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Abstract: A nonlinear three-dimensional finite element analysis of long composite box columns is 
performed by LUSAS finite element software in this paper. Effect of various geometric parameters 
such as slenderness of columns and applied axial load, bending moment on different rectangular cross 
section of steel tube filled with concrete is considered in this analysis.The long columns are pin ended 
and subjected to loading. The accuracy of the proposed analytical method is established by comparing 
the results with corresponding experimental values form Anwar Hossain paper in 2003 and the 
numerical results, including the load-deflection and interaction diagrams, it was conclude, slenderness 
and thickness of steel tube has significant influence especially on the strength of columns and finite 
element software can be sufficiently accurate in predicting the behavior of composite columns. 
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1. Introduction and Previous Research: 
 Concrete filled steel tubes are economic composite columns and they have been widely used in many 
countries. The occurrence of local buckling of steel tube is delayed by the restrain afforded the concrete and the 
strength of ductility of concrete is enhanced by the confining effect provided by steel tube. The steel tubes serve 
as permanent formwork for multistory construction base or cast downwards from the top of the columns. 
Therefore concrete filled steel tubes are becoming popular for high rise contraction (Liew, 2004; liang et al, 
2006; Schneider 1998a; Young-Hwan Choi. 2004; Anwar Hossain 2003).  
 
2.Background of Finite Element Method: 
By the early 70's, FEA was limited to the field of aeronautics, automotive, defense and nuclear industries due to 
the cost of obtaining a computer at that time. In recent years, the increasing availability of high speed computers 
has caused civil engineers to embrace finite element analysis as a feasible method to solve complex engineering 
problems. It is common for personal computers at home today; there is more powerful computer than 
supercomputer 10 years ago. Therefore, the increasing popularity of Finite Element Analysis can be attributed to 
the advancement of computer technology (LUSAS help version 14; GeorgiosGiakoumelisand Dennis Lam 
2010; Liang 2004). 
 
3.Modeling of the Column: 
 The finite element software LUSAS Version 14 is used in this study. The non-liner analysis is carried out to 
predict the ultimate load-deflection behavior and ultimate load carrying capacity.Figure1 shows the general 
view of software and analysis processes of LUSAS, The columns were modeled with real length and real width 
of cross-section to achieve the more trustable results. Selection of an appropriate mesh is an important step in 
finite element analysis. Thin shell element triangle in shape was chosen for steel tube plate and solid element 
TH10 was chosen for concrete. A typical finite element mesh adopt for the composite columns is shown in 
Figure 2. Incremental displacement load with adopted for 1 mm was applied in negative Z direction and load 
acts vertically to the column, simulating the load applied to the columns in experiments (Anwar Hossain 2003; 
LUSAS help version 14). 
 Material properties for composite was used in finite element simulation are given in Table 1 and the 
concrete material with Compressive strength 25 N/mm2 and Density 2400kg/m3used in this 
study.(RazaMasoudnia, SoroushAmiri,W.H. WanBadaruzzaman 2011). 
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Fig. 1: Cross-sectionsof composite columns which testedbyAnwar Hossain. 
 

 
 
Fig. 2: Typical finite element mesh used in current study (Lusas 14). 
 
Table 1: Steel material properties for the composite column in finite element simulation. 

Steel Properties Values 
Density 7800 kg/m3 
Modulus of Elasticity, Es 209×103 N/mm2 
Poisson’s Ratio, ν 0.3 
Yield Stress, fy 275 N/mm2 

 
4.Finite Element Discretization: 
 Convergence studies have been carried out on the box composite columns in order to find a suitable finite 
element model for the analysis. In the present convergence study, the results corresponding to the five different 
meshes are shown in Figure 6. It can be perceived from Figure 6 that there is not much difference between the 
models with 23361 and 28174 elements. Consequently, a finite element analysis based on 23361 elements is 
sufficient to predict the ultimate capacity and behavior of the columns examined in the current 
study(RazaMasoudnia, SoroushAmiri,W.H.WanBadaruzzaman2011). 
 

 
 
Fig. 3: Result from the convergence study. 
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5.Accuracy of the Finite Element Model: 
 Verification is needed in order to ensure that the simulation process is correct. Composites columns tested 
by Anwar Hossain were analyzed. This paper describes experimental and analytical investigation on the 
behavior of thin walled composite filled columns under axial compression, the information about each specimen 
summarized in Table 1, where ‘a’ and ‘b’ represent cross-sectional dimensions and b representing minimum 
dimension of the columns. ‘h’ and ‘t’ represent height of the column and thickness of the steel plate, 
respectively(Anwar Hossain 2003). 
 
Table 1: Dimensions and properties for experimental tests. 

Column specification and dimensions Steel yield 
spcimen column  (mm)   Strength h/b 
 name sect b a h t (Mpa) Ratio 
SI S2 SHS 50 100 900 2.3 375 16 

 
 Table 2 shows the ultimate loads for the six columns obtained from the experimental and finite element 
analyses. Also, the comparison between the results is given in the Table(Anwar Hossain 2003).  
 
Table 2: Comparison between Experimental and FEM results. 

column Experimental FEM puFEM(KN) 
name PuExp(kN) PuFEM(kN) PuExp(KN) 

S2 296 310 1.047 

 
 The finite element method has been used to predict the behavior of composite box column members. In 
general, it is not a simple exercise to produce a reliable finite element model since geometric imperfections, 
residual stresses and boundary conditions play significant role in the structural behavior. In fact, it can be argued 
that an accurate finite element simulation may take longer to set up and execute than a carefully controlled test. 
Hence verification study becomes very important in calibrating and implementing the finite element analysis. 
Once this is done, the finite element analysis can be used to extend the range of test data and to investigate the 
effect of changing variables, such as stress-strain characteristics, residual stresses, geometric imperfections and 
section geometry (Tomiiand Sakino 1979; Furlong 1967; Gourley 2001; Schneider 1998a; Lu and Kennedy 
1994; Knowles and Park 1970; Sabnis 1979; Young-Hwan Choi. 2004; Anwar Hossain 2003;Liang 2004). 
 The curves of load displacement of the columns are plotted against the experimental data in Figure 4. 
Generally, the numerical results show good agreement with experimental data. 

 

 
 
Fig. 4: Load-displacement relationship of specimen S2. 

 
 The verification study showed that the finite element model is able to predict the behavior of thin-walled 
box composite columns with sufficient accuracy. Hence, the finite element method was used to investigate the 
effects of change in taper slope, wall thickness and length on ultimate load carrying capacity of tapered columns 
(Tomiiand Sakino 1979; Furlong 1967; Gourley 2001; Schneider 1998a; Lu and Kennedy 1994; Knowles and 
Park 1970; Sabnis 1979; Young-Hwan Choi. 2004; Anwar Hossain 2003). 
 

RESULT AND DISCUSSIONS 
 

 In view of the accuracy of the finite element model proposed, the method was used for the analysis of 
composite columns with same ends supports as those tested by Khandaker and Anwar Hossain in 2003 but with 
different size of cross-sections and lengths were analyzed and the effect of these changes on the ultimate load 
capacity and load deflection behavior of columns were studied 
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6.1.Prismatic Study of Uniform Composite Columns Subjected to Axial Load: 
 All columns have the same dimensions at the two ends (600 mm), the thicknesses of steel tube was selected 
from 5 mm to 30 mm. The columns length changed in 8 m, 12 m and 16 m. Figure 5 shows the schematic 
diagram of the column. The columns were analyzed and the results obtained in terms of load-deflection 
relationship and ultimate load capacity.  
 

 
 
Fig. 5: Schematic diagram of the uniform composite column. 
 
 During the initial stages of loading all the curves show a linear relationship between the load and the axial-
deformation. As the applied load increases and exceeds the critical buckling load, the columns enter the 
different failure ranges in which the resistance to applied load is predominantly governed by nonlinear behavior. 
At the ultimate load, the columns failed and lost its ability to carry further loading. The figures show that 
increase in thickness results in increase of lateral stiffness, hence it causes growth in load carrying capacity of 
column and rate of increasing will increase.  
 

 
 
Column with 8 m long 
 

 
 
Column with 12 m long 
 

 
Column with 16 m long 
 
Fig. 6: Load-displacement plots for uniform cross sections. 
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6.3.Interaction Diagram for Uniform Composite Column: 
 Exterior columns in space frames are normally subjected to combined action of axial load and bending 
moment. Figure 15 shows the interaction diagrams obtained for the columns subjected to varying applied 
bending moments and axial loads. Curves are plotted for uniform columns by 360000 mm2 in hinge end and 
roller end are with different thicknesses viz. 5 mm, 10 mm, 20 mm and 30 mm and different lengths viz. 8 m, 12 
m and 16 m. The figures indicate clearly the complementary nature of the resistance against bending about one 
axis in the presence of axial load. 
 These figures show that all columns behave in same manner with different values of lengths and thicknesses 
in long uniform columns.  
 

 
 
Column with 8 m long 
 

 
 
Column with 12 m long 
 

 
 
Column with 16 m long 
 

Fig. 7: Interaction diagrams for uniform composite columns with 4 to16 m length. 
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 The columns in these cases were analyzed under axial load and bending moment. It is obvious from the 
figure that axial load capacity drops as the magnitude of the bending moment is increased and vice versa, but 
there is a limitation where the moment capacity will be increased as the axial load is increased. This 
phenomenon is happened in composite columns not in steel columns. 
 
7.Conclusion: 
 Verification of finite element analysis of the composite box columns was carried out and concluded that the 
proposed three dimensional finite elements modelling using the LUSAS software is sufficiently accurate in 
predicting the behaviour of long composite box columns. The ultimate load capacity and the behaviour of the 
composite box columns with different size shapes and cross-sections and lengths have been considered in this 
paper. It is concluded from the studies that the thickness of tube plate play important role in failure modes and 
the ultimate load capacity of long composite box columns is affected respectively with different thickness of 
steel tube and length column. 
 

Appendix: List of Abbreviation. 
Name of column Length of Top side bottom Thickess of 

cilumn shape coumn width Side width Steel Plat 

UC-8-5 Uniform 8 m 600 mm 600 mm 5 mm 

UC -12-5 Uniform 12 m 600 mm 600 mm 5 mm 

UC-12-10 Uniform 12 m 600 mm 600 mm 10 mm 

UC -16-5 Uniform 16 m 600 mm 600 mm 5 mm 

UC-16-10 Uniform 16 m 600 mm 600 mm 10 mm 

UC-16-20 Uniform 16 m 600 mm 600 mm 20 mm 

 
REFERENCES 

 
Furlong, R.W., 1967. Strength of steel-encased concrete beam columns, Journal of the Structural division, 

ASCE, 93(ST5): 113-124. 
GeorgiosGiakoumelisand Dennis Lam, 2010. Axial strength of circular concrete-filled steel tube columns, 

Journal of Construction and steel Research, 66(10):1248-1260. 
Gourley, B.C., C. Tort, J.F. Hajjar and P.H. Schiller, 2001. A synopsis of studies of the monotonic and 

cyclic behavior of concrete-filled steel tube beam-columns, structural engineering report Np. ST-01-4, 
University of Minnesota, MN. 

Khandaker Anwar Hossain, 2003. Axial load behavior of thin walled composite columns Composites Part 
B: Engineering, 34(8): 715-725 

Knowles, R.B. and R. Park, 1969. Strength of concrete filled steel tubular columns, Journal of the structural 
division, ASCE, 95(ST12): 2565-2587. 

Liang, Brian Uy, J.Y. RichardLiew, 2004. Nonlinear analysis of steel plate in concrete-filled thin-walled 
steel box columns with local buckling effects, Journal of Constructional SteelResearch, 62(6): 581-591. 

Liang, Brian Uy, J.Y. RichardLiew, 2004. Nonlinear analysis of steel plate in concrete-filled thin-walled 
steel box columns with local buckling effects, Journal of Constructional StellResearch, 62(6): 581-591. 

Liang, Brian Uy, J.Y. RichardLiew, 2007. Local buckling of steel plate in concrete-filled thin-walled steel 
tubular beam column effects, Journal of Constructional SteelResearch, 63: 396-405. 

Lu, Y.Q. and D.J.L. Kennedy, 1994. The flexural behavior of concrete-filled hollowstructural section, 
Canadian Journal of civil Engineering, 21(1): 111-130. 

LUSAS help version 14. 
RazaMasoudnia, SoroushAmiri, W.H. WanBadaruzzaman, 2011. An Analytical Model of Short Steel Box 

Columns with Concrete In-Fill (Part 1), Australian Journal of Basic and Applied Sciences, 5(11): 1715-1721. 
Sabnis, G.M., 1979. Handbook of composite construction engineering, Van Nostrand Reinhold Company, 

NY. 
Schneider, S.P., 1998a. Inelastic behavior of steel girder connections to concrete filled steel tube columns, 

workshop on structural design issues for moderate seismic zones, University of Illinois, IL., 109-118. 



Aust. J. Basic & Appl. Sci., 5(12): 690-696, 2011 

696 

SoroushAmiri, Reza Masoudnia, Amir Ameri, 2011. A review of design specifications of opening in web 
for simply supported RC beams, Journal of Civil Engineering and Construction Technology, 2(4): 82-89. 

Tomi, M. and K. Sakino, 1979. Elasto-plastic behavior of concrete filled square steel tubular beam-
columns, Transactions of the Architectural Institute of Japan, 280: 111-120. 

YOUNG-HWAN CHOI, 2004. A modified AISC P-M Interaction Curve for Square Concrete Filled Tube 
Beam-Column, University of Illinois at Urbana-Champaign. USA. 

 
 


