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ABSTRACT: In actual practice stainless steel is used in a marine and extreme condition. Stainless steel posses high 
strength and better corrosion resistant properties. The reason is due to high cost of stainless steel. Lean duplex stainless 
steel (LDSS) sections are being used popularly in shops, factories, automobile engineering and industries on account of 
their high strength to weight ratio, simplicity in construction, flexibility in fabrication and high structural efficiency. A 
lot of research work has been carried out to study the structural behaviour of doubly symmetric LDSS column sections 
considering different parameters. However, structural behaviour of singly symmetric LDSS column sections 
considering axial loading has not received much attention. In this work the effect of slenderness ratio, cross section 
aspect ratio and corner radius to material thickness on the load carrying capacity is observed. Finite element analysis of 
the section is also done using ABAQUS software for determining the effect of slenderness ratio, cross section aspect 
ratio and corner radius to material thickness on the L.C.C and buckling behaviour of the channel column sections. 
 
KEYWORDS: Axial loading, Cross section aspect ratio, Corner radius to material thickness         
ratio, Finite element analysis, LDSS, Slenderness ratio. 
 

I. INTRODUCTION 
 
Thin sheet steel products are extensively used in all aspects of modern life; in the shop, factory, automobile engineering 
and industry. The LDSS have better properties than the authentic ferrite steel and carbon steel. LDSS has high strength 
to the weight ratio, high corrosion resistance, aesthetic properties are better. The disadvantage of using the LDSS 
sections is cost and ductility. Cost is two times that of stainless steel. And due to high strength it is difficult to prepare 
the sections from cold forming process. These thin steel sections with thickness between 1mm to 8mm are cold-formed, 
i.e. their manufacturing process involves forming steel sections in a cold state from steel sheets of uniform thickness. 
The advantages of using LDSS sections are high strength-to-weight ratio, easy for construction and flexibility in 
fabricating different cross section shapes. Lean duplex stainless steel sections usually manufactured into hat sections, 
channel sections, Z-sections by cold-rolling or brake-pressing technique. Lean Duplex Stainless Steel Columns 
(LDSSC) are highly susceptible to instability phenomena such as local, distortional and global (flexural or flexural 
torsional) buckling. Depending on the column geometry (cross section and length) and end support conditions, its post-
buckling behaviour and ultimate strength may be significantly affected by interactions involving various buckling 
modes.  
Local buckling mode of LDSS sections depends, on its i) cross section geometry (shape & dimensions) and ii) and 
support conditions. In this mode compression buckles out weaker principle axis & collapses occur at rate following 
excessive buckling deformation (no twisting). Normally, long columns undergo flexural buckling along half 
wavelengths. Due to smaller thickness of light gauge channel section have low torsional stiffness and Centre of Gravity 
(CG) does not coincide with Shear Center (SC), section will undergo flexural – torsional buckling. 
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II. ANALYTICAL STUDY 
 
The numerical study has been carried out considering LGSCC of different sizes EC3 (EN1993 part 1-4).factors 
affecting the slenderness ratio are cross section area, dimensions of web, dimension of flange, support condition 
and length of column. Therefore out of the five variables the length is varied from 500mm to 600 mm and due to 
that change in the slenderness ratio is observed. To determine the effect of cross section aspect ratio on the load 
carrying capacity of the section the area is kept constant and other two dimensions of the flange and web varied. In 
Indian code the effect of corner radius are considered to determine the ultimate compressive load. To determine 
the effect of corner radius and material thickness on the load carrying capacity the corner radius is varied. To 
determine the location of load for maximum ultimate load, the load position moves -10 mm to 20 mm from C.G of 
channel section. 
 

III. NUMERICAL STUDY 
 
The finite element analysis of light gauge steel lipped channel column section has done by using finite element 
analysis software ABAQUS version 6.10-1. The channels were modelled using shell element S4R. The columns 
were analysed for hinged-fixed boundary condition. Tetrahedron mesh type has used for meshing of model. Elastic 
modulus (E) = 2.0x105 N/mm2 and Poisson ratio (μ) = 0.3 were used as material properties. Tetrahedron mesh 
type has used for meshing of element. The fig.1 shows steps have been used for finite element analysis by using 
ABAQUS software. 

 
Figure1. Shows stepwise procedure in FEM software 

 
IV. RESULTS AND DISCUSSION 

 
The results obtained by Euro Code (EC3) and finite element analysis software ABAQUS are compared below. 
a) Ultimate compressive load for channel column by varying slenderness ratio  

To study effect of varying slenderness ratio on ultimate compressive load of channel column section test were 
carried out on LDSSCC sections of length 500mm to 700mm with eccentricity 0 mm. The results obtained by 
Euro Code (EC3) and ABAQUS software are tabulated in table 1. 
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Table 1Ultimate compressive load for channel column section by varying slenderness ratio 
 

Sr. No Section size Slenderness 
ratio 

Ultimate compressive load (kN) Error 
% EC3 ABAQUS 

1 75 X 40 X 2 L500 40.47 109.37 105.72 3.38 
2 75 X 40 X 2 L600 48.56 102.78 104.62 3.02 

3 75 X 40 X 2 L700 56.66 93.56 103.91 9.96 

 
 
From Table 1, it is observed that as length of column increases the ultimate compressive load increases. The error 
between the analytical and numerical result is up to 10%. As slenderness ratio increases the value of ultimate load 
decreases from 105.72 to 103.91 in ABAQUS.  
 

 
 

Figure 2 Ultimate compressive loads for varying length 
 

Figure 2  show the variation of ultimate compressive strength vs length of column. From fig it can be seen that as 
length of column increases its ultimate compressive strength decreases. 

 
b) Ultimate compressive load for channel column by varying cross section aspect ratio. 
To study the effect of varying cross section aspect ratio on the load carrying capacity of the LDSSCC section , the cross 
section aspect ratio is varied from 1.44 to 2.44 keeping area same. The results obtained by Euro Code (EC3) and 
ABAQUS are shown in Table 2. 
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Table 2Ultimate compressive load for channel column section by varying cross section aspect ratio 
 

Sr. No  
Section size 

C/S aspect 
ratio 

Ultimate compressive load 
(kN) 

Error 
% 

EC3 Abaqus 

1 85 X 35 X 2 L500 2.42 114.37 106.90 26.53 
2 75X 40 X 2 L500 1.87 109.37 105.72 3.34 
3 65 x 45 x 2 L500 1.44 96.37 100.89 7.45 

 
From Table 2, it is observed that as a cross section aspect ratio decreases value of ultimate compressive load decreases. 
The value of cross section aspect ratio effects on the stiffness of the channel section that results in change in ultimate 
compressive load. The value of ultimate compressive load decreases from 106.90 to 100.89 in ABAQUS. 

 
 

 
 
 

Figure 3 ultimate compressive load for channel column section for varying aspect ratio 
 

From Figure 3 it can be seen that as c/s aspect ratio decreases its load carrying capacity decreases. 
 
c) Ultimate compressive load for channel column by varying cross section corner radius to material thickness ratio. 
To study the effect of varying corner radius to material thickness ratio on the load carrying capacity of LDSSCC 
section, corner radius to material thickness is varied from 1.58 to 2.18. The results are shown in table 3. 
 

Table 3 Ultimate compressive load for channel column section by varying corner radius to material thk.ratio 
 

Sr. 
No 

Section size Corner radius to material 
thickness ratio 

Ultimate compressive load 
Abaqus (kN) 

1 75 X 35X 2 L500 R3.17 1.58 105.1 

2 75X 35 X 2 L500 R3.57 1.78 103 
3 75X 35 X 2 L500 R3.96 1.98 99.8 
4 75 X 35 X 2 L500 R4.36 2.18 98.5 
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Figure 4 Ultimate compressive loads for varying corner radius to material thickness ratio 
 

From Figure 4 it can be seen that as corner radius to material thickness ratio increase its load carrying capacity 
decreases. 

 
d) Test to determine proper location of load for maximum load carrying capacity of the LDSSCC section. 
In this, to observe the effect of load position on the ultimate load the load position is shifted in x direction towards or 
away from the C.G of a section. The name given to the section is 75x35x2L500e0 means the eccentricity is zero and 
load applied at the C.G of a section. Following results are obtained by changing the load positions. 
 

Table 4 Ultimate compressive load for channel column section by varying load position (eccentricity) 
 
Sr. No Section size Eccentricity Ultimate compressive load (kN) 

1 75 X 35X 2 L500 e-10 -10 73.53 

2 75X 35 X 2 L500 e0 0 117.16 
3 75X 35 X 2 L500 e10 10 118.5 
4 75 X 35 X 2 L500 e20 20 90.98 
5 75 X 35 X 2 L500 e30 30 71.19 

 

 
Figure 5 Ultimate compressive loads for varying load positions (eccentricity) 
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From fig 5 and table 4 it is observed that as load moves towards the width of a web the value of ultimate compressive 
load increases. The value of ultimate compressive load is maximum at 10 mm eccentricity means near the web. The 
position at load is on the web the ultimate compressive load is maximum. 

 
V. CONCLUDING REMARKS 

 
After studying the effects of various parameters on the ultimate compressive load, the following concluding remarks 
are observed. 

a) The ultimate compressive load decreases with increase in slenderness ratio of the channel section. Average 9% 
increase in slenderness ratio results average 0.8% decrease in ultimate load. 

b) The ultimate compressive load increases as the position of load moves towards the supported edge of the 
channel section. Maximum ultimate load is obtained when it is applied over the thickness of web. 

c) Ultimate compressive load increases with decrease in cross section aspect ratio. Average 23% increase in cross 
section aspect ratio results average 4% decrease in ultimate load carrying capacity of a section. 

d) Ultimate compressive load of column decreases with increase in corner radius to material thickness ratio. 
Average 10% increase in corner radius to material thickness ratio results average 1.5% decrease in load carrying 
capacity. 

e) Due to smaller thickness of section,columns fail due to local and distortional buckling.  
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