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1. Introduction

In recent years, extensive research has been carried out on concrete filled steel tubes (CFST). The subsequent

results indicate the superiority of concrete filled steel tubes in relation to reinforced concrete or steel members.This
section type offers multiple structural advantages such as increasing the loading capacity, higher value of absorbed
energy, ductile deformation, seismic resistance, and sufficient damping.
Applying the initial pressure on the fresh concrete and removing the excess water increased the compressive
strength and Elastic modulus of concrete [1-3]. The effective factors on the flexural behavior of CFST beams was
investigated and it was concluded that the active confinement has no effect on the sample's failure mode. However,
active confinement leads to reduction in the extent and intensity of concrete crushing in the compressive zone as
well as reduction in the extent of the cracked region and crack depth in the sample's tensile zone. Furthermore, the
results showed that the best performance for active confinement of the concrete core is obtained for a section with
D/t=30 and low compressive strength of the concrete core. In this section, the value of absorbed energy and the
flexural strength increase simultaneously.

In this study, the main goal is to discover an appropriate way to improve the flexural strength and enhance the
behavior of CFST sections. For this purpose, two approaches were considered. The first one is to install shear keys
along the sample, and the second one is to apply an initial pressure on the concrete to remove the excess water of the
concrete core (excess water is referred to the water which is not used for the hydration process). In this paper, the
parameters of concrete core's compressive strength, length to diameter ratio (L/D), tube’s diameter to thickness ratio
(D1t), yield strength of tube, and the level of applied pressure on the samples with active confinement are considered
as constant.

2. Methodology

The main goal of this research is investigating the effect of installing shear keys and pre-tensioning on the
flexural behavior of CFST sections. Hence, four simply supported CFST samples were examined experimentally. In
some of the samples, shear keys were used to increase slip resistance, and in others, initial pressure were applied. In
the samples with initial applied pressure, after concrete casting into the steel tube, the confinement type changes
from passive to active. In order to apply initial pressure on the samples and obtaining active confinement, the pre-
stress apparatus was designed and manufactured. Composite samples with fresh concrete core are placed in the pre-
stress apparatus, and through initial applied pressure on the samples, the confinement type of the concrete core
changes from passive to active.

In all samples, the concrete casting was performed in the standing position. In the samples with passive
confinement, casting of concrete was carried out in three layers with each layer being compacted 25 times, whereas
in the samples with active confinement, no vibration or compaction was carried out during the casting of the
concrete core process. After casting the concrete core, the sample with active confinement undergoes an initial
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pressure in the pre-stress apparatus. It is worth mentioning that during the concrete casting, several cubic samples
were also prepared with the purpose of determining the compressive strength of the CFST samples. The cubic
samples were demolded after 2 days of aging, and then they were kept in a saturated environment. When performing
the bending tests on the CFST samples, the compressive tests were also carried out on the cubic. After aging for 28
days, the samples underwent 3-point bending test using STM150 machine.

3. Results and discussion

The ultimate flexural capacity, ultimate deflection, elastic and plastic stiffness of all the samples were different.
All samples demonstrate a flexible behavior. In addition, the results show that failure in all samples occurs with
rupture in tensile zone of steel tubes. Also, under the loading condition, the tube’s compressive zone experiences
local buckling, the intensity of which depends on the considered samples.

Adding shear key results in a more brittle behavior of the samples. The change in the sample’s behavior is
independent from the confinement type. As the sample with passive confinement and installation of shear keys,
experiences little local buckling in the tube’s compressive zone. However, in the sample with passive confinement
and having no shear key, flexural behavior of the sample occurs along with local buckling in the steel tube’s
compressive zone. Finally, less local buckling is observed in the samples with active confinement.

To investigate the manner of crack development in the samples, a section of steel tube in both compressive and
tensile zones was cut after bending test, hence crushed concrete in the compressive zone as well as crack distribution
in the tensile zone were revealed and investigated. In the sample’s compressive zone, the concrete surface in contact
with the steel tube’s buckled region was crushed. Also, it is observed that the concrete in compressive zone of the
actively confined samples experiences shallower cracks compared to the samples with passive confinement. In
addition, it can be concluded that the employment of shear key leads to improvement of concrete behavior in the
compressive zone, thus concrete crushing occurred in a smaller area. The worst crack type in the tensile zone
belongs to the sample with passive confinement and no shear key installed. Generally, it can be said that active
confinement has a significant role in reducing cracks in the tensile zone; however, adding shear keys has no sensible
effect on reducing the tensile zone’s cracks.

3.1. Shear key installation

Installing shear keys along the sample resulted in an increase in the stiffness of the samples in the both type of
confinement. However, the intensity of increase in elastic stiffness is much greater for the active confinement
samples in relation to passive confinement ones. Also, it may be concluded that the placement of shear key along the
length of sample leads to negligible increase in plastic stiffness. However, for both types of active and passive
confinement, placement of shear keys along the samples led to reduction in the severity of ripples formed during
local buckling in the compressive zone of tubes. Moreover, the rupture intensity of tube in the samples with shear
key is significant. Installing shear keys in the samples with conventional compaosite sections results in a considerable
increase in the flexural capacity of the section. In the active group, shear keys increase the value of energy
absorption, while in the passive group, this results in the value of energy absorption to be reduced. Considering the
extent of variation in the flexural capacity and the value of absorbed energy of the samples, it can be deduced that
shear key placement in active samples is a better choice in comparison with installing them in passive samples.

3.2. Confinement type effects

Active confinement causes the samples’ elastic stiffness to increase, while the samples having shear keys
experiencing much higher increase in the elastic stiffness. Also, the confinement type has no significant effect on the
samples’ plastic stiffness. The confinement type has a significant influence on the intensity and amount of local
buckling of the tube in the compressive zone. The effect of the confinement type on the local buckling of the tube in
the samples without shear keys is more tangible. In the sample with no shear key, applying the initial pressure
results in reduction of the intensity of local buckling of steel tube in the compressive zone to be, hence considering
this reduction, it may be possible to use section with even higher D/t ratios.

Active confinement increased the flexural capacity of the samples; however, the effect of active confinement on
increasing the flexural strength of the samples with no shear keys was more significant. Therefore the effect of
active confinement on the variation of the energy absorption by samples with no shear key could be neglected.

3.3. Comparing the effect of active confinement and shear key installation

In order to specify the most effective method for improving the flexural behavior of composite beam, a
comparison between two samples, i.e. S-P-Sh and S-A-Nsh, and the sample S-P-Nsh as a common composite
sample was made. Both samples have greater elastic stiffness than that of the reference sample. In addition, both
samples of S-P-Sh and S-A-Nsh have an equal elastic stiffness. On the other hand, the three samples have almost the
same plastic stiffness with the differences being negligible. Furthermore, installing shear keys and changing the
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confinement type result in a reduction in the sample’s flexibility. By installing shear keys, a much more brittle
behavior is obtained, whereas the sample with active confinement has a flexible behavior. The failure in the three
samples occurred with rupture in the tensile zone together with a simultaneous concrete crushing in the compressive
zone.

By taking into account both factors of shear key installation and active confinement, it can be stated that active
confinement is more effective than shear key installation, since active confinement not only increased the sample’s
flexural capacity, but also no reduction in the value of the absorbed energy of sample was resulted.

4. Conclusion

It concluded that by installing shear keys on the steel tube’s inner wall and applying the active confinement type,
more brittle behavior is obtained for the sample. Also failure in all samples occurred due to rupture of the tube in the
tensile zone with the simultaneous crushing of concrete core. Installing shear keys on the steel tube’s inner wall
and/or active confinement of concrete core decrease crack development in tensile zone and local buckling in the
tube’s compressive zone. Moreover, the elastic stiffness increases by installing shear key and/or active confinement
of the sample. Additionally, using shear keys and active confinement at the same time considerably increase the
sample’s elastic stiffness. Furthermore, shear key installation on the tube’s inner wall and active confinement of the
concrete core result in 50 and 30 percent increase in the flexural capacity, respectively. As a result of shear key
installation in the sample, the value of the absorbed energy by the sample decrease around 40 percent, while
changing the confinement type results in a small change in the energy absorbed which is negligible.
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