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This paper presents an experimental investigation info the structural behaviour of
eccentrically loaded concrete filled, thin walled, steel tubular slender column with tab
stiffeners (CFST). The primary parameters studied through the experimental work are load
eccentricity and type of stiffeners. Three different types of stiffeners used in this study are
longitudinal stiffeners of 10mm height, longitudinal and tab stiffeners of 25mm height and
longitudinal and extended tab stiffeners at 40mm. The effects of the stiffeners on the
structural behavior were investigated experimentally using 26 specimens of slender CFST,
loaded with eccentricity ranging from 0 mm to 60 mm. It was observed that all specimens
failed mainly by overall buckling and, the compressive strength and bending strength of the
specimens decreases as the applied load eccentricity increases.
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1.0 INTRODUCTION

A Concrete filled steel tube (CFST) column is a
structural system with excellent structural
characteristics, which is the result of combining the
advantages of a steel tube and those of concrete. A
CFST column is constructed by fiing a hollow
rectangular or circular structural steel tube with
concrete. As a structural system, a CFST column has a
high load bearing capacity, excellent earthquake-
resistance, good ductility, high fire resistance and its
higher sfiffness which delays the onset of local
buckling [1]. Besides that, the steel tube can function
as a permanent formwork as well as reinforcement,
thus more economical to be utilised.

Studies on slender columns have been quite
intensive in recent years [2]-[11], [19]. Researchers
agree that the ultimate strength of slender CFST
column is governed by stability rather than strength.
Hence, for overall buckling failures, there is little
confinement of the concrete to occur and thus little

additional strength gained. It has been agreed by
many authors that a slenderness ratio (L/D) equal to
15 roughly marks a boundary between short and
long column behaviour. The method of failure of long
concrete filled steel tube columns is characterized by
overall elastic buckling of the member [12]. The
overall buckling occurs way before the normal stress
reaches the strength of column material. This failure
mode described by Hibbeler, as failure due to elastic
instability [13]. The actual compressive stress at the
point of failure is less than the ultfimate compressive
stress that the material is capable of withstanding.

A long column is sensitive to eccentric loading
effects and initial out-of-straightness. The failure
mechanism of long columns due to eccentric
loading will be similar to the concentric case, except
that failure will occur at a smaller load and the failure
load will decrease with an increase in eccentricity
[2], [3]. [9]. [11], [18]. However, the axial load and
bending capacities of CFST could be improved by
providing sufficient internal stiffening method.
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This paper presents the study the structural behaviour
of concrete filled thin-walled steel tube columns with
tab stiffening system as discussed in details by Petfrus
etal. [15], [16].

2.0 EXPERIMENTAL PROGRAM

The behaviour of CFST slender column with a new
stiffening system under eccentric load is investigated
experimentally. The new stiffening system was
attained by welding together four pieces of lipped
angle, whereupon two parts of the lips were notched
and folded vertically in order to form the tab
stiffeners. Prior to real casting work being done fo
prepare the CFST columns specimens, a frial casting
using a transparent acrylic tube as shown in Figure
1(a) was carried out. The wet concrete mix is poured
info the acrylic tube from the height of 3m, fo
determine the most suitable concrete mix with the
designed concrete strength used and to ensure that
the flow-ability of the concrete to the steel tubes
does require a minimum compaction. During the
concrete casting, the concrete mix is poured in
layers and compacted by a poker vibrator as shown
in Figure 1(b). Exira care is required during the
compaction process as to ensure there is a minimum
segregation and that homogeneous concrete in-
filled is obtained for each specimens.

S

(a) (o)
Figure 1 Samples preparations

After concrete casting, the specimens are left in
an upright position with the top part covered by wet
gunnysack at least for 28 days for curing. During the
curing process, a very small amount of longitudinal
shrinkage occurs at the top of the columns. A high-
stfrength epoxy is used to level the column top
surface. Prior to testing, both column ends are
smoothly grind and a 250mm x 250mm x 8mm thick
plate are welded at both ends.

2.1 Test Specimens

There are 26 specimens prepared for the slender
column which includes 5 hollow tubes and 21 CFBST
columns. The details of the specimens are given in
Table 1.

For column specimens’ identification purpose, a
label system is adopted. For the specimens tabulated
in Table 1, the first letter L refers to long column
followed by S indicating square cross-section shape.
Next, the letter F or U represents concrete filled or
unfilled built-up steel tubes respectively. The fourth
letter, L, T or ET indicates the type of stiffeners that is
with longitudinal stiffeners, tab stiffeners or extended
tab stiffeners respectively. The subsequent number is
the height of stiffeners. The value of the load
eccentricity is indicated by €20, e40 or €60 (i.e €20 -
20mm eccentricity.

Table 1 Slender CFST column specimens

Specimens

€, xx feu fy Nue Mue
No label L(mm) (mm) e/r (N/mm2)  (MPa) (kN) (kNm)
1 LSUL25(1) 3000 0 309 476.6 0
2 LSUL25(2) 3000 0 309 506.4 0
3 LSUT25(2) 3000 0 309 365.6 0
4 LSUETeO (1) 3000 0 - 309 3827 0
5 LSUETe20(3) 3000 20 0.2 287 574
6 LSFL25-b1 3000 20 0.2 40 309 17163 3433
7 LSFL25-b2 3000 0 - 40 309 NA* NA*
8 LSFL25-b3 3000 20 0.2 40 309 1700 34
9 LSFL10-b1 3000 20 0.2 40 309 1469.5  29.39
10 LSFL10-b2 3000 20 0.2 40 309 1530.7  30.61
11 LSFL10-b3 3000 20 0.2 40 309 1551.8  31.04
12 LSFT25-b1 3000 20 0.2 40 309 16022  32.04
13 LSFT25-b2 3000 20 0.2 40 309 1604.1 32.08
14 LSFT25-b3 3000 20 0.2 40 309 1708 34.16
15 LSFTe20-c1 3000 20 0.2 44 309 1657.5  33.15
16 LSFTe20-c2 3000 20 0.2 44 309 1679.8  33.60
17 LSFTe40-c1 3000 40 0.4 44 309 1278 51.12
18 LSFTe40-c2 3000 40 0.4 44 309 1314.6  52.59
19 LSFTe60-c1 3000 60 0.6 44 309 1103.4  66.20
20 LSFTe60-c2 3000 60 0.6 44 309 1054.7  63.29
LSFETe20-
cl
LSFETe20-
21 c2 3000 20 0.2 44 309 17413  34.83
22 LSFETe40- 3000 20 0.2 44 309 1731.6  34.63
23 cl 3000 40 0.4 44 309 1327.4  53.10
24 LSFETe40- 3000 40 0.4 44 309 13028  52.11
25 c2 3000 60 0.6 44 309 1130.5  67.83
26 LSFETe60- 3000 60 0.6 44 309 1068.4  64.10
cl
LSFETe60-
c2

L-long column; S-square cross-section shape; F or U-concrete
filled or unfilled tubes; L, T or ET-longitudinal, fab or extended
tab stiffeners respectively; 10 or 25-height of stiffeners; €0 or
e20-eccentricity (i.e €20-20mm eccentricity) (1-3)-number of

identical specimens.

2.2 Test Set-up and Instrumentation

The schematic view of the
instrumentation for eccenfrically
column is shown in Figure 2.

test set-up and
loaded slender
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Figure 2 schematic views of the fest set-up and
instrumentation

All specimens are tested under eccentric loading
about the major axis in a 2000 kN capacity universal
testing machine. Since the standard accessories of
the testing machine are unable to produce
eccentric loading, knife edges are constructed
which allow the load from the testing machine to be
applied at designed eccentricities to the specimens
similar fo end assemblage used by Liu [17], with slight
modification. The knife edges are employed at both
the bottom and the top of the specimens to simulate
pin-pin boundary conditions and subjected to single
curvature bending. The knife edges consist of a male
edge and female counterpart. The male edge
consists of a 250 x 250mm x 25mm thick hardened
steel block with 50mm width x 50m long V-shaped
male edge. It is bolted fo the top platen of the
testing machine. The female edge consists of 250 x
250mm x 35mm thick hardened steel block with
female V-shaped grooves of 10mm depth at every
20mm interval. It is positioned fo the top end plate of
the specimen with four numbers of bolts in order to
align and fo prevent the slippage between the
female edges and the specimens. Axial loading is
applied through the V-shaped female edges at each
specimen so that the load eccentricity (e) could be
precisely controlled.

3.0 RESULTS AND DISCUSSION

Based on the experimental result from the test of the
slender columns with the new sfiffening system,
several observations on the buckling behaviour and
the section strength capacities were evaluated.

3.1 Buckling Behaviour

There are two types of failure mode observed during
the test namely, local buckling and overall buckling.
In general, local buckling failure occurs in slender
empty tubes loaded without eccentricity. Local
buckling normally starts at one third from the top end
of column specimens and eventually fails by overall
buckling about the axis where the load is applied.
Meanwhile the failure mode in concrete filled built-
up steel tubes specimens is governed by global

buckling. The schematic view of the buckling modes
observed for respective specimens are as illustrated
in Figure 3.

Figure 3 Buckling modes

The failure mode of concrete filled built-up steel
fubes columns is also influenced by the applied
loading eccentricity. The deflection shapes observed
during the test for all specimens with eccentricity are
approximately in the shape of half sine wave. A
lateral deflection curve of the composite columns
during the loading process is ploftted in order to
demonstrate the buckling curves development.
Figure 4 shows the deflection curves development for
specimens LSFT with  20mm, 40mm and 60mm
eccentricity. At peak load the columns maximum
deflections at mid-height are recorded as 20.82mm,
24.57mm and 33.53 for eccentricity 20mm. 40mm
and 60mm respectively. From the deflections curves
for all the specimens, it can be seen that the
magnitude of the mid-height deflections is further
increased as the eccentricity increases. As can be
seen, the agreement between the test curves and
the half-sine waves is better for specimens with higher
eccentricity. It is also observed that the deflection
magnitude increases rapidly affer the peak load is
exceeded.

support (m}

Distance from the bottom support (m}

Distance from the bottom

Deflection (mm)

Deflection (mm) SETED
LSF 0-1

LSFT-E20-2

Figure 4 Buckling modes

3.2 Ultimate Strength Capacity

The ultimate strength capacity of slender columns in
ferms of their maximum axial load and maximum
bending moment are as detailed in Table 1. The
highest ultimate axial load capacity is observed in
LSFL25, which is about 1708 kN in average. It is higher
than LSFL10 and LSFT25 in averages which are
approximately 11.17% and 4.1% respectively. The
corresponding ulfimate bending moment capacity
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for LSFL25 is 34.16kNm, which is about 12.5% and 4.6%
higher in average than LSFL1IO and LSFT25
respectively. On the other hand, the specimens with
extended tab stiffeners LSFET show higher ultimate
axial load and bending moment compared fo
specimens LSFL25 and LSFT25 on average of about
1.65% and 5% respectively. These results show that
the tab stiffeners become beneficial when they are
infroduced at a cerfain length of longitudinal
stiffeners. In this case, since the extended tab is
infroduced at extended longitudinal stiffeners of
20mm from the steel tube, both the longitudinal
stiffeners and tab sfiffeners contributed to the
ultimate strengths capacities of slender column.

The typical effects of different type of sfiffeners on
axial load-mid-height deflections are shown in Figure
5. The axial load decreases slowly after the failure
load has been reached, indicating the favorable
ductility performance in the post yield behaviour of
the specimens. The specimens LSFET with extended
stiffeners shows highest strength as the stiffness of the
tab stiffeners is not lost while the bond strength
between the steel tube and concrete interfaces is
maintained. This result indicates that the proposed
stiffening system has a great potential to be used as
a stiffeners in CFST.
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Figure 5 Effect of different type of stiffeners on load-mid-
height deflections response
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Figure 6 Effect of eccentricity on load-deformation response

The effect of eccentricity on load-deformation
response for the specimens is shown in Figure 6. In
general, the axial load strength in both specimen
types decreases as the applied load eccentricity
increases. Meanwhile the bending strength increases
with increasing eccentricity. However, it is observed
that LSFET shows slightly higher axial and bending
stfrengths capacity in every applied load eccentricity.
The axial load and bending strength capacity in
LSFET are higher compared to LSFT25 in an average
about 4.1%, 1.4% and 1.8% for 20mm, 40mm and
60mm eccentricity respectively. The strength
capacity of LSFET is higher compared to LSFT25
because the stiffness Ix in LSFET is slightly higher as
compared fo Ix in LSFT25. It is also noticed that the
strength capacity difference is smaller with a higher
eccentricity. This behaviour is observed in all
specimens. These behaviours are evidence that the
tab stiffeners effects on the strengths capacities
decreases with increasing eccentricity.

4.0 CONCLUSION

The behaviour of CFST is evaluated from the
experimental result of the slender column with the
new stiffening system when subjected to eccentric
load. From the fest results of 26 slender CFST
specimens which include nine (5) un-filled slender
tubes and twenty-one (21) slender CFST columns,
several observations and conclusion as follows can
be drawn;

1. Un-filled slender fubes loaded without
eccentricity failed by local buckling. It is also
noted that buckling mode is improved as the
height of the stiffeners is increased which is
observed both in specimens with 25mm
stiffeners height (LSUL25) and in specimens
with extended stiffeners height to 40mm
(LSUEL).

2. Specimens loaded with eccentricity are
observed to fail mainly by overall buckling
with  slight local buckling along the
compression sides. The magnitude of the
mid-height displacement increases with
increasing eccentricity.

3. For the concrete filled built-up steel tubes,
the highest ultimate axial load and bending
moment capacity is observed in LSFL25,
which is higher than LSFL10 and LSFT25 on
average about 11.17% and 4.1% for axial
load and 12.5% and 4.6% for bending
moment respectively.

4. In general, the axial load strength in both
specimen types decreases as the applied
load eccentricity increases. These behaviours
are evidence that the tab stiffeners affect on
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the sftrengths capacities decreases with
increasing eccentricity.

In overall, providing stiffeners with sufficient sfiffness
onto the un-filled built-up steel tubes slender column
is beneficial to increase the ductility and strength
capacity of CFST.
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