam-column 

specimens, including 16 specimens with SHS outer and CHS inner, and 12 specimens 

with CHS outer and CHS inner were tested. A total of 30, 152.5 x 305 mm cylindrical 

specimens were tested under uni-axial compression. Three concrete batches and three 

jacket thickness were used for the concrete-filled tubes were tested by Michel Samaan et 

al. [1998]
11

. Tao Z. [2005]
12

 conducted testing on two types of cold-formed rectangular 

steel tubes with a measured thickness of 3.2 mm were used in the construction of the 

specimens. A total of 30 specimens, including three stub columns, three beams and 24 

beam-columns were tested with an emphasis concentrated on the behaviour of CFDST 

beam-columns. A total of nine square concrete-filled steel tubular (CFT) beam-columns, 

including five specimens filled with normal and four with high strength concrete, were 

tested by Liu J. [2008]
10

.  
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2.2 TEST PROCEDURE  

 The five concrete-filled tubes of Amir Mirmiran et al. [1999]
2
, one was subjected 

to a four-point pure flexure test and another was tested in uniaxial compression, while the 

other three were subjected to combined axial-flexural loading at three different levels of 

axial loads, corresponding to 1/8 Po, 1/2 Po, and 3/4 Po respectively, where Po is the 

maximum capacity of the section under uniaxial compression. Po was determined from the 

average strength of short columns. The beam-column specimens were loaded in two 

phases. In phase 1, axial load was applied to the desired level. In phase 2, while 

maintaining the axial load, the specimen was subjected to a monotonically increasing 

transverse load in four-point loading until failure. Cheng-Chin Chen et al. [2005]
4
 studied 

the behaviour of beam-columns where the lateral load was applied by an MTS servo-

controlled hydraulic actuator to the midpoint of the column, using a displacement-

controlled testing at a speed of 10 mm/min. The axial load was exerted through a 

hydraulic jack installed at the end of the column. The column was laterally subjected to a 

predetermined cyclic displacement history, which shows that the peak displacements were 

increased in multiples of the yielding displacement. Han LH et al. [2003]
7
 used a setup 

where the ends of the specimens were attached to cylindrical bearings and were free to 

rotate in-plane, and thus simulating pin-pin end conditions. The axial load was applied and 

maintained constant by a 1000 kN hydraulic ram. The flexural loading was applied by 

imposing cyclically lateral loading in the middle of the specimen. The specimen was 

confined in the middle part by a very rigid stub made of high strength steel. Each load 

interval was maintained for about 2-3 min. No displacements at the reaction blocks were 

observed until the beam-column bowed after reaching the failure load. Han LH et al. 

[2006]
8
 were tested the specimens with attached ends to cylindrical bearings and were free 

to rotate in-plane, and thus simulating pin-pin end conditions. The axial load was applied 

and maintained constant by a 1000 kN hydraulic ram. The flexural loading was applied by 

imposing cyclically lateral loading in the middle of the specimen via MTS hydraulic ram 

having 250 kN capacity. Both strain gauges and string potentiometers were used to 

measure the bending curvature. Flisak B. [2000]
5
 used a rigid steel cap to apply the 

eccentric machine load to the specimens. Axial and lateral strains were measured at the 

mid-height, at the extreme compressive face, one-third the depth, two-third the depth, and 

the extreme tension face. Lateral deflections were measured at the beam-column ends, and 

mid-height. The eccentricity at which axial load was applied to the beam-columns was 

varied between tests to provide different combinations of axial load and bending moment. 

Tao Z. [2005]
12

 studied the behaviour of pin-ended supported beam-columns. Axial 

loading was applied through V-shaped edges to each column, which were installed with 

steel caps at both ends prior to loading. Grooves of 6 mm in depth were machined on each 

steel cap to receive the V-shaped loading edge so that the load eccentricity could be 

precisely controlled. Eight strain gauges were installed to measure the axial and transverse 

strains at the mid-height of the column. Each load interval was maintained for about 2 to 3 

min. At each load increment the strain readings, the deflection and axial shortening 

measurements were recorded. Liu J. [2008]
10

 adopted a test procedure in which axial 

compressive load was applied and maintained constant before the cyclic transverse load 

was applied. Test setup consists of the rigid L beam and a movable truss system which 

allows the L beam to move freely in vertical and horizontal directions with no rotation.  

The axial load was applied by two 1000 kN hydraulic jacks on which two 1000 kN 

pressure transducers were positioned to measure the axial loads. The lateral load was 

applied by a 630 kN MTS hydraulic actuator system which was controlled by a computer. 
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A Schematic view of Beam-column test setup adopted by Han LH et al. [2003]
7
 was 

shown in Figure2. 

 

 

 
Figure 2: A Schematic View of Beam-column test setup 

 

3. DISCUSSION OF RESULTS 

 

 Amir Mirmiran et al. [1999]
2
 has observed that the beam-column specimens fail in 

tension, signifying the fact that the section was reinforced with less than balanced ratio 

with only a single layer of glass woven roving. The large load-deflection effects are due to 

low bending stiffness of the tube, which can be remedied by using carbon fibres in the 

axial direction, or by adding to the number of layers of glass woven roving. Han LH et al. 

[2003]
7
 found from the specimens that, after the steel reached its yield strain, an outward 

indent or bulge formed close to the stub at the compression face of the composite beam-

column on both sides of the stub. The axial load versus lateral bending moment capacity 

interaction curves were developed and compared with code provisions, which indicate that 

the AIJ [1997]
3
 and the LRFD [AISC, 1994]

1
 provisions significantly underestimate the 

moment capacity of the concrete-filled steel SHS and RHS beam-columns. Relatively, the 

predicted moment capacity of GJB4142-2000 [2001]
6
 was reasonably accurate and 

conservative. Han LH et al. [2006]
8
 observed that all of the composite specimens behaved 

in a ductile manner and testing proceeded in a smooth and controlled way. All of the 

tested specimens failed due to tensile fracture at the bulge location, accompanied with a 

sudden drop in the lateral load bearing capacity. It is found that the failure features of the 

CFDST specimens after cyclic loadings were very similar to those of concrete-filled steel 

tube (CFST) columns. Flisak B. [2000]
5
 tested the beam-column specimens by applying 

axial load at a specified eccentricity. The axial load-total moment behaviour of hybrid 

FRP/concrete beam-columns is similar to conventional reinforced concrete beam-columns. 

In the initial stage, as axial load increases, moment capacity increased. In this region, 

failure is governed by rupture of the FRP tube at the tension side. Tao Z. [2005]
12

 

observed that the typical failure mode of the composite beam-columns was overall 

buckling failure. When the load was small, the lateral deflection of the specimen at mid-
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height was small and approximately proportional to the applied load. Generally, local 

buckling occurred near the top or bottom end due to the effect of end conditions. Outward 

local buckling was observed along the longer face and inward local buckling along the 

compressed shorter face. 

  

 4. ANALYTICAL MODELLING 

 

 A sectional analysis by fibre model was carried out by Amir Mirmiran et al. 

[1999]
2
 to examine the applicability of Euler-Bernoulli beam theory to CFFTs. A perfect 

bond was assumed between the ribbed tube and the core, as no slippage was observed in 

the experiments. The tube material was assumed to be linear-elastic, with properties 

determined from coupon test. Since concrete is confined by the tube, its tensile strength 

cannot be neglected. A bilinear stress-strain curve was assumed for concrete in 

compression based on the model of Michel Samaan et al. [1998]
11

. In order to develop the 

analytical load-deflection curves, first the steel reinforcement ratios were calculated that 

would result in the same maximum primary moments as those of CFFTs. A mechanical 

model was developed by Han LH et al. [2003]
7
 for concrete-filled steel SHS and RHS 

columns subjected to constant axial load and cyclically increasing flexural loading, and is 

a development of the analysis used for monotonically loading condition. Simplified 

models of lateral load versus lateral displacement hysteretic relationship can be 

established based on parametric analysis. Han LH et al. [2006]
8
 developed a mechanics 

model for concrete filled steel tubular columns subjected to constant axial load and 

cyclically increasing flexural loading. For comparison purposes, the curves of load versus 

axial deformation and lateral deflection curves were predicted using the mechanics model 

developed for CFST. It had been expected that the inner tube can restrict the inner indent 

of the concrete core if the hollow section ratio is not too large, so the sandwiched concrete 

in the gap has the same behaviour as that in a fully in-filled steel tube without the inner 

one. Parametric analysis was performed by Han LH et al. [2009]
9
 on the behaviour of 

moment versus curvature response and lateral load versus lateral deflection relationship. 

Simplified models for the moment versus curvature response and the lateral load versus 

lateral deflection relationship were suggested. It is evident from the comparisons between 

the results calculated with the formula and the mechanics model that the calculated results 

with reasonable accuracy. A simple model was proposed by Michel Samaan et al. [1998]
11

 

to predict the complete bilinear stress-strain response of FRP-confined concrete in both 

axial and lateral directions. The model was based on correlation between the dilation rate 

of concrete and the hoop stiffness of the restraining member. The parameters of the model 

are directly related to the material properties of the FRP shell and the concrete core. The 

predicted stress-strain curves compare favourably with the results of the study, as well as 

tests by others on both fibre-wrapped and FRP-encased concrete columns. A fibre model 

analysis was carried out by Tao Z. [2005]
12

. From a given value of deflection and strain 

along the geometric centreline of the section, the internal and external moments and forces 

were calculated respectively. The agreements are generally good between predicted and 

experimental ultimate strengths. 

 

5. SUMMARY AND CONCLUSIONS 

 

 The literature surveyed reported that failure of CFFTs was ductile, and with much 

warning. Furthermore, toughness and ductility measures for CFFT beam-column 

specimens were quite comparable to those of their equivalent conventional reinforced 

concrete sections. Clearly, CFFTs are more advantageous at higher levels of axial loads. 
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CFDST beam-columns exhibit very high levels of energy dissipation and ductility even 

under high axial load levels. Generally, the energy dissipation ability of the beam-columns 

with circular sections was much higher than those of the specimens with square sections. 

The behaviour of an unsymmetrical composite section is considerably different depending 

on whether the cross section is subjected to a positive or negative bending moment. More 

structural steel in the compression zone of the cross section subjected to a bending 

moment leads to a stable hysteresis curve. The crushing and spalling of the concrete and 

buckling of the longitudinal bar in the compression zone with less structural steel are the 

cause of pinching of the hysteresis curve. A hybrid FRP/concrete cross-section, consisting 

of an outer FRP tube completely filled with concrete can be used effectively as a beam-

column. Failure of hybrid FRP/concrete beam-columns was governed by failure of FRP 

tube, rather than failure of the concrete core. The ductility and energy dissipation ability of 

bi-axially bent CCFT columns decreases with an increase in the axial load ratio. Also 

moment capacity decreases as the width-to-thickness ratio increases for CCFT columns 

subjected to biaxial loading. It must be emphasized, however, that good construction 

design is essential to produce a beam-column structural element. The designers may 

provide an extra strength for beam-column with the usage of fibre reinforced high 

performance concrete.  
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