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Abstract - In recent years, a type of hybrid system, the
concrete-filled steel tubular (CFST) columns are increasingly
used in buildings and bridges. In CFST columns, the steel tube
provides formwork for the concrete, the concrete prolongs
local buckling of the steel tube wall, the tube prohibits
excessive concrete spalling, and composite columns add
significant stiffness to a frame compared to more traditional
steel frame construction. The paper presents a non-linear
finite element analysis of circular and square CFST columns
using commercial finite element software, ANSYS. The study
focuses on the material property of CFST columns.
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1.INTRODUCTION

Due to rapid advancement of concrete technology, high-
performance concrete, which has high, has gradually become
a central element in structural systems. However, a higher
strength concrete is generally more brittle and for this
reason, there has been hesitation in the use of high-
performance concrete with strength higher than a certain
limit. To ensure minimum ductility, transverse
reinforcement for confining the concrete has to be provided.
But, as the strength of concrete improves, the demand for
transverse reinforcement also increases. Moreover, closely
spaced transverse reinforcement would lead to steel
congestion inside the mould, thus posing difficulties in
concrete casting. Therefore, it has been advocated to adopt
the concrete-filled steel tube system to provide confinement
to concrete columns without causing steel congestion inside
the mould.

Concrete-Filled Steel Tubes (CFST) are composite
members consisting of a steel tube infilled with concrete,
possessing the favorable attributes of both concrete and
steel. The continuous confinement provided to the concrete
core by the steel tube enhances the core strength and
ductility. The concrete core restrains inward buckling of the
steel tube, while the steel tube serves as tensile
reinforcement for the concrete.

The steel lies at the outer perimeter where it performs most
effectively in tension and in resisting bending moment. Also,
the stiffness of the CFST is greatly enhanced because the
steel, which has a much greater modulus of elasticity than

the concrete, is situated farthest from the centroid, where it
makes the greatest contribution to the moment of inertia.
The concrete forms an ideal core to withstand the
compressive loading in typical applications, and it delays and
often prevents local buckling of the steel.

It provides not only an increase in the load carrying capacity
but also economy and rapid construction, and thus
additional cost saving. Their use in multistory buildings has
increased in recent years owing to the benefit of increased
load carrying capacity for a reduced cross section.

The CFST columns do not require formwork and additional
steel reinforcement, and the steel tube protects its surface
from impact and abrasion. The local buckling of the steel
wall, due to the relatively small wall thickness, is delayed
because the inward buckling is resisted by concrete.

The relevance of this topic is due to the enhancement in
structural properties of CFST due to the interaction between
steel tube & concrete core. They combine the advantages of
ductility of steel & stiffness of concrete. There are several
advantages which justify the use of CFST. Some of these
advantages include:

Greater energy dissipation and fire resistance
Drying shrinkage & creep of concrete in CFST is much
smaller

Higher strength-to-weight ratio

Higher rigidity than conventional reinforced concrete
column

High ductility and toughness for resisting reversal
load

Excellent structural performance, such as high
strength, high ductility and large energy absorption
capacity

Higher load carrying capacity due to the composite
action between steel and concrete

Concrete casting is done by tremie tube /pump-up
method which result in reduction in manpower &
cleaner construction sites

Saving in material and construction time
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2. PREVIOUS RESEARCH

The studies on CFST columns had started since 1980s, due to
its wide applications many researchers have conducted
experiments to study different parameters of CFST columns.
Most of the researches were focusing stub columns.

The circular steel tubes offer much more post-yield axial
ductility than the square or rectangular tube sections. For
small dimensional CFST columns, smaller D/t ratios provide a
significant increase in yield load and more favorable post-
yield behavior [8]. The difference between the ultimate
strength of circular and rectangular CFST columns, can be
estimated as a linear function of the tube yield strength. A
stress-strain model for a square steel tube was also
formulated based on the experimental results [12]. Axial
capacity of CFST columns are significantly affected with the
cross-section of the column [22].

The increase in column slenderness decreases the load
carrying capacity of composite column [13]. The area of steel
should be atleast 13% of the total area of composite section
with cross section to thickness ratio (B/t) < 30 to enhance
the load carrying capacity and ductility of CFST [24].

Concrete compressive strength is the important factor
affecting the descending region of the stress-strain curves for
CFST. The lateral displacement in the rectangular CFST’s is
more susceptible to the steel tube thickness than the
longitudinal displacement. The Failure of CFST’s is initiated
by local buckling in the middle third of height, in which the
stresses are concentrated [19]. The deformation decreases by
increase in the grade of concrete [14, 17, 21, 25]. But for
higher grades of concrete deformation almost reads constant
[26].

The effect of yield stress of steel tube in CFST columns on
improving the concrete ductility is more significant than its
effect on increasing the axial load carrying capacity of the
column. The results indicated that the most reasonable steel
grade for the purpose of ductility seems to be Grade 52, and
use of steel tube with high yield stress is not necessary [18].

Ying Wang (2010) added the bonding element to simulate the
bond-slip behavior between steel and concrete, such as the
COMBIN39 element, TARGE170 element and CONTA173
element [16], in the non-linear analysis of CFST.

The design method given in ACI-318 codes [1] is highly
conservative for estimating the ultimate axial strengths of
circular CFSST short columns because the codes do not
account for the concrete confinement effects and significant
strain hardening of stainless steels in compression. Eurocode
4 [3] considers the effects of concrete confinement in the
calculation of the ultimate axial strength of circular concrete-
filled steel columns. However, it still provides conservative
design strengths since the significant strain hardening of
stainless steel has not been taken into account in Eurocode 4
[27].

An accurate formula for predicting the axial capacity of
circular CFST stub columns with normal- and high-strength
steel and concrete was proposed [15]. The scale effect on the
strength of the filled concrete and enhancement of strength of
CFST columns due to the composite action between steel tube
and concrete core are taken into account in the proposed
formula.

Local buckling of steel tubes was effectively delayed by the
stiffeners, thus the stiffened columns have higher
serviceability benefits compared to those unstiffened ones
[10]. The load-carrying capacity of the composite columns
was increased when stiffeners were provided, and the
ductility can also be increased slightly [14].

U-links modified the flexural behaviour of the composite
member, not only because they contribute to the compressive
strength of concrete by confining it, but also because they
delay, and even prevent, the local buckling of the steel in
compression by supporting it laterally along with the
concrete core [20].

3.NON-LINEAR ANALYSIS OF CFST COLUMNS
UNDER AXIAL LOAD

3.1 Design considerations:

3.1.1 Steel

The outer profile of the steel tube should not be too small in
order to allow proper concrete placement. On the other hand,
the wall thickness of the steel tube should exceed a certain
value to ensure the stability. According to the DBJ/T 13-51
specification [2], a Chinese local specification for CFST
structures, the outer profile of the steel tube should be not
less than 100 mm, and the wall thickness of the steel tube for
hot-finished and cold-formed sections should not be less than
4 mm and 3 mm, respectively.

In the DBJ/T 13-51 specification [2],

For concrete-filled steel tubular columns:

2 <150 %5

circular sections, ¥ (1a)
B 235
- = 60—

square sections, © Iy (1b)

where, D is the outer diameter of the circular
B is the depth of rectangular sections
t is the wall thickness of the tube
fy is the yield strength of steel.

If the D/t ratio exceeds the limitations, additional
longitudinal stiffeners shall be designed and provided.

3.1.2 Concrete

The normal weight concrete and the high-strength concrete
can be used as the filled concrete in CFST structures. Since
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the excess water cannot be expelled from the sealed tube, the
water to cement ratio of the concrete should be strictly
controlled. A water to cement ratio exceeding 0.4 is
inappropriate for normal weight concrete. Itis recommended
that the strength of the steel and the concrete should be
suitably matched to improve the structural performance. Itis
appropriate to use the combinations of higher strength steel
with higher strength concrete, and lower strength steel with
lower strength concrete.

3.2 Material Modelling

The contact between steel tube and concrete causes
composite action between steel and concrete in a CFST
column. The radial lateral confining pressure exerted by the
steel tube on the concrete induces confinement in concrete.
Thus, to effectively replicate the inherent advantages of CFT,
it is necessary that the composite action between steel and
concrete be very carefully modelled.

3.2.1 Concrete Modelling

The uniaxial behaviour of the steel box is simulated by an
elastic-perfectly plastic model. The equivalent uniaxial
stress-strain curves for both unconfined and confined
concrete are shown in Fig. 1, where f.” is the unconfined
concrete cylinder compressive strength. The corresponding
unconfined strain (¢;) is taken as 0.003. The confined
concrete compressive strength (f..) and the corresponding
confined strain (€’.c) can be determined from Egs. (2) and (3)
respectively [10],

f..c&:.f;J"_kEfl (2)
o ¥ 7 f._ [
gpe=e I+ b 2) (3)
e
fe
f::’c CONFINED CONCRETE
ks fee /
fc \UNCONFINED CONCRETE
Eé géc 11 E::c ;E'c

Fig. 1 Uniaxial stress-strain curves for confined and
unconfined concrete[11]

The confinement coefficients, k; and kz are constants and can
be obtained from experimental data. Meanwhile, the
constants k; and k,; were set as 4.1 and 20.5 based on the
studies of Richart [5], where f; represents the lateral
confining pressure around the concrete core, calculated from
the following empirical Egs. 4a and 4b for CFST columns with
unstiffened square sections [11]:

}{’—1 = [0.055048 — 0.001885(B/)] for 17 <B/t<29.2  (4a)
3
A

=0 for 202 <B/t<150 (4b)
3

The confining pressure around the concrete core can also be
determined from the following empirical Egs. (5a) and(5b)
for CFST columns with unstiffened circular sections:

}% = [0.043646 — 0.000832 (D/t)] for 21.7 <D/t <47  (5a)

y

jf—l = [0.006241 — 0.0000357(D/1)] for 47 <D/t <150  (5b)

¥

To define the full equivalent uniaxial stress-strain curve for
confined concrete as shown in Fig. 1, three parts of the curve
have to be identified. The first part is the initially assumed
elastic range to the proportional limit stress. The
proportional limit stress is taken (0.5 f ‘«c) [11]. The initial
Young’s modulus of confined concrete (E.) is reasonably
calculated using the empirical Eq. (6). The Poisson’s ratio
(te) of confined concrete is taken as 0.2. [11].

Eec = 4700~ (f o) MPa (6)

The second part of the curve is the nonlinear portion starting
from the proportional limit stress 0.5 (f ‘«c) to the maximum
confined concrete strength (f ‘). The compressive strength
(f) In the nonlinear portion can be determined from Eq. (7),
suggested by Saenz [6],

_ (Ecc €)

f_ < =< e 22 R (7)
_ [l < D _ s C cC
{1+(R+RE 2)(5.“) (2R 1)(5.“] +R(f'cc) }

_RE(Rg~1) 1
R e e (8)
RE _ E¢ 'S’CC (9)

fCC

R and R¢ are taken equal to 4, as suggested Elwi and Murray
[7]

The last part of the curve, the descending line is assumed to
be terminated at the point where

fe=ksfe (10)
gc=11.&" (1D

The values for f; and k3 have to be provided to completely
define the uniaxial stress-strain relation. These two
parameters are apparently dependent on the confining
pressure, which varies during loading and depends on the B/t
or D/t, cross-sectional shape, and stiffening means.

The material degradation parameter, k; can be calculated,
from the following empirical equations (12 a) and (12 b) for
square, (13 a) and (13 b) for circular [11]:

© 2016, IRJET | ImpactFactor value: 4.45

ISO 9001:2008 Certified Journal | Page 191



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 03 Issue: 09 | Sep-2016

www.irjet.net

p-ISSN: 2395-0072

For square sections,

k:=0.000178 (B/tF —0.02402 (Bry) + 1.2722 (17<Bt=70) (12a)

k=0 (70 <B4 = 150) (12b)

For circular sections,

k=1 (27.7 = D = 40)(13 a)

k3= 0.0000339 (Ds)? — 0.010085 (D) + 1.3491(40 =D/t = 150)(13b)

It can be observed that both the lateral confining pressure f;
and the material degradation parameter k3 will be higher for
circular section when compared to square section. For
columns with circular or square section both f; and k3
decrease with increasing D/t or B/t ratio. Whenthe D/tor B/t
ratio is small, f; and k; tend to be large due to the lateral
confinement from the steel tube. When the D/t or B/t ratio is
large, f; and k3 tend to be small due to the lack of lateral
support from the tube.

Because the concrete in the CFT columns is usually subjected
to triaxial compressive stresses, the failure of concrete is
dominated by the compressive failure surface expanding with
increasing hydrostatic pressure. Hence, a Drucker-Prager
(DP) yield criterion is used to model the yield surface of
concrete which assumes an elastic perfectly plastic response
[9]. The yielding surface of the DP criterion may be
considered depending on the internal friction angle of the
material and its cohesion. The amount of dilatancy (the
increase in material volume due to yielding) can be controlled
with the dilatancy angle.

The material parameters cohesion (c), angle of internal
friction (¢) [9] and dilatancy angle (1) [23] for the DP model
can be calculated from Egs. (14) to (16) suggested by the
researchers:

= gin! f— 14

¢ = sin [Hzfgc? (14)
, [2y 3 St

c=(fe- 5«;3)#!:: (15)

where, fc and c the cohesion calculated is in MPa and ¢ is in
degrees.

Y=156.3(1-&) & <05 (16 a)

( 74
464+ &,

)

= 6.672e L >05 (16 b)

where, the confinement factor & is expressed as:

P :Asfy
& ws (17)

3.2.2 Steel Modelling

The bilinear kinematic hardening model as shown in Fig. 2
was used to simulate the stress-strain curve of steel and
assumed to be an elastic-perfectly plastic material. The

bilinear model requires the yield stress (f;) and the hardening
modulus of the steel (E), the Constitutive law for steel
behaviour is:

1

O—SZESES 55

£y (18)

o; = fy + E'S &g Es > &y (19)

Where, o; is the steel stress, s is the steel strain, E; is the
elastic modulus of steel, E’; is the tangent modulus of steel
afteryielding, Es = 0.01Ej, f, and g, are the yielding stress and
strain of steel, respectively.

A

f

A\ J

Fig.2. Elastic perfectly plastic model for steel tube
4. FINITE ELEMENT ANALYSIS

The Concrete filled Steel Tube (CFST) was modelled using the
finite element software ANSYS 14. ANSYS is a commercial
FEM package having the capabilities ranging from a simple,
linear, static analysis to a complex, nonlinear, transient
dynamic analysis. To provide needed information for
validation, the experimental data was collected from the
experiment conducted by Huang in 2002[10].

Description of CFST model:
* Concrete core : SOLID 65
» Steel tube: SHELL 181
*  Medium mesh size
* Boundary condition - pinned at bottom

¢ Bonded interface contact between steel and concrete
with coefficient of friction 0.25

* Axial load on rigid plate with pilot node with no
separation contact

* Quarter of the square and circular CFST modelled with
symmetric boundary condition

4.1 Modelling in ANSYS

Steel tube and concrete core are modelled using SHELL 181
and SOLID 65 respectively. Medium sized mesh is used.
Bottom of CFST is hinged by restraining Ux, Uy and Uz.
Owing to symmetry of the specimen and boundary
conditions, only quarter of the structure with symmetric
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boundary conditions on the symmetric planes is modelled
and analyzed.

The interface contact between steel tube and concrete core is

modelled by TARGE170 and CONTA174, where a surface to
surface contact is given. It is preferred to use more stiffer
material as the target and the other one as contact
surface[28]. Even though steel it stiffer than concrete, since
the thickness of steel tube is very less compared to concrete,
concrete is taken as the stiffer material.

Interface contact between CFST and rigid loading plate is
modelled by TARGE170 and CONTA175, where a node to
surface contact is given. Here rigid loading plate is taken as
target and top surface of CFST as contact. Rigid plate with
pilot node is given, so thatload is applied on the pilot node to
get an even distribution of the load on the structure.

TABLE-1. Details of experimental data

Boor\ ¢+ B | L |, |f 1!
Sno | D (mm | or (mm B (MPa | (MPa
(mm)| ) | D/t ) ) )
S
200 200 5 40 600 | 3 | 265.8 | 27.15
C
200 200 5 40 600 | 3 | 265.8 | 27.15

A circular and a square CFST with same depth, length, tube
thickness, D/tand L /D ratios were selected for the validation.
The simulation results show good agreement with the
validation models.

TABLE-2. Comparison of analytical and experimental data

P Exp) Pany) P Error
S.no (kN) (kN) %
S200 2312 2294 1
C 200 2013 2001 1

4.2 Result and discussions

The distribution of the contact pressure between circular
steel tube and core concrete is much more uniform than that
between square steel tube and concrete, resulting in much
higher confinement and more efficient interaction between
steel tube and core concrete in circular CFST columns, as well
as ultimate load capacity and ultimate displacement. The
local buckling is more likely to occur in CFST columns with
square cross-sections, as shown in chart.1, which gives the
analysis results for S 200 and C 200. However, for the reasons
of being easier in beam-to-column connection design and
high cross sectional bending stiffness the square CFST is still
increasingly used in construction.

2500
2000
1500
= ]
é 4
o 1000

500 ] —=— S 200

1l e C_200

0 e T T T v v T
0.0 0.5 1.0 1.5 2.0 25

Chart-1. Load - Strain % graph of square and circular CFST of
same D/t ratio

Comparing circular and square CFST of same D/t and L/D
ratio, square CFST shows higher ultimate strength, due to
increased area of cross-section. But after the ultimate
strength square CFST shows sudden degradation of strength,
(as shown in chart.1) this is due to the strain softening
property of square section. But circular CFST closely
approaches an elastic-perfectly plastic behaviour, ie. it shows
strain hardening nature and have gradual degradation of
strength. This is because (as shown in fig.3) the circular CFST
columns have uniform confining pressure in all the radial
direction, thus concrete core and steel tube contact entirely
to each other and no local buckling of tubes take place, while
in the square CFST column the steel tube confining pressure
is high at the corners.

+

Fig.3. Stress distribution pattern in circular and square CFST
5. CONCLUSION

A nonlinear FEM based model has been developed using
ANSYS for the numerical simulation of CFST specimens. The
attempt to study the behaviour of square and circular CFST
by cross-section shows reasonable results. The difference in
behaviour of load-strain % curve is due to the reason that
circular CFST columns have uniform confining pressure inall
the radial direction, while in the square CFST column
confining pressure is high at the corners.
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Notations fy  yielding stress of steel

A; cross-sectional areas of concrete few unconfined concrete cube compressive strength

As  cross-sectional areas of steel tube f< unconfined concrete cylinder compressive strength
A; total cross-sectional areas of steel tube and concrete €. unconfined strain in concrete = 0.003

D,B outer dimensions of the steel tube fe confined concrete compressive strength

¢  cohesion &'« confined strain

¢ angle of internal friction fy  yield strength of the steel

Y  dilatancy angle f1 lateral confinement pressure

& confinement factor ki, kzconfinement coefficients = 4.1 and 20.5 respectively
E. initial Young’s modulus of confined concrete ks degradation factor

Es  elastic modulus of the steel Uc. Poisson’s ratio of confined concrete = 0.2

E’s tangent modulus of steel after yielding = 0.01E; R modular ratio

os  steel stress R, stressratio =4

&  steel strain Re strainratio =4

oy yielding strain of steel t  wall thickness of the steel tube
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