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Abstract. The objective of this study is to experimentally scrutinize the axial performance of built-up concrete filled steel tube
(CFT) columns composed of steel plates. In this case, the main parameters cross section types, compressive strength of filled
concrete, and the effect of welding lines. Welded built-up steel box columns are fabricated by connecting two pieces of cold-
formed U-shaped or four pieces of L-shaped thin steel plates with continuous penetration groove welding line located at mid-
depth of stub column section. Furthermore, traditional square steel box sections with no welding lines are investigated for the
comparison of axial behavior between the generic and build-up cross sections. Accordingly, 20 stub columns with thickness and
height of 2 and 300 mm have been manufactured. As a result, welding lines in built-up specimens act as stiffeners because have
higher strength and thickness in comparison to the plates. Subsequently, by increasing the welding lines, the load bearing
capacity of stub columns has been increased in comparison to the traditional series. Furthermore, for specimens with the same
confinement steel tubes and concrete core, increment of B/t ratio has reduced the ductility and axial strength.

Keywords:

welded built-up; CFT; cold-formed; welding lines; ductility

1. Introduction

Concrete members are expanded due to Poisson’s effect
under axial pressure. Therefore, as a brittle material, the
general fracture occurs in concrete members when the stress
reaches the ultimate limit (Shariat et al. 2018). Occurring an
earthquake, this fracture might be due to shear failure,
bending failure or shear- bending interaction, causing huge
losses both in human and economic terms (Zandi et al. 2018,
Katebi et al. 2019). Confining these compression members is
considered as a solution to prevent the deformation due to
expansion (Chitawadagi et al. 2010, Evirgen et al. 2014).
Concrete also has been cast in different shapes and types
where the self-consolidating (Shariati et al. 2019c), porous
(Toghroli et al. 2017, Toghroli et al. 2018b, Li et al. 2019,
Shariati et al. 2019a), high strength (Mohammadhassani et
al. 2014a, Mohammadhassani et al. 2014b, Sajedi et al.
2019), lightweight and green (Trung et al. 2019a) concrete
are the most applicable ones. Concrete characteristics
divided into two major categories of fresh properties and
hardened properties. Fresh properties included the most
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primitive properties of the concrete such as slump and
workability. On the contrary, hardened properties contains a
vast critical features as compressive strength, flexural
strength, shear strength and corrosion resistance, where
different attempts have conducted to enhance these
properties as surface protection (Suhatril et al. 2019),
inclusion of the fibers and cementitious replacement
powders (Saberian et al. 2018, Davoodnabi et al. 2019, Luo
et al. 2019, Vali et al. 2019, Xie et al. 2019).

Using fiber reinforced polymer (FRP) plates, ties or spiral
stirrup and steel plates are the most common methods for
confining concrete members under compression load (Sinaei
et al. 2011, Luo et al. 2019, Xie et al. 2019). FRP plates are
suddenly broken down under pressure due to their brittleness.
As a result, due to the loss of confinement effect for concrete
core, the load bearing capacity of the columns will be
reduced (Bakis et al. 2002, Fam ef al. 2003, Dai et al. 2011,
Yan et al. 2014, Yan 2016, Yin et al. 2016). Unlike FRP
plates, steel plates are an elasto-plastic material which
provide confinement for the concrete core even after yielding.
Steel-concrete composite members have advantages of both
materials and is increasing globally because of efficient
synergy of them. Among the composite members, concrete
filled steel tube (CFT) columns utilize the beneficial
properties of materials, which have higher compressive
strength, stiffness and larger energy absorption capacity in
comparison with RC or hollow steel members. Therefore,
using these members is strongly recommended in seismic
zones (Arabnejad Khanouki ef al. 2010, Jalali ef al. 2012, Yin
et al. 2016, Khorami et al. 2017a, Khorami et al. 2017b).
Moreover, the concrete core delays the onset of local
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buckling and prevents inward local buckling in steel tube,
while the steel tube enhances the strength of the concrete
core through confinement (Gupta et al. 2014). CFT
members have been used in china for many years such as
main columns of metro stations in Beijing since 1966 and
also in the power plants building since 1970. The newest
usage of CFT members in various countries are SEG tower in
Shenzhen province, Rongfeng international trade fair in
Hangzhou, Canton tower in Guangzhou, Higgo building in
Kobe city of japan, Gateway building in the United States, 55
floor Millennium building In Australia and bank of china
building in Hong Kong (Han et al 2014). Most CFT
members are prismatic, however, diagonal members with a
constant cross section can be used for load transferring
system in irregular structures. Also, CFT members with
tapered cross-section are used for aesthetic or economical
purposes (Han et al. 2010, Han et al. 2014). Cold-formed
steel section has also employed for storage uses and
industrial applications such as steel racking and upright-beam
systems (Shah et al. 2015, Shah et al. 2016a, Shah et al.
2016b, Shariati ef al. 2018, Chen et al. 2019).

Total cost of a structure is always an important factor in
construction industry. Nowadays, the use of thin wall tube in
CFT columns is progressively becoming popular in
construction of buildings to reduce steel amount due to the
higher price of steel (Lee et al. 2011). In these members, the
major part of axial load is tolerated by the confined concrete
which is cheaper than steel. One of the main difficulties in
use of thin wall tube is premature local buckling, especially
in stub columns. Welded built-up steel box section could
delay it and increase the strength and ductility of column. On
the one hand, time-consuming and costly empirical tests have
been as a barricade against the novel and innovative tests, on
the other hand, there are appealing methods which could
appropriately cover the aforementioned shortcoming. Finite
element (FE) and Finite strip methods are the most useful
numerical approaches for analytical assessment and
prediction methods (Daie et al. 2011, Sharafi et al. 2018a,
Sharafi et al. 2018b, Sharafi et al. 2018c, Kildashti et al.
2019, Mortazavi et al. 2020), where some precursor software
such as ABAQUS and ANSYS were facilitated this process
(Sinaei et al. 2012, Shariati et al. 2019d, Taheri et al. 2019).
Furthermore, artificial intelligence techniques have been
introduced to structural engineering problems and proved
their efficiency on both prediction and optimization of the
test results. Even combining different classic numerical
methods and optimization techniques have successfully
presented reliable results (Chuanhua Xu 2019, Shariati ef al.
2019b, Shariati et al. 2019e, Shariati 2019). These techniques
have developed throughout the years and are appealing in
order to employ in different structural issues not only for the
handy process and even simple calculations compared to the
FE method but also for lower time that need to obtain the
results (Shariati et al. 2014, Ali 2015, Khorramian et al.
2015, Khorramian ef al. 2016, Safa et al. 2016, Shahabi ef al.
2016a, Toghroli et al. 2016, Shariati et al. 2020, Sadeghipour
Chahnasir et al. 2018, Sedghi et al. 2018, Toghroli et al.
2018a, Mansouri ef al. 2019, Milovancevic et al. 2019, Trung
et al. 2019b).

2. Literature review

Up to now, several studies have been carried out to
identify the performance of welded built-up members
(Shariati et al. 2010, Shariati et al. 2011a, Shariati et al.
2011b, Shariati et al. 2011c¢, Shariati ef al. 2012a, Shariati et
al. 2012b, Shariati ef al. 2012c¢, Shariati et al. 2013, Toghroli
et al. 2014, Shahabi et al. 2016a, Shariati et al. 2016,
Paknahad et al. 2018). In a resaerch by (Whittle et al. 2009)
focusing on axially loaded built-up C-channels, they have
assessed the accuracy and conservativeness of the
specifications related to the modified slenderness ratio which
is mentioned in Specification D1.2 for built-up members. By
another research conducted by (Tao et al. 2005), the research
has conducted a test on concrete-filled steel tubular stub
columns with inner or outer welded longitudinal stiffeners
under axial compression. The sectional capacity of the
composite stub columns has been increased when stiffeners
are provided. Generally, the longitudinal stiffeners not only
delay the local buckling of the plate panel, but also improve
the lateral confinement on the concrete core. The outer
stiffened specimens had shown almost the same behavior as
the inner stiffened ones, but the stiffeners should have
higher flexural rigidities to ensure their effectiveness. The
larger D/t ratio is, the larger the rigidity requirement of
stiffeners is. A study by (Petrus et al. 2006) have
investigated an experimental work into the bond strength of a
CFST column with tab stiffeners. The found stiffeners have
key role in improvement of bond strength at steel-concrete
interface. (Lee et al. 2011). has experimentally investigated
the structural characteristics of square CFT stub columns by
using cold formed thin steel plates. They have introduced
manufacture method for use of thin walled cold-formed in
square concrete filled tubular column. All specimens are
fabricated for the test with variables of steel tube type, width—
thickness ratio and concrete strength to evaluate structural
capacities and behavioral characteristics of welded built-up
square CFST columns. The results have shown that welded
built-up steel tubes are superior to generic steel tubes with the
same width in terms of cross-sectional efficiency because
total cross section is effective sectional area in the former. An
investigation by (Zeghiche 2013) has presented an
experimental and finite element study on the load carrying
capacity of thin and composite steel-concrete stubs
subjected to direct compression. The studied sections are
made of two cold formed U shaped steel plates welded to
form a steel box or an I-shaped steel section. All failure
loads are predicted numerically using Abacus program and
Euro-codes EC3 and EC4 for steel and composite stubs,
respectively. A comparison of results has been calculated
using FEM model, showing good agreement with test
results. However, EC3 and EC4 predictions are not
conservative. According to the test results, the length and
discontinuous welding fillet for empty stubs has a drastic
effect on load carrying capacity and failure mode is mainly
a premature local buckling mode. Providing rectangular
steel stubs with continuous welding on mid-depth
improvedthe load carrying capacity for both rectangular
empty steel and composite stubs. CFT columns with
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Fig. 2 A: Generic Steel box section, B: Steel box made by connecting two pieces of cold-formed U-shaped steel plates,
C: Steel box made by connecting four pieces of cold-formed L-shaped steel plates

continuous welding have a greater lateral stiffness and
rupture  strength compared to CFT columns with
discontinuous welding steel sections. Test results have
shown that I-shaped steel stubs has a higher compression
load carrying capacity with a lower load decrease rate
compared to fabricated rectangular steel stubs with height
over 200 mm. I-shaped composite stubs couldn’t reach the
unconfined strength because the failure mode is by local
buckling of steel flange, steel-concrete bond failure and
concrete crushing. It is believed that I-shaped composite
could reach higher failure loads if they are provided with
lateral stiffeners or shear connectors. Using different types
of shear connectors while their performance have been
conducted recently (Shariati et al. 2012a, Shahabi et al.
2016a, Shahabi et al. 2016b, Tahmasbi et al 2016,
Khorramian et al. 2017, Hosseinpour ef al. 2018, Nasrollahi
et al. 2018, Wei et al. 2018, Shariati 2019) could be
alternatve options for this purpose.

A resaerch by (Ferhoune e al. 2016) has studied the axial
bearing capacity of thin welded rectangular steel stubs filled
with concrete sand. The findings have shown that the column
strengths have been increased when the stubs height is
decreased and the sign of local buckling has been developed
when the ultimate bearing capacity is reached to the
instability of columns.

However, few studies have addressed the influence of
different confinement steel tubes with different welding
lines (stiffeners) on load capacity of CFT stub columns. To
fill this gap, this research has studied the mention
configurations in square CFT columns and assessed the load
bearing capacity and ductility of them. Also, cold-formed
CFT columns with high strength welding lines are used to
provide higher thickness and yield stress of welding lines in
comparison to steel tubes. Thus, welding lines could be
considered as longitudinal stiffeners.

3. Materials

The properties of steel and concrete materials for
welded built-up and generic CFT columns are presented in
this section.

3.1 Steel

In order to manufacture CFT columns in this research,
steel plates and boxes with 2 mm thickness have been used as
outer tube. It should be noted that steel boxes with no
welding lines (generic) are considered for comparing the
axial performance between generic and build-up cross
sections made by steel plates. Direct tensile test has been
performed according to (ASTM-A370.2017) to obtain the



350 Morteza Naghipour, Ghazaleh Yousofizinsaz and Mahdi Shariati

Table 1 Results of direct tensile strength test for dumbbell-shaped samples obtained from steel box and plate

Tensile strength of steel (MPa)

Steel box

Steel plate

Yield stress Ultimate stress
3174 356.6

Yield stress Ultimate stress

361 394.8

Fig. 3 A: Connection between 2 U-shaped (Dai ef al. 2011) steel plates with complete penetration groove weld, B:

Overall configuration of steel boxes
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Fig. 4 Design gradation and (ASTM C33M-16.2016)

mechanical properties of steel plates and boxes. Dumbbell-
shaped steel samples obtained from steel plates and boxes
before and after direct tensile test and test instrument are
shown in Fig. 1.

Table 1 shows the results of tensile strength for dumbbell -
shaped specimens obtained from steel plates and boxes. In
order to prepare welded built-up specimens, steel boxes have
been made by welding 4 (L-shaped) or welding 2 (U-shaped)
steel plates. In this study, the height of all specimens is 300
mm to minimize the influence of buckling. Fig. 2
schematically illustrates steel sections which are utilized for
the generic and welded built-up CFT columns. In order to
manufacture L-shaped and U-shaped steel boxes, steel plates
are cut by cutting equipment and then became in the form of
L and U- shaped steel plates with iron bending machine. L-

Fine aggregate

=8 Lowerlmst **¥®° Design gradation

18.36 0.15 2.15 4.15 6.15 8.15

Sieve size (mm)

recommendation

shaped and U-shaped steel plates are connected by
continuous welding along the edges. Complete penetration
groove weld performed by rectifier instruments with A: 60, @:
2.5 and E: 6013. The connection between two U- shaped steel
plates with complete penetration groove weld and the other
steel tubes are demonstrated in Fig. 3.

3.2 Concrete mix proportion

The crushed aggregates and river sand used for
manufacturing of core concrete have been provided from the
mines in Mazandaran province, Iran. Also, the sieves NO.4
and NO.12 have been used for separating coarse and fine
grained aggregates based on (ASTM C1360. 2014). In order
to remove dust, aggregates have been washed and dried in an
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Table 2 Materials mix proportions for manufacturing concrete

351

Materials content (Kg/m?)

Aggregate

Concrete Cement - Water Water cement ratio
Fine Coarse
20 MPa 307 830 964 215 0.7
30 MPa 391 830 964 215 0.55
Table 3 Compressive strength test results for 28-day cube and equivalent cylindrical concrete
Concrete sample 20 MPa mix design 30 MPa mix design
27.32 38.58
Compressive strength of 28-day cube concrete 2763 38.03
(MPa) ' '
27.03 38.97
26.68 39.11
21.85 30.86
Compressive strength of 28-day equivalent 271 4

150%300 cylindrical concrete 10 30.46
21.62 31.17
21.34 31.28
Average 21.72 30.94

Fig. 5 A: Curing and surface moisture protection by wet sacks, B: CFT columns after 28-day curing

oven. Fig. 4 illustrates the design gradation which is used in
this research and (ASTM C33M-16.2016) grading limits.
Noticeably, maximum nominal diameter of aggregates is 12.5
mm. Sand equivalent and fineness modulus are determined
0.71 and 3, respectively which are compatible with (ASTM
C33M-16.2016) recommended limits. Type II Portland
cement has been used for concrete manufacturing.

In this research, concrete with compressive strength of 20
and 30 MPa have been used in CFT columns , also (ACI
211.1.1991) standard is used for manufacturing concrete.
According to table 2, material mix proportions with 12.5 mm
nominal diameter of aggregates and 80-100 slump are
determined according to (ACI 211.1.1991) standard,
recommending a 28-day 150%300mm cylindrical concrete
samples for controlling the compressive strength. For each
mix proportion mentioned in Table 2, four 28-day cube
concrete samples have been prepared for compressive

strength test by ELE instrument with 200 tons capacity to
ensure achieving concretes with desired strength.
The conversion factor equals to 0.8 has been used to convert
the compressive strength of cube samples to the cylindrical
ones. 28-day compressive strength of cube concrete samples
and equivalent cylindrical specimens are presented in Table 3.
Averagely, the manufactured concrete provides the
desired compressive strength for CFT columns. All the
specimens cast vertically and vibration is provided by
shaking table. The curing process and CFT columns at the
end of 28 days are shown in Fig. 5.

4. Experimental testing

20 CFT stub columns have been tested in pure axial
compression and classified into 3 groups in terms of different
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Fig. 6 Overall view of test set-up.
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Fig. 7 Compressive axial loading concept

cross sections and concrete strength, which are as follows:

1. Generic CFT columns with no welding lines (BNO
specimens).

2. Cold-formed CFT columns with 2 welding lines (U
specimens).

3. Cold-formed CFT columns with 4 welding lines (L
specimens).

In all specimens, columns have equal height of 300 mm. It
should be noted that the generic CFT columns (group 1) are
considered as controls to compare with other specimens (2
welding lines and 4 welding lines). Specimens are named by
using a naming system including one letter and four
numbers. For example, L4-70-2-20 represents a specimen
of the welded built-up CFT stub column by connecting four
pieces of L-shaped thin steel plates with continuous
penetration groove welding line, with 4 welding lines
(indicated by the first number, 4). The cross sectional
dimension of column is 70 (indicated by the second number,
70).The steel tube thickness is 2mm (indicated by the third
number, 2), and the concrete strength is 20Mpa (indicated
by the last number, 20). BNO specimens are the CFT
columns with no welding lines.

4.1 Test procedure

Loads are applied by a 60 ton UTM at a speed of
3mm/min. The universal machine is equipped with top and
bottom jaw. The fixed jaw is placed at the bottom and the
movable jaw with free vertical movement is placed at the top.
The axial pressure is applied on the top surface of CFT
samples by the movable jaw. To ensure that axial pressure
load was uniformly applied on the top surface of CFT
samples, a special type of movable jaw has been used (Fig. 6).
In order to investigate the compressive behavior of CFT
samples and buckling type, buckling zones, the occurrence or
non-occurrence of rupture in confinement steel or weld zone,
the axial pressure load has been applied on the whole cross
section of CFT columns (Fig. 7).

As the axial pressure load is applied, the stress-strain
curves and the compressive strength for all CFT columns are
recorded through a processor connected to test machine.
When the results are satisfying, the loading is proceeded
until it reached the failure. The results and analysis are
subsequently presented.
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Fig. 9 Ultimate stress of CFT samples, A: 20MPa concrete core, B: 30MPa concrete core

5. Results and discussion
5.1 The axial performance of the CFT stub columns

The stress-strain curves obtained from axial compressive
strength test are shown in Fig. 8. All specimens had a
smooth descending branch, offering more ductility. It can be
seen that for CFT columns with the same confinement steel
tubes and concrete, the increment of B/t ratio has reduced the
ductility and compressive strength. This is due to the
reduction of confinement effect of steel tubes by increasing
B/t ratio which is exactly compatible with literature by (Abed
et al. 2013). The elastic stiffness of CFT columns with 30
MPa concrete is greater than its 20 MPa counterpart. Also, in

specimens with different B/t ratios, significant change has
been observed in elastic stiffness of CFT columns with
concrete strength of 30MPa and with no welding lines due to
lack of stiffeners. For easier comparison, the ultimate stress
of CFT columns under axial pressure is shown in Fig. 9.

Obviously, the highest load bearing capacity has been
obtained from CFT samples with confinement steel tubes
which are made by welding 4 (L-shaped) steel plates. While,
the reverse is true for CFT columns with no welding lines, it
is assumed that for CFT columns with the same dimensions
and concrete core, axial load distribution between more
welding lines lead to higher ductility and load bearing
capacity. This is because welding lines were considered as
stiffeners. With the same welding quality, axial pressure load
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I U20:100x100 ‘

Fig. 10 Deformation of CFT columns under axial compression

is distributed between (L-shaped) steel plates and concrete
core, leading to more ductility and load bearing capacity
compared to the load distribution between 2 (U- shaped) steel
plates and concrete core.

It is evident that for the same B/t ratios and steel tubes,
increasing concrete strength could obtain higher load bearing
capacity which is exactly compatible with previous studies
about the delay of buckling as the main reasons for this
subject (Lee ef al. 2011). In steel tubes with constant B/t
ratios, the effect of welding lines is more effective than
concrete strength. The load bearing capacity of B70x70
having concrete strength of 30 MPa is increased by 22.96%
when compared with its 20MPa counterpart. This increment
in load bearing capacity in case of 4 L-shaped steel plates has
reached to a maximum of 28.42% compared to the B70x70
with 20MPa concrete strength.

This is true for all CFT samples in this research. Also,
concrete strength has more positive effect on load bearing
capacity of CFT samples compared to B/t ratio. In CFT
columns made by welding 2 U-shaped steel plates as
confinement tubes and 20 MPa concrete strength, the load
bearing capacity of 90x90 CFT samples is decreased 4.3% in
comparison to the 80x80 samples. While, for 80x80 CFT
columns with 2 welding connections, using 20MPa concrete
has decreased the load bearing capacity up to 27.09%
compared to the 30MPa concrete. This is true for all CFT
samples in this research according to Fig. 9. Probably, in CFT
columns with greater cross section, further expansion of
concrete under axial pressure caused by Poisson's effect leads
to negative effects of B/t ratios on load bearing capacity. The
final failure modes of CFT columns are presented in Fig.
10. Accordingly, only outward buckling is occurred in CFT
samples, approving the beneficial properties of using both
concrete and steel in composite members. Inward bugles are
prevented by concrete in CFT columns.

Despite high ductility and load bearing capacity, the rupture
in CFT samples welded along 4 edges is in weld zone at

ultimate stress, while, no rupture has been observed in weld
zone at ultimate stress in CFT columns welded along 2 edges.
In specimens with similar welding lines, the number of
bugles distributed along the height of columns is decreased
by increasing the compressive strength of concrete and B/t
ratio. Also, the effect of B/t ratios on load bearing capacity of
CFT columns with 2 or 4 welding lines is less significant
than the columns with no welding connections, due to the
welding lines which were used as stiffeners. Regarding the
load bearing capacity of B90x90, the concrete strength of 20
MPa is decreased by 36.8% and compared to B70x70.
While, for CFT columns with 4 and 2 welding lines, the load

bearing capacity is decreased 17.4% and 15.455%,
respectively.
5.2 Ductility index

In this study, in order to define the ductility index,
displacement method has been used which is defined as the
ratio between the displacement corresponding to 85% of
maximum load (in the descending branch) and the
displacement of the maximum load.

_ d0.85N max
dN max

CFT columns with 4 stiffeners have presented the highest
ductility varying from 1.67 to 1.76 and CFT columns with
no welding lines presented the lowest (1.49 to 1.55). Based
on Table 4,concrete strength have not significantly
influenced the ductility of CFT specimens, though a very
slight drop has been observed with the increasing of B/t
ratio and concrete strength, while, the effect of welding
lines on ductility is greater than concrete strength and B/ t
ratio.

Also, CFT columns with 4 welding lines shows up more
ductile behavior compared to columns with 2 welding lines

DI (1)
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and columns with 2 welding lines has higher ductility
compared to specimens with no welding lines.

6. Comparison with Eurocode 4 and AISC
specifications

The design compressive strength Naisc for axially
loaded CFST columns can be determined for the flexural
buckling limit state based on the member slenderness as
follows (AISC.2010)

NAISC
_{ Pn = Pno(0.658 Pno/ Pe,  Pno / Pe < 2.25(2
~10.877 pe Pno / Pe>22)

Pno is the nominal axial strength of CFST specimens and
can be determined by equation 3. where ¢ is 0.85 for
rectangular CFST sections

Pno =Asfy + C Acfe (3)

Pe is the elastic critical buckling load that can be calculated
by using Euler's formula shown in Equation 4

Pe=n? El.q/ Lc 4)

Eleff is the effective stiffness of CFST section and can be
determined by the following equation

Eler=-EsIs+ 1 Ecle (5)

where c; accounts for the effective rigidity of filled
composite compression member, and is calculated as
follows

C1=0.25+3 (As+ Au/ Ay) (6)

The strength of rectangular CFST stub columns (Nu) in (
Eurocode 4.2004) can be expressed as

Nu=4sfy + Acf'c (7

The maximum loads obtained from the experiments and
those obtained from Eurocode 4 and AISC specification are
shown in Figs. 11 and 12. These values have been presented
in Table 4. Ngxp/Naisc ratios are inside the safety margin of
10%. And in most cases are on the safe side (Ngxp/Naisc>
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Table 4 Test properties and results

Geometrical
properties (mm)

No Name B) ® L f: Nexp/NEC4 Nexp/AISC Nexp/Ncal DI
1 BNO-70-2-20 70 2 300 21.7 0.95 1.01 0.9 1.55
2 BNO-70-2-30 70 2 300 30.94 1.01 1.09 0.92 1.52
3 BNO-90-2-20 90 2 300 21.7 0.68 0.73 0.89 1.51
4 BNO-90-2-30 90 2 300 30.94 0.75 0.82 0.9 1.49
5 L4-70-2-20 70 2 300 21.7 1.12 1.19 1.09 1.76
6 L4-70-2-30 70 2 300 30.94 1.03 1.11 0.98 1.72
7 L4-80-2-20 80 2 300 21.7 0.99 1.05 0.97 1.74
8 L4-80-2-30 80 2 300 30.94 0.9 0.98 0.94 1.71
9 L4-90-2-20 90 2 300 21.7 1.06 1.13 1.05 1.72
10 L4-90-2-30 90 2 300 30.94 0.9 0.97 0.96 1.7
11 L4-100-2-20 100 2 300 21.7 0.98 1.06 0.99 1.69
12 L4-100-2-30 100 2 300 30.94 0.83 0.91 0.95 1.67
13 U2-70-2-20 70 2 300 21.7 0.97 1.03 0.94 1.65
14 U2-70-2-30 70 2 300 30.94 0.94 1.01 0.93 1.62
15 U2-80-2-20 80 2 300 21.7 0.92 0.99 0.93 1.64
16 U2-80-2-30 80 2 300 30.94 0.97 1.05 0.92 1.6
17 U2-90-2-20 90 2 300 21.7 0.94 1.01 0.94 1.62
18 U2-90-2-30 90 2 300 30.94 0.88 0.96 0.9 1.59
19 U2-100-2-20 100 2 300 21.7 0.94 1.01 0.94 1.6
20 U2-100-2-30 100 2 300 30.94 0.81 0.88 0.9 1.55

1). While, (Ngxp/Ngpcs) ratios are on the unsafe side
(Nexp/Necs<l), though Nexp/Ngcs is inside the safety
margin of 10%.

5. Conclusions

The main goal of this study is to investigate the axial
compressive behavior of CFT columns which is
manufactured by steel boxes welded steel plates as
confinement tubes. A 28-day concrete with 20 and 30 MPa
strength are casted in steel tubes as concrete core. All CFT
columns have 300 mm height and the thickness of steel tubes
is fixed to 2 mm. Based on the obtained results, the following
conclusions could be drawn:

e In CFT columns with the same B/t ratios, by
increasing the welding lines, the load bearing capacity of
columns is increased compared to the BNO series and this
average amount for U2 and L4 series are about 21% and
32.5%, respectively. Welding lines in U2 and L4 series are
considered as stiffeners, due to the fact that the welding lines
have higher strength and thickness in comparison to steel

plates and thus delayed an out ward buckling in CFT columns.

* The load bearing capacity of columns with concrete
strength of 30 MPa is increased compared to its 20MPa
counterpart, which is more significant in BNO series than the
other two series.

* In specimens with similar concrete strength, reducing
B/t ratios has increased the load bearing capacity of columns
and this is more noticeable in CFT columns with higher
concrete strength.

* In steel tubes with constant B/t ratios, the effect of
welding lines is more effective than concrete strength and
concrete strength has more positive effect on load bearing
capacity of CFT samples compared to B/t ratio. Probably, in
CFT stub columns with greater cross section, further
expansion of concrete under axial pressure is caused by
Poisson's effect led to negative effects of B/t ratios on load
bearing capacity.

+ It was observed that the effect of B/t ratios on load
bearing capacity of CFT columns with 2 or 4 welding lines is
less significant than the columns with no welding
connections, due to the welding lines used as stiffeners.

« The elastic stiffness of CFT columns with 30 MPA
concrete is greater than its 20 MPA counterpart. Also, in
specimens with different B/t ratios, more significant change
is observed in elastic stiffness of CFT columns with concrete
strength of 30MPA and with no welding lines due to lack of
stiffeners.

* The ductility of CFT columns with more welding
lines is greater and increased as B/t ratios is decreased. CFT
columns with 4 welding lines have the highest ductility. On
the other hand, CFT columns with no welding lines have the
lowest ductility index due to lack of stiffeners.
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