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ABSTRACT This Research aims to study the behavior of axially loaded hollow steel tube concrete-filled steel 
tube(CFST) columns under monotonic loading  using the finite element software ANSYS.12. Modeling ac-

curacy is established by comparing results of the Nonlinear Analysis and the Experimental test. It is concluded that the 
parameters have considerable effect on the behaviour of the columns. The prime factors considered to affect ultimate 
axial load and corresponding axial shortening under axial compression are cross-sectional area (A), wall thickness of 
the steel tube (t), strength of in-filled concrete (fcu). Most of the research on concrete-filled steel tube is restricted to a 
deterministic approach. To gain clear insight into the random properties of circular concrete-filled steel tube, reliability 
analysis is carried out in the present study. Materials specifications, resistance model, and load models were designed 
using structural reliability techniques. the reliability of concrete-filled steel tube was investigated using the first-order 
reliability method(FORM) combined with nonlinear finite element analysis.

1.0 INTRODUCTION 
At the present time, the concrete filled steel tube columns 
are widely used in construction. Actually, this type of struc-
tural elements is favored in practice because of its small 
cross sectional area to load carrying capacity ratio. Hence, 
mega concrete columns in tall buildings’ lower floors 
can be substituted by smaller sections of CFST columns. 
Moreover, CFST elements can be used as piers for bridges 
at congested areas. Therefore, such structural elements 
should be thoroughly investigated before used in critical 
structures. Concrete filled tubular (CFT) columns combine 
the action of steel and concrete when carrying compres-
sion loads and moments showing an ideal structural per-
formance. While the steel tube confines the concrete core 
enhancing its compressive strength, the concrete core pre-
vents the steel section from experiencing local buckling. 
Due to that, the use of CFT columns has increased, be-
coming very popular in the last years.

Composite columns comprise a combination of concrete 
and steel and utilize the most favorable properties of the 
constituent materials. Use of composite columns can re-
sult in significant savings in column size, which ultimately 
can lead to considerable economic savings. This reduc-
tion in column size provides is particularly beneficial where 
floor space is at a premium, such as in car parks and of-
fice blocks. The use of stainless steel columns filled with 
concrete is relatively new and innovative, and not only pro-
vides the advantages outlined above but also brings the 
durability associated with stainless steel. The term ‘com-
posite column’ refers to a compression member in which 
the steel and concrete elements act compositely. The role 
of the concrete core in a composite column is not only to 
resist compressive forces but also to reduce the potential 
for buckling of the steel member. The steel tube reinforces 
the concrete to resist any tensile forces, bending moments 
and shear forces, and offers confinement to the concrete. 
Composite columns can buckle in local or overall modes, 
but this investigation is focused on the cross-section resist-

ance of short composite columns, where only local buck-
ling effects were exhibited. I n current international prac-
tice, concrete-filled steel tube (CFT) columns are used in 
the primary lateral resistance systems of both braced and 
un-braced building structures. There exist applications in 
Japan and Europe where CFTs are also used as bridge 
piers. Moreover, CFT’s may be utilized for retrofitting pur-
poses for strengthening concrete columns in earthquake 
zones.

1.2 Structural Behavior
The interaction between the steel tube and the concrete 
core is the key issue for understanding the behavior of 
concrete-filled steel tube columns. Since steel and con-
crete are two materials with different stress-strain curves, 
determination of the effective structural property of a CFT 
element becomes a difficult task. The important parame-
ters affecting the load-deformation behavior, the ultimate 
strength and the failure mechanism of CFTs under a given 
loading condition are;

a) The geometric parameters like shape of the cross sec-
tion, member size, thickness of steel tube, L/B ratio of 
the tube.

b) Grades of concrete and steel
c) Type and rate of application of loading and boundary 

condition
 
2.0 FINITE ELEMENT METHOD
2.1 INTRODUCTION
The basic concept in the physical interpretation of the 
FEM is the subdivision of then mathematical model into 
disjoint (non-overlapping) components of simple geometry 
called finite elements. The finite element method is a nu-
merical analysis technique for obtaining approximate solu-
tions to a wide variety of engineering problems. ANSYS is 
a general purpose finite element modeling package for nu-
merically solving a wide variety of problems which include 
static/dynamic structural analysis (both linear and nonlin-



214  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 4 | Issue : 9  | September 2014 | ISSN - 2249-555XReseaRch PaPeR

ear), heat transfer and fluid problems, as well as acoustic 
and electro-magnetic problems. The mechanical buckling 
have been analyzed using a finite element (FE) model in 
ANSYS. The basic concept of finite element method is 
discritization of a structure into finite number of elements, 
connected at finite number of points called nodes. The 
material properties and the governing relationships are 
considered over these elements and expressed in terms of 
nodal displacement at nodes. The response of each ele-
ment is expressed in terms of a finite number of degrees 
of freedom characterized as the value of an unknown func-
tion, or functions, at a set of nodal points.The finite ele-
ment method model is then considered to be approximat-
ed by that of the discrete model obtained by connecting 
or assembling the collection of all elements. The discon-
nection-assembly concept occurs naturally when examining 
many artificial and natural systems. For example, it is easy 
to visualize an engine, bridge, building, airplane, or skel-
eton as fabricated from simpler components. Unlike finite 
difference models, finite elements do not overlap in space 

2.2 Elements Used
Two main types of Element s are considered in the pro-
posed FE modeling of CFST. Concrete infill is modeled 
using solid64 element whereas the steel tube is modeled 
using shell181 element used

2.2.1 Shell181
SHELL181 is suitable for analyzing thin to moderately-
thick shell structures. It is a four-node element with six 
degrees of freedom at each node: translations in the x, 
y, and z directions, and rotations about the x, y, and 
z-axes. (If the membrane option is used, the element 
has translational degrees of freedom only). The degen-
erate triangular option should only be used as filler 
elements in mesh generation. SHELL181 is well-suited 
for linear, large rotation, and/or large strain nonlinear 
applications. Change in shell thickness is accounted 
for in nonlinear analyses. In the element domain, both 
full and reduced integration schemes are supported.
SHELL181 accounts 

For follows (load stiffness) effects of distributed pressures 
SHELL181 accounts for follower (load stiffness) effects of 
distributed pressures.

Figure 2.1: Shell 181 Geometry 

2.2.2 Concrete 65
SOLID65 is used for the three-dimensional modeling of 
solids with or without reinforcing bars (rebars). The solid 
is capable of cracking in tension and crushing in compres-
sion. In concrete applications, for example, the solid capa-
bility of the element may be used to model the concrete 
while the rebar capability is available for modeling rein-
forcement behavior. Other cases for which the element is 
also applicable wouldbe reinforced composites and geo-
logical materials . The element is defined by eight nodes 
having three degrees

2.3 Boundary Conditions
The two ends were considered to be hinged (Fig ) for 
modeling. Both the ends, displacement degrees of free-
dom in x, y directions (Ux, Uy) were restrained and transla-
tion Uz as well as rotational degrees of freedom in x, y, z 
directions (Ɵx, Ɵy, and Ɵz) was considered to be free.

2.4 Specimen Geometry
All modeling was conducted using ANSYS 12 finite ele-
ment software. The project proceeded in several stages of 
modeling; hollow specimens were modeled as 3D shell181 
and concrete specimens were modeled as solid65 element 
with identical geometry. The dimensions of the sections 
were chosen to match those being used in the experimen-
tal testing of the experiment

 
 
2.5 Material Specification
Steel
a) Material : Structural Steel Fe 310 Mpa
b) Young’s Modulus E=200Gpa
c)  Poison’s ratio =0.3 
d) Density =7850kg/m3. 
 
Concrete
a) Grade of Concrete:M20/M25/M30 
b) Young’sModulus E=22360.67Mpa/2500Mpa/27386.12 

Mpa 
c) Poison’s ratio = 0.2 
d) Density=2400kg/m3

 

1)  Meshing The Solid Volume And Extrude The Volume 
To a Given Length ( 5mm size of mesh)

 
2) Applying The force And Displacement on Nodes of 
Concrete Filled Steel Tube
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3)  Modes Shapes of Concrete Filled Steel Tube Column

 

 
3.0 RELIABILITY ANALYSIS
3.1 Reliability Definition
Reliability might be defined as the probability that a struc-
tural system will survive the given load level. There is a 
counter part to reliability called probability of failure (Pf). 
It is defined as the probability that a structural system will 
fail under the given loading conditions. Hence, reliability 
and probability of failure form two extremes related to the 
safety of structural systems. Probability theory states that 
the sum of reliability and probability of failure is always 
equal to unity. This rule makes it easy to evaluate one 
quantity if the other one is known

3.2 The first-order reliability method (FORM)
Approaches such as the Monte Carlo method, importance 
sampling method, FORM, and the second-order reliability 
method (SORM), are intensively used in structural reliability 
analysis. Generally, the failure probability can be written as 

 
where X is the vector of random variables, fX ( x) denotes 
the joint probability density function of X, and g(x) is the 
limit state function. For reliability analysis by FORM, the 
basic random variables must be transformed in to the un-
correlated standard normal space by Y=Y(X). Then, above 
Eq is rewritten.

 
where is the standard normal density of Y and G(Y) is 
the limit state function in an uncorrelated standard nor-
mal space. Then, on the limit-state surface G(Y)=0, the 
point that has the minimum distance to the origin will be 
found. This point is named as the design point, which has 
the highest likelihood of being in the failure domain and 
makes the dominant contribution to the failure integral. 
The corresponding first-order estimate of failure probability 
is Pf = Φ(-β) where β, the reliability index, is the distance 
between the origin and design point.

The reliability index, β, can be defined as the safety index. 
Then, the reliability index can be calculated from Cornell 
(1967, 1969) as

Analytical Results of CFST Using ANSYS And Comparision With Experimental Results
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1 60.3 2.90 301.5 20.79 5 20 310 - 199.10 196.77 216.19 209.33 201.20

2 60.3 3.60 301.5 16.75 5 20 310 - 224.82 219.08 242.95 236.31 228.57

3 60.3 4.50 301.5 13.40 5 20 310 - 250.63 245.88 285.73 279.53 272.30

4 60.3 2.90 422.1 20.79 7 20 310 - 194.72 189.68 216.19 209.33 201.20

5 60.3 3.60 422.1 16.75 7 20 310 - 206.31 203.29 242.95 236.31 228.57

6 60.3 4.50 422.1 13.40 7 20 310 - 230.12 225.53 285.73 279.53 272.30

7 60.3 2.90 542.7 20.79 9 20 310 - 179.52 175.42 216.19 209.33 201.20

8 60.3 3.60 542.7 16.75 9 20 310 - 199.40 193.35 242.95 236.31 228.57

9 60.3 4.50 542.7 13.40 9 20 310 - 219.20 215.12 285.73 279.53 272.30

10 60.3 2.90 301.5 20.79 5 25 310 - 207.07 203.10 227.70 218.96 208.87

11 60.3 3.60 301.5 16.75 5 25 310 - 232.63 225.02 254.02 245.78 236.08

12 60.3 4.50 301.5 13.40 5 25 310 - 259.82 256.50 296.06 288.16 279.27

13 60.3 2.90 422.1 20.79 7 25 310 - 204.13 201.20 227.70 218.96 208.87

14 60.3 3.60 422.1 16.75 7 25 310 - 220.73 215.93 254.02 245.78 236.08

15 60.3 4.50 422.1 13.40 7 25 310 - 248.09 242.17 296.06 288.16 279.27

16 60.3 2.90 542.7 20.79 9 25 310 - 200.41 196.49 227.70 218.96 208.87
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17 60.3 3.60 542.7 16.75 9 25 310 - 208.33 205.73 254.02 245.78 236.08

18 60.3 4.50 542.7 13.40 9 25 310 - 229.51 224.15 296.06 288.16 279.27

19 60.3 2.90 301.5 20.79 5 30 310 - 221.03 215.78 239.14 228.76 216.65

20 60.3 3.60 301.5 16.75 5 30 310 - 233.92 230.80 265.09 255.12 243.50

21 60.3 4.50 301.5 13.40 5 30 310 - 268.16 262.61 306.39 297.09 286.24

22 60.3 2.90 422.1 20.79 7 30 310 - 213.01 210.91 239.14 228.76 216.65

23 60.3 3.60 422.1 16.75 7 30 310 - 230.53 226.18 265.09 255.12 243.50

24 60.3 4.50 422.1 13.40 7 30 310 - 259.12 254.86 306.39 297.09 286.24

25 60.3 2.90 542.7 20.79 9 30 310 - 207.02 201.19 239.14 228.76 216.65

26 60.3 3.60 542.7 16.75 9 30 310 - 214.15 210.59 265.09 255.12 243.50

27 60.3 4.50 542.7 13.40 9 30 310 - 236.22 230.75 306.39 297.09 286.24

46 60.3 2.90 301.5 20.79 5 HOLLOW 310 - 153.12 150.11 170.05 170.05 170.05

47 60.3 3.60 301.5 16.75 5 HOLLOW 310 - 174.01 168.14 198.68 198.68 198.68

48 60.3 4.50 301.5 13.14 5 HOLLOW 310 - 186.12 181.91 204.42 204.42 204.42

49 60.3 2.90 422.1 20.79 7 HOLLOW 310 - 143.71 138.37 170.05 170.05 170.05

50 60.3 3.60 422.1 16.75 7 HOLLOW 310 - 132.17 127.26 198.68 198.68 198.68

51 60.3 4.50 422.1 13.14 7 HOLLOW 310 - 121.12 115.07 204.42 204.42 204.42

52 60.3 2.90 542.7 20.79 9 HOLLOW 310 - 122.03 115.20 170.05 170.05 170.05

53 60.3 3.60 542.7 16.75 9 HOLLOW 310 - 118.53 112.35 198.68 198.68 198.68

54 60.3 4.50 542.7 13.14 9 HOLLOW 310 - 104.17 101.48 204.42 204.42 204.42

55 60.3 2.90 301.5 20.79 5 20 310 2% 206.31 201.17 218.68 215.03 206.35

56 60.3 2.90 301.5 20.79 5 20 310 4% 212.26 208.32 224.56 217.35 211.23

57 60.3 3.60 301.5 16.75 5 20 310 2% 230.34 224.21 223.12 218.39 215.36

58 60.3 3.60 301.5 16.75 5 20 310 4% 232.40 228.92 225.96 221.78 219.87

59 60.3 4.50 301.5 13.40 5 20 310 2% 252.17 248.23 249.89 245.91 241.43

60 60.3 4.50 301.5 13.40 5 20 310 4% 259.11 255.18 253.43 254.68 250.89

61 60.3 2.90 422.1 20.79 7 20 310 2% 198.59 193.65 193.12 188.61 185.64

62 60.3 2.90 422.1 20.79 7 20 310 4% 202.82 197.12 196.87 191.32 187.84

63 60.3 3.60 422.1 16.75 7 20 310 2% 210.49 206.94 205.48 201.55 198.45

64 60.3 3.60 422.1 16.75 7 20 310 4% 216.18 211.03 209.56 205.38 202.52

65 60.3 4.50 422.1 13.40 7 20 310 2% 234.51 228.35 229.65 225.91 223.63

66 60.3 4.50 422.1 13.40 7 20 310 4% 239.60 236.55 233.75 229.54 225.18

67 60.3 2.90 542.7 20.79 9 20 310 2% 184.39 178.63 178.41 175.25 172.33

68 60.3 2.90 542.7 20.79 9 20 310 4% 187.03 182.33 184.15 181.47 178.68

69 60.3 3.60 542.7 16.75 9 20 310 2% 201.53 196.84 196.16 190.71 187.89

70 60.3 3.60 542.7 16.75 9 20 310 4% 208.67 202.21 198.02 194.62 191.52

71 60.3 4.50 542.7 13.40 9 20 310 2% 223.72 219.48 218.19 214.86 213.86

72 60.3 4.50 542.7 13.40 9 20 310 4% 232.01 225.71 229.68 226.45 221.71

 
Fig 2.2:Pu v/s L/D Ratio for M20 Grade

 

Fig 2.3:Pu v/s D/t Ratio for L/D=5
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Fig 2.4:Pu v/s L/D Ratio for D/t=20.79

 
Fig2.5:Puv/s Grades of Conctere for D/t=20.79

 

Fig 2.6:Pu v/s L/D Ratio for D/t=20.79

Fig 2.7:Pu v/s % of Epoxy for D/t=20.79 

Reliability Index And Probability of Failure For CSFT Column
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1 60.3 2.90 301.5 20.79 5 20 310 - 196.77 1.30 0.09680

2 60.3 3.60 301.5 16.75 5 20 310 - 219.08 1.88 0.03005

3 60.3 4.50 301.5 13.40 5 20 310 - 245.88 2.25 0.01222

4 60.3 2.90 422.1 20.79 7 20 310 - 189.68 1.21 0.11314

5 60.3 3.60 422.1 16.75 7 20 310 - 203.29 1.62 0.05262

6 60.3 4.50 422.1 13.40 7 20 310 - 225.53 2.15 0.01578

7 60.3 2.90 542.7 20.79 9 20 310 - 175.42 1.12 0.13136

8 60.3 3.60 542.7 16.75 9 20 310 - 193.35 1.32 0.09342

9 60.3 4.50 542.7 13.40 9 25 310 - 215.12 2.09 0.01831

10 60.3 2.90 301.5 20.79 5 25 310 - 203.10 1.98 0.02385

11 60.3 3.60 301.5 16.75 5 25 310 - 225.02 2.46 0.00695

12 60.3 4.50 301.5 13.40 5 25 310 - 256.50 2.73 0.00317

13 60.3 2.90 422.1 20.79 7 25 310 - 201.20 1.63 0.05155

14 60.3 3.60 422.1 16.75 7 25 310 - 215.93 2.14 0.01618

15 60.3 4.50 422.1 13.40 7 25 310 - 242.17 2.32 0.01017
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16 60.3 2.90 542.7 20.79 9 25 310 - 196.49 1.48 0.06944

17 60.3 3.60 542.7 16.75 9 25 310 - 205.73 2.05 0.02018

18 60.3 4.50 542.7 13.40 9 25 310 - 224.15 2.18 0.01463

19 60.3 2.90 301.5 20.79 5 30 310 - 215.78 2.65 0.00402

20 60.3 3.60 301.5 16.75 5 30 310 - 230.80 2.92 0.00175

21 60.3 4.50 301.5 13.40 5 30 310 - 262.61 3.49 0.24

22 60.3 2.90 422.1 20.79 7 30 310 - 210.91 2.45 0.00714

23 60.3 3.60 422.1 16.75 7 30 310 - 226.18 2.51 0.0604

24 60.3 4.50 422.1 13.40 7 30 310 - 254.86 3.15 0.81

25 60.3 2.90 542.7 20.79 9 30 310 - 201.19 2.20 0.01390

26 60.3 3.60 542.7 16.75 9 30 310 - 210.59 2.35 0.01463

27 60.3 4.50 542.7 13.40 9 30 310 - 230.75 2.82 0.00240

28 60.3 2.90 301.5 20.79 5 20 310 2% 201.17 1.92 0.02743

29 60.3 2.90 301.5 20.79 5 20 310 4% 208.32 2.18 0.01463

30 60.3 3.60 301.5 16.75 5 20 310 2% 224.21 2.77 0.00280

31 60.3 3.60 301.5 16.75 5 20 310 4% 228.92 2.89 0.00193

32 60.3 4.50 301.5 13.40 5 20 310 2% 248.23 2.60 0.00466

33 60.3 4.50 301.5 13.40 5 20 310 4% 255.18 2.94 0.04947

34 60.3 2.90 422.1 20.79 7 20 310 2% 193.65 1.65 0.01743

35 60.3 2.90 422.1 20.79 7 20 310 4% 197.12 2.11 0.01287

36 60.3 3.60 422.1 16.75 7 20 310 2% 206.94 2.23 0.00326

37 60.3 3.60 422.1 16.75 7 20 310 4% 211.03 2.72 0.00964

38 60.3 4.50 422.1 13.40 7 20 310 2% 228.35 2.34 0.00357

39 60.3 4.50 422.1 13.40 7 20 310 4% 236.55 2.69 0.04272

40 60.3 2.90 542.7 20.79 9 20 310 2% 178.63 1.72 0.02559

41 60.3 2.90 542.7 20.79 9 20 310 4% 182.33 1.95 0.02018

42 60.3 3.60 542.7 16.75 9 20 310 2% 196.84 2.05 0.00453

43 60.3 3.60 542.7 16.75 9 20 310 4% 202.21 2.61 0.01423

44 60.3 4.50 542.7 13.40 9 20 310 2% 219.48 2.19 0.01426

45 60.3 4.50 542.7 13.40 9 20 310 4% 225.71 2.18 0.01463

Fig 3.1:Reliability index v/s L/D Ratio for D/t=20.79 

 
Fig 3.2:Reliability index v/s D/t Ratio for L/D=5

 
Fig 3.3:Reliability index v/s L/D Ratio for M25 Grade  

Fig 3.4:Reliability index v/s Grades of Concrete for D/t=13.4
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Fig 3.5:Reliability index v/s L/D Ratio for D/t=20.79

 
Fig 3.6:Reliability index v/s % of Epoxy for D/t=20.79

4.0 CONLUSIONS
1.  The analytical results obtained using ANSYS software 

closely match with the experimental results with a dif-
ference of about 2.10-6.64%.

2.  The ultimate load bearing capacity of CSFT increases 
with the increase in grade of Concrete for a given L/D 
value.

3.  For a given grade of concrete and a given L/D, the ul-
timate load carrying capacity increases with decrease 
in D/t ratio from graph (2.6).

4.  For a given grade of concrete and for a given D/t ra-
tio, the ultimate load carrying capacity of CSFT de-
creases with increase in L/D ratio from graph (2.3).

5.  There is a decrease of 5.42% in ultimate load value for 
M20 and D/t=20.79 for L/D=5 and L/D=9.

6.  The reliability index increases with the increase in 
grade of concrete for a given L/D ratio from graph 
(3.2).

7)  For a given grade of concrete and a given L/D ratio, 
the reliability index increases with decrease in D/t ratio 
from graph (3.1).
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