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ABSTRACT

Steel concrete composite columns are widely used in high rise buildings and bridges.
Composite columns provide not only great reduction for the column size and weight, but also
high columns efficiency and ductility. In Concrete Filled Steel Tube (CFST) columns, the steel
tube provides formwork for the concrete; the concrete prevents local buckling of the steel tube.
This paper illustrates a theoretical study of the behavior of CFST columns subjected to centric
load by using ANSYS (18.1). The study divided into two parts. In the first part, the verification
of the program was done using an experimental work of previous research, this verification
showed that the capability of ANSYS program for analysis of the CFST columns with very good
accuracy. In the second part: a parametric study was carried out to study the behavior of CFST
braced, constant cross section area, centric loaded columns. The main variables were the shape
of cross section (three shapes: square, rectangular and circular) and slenderness ratio (A). The
analysis shows that the increase of the slenderness ratio led to decrease the ultimate load
capacity, stiffness and ductility of the CFST columns. The current ECP of concrete code
underestimates the values of ultimate load capacity while, ECP of steel predicts the reasonable
values for an ultimate load capacity of CFST columns.
Keywords: Concrete Filled Steel Tube, slenderness ratio.

1.INTRODUCTION:

The Concrete Filled Steel Hollow
Section (CFSHS) columns are increasingly
used in high rise building, bridges and other
types of structures. The steel concrete
composites are considered as an advantage
system for carrying large axial load
benefitting from the interaction between the
concrete and the steel section. The concrete
in a composite column reduces the potential
for buckling of steel section in addition to
resisting compressive loading.

Jingfeng Wang, Beibei Li, Jinchao Li
[7], an experimental and numerical research
on the seismic performance of semi-rigid
concrete-filled steel tubular (CFST) frames
with external sandwich composite wall
panels (SCWPs) was reported. Four
specimens of semi-rigid CFST frames with
external SCWPs and one specimen of pure
semi-rigid CFST frame subjected to low-
cyclic loading were conducted. Failure
modes, horizontal load versus displacement
relation curves were analyzed. The test
specimens  exhibited good hysteretic
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behavior« energy dissipation and ductility.
Finite element (FE( analysis modeling was
developed and the results obtained from the
FE model matched well with the
experimental results. Extensive parametric
studies have been carried out to investigate
the effect of steel strength, column
slenderness ratio and steel wire diameter of
wall, etc. on the strength and stiffness of the
typed composite frames. The opening ratio
and location of the SCWPs were also
discussed. The experimental study and
numerical analysis will provide the scientific
basis for design theory and application of
the SCWPs in fabricated steel structure
building.

Oliveira et al. [9], Also tested 32 CFST
columns in axial compression. All these
specimens had a steel section of outer
diameter 114.3 mm and tube thickness 3.35
mm. Four different L/D values, viz. 3, 5, 7
& 10 were used in conjunction with 4
different compressive strength of concrete
having 30, 60, 80 and 100 MPa. It was
observed that short columns (L/D=3) filled
with normal strength concrete generally
collapsed a strain hardening behavior due to
the confinement offered by steel section.
The inherent brittleness of high strength
concrete tends to cancel out due to the
confinement offered by steel section;
therefore a gradual strain softening was
observed for steel tubes filled with 80 MPa
and 100 MPa compressive strength of
concrete.

Han et al. [4] Studied a series of tests on
the Concrete Filled Double skin Steel
Tubular (CFDST) columns subjected to
static loading, including 37 columns under
axial compression, 13 columns under
bending and 42 columns under eccentric

compression, respectively [5,10,11]. It was
found that the behavior of CFDST columns
is generally similar to that of the traditional
CFDST columns. This is owing to the fact
that, the section slenderness support to the
sandwiched concrete.  Otherwise, the
premature local buckling of inner steel tubes
will have adverse effects on the load-
carrying and deformation capacities of
CFDST columns. As can be seen, the failure
modes of the inner concrete and the outer
tube of CFDSTs are generally similar to
those of conventional CFDSTSs.

The objective of this research was
investigating the effect of the slenderness
ratio of CFST braced columns with constant
cross section area, centric loaded columns.

2. FINITE ELEMENT IDEALIZATION:

2-1 Elements used in the analysis:

Concrete (Solid65): is used for the three-
dimensional modeling of solids with or
without reinforcing bars (re-bars). It is
capable of cracking in tension and crushing
in compression. Eight nodes having three
degrees of freedom at each node define the
element: translations in the nodal x, y, and z
directions. The element is capable of plastic
deformation, cracking in three orthogonal
directions, and crushing. The geometry and
node locations are shown in figure (1-a).
Steel section (SOLID185): is used for 3-D
modeling of solid structures as shown in
figure (1-b). It is defined by eight nodes
having three degrees of freedom at each
node: translations in the nodal (X, y, and z)
directions. The element has plasticity, hyper
elasticity, stress stiffening, creep, large
deflection, and large strain capabilities.
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(@)
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Fig.1. Geometrical elements: (a) SOLID 65, (b) SOLID 185

2-2 The yield criterion:

Quasi- Material parameters are
hardening rules, which describe the change
of position of the subsequent yielding
surface during plastic deformation, concrete
tension cracking modeling  aggregate
interlocking effects and tension stifling
effects. A two-parameter Drucker—Prager
yield criterion [1,8] Was used to model the
behavior of concrete under three-
dimensional states of stress

fe(ly)) = aly+4,—K =
0.0

In the previous equation, I, and J, are
the first invariant of the stress tensor and the
second invariant of the stress deviator
tensor, respectively; o and k are the positive
model parameters that are functions of
cohesion and the friction angle. Also, a
smeared concrete cracking model and a
strain-based concrete crushing model, are
used along with Drucker—Prager yield
criterion. A friction angle of 35 degrees with
a cohesion value of fc' /4 was used [1,6] and
k are the positive model parameters that are
functions of cohesion and the friction angle.
A friction angle of (35) degrees with a
cohesion value of f./4 was used [1,7]. Note
that in this study an associative flow rule is
utilized. In ANSYS, the Drucker—Prager
yield criterion supports an elastic—perfectly
plastic stress—strain relationship. A modulus
of elasticity of (0-7 fc. /€0) is used [1,9],
which is a reasonable linearization of the
ascending branch of the concrete stress—
strain relationship up to the peak stress. (€0
is the concrete strain at the ultimate

compressive strength f;). The concrete
crushing capability available in ANSYS is
stress-based; however, a strain-based
crushing model is more appropriate in
modeling confined as well as unconfined
concrete. The available smeared concrete
cracking model in ANSYS is used.

3. VERIFICATION PROGRAM:

Four square stub columns and six
circular stub columns tested experimentally
under concentric axial compression load by
reference [6] were analyzed using ANSYS
(18.1). All tested columns have the same
height (300 mm) and the width or diameter
column (150 mm). The main variables were
tube thickness (3, 4, 5) mm and grade of
concrete (25, 60) MPa. The details of the
analyzed columns are shown in Figure (3)
and table (1). The properties of material are
taken in the modeling, modulus of elasticity
E.=4700 Vf'c , Es=200 GPa, Poison ratio (
v=0.2 for concrete, v=0.3 for tube
thickness).

3-1 Mesh idealization, Loading and
boundary conditions:

A very fine mesh was used to have
accurate results as shown in [Figure-3].The
model should be constrained by using
displacement condition to get achieved
solution. From figure (2) it can be seen
that: the boundary conditions were applied
to simulate the experimental module end
conditions. The applied load is acted by
dividing the total load on the top nodes of
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the column. The concrete columns were
modeled using by SOLID 65. Also, tube
thickness and steel plate under the column
were modeled using by SOLID185, it can
see that in Figure (2). The interface between
solid185 which modeled the tube thickness

o0 AN

top suport x=z=

e Joad on top nodes <

very fine mesh

i

N support x=y=z-0

Fig.2. Meshing, location of load

and solid 65 which modeled the column
concrete is defined by the standard (allow
sliding surface vertical and separation) and
the friction coefficient is (0.30). The contact
cohesion is (0.01) face.

—f~tube thickness

——width (b) ———

tube thickness

— height (h)

Diametere (D)

Fig.3. Geometry of tested columns and
support of model column

Tablel. Details of analyzed columns [6]

Shape of Thickness
column No. of columns (mm) F':MPa | F, MPa
Square
SF-N-3-A 5 25 285
CH-1 3 —t 252
. CF-H-1-B 3 60 252
Circular
CH-2 4 306

F'c: average compressive strength of column, Fy: yield strength of steel tube,
N= Normal concrete, H= High strength concrete

3-1 Analysis and comparison of the results
of experimental work:

Table (2) summarizes the
experimental results, theoretical results and
the comparisons between experimental and
theoretical results for ultimate load and
ultimate horizontal displacement. Figures
from (4) to (13) show the comparisons
between the experimental load-displacement
curves and the corresponding theoretical
values.

3-1-1 Load-displacement curves:

In figures from (4) to (13), the load-
displacement curves for all models which
tested experimentally and analyzed using
ANSYS program are shown. The
correlation is very good between the
experimental and analytical curves. The
analysis predicts stiffer displacement
values at initiation curve, may be due to the
effect of modulus of elasticity of concrete.
Because of the modulus of elasticity was
calculated by the empirical equation not
calculated experimentally.
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Table2. Comparison of experimental and theoretical tested results of columns

Sh;pe No. of Purt. exp) :hl::) Puit_(theo) oy oy By (theo.)
column columns KN KN PuIt. (exp.) (exp.) (theo.) 5u (exp.)
SF-N-2-A 1215 1230 1.01 3 3.12 1.04
S SF-H-2-B 1543 1590 1.03 291 | 3.17 1.09
(% SF-N-3-A 1300 1330 1.02 2.61 2.77 1.06
SF-H-3-B 1615 1534.3 0.95 3.1 3.3 1.06
CH-1 423 410 0.97 1.4 1.57 1.12
CF-N-1-A 964 956.94 0.99 2.68 | 2.89 1.08
c—z CF-H-1-B 1177 1127.4 0.96 2.15 2.36 1.10
'g CH-2 457 571.7 1.25 1.1 1.21 1.10
CF-N-2-A 1071 1080 1.01 2.3 2.62 1.14
CF-H-2-B 1320 1346.8 1.02 2 2.22 111

Puit exp): €xperimental ultimate load, Py ieo): theoretical ultimate load, 8, exp): experimental max.
displacement, 8 (neo): theoretical max. displacement.

3-1-2 Ultimate load: the theoretical results for all models.
From this table, it can be seen that: the
Table (2) summarizes the theoretical results are compared well with
comparison between the experimental and those experimental results.
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300 ._-'/ —E'periméntal 0 eeeeee Theoritical
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Fig.4. Comparison of experimental and theoretical of | Fjg.5 Comparison of experimental and theoretical

load-displacement curve for col. SF-N-2-A of load-displacement curve for col. SF-H-2-B
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Fig.6. Comparison of experimental and theoretical of | Fig.7. Comparison of experimental and theoretical
load-displacement curve for col. SF-N-3-A of load-displacement curve for col.SF-H-3-B
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Fig. 12. Comparison of experimental and theoretical of

load-displacement curve for col. CF-N-2-A

4. THE CASE STUDY:

Nine partially fixed at base, hinged
at top and centric loaded CFST braced
columns were analyzed using ANSYS
program. These columns were identical in
cross sectional area (concrete and steel) but
differ in the shape of the cross section and
column height.

4-1 Details of the analyzed specimens:
The nine CFST columns were

divided into 3 groups depending on the

shape of the cross section (square,

1800
1500
. seee
T 1200 /J
~ o
.g 900 o "/7
9 600 .
200 :' / em— Fxperimental
. eeeeee theoritical
0
0 1 2 3 4

Displacement (mm)

Fig. 13. Comparison of experimental and theoretical
of load-displacement curve for col. CF-H-2-B

rectangular and circular). Each group
includes three differ in height columns
(1500mm, 2500mm, 3500mm). All CFST
columns have 22500mm? concrete area,
1836mm? steel plate area, 300 MPa yield
strength of steel plate and 25 MPa
compressive strength of concrete. The
main variable was the slenderness ratio
(»). Table (3) summarizes the details of
the analyzed CFST columns. The
boundary condition and loading system of
the analyzed columns were given in Fig
(14).
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Fig.14. Meshing, location of loading and support of model CFST column
Table3. Details of CFST columns

Specimens Dimension | Thickness Length slend_erness
(mm) (mm) (mm) ratio ()
Sg-1 1500 9.50
Sg-2 150 x 150 3 2500 15.83
Sg-3 3500 22.17
Rec-1 1500 1425 | 6.33
Rec-2 100 x 225 2.78 2500 23.75 | 10.56
Rec-3 3500 33.25 | 14.77
Cir-1 1500 8.42
Cir-2 169.26 3.38 2500 14.03
Cir-3 3500 19.64

4-2 Failure modes:

Fig (15) shows the general mode of
failure of the analyzed CFST columns.
From this figure, it can be seen that; the
overall member buckling very clear in long
CFST column. All the 1500mm, 2500mm,

3500mm columns failed largely by overall
buckling. Overall instability was confirmed
by the large slenderness ratio. This is
evidence that overall flexural buckling was
coupled with local instability, because of
the large plate slenderness.
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Fig.15 Failure modes for different shape of CFST columns

4-3 Load-displacement curves:

Figures 15 to 18 show the load -
horizontal displacement curves for the
CFST columns. From these figures; it can
be seen that the shorter CFST columns
have a higher stiffness and load carrying
capacity than the longer columns.
Generally, the stiffness increases with
decrease the slenderness ratio for constant
area of the concrete and steel section. As
the length of the CFST columns increases,
the load carrying capacity decreases.

4-3-1 the effect of slenderness ratio:

For the square column: it can be observed
from curves in figure (15) that; at the initial
stage of loading: no effect of the slenderness
ratio of the value of the the stiffness of
CFST columns. At the plastic stage of
loading (initial buckling): for column length
2.5m, have major loss of stiffness, but
column length 1.5m have slightly effect of
the stiffness. At failure stage: there is major
effect of the slenderness ratio (A) of CFST
columns on the behavior especially for
A=24.56 (complete loss of the stiffness). At
the last stages of loading, the horizontal
displacement increases with  decrease
slenderness ratio.
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For the rectangular columns: which
showing in figure (17) there is no effect of
the slenderness ratio along the curves for all
stages. Pre-buckling stiffness is the same
after initial buckling; the major direction
stiffer than the minor direction. The
slenderness ratio for columns length 3.5 m
out of range of the Egyptian code the
program stopped at load near to Euler
equation (A max. code= 30).

For the circular columns: it can be seen in
figure (18) that there; at the initial stage of
loading there is no effect of of the
slenderness ratio of the value of the
horizontal displacement and stiffness but,
for (long column) A=21.77 have major loss
of stiffness and high value of the horizontal
displacement for the same load compared to
(short column) A=15.55, 9.32 due to the
edges of square and rectangular cross
section works as stiffner to each other. At
the plastic stage: there is major loss of the
stiffness for all the slenderness ratio (A) of
CFST columns.

1000
c
=3 —
h-]
©
o
—1=0 50
ceeses 1=15.83
- e 1=22.17
0
0 0.5 1 1.5 2 2.5 3 3.5 4
Hor. Disp. (mm) for square for the same
area of steel and concrete but different slenderness ratio
Fig.15. The load-displacement curve for square column
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600
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< —_
=3 £
400
E] 5 400
3 ®
- o
200
——3=14.25 200
3,75 —1=6.33
eececepe 1= .
0 0 esssse 3=10.56
0 0.5 1 1.5 2 0 1 2 3 4 5
Hor. Disp. (mm) for rectangular for the same Hor. Disp. (mm) for rectangular for the same
area of steel and concrete but different slenderness ratio area of steel and concrete but different slenderness
ratio

a) minor direction

b) Major direction

Fig.16. The load-displacement curve for rectangular column
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Fig.17. The load-displacement curve for circular column

4-3-2 the effect of the shape of columns:

Figure 18 shows the load -horizontal
displacement curves for the CFST columns
which have different columns shapes. From
these figures it can be observed that; at the
elastic stage: no effect on the value of the

horizontal displacement and the stiffness of
CFST columns shapes. At the plastic stage:
the rectangular column section and the
circular section have major loss of the
stiffness compared to the square column
section, due to have a higher moment of
inertia.
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Fig.18. The load-displacement curve for the same A

4-4 Ultimate load:

Table (4) shows the ultimate loads of
the CFST columns. From this table it can
show that: the ultimate load decreases with
increasing the hight of columns for the same
shape, because the effect of slenderness
ratio. The values of the ultimate load for the
square columns are higher than the values of
the ultimate load for other shapes of
columns, because the higher value of the
moment of inertia compared to other shapes.
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Table4. Theoretical results with different slenderness ratio

predicted using equations of
Egyptian (ECP) of steel and
concrete codes. The reinforced
concrete Egyptian code of practice
and steel Egyptian code of practice
offers two different methods for
design and analysis of composite
sections under eccentric load.

1- Egyptian concrete code [2]:

According to the reinforced
concrete Egyptian code the following
equation has been used in centric load.

Pu: 035 fcu AC + 067 fyss ASS + 067 fysc ASC
Where:

P,= ultimate load, A.= concrete core
area, As.= longitudinal steel area,
feu= concrete compressive strength,
fyss= steel yield strength for steel
plate section,

Ass= steel plate area and fys.= steel
yield strength for longitudinal steel
reinforcement.

2- Egyptian steel code [3]:

According to the steel Egyptian
code the following equations for
centric loading had been used.

where:

-73-

Specimens Length (mm) | slenderness ratio (1) P“'E'I\(It)he"')
Sg-1 1500 10.53 840000
Sq-2 2500 17.54 810000
Sq-3 3500 24,56 610000
Rec-1 1500 15.79 706440
Rec-2 2500 26.31 721420
Rec-3 3500 36.80 Out of limit
Cir-1 1500 9.32 780000
Cir-2 2500 15.55 623500
Cir-3 3500 21.77 598000
. . Pu= ¢c Pn = oc As Fer
4-5 Comparison between theoretical and
analytical results: For, Am<1.1  Fg=(1- 0.348 An?) Fym
_ Mn>1.1  Fo=0.648 Fym/ Am’
The ultimate load of the
analyzed of CFST column was Where:

Fym= Fy + C1 Fyr (AdAS) + €2 Fey
(AJAS)

Em=Es + C3 Ec (AJAS)

Am= L (Fym/Em)®>/m 1

L= buckling length, bigger of in-
plane and out of plane buckling
length,

rm= radius of gyration of the steel
shape (I/A)°°

Fym= modified yield stress, F,= yield
stress of steel,

¢c= strength reduction factor for
compression member, 0.8,

Fyr= yield stress of longitudinal steel
reinforcement,

Em= modified Young's modulus, Es=
Young's modulus of steel,

E.= Young's modulus of concrete,
A= area of longitudinal steel
reinforcement,

As= area of steel section, pipe or
tubing, A= area of concrete,

C1, C2, C3= numerical coefficient
taken as follow: ¢;=1, ¢,=0.68 and
c3=0.4

Pu= required compressive strength,
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Table5. Comparison of the theoretical results with equations of

Egyptian (CEP) of steel and concrete codes

. Length slenderness Py concrete code | Pu steel code P concrete code Pu steel code
Specimens | ()’ | ratio (N) (N) Py (o) Pu (eo
Sg-1 1500 10 565911 722002.43 0.67 0.86
Sg-2 2500 16.67 565911 678202.31 0.70 0.84
Sg-3 3500 23.33 565911 612502.12 0.93 1.00
Rec-1 1500 15 565911 732929.68 0.80 1.04
Rec-2 2500 25 565911 708555.78 0.78 0.98
Cir-1 1500 8.86 565911 718807.51 0.73 0.92
Cir-2 2500 14.77 565911 669327.52 0.91 1.07
Cir-3 3500 20.67 565911 595107.54 0.95 1.00

The predicted ultimate load capacity
P, from equations of Egyptian (ECP) of
steel and concrete codes versus the
ultimate theoretical load capacity P,
(theo.) for typical analyzed CFST
columns are shown in table (5).

For comparison of the analytical
results with those estimated using (ECP)
of steel and concrete codes, it can be
seen the following: the ECP steel code
considered the reasonable predicted
values of ultimate load capacity of CFST
columns due to this equation contains
the important parameter of the
slenderness ratio of steel section.
However, the ECP concrete code gives
underestimating the value of ultimate
load capacity of CFST columns.

5- CONCLUSION:

1. The ANSYS (18.1) program is
capable to provide a good prediction
of the overall behavior of CFST
columns.

2. The ultimate load capacity of CFST
columns decreased when the
slenderness ratio (A) increased for the
same shape of the column due to
increasing buckling length.

-74 -

3. For the same slenderness ratio (A),
square CFST columns give high
ultimate load capacity and stiffness
compared to other columns shape
because its moment of inertia is
greater than the other.

4. At the same load, the value of the
displacement increases as the A ratio
increased in the same area of concrete
and area of steel section.

5. The value of the displacement for
CFST columns depending on the
slenderness ratio.

6. From the theoretical investigation,
it is concluded that the current ECP
of concrete code give
underestimating the value of
ultimate load capacity while, ECP
of steel considered the reasonable
predicted values for an ultimate
load capacity of CFST columns.
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