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ABSTRACT 

The advances in the construction have lead to light weight construction that has improved the importance of the 

light gauge steel sections in the construction industry. The sections are open in nature but the load carrying 

capacity is enhanced using less thickness of the steel. The steel sheets of .8 to 3 mm are rolled and the sections 

are prepared. This improves the section modulus of the section which ultimately improves the load carrying 

capacity of the section. Due to its open in nature the shear centre and the centroid of the section does not match 

which leads to the development of the torque forces in the section even under flexural loading. The eccentricity 

develops torsional moments in the section and these results in the distortional buckling in progression with the 

flexural failure. In this dissertation work we have studied the effect of the torsional loading on the light gauge 

channel section. Five different specimens of the channel section where considered with and without lip, v- 

stiffeners and rectangular stiffeners for deriving the ultimate moment carrying capacity and angle of rotation of 

the section. The analysis and design of the channel section was done using code is 801-1975 while the analytical 

work was carried out using finite element method with ABAQUS software. Further the experimental validation 

was done using true length specimen and setup was prepared for the pure torsion loading. The results of this 

experimental investigation indicated that the torsional capacity of the light gauge channel section is enhanced 

by using different stiffener and lips. The light gauge steel section should be provided with stiffener even in the 

regular flexural loading case so as to minimise the eccentric loading due to the difference between shear centre 

and centroid of the section. Thus from the study it is concluded that the use of stiffeners minimizes the torsional 

failure of the light gauge steel section. 

 

I. INTRODUCTION 

In recent decades the interest of the building sector is tending towards the lightweight construction so as to 

overcome the faults of the last decades. The light weight and faster construction is the demand of the era. This 

has led to the increase in the use of the cold form steel structure as they satisfy the demand of the light weight 

and faster construction. Though there are several advantages of the light gauge steel section they are partially 

obtained due to the unawareness of the designer about the behaviour of the section. Therefore it is necessary to 
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study the behaviour of the light gauge section under loading which will help in achieving the good performance 

of the structure. The important points to be noted by the designer are that: 

i) The section is open in nature and as the shear center lies out of the section it is difficult to match the centroid 

and the shear center which lead to the torque in the section. 

ii) The torsion factor of the section is directly proportional to the cube of the thickness of the section. 

iii) The torque generated will induce the longitudinal stress additive to the primary stress. 

This lead the scope to understand the torsional behavior of the cold form steel sections its behavior and capacity 

to sustain the eccentric loading. In this we will study the channel section with and without stiffener under pure 

torsion condition. This will help in understanding the behaviour of the cold form channel section with different 

stiffeners and its reduction the twisting moment. It is important in case of the overhang portion of the beams 

these parts of the beam undergo the same behavior. Most cold-formed steel members display very slender thin 

walled open cross sections, making them highly susceptible to several instability phenomena as local, 

distortional and global (flexural or flexural-torsional) buckling depending on the member length and cross-

section shape, dimensions, any of these buckling modes may be critical. Since commonly used cold formed steel 

member geometries may lead to similar local, distortional and or global buckling stresses, the associated post- 

buckling behaviour, ultimate strength and collapse mode are likely to be strongly affected by the coupling 

between these three buckling modes. It is well known that thin walled member’s exhibits table local and global 

post buckling behaviors with high and low post critical strength reserve. On the other hand, recent studies 

showed that the distortional post-buckling behaviour fits in between the previous two and exhibits a negligible 

symmetry with respect to the flange lip motion. Concerning the mode interaction phenomena affecting the 

column post buckling behaviour, those stemming from the nearly simultaneous occurrence of local and global 

buckling are better understood, as attested by their inclusion in virtually all current hot rolled and cold formed 

steel design codes. 

The Major advantage of CFS beams over hot rolled beams is to be found in the relative thickness of the material 

from which the sections are formed. This will lead to having highly effective in terms of weight and efficient 

member and structures. However, the promising advantages of the thin walls can only be partially obtained. To 

obtain these advantages, the designer must be aware of the importance associated with thin-walled members and 

their effects on analysis and design. The most important of these phenomena is local buckling. 

In thin walled members, the role played by torsion is enhanced in comparison to hot-rolled sections. The reasons 

for this are listed below: 

1. Application of load through the shear centre in an open cross-section which has shear centre outside the 

section is difficult to achieve. Hence, CFS beams are subjected to an applied torque so that twisting of the 

section is bound to occur if it is not restrained against torsion. 

2. The torsion constant J, for open cross sections, which is directly related to the resistance to twist, is 

proportional to the material thickness raised to the third power. 

3. Restraining this torsion induces longitudinal stresses which may be of the same order of magnitude as the 

primary bending stresses and additive to them. 
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In most frequent applications purlins, floor joists and wall studs, the loading and restraint are both continuous, 

both of which are self-equilibrating to some extent so that the tendency to twist is greatly reduced. Rational 

methods of analysis in these situations are exceedingly complicated and design usually proceeds on the basis of 

test results. In this study, continuous restraint is not considered and attention is confined to cases where light 

gauge steel members are free to twist between discrete points of restraint.  

 

II. EXPERIMENTAL WORK  

The experimental work was carried out for five different channel sections with different stiffeners. The setup for 

the torsion was prepared using plates welded on the either side of the section with the extra length of flange of I 

section.  The loading was done on the extended length of plate to exactly produce the torsional moment in the 

section. The load at the failure where noted with the angular deflection on both side of section.  

Properties of Steel material: 

Poisson’s Ratio (μ) :  0.3. 

Density (δ)  :  0.000000785 N/mm3 

Young’s Modulus (E) :  203395.33Mpa 

Maximum Yield stress (fy)    : 250Mpa 

 

Fig 1 Specimens of cold formed steel channel section for the experimental work  

 

Fig 2 Specimens of cold formed steel channel section for the experimental work  
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Fig 3 Specimens of cold formed steel channel section for the experimental work  

 

Fig 4 Experimental Work Set Up 

Five different beams are considered for the experimental investigation for the torsional capacity of the beam. 

The different stiffeners and lips are introduced to the beam to compare the increase in the  torsional capacity of 

the beam  The loading was done using plates of the 10mm thickness on the either side of the opening as shown 

in the image further  Pure torsion was developed as seen in the arrangements of the experimental work. 
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Fig 5 Experimental specimen after Testing  

III. ANALYSIS BY USING ABAQUS 

The finite element program ABAQUS is a computational tool for modelling structures with material and 

nonlinear behaviour. ABAQUS version 6.13 was used to simulate the model and find buckling mode and 

strength of cold-formed steel beams under flexure a parametric analysis was performed, in order to investigate 

the influence of the width and height on the flexure behaviour of the beams. 

 

IV. ANALYTICAL RESULTS  

For the study the channel section are considered with the different stiffeners. The size of the channel section is 

100x40x2 mm of the galvanized steel material Fe245. Five different cases are studied using the ABAQUS 

software for the torsional capacity of the section. The channel sections are compared with the moment carrying 

capacity and the angle of the rotation. The angle of the rotation is measured on both the side of the section. The 

loading is done on the cantilever part of the section as shown in fig due to this type of loading the twisting 

moment is generated.  

Table 1 Comparison of moment carrying capacity and Angle of Rotation 

Description 
Moment Carrying Capacity 

(KNm) 

Angle Of Rotation 

(Degree) 

C without lip 16.29 21 

C with lip  19.63 17 

C with V stiffener  24.28 13.28 

C with V stiffener and lip  23.63 10.65 

C with Rectangular  stiffener  32.6 6.56 

C with Rectangular  stiffener and lip  39.65 6.5 
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It was observed that the moment carrying capacity is increased by the 20.50% only using channel section with 

the lips of 20mm. The difference of the moment carrying capacity of the beam with the v stiffener and v 

stiffener with lips was seen to be only 2.67% while using the rectangular stiffener the enhancement of the 

moment carrying capacity than channel section was 58.91%. This shows the beam with the lips in the stiffened 

beam is not as important as in the un-stiffened beam as the increase in the capacity is relatively small. 

 

Fig 6 Comparison of Moment Carrying Capacity with different types of stiffener 

It was observed that the angle of rotation is increased by the 19.04 % only using channel section with the lips of 

20mm. The difference of the angle of rotation of the beam with the v stiffener and v stiffener with lips was seen 

to be only 19.80% while using the rectangular stiffener the enhancement of the moment carrying capacity than 

channel section was 69.04%.  

 

Fig 7Comparison of angle of rotation with different type’s stiffener   

This shows the beam with the lips in the stiffened beam reduces the angle of rotation considerably though the 

moment carrying capacity is not increased. this shows the angle of rotation is dependent on the lip we provide as 

it reduces the difference of the shear centre and centroid. 
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V. EXPERIMENTAL RESULTS  

It was observed that the moment carrying capacity is increased by the 17.09% only using channel section with 

the lips of 20mm. The difference of the moment carrying capacity of the beam with the v stiffener and v 

stiffener with lips was seen to be only 4.55% while using the rectangular stiffener the enhancement of the 

moment carrying capacity than channel section was 49.21%. This shows the beam with the lips in the stiffened 

beam is not as important as in the un-stiffened beam as the increase in the capacity is relatively small. 

Table 2 Comparison of moment carrying capacity and Angle of Rotation 

Description 

Moment 

Carrying 

Capacity 

(KNm) 

Angle Of 

Rotation 

(Degree) 

C with lip  18.43 29 

C with V stiffener and 

lip  
27.45 9 

C with Rectangular  

stiffener 
36.29 19 

C with V stiffener  26.2 16 

C without lip  14.91 28 

 

Fig 7 Comparison of Moment Carrying Capacity 

It was observed that the angle of rotation is increased by the 3.44 % only using channel section with the lips of 

20mm. The difference of the angle of rotation of the beam with the v stiffener and v stiffener with lips was seen 

to be only 32.50% while using the rectangular stiffener the enhancement of the moment carrying capacity than 

channel section was 34.48%. This shows the beam with the lips in the stiffened beam reduces the angle of 

rotation considerably though the moment carrying capacity is not increased. This shows the angle of rotation is 

dependent on the lip we provide as it reduces the difference of the shear centre and centroid. 
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Fig 8 Comparison of Angle of Rotation   

VI. MOMENT CARRYING CAPACITY AND DEFLECTION 

It was observed that there was sudden change in the deflection in sample without stiffener and lips. There is far 

difference in deflection between beam with the v stiffener and v stiffener with lips while using the rectangular 

stiffener the enhancement of the moment carrying capacity is seen but with the least deflection. This shows the 

beam with the lips in the stiffened beam reduces the deflection considerably. This shows the deflection is 

dependent on the stiffeners we provide as it reduces the difference of the shear centre and centroid. 

Table No.5.3 Comparison of moment carrying capacity and Deflection 

         

Fig 9 Comparison of moment carrying capacity and Deflection 

VII. VALIDATION 

The validation of the analytical work was done using the experimental test on the true scale specimen under 

pure torsion. it was observed that the results of abacus and experimental work are good in agreement as the 

percentage difference of the both the results is in permissible limit 15%. This shows the actual analysis of the 
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beam element can be done using the finite element analysis and no need of every time going for the 

experimental investigation.  

  Table 3 Comparison Results of Experimental and Analytical Procedures  

Description  
Analytical 

Results  

Experimenta

l Results  

C with lip  19.63 18.43 

C with V stiffener and 

lip  
23.63 27.45 

C with Rectangular  

stiffener  
32.6 36.29 

C with V stiffener  24.28 26.2 

C without lip  16.29 14.91 

 

Fig 10 Comparison Results of Experimental and Analytical Procedures  

  Table 4 Comparison of Ultimate Deflection and Load Carrying Capacity  

Description 
Moment Carrying 

Capacity (KNm) 

Deflection  

In mm  

Load VS Deflection   

C with lip  18.43 6.78 2.72 

C with V stiffener and lip  27.45 2.33 11.78 

C with Rectangular  stiffener 36.29 1.43 25.38 

C with V stiffener  26.2 6.20 4.23 

C without lip  14.91 9.21 1.62 
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Fig 11 Comparison of Ultimate Deflection and Load Carrying Capacity  

VIII. CONCLUSION 

1. From this experimental work it concludes that as the shear center and the centroid of the cold form steel 

channel section is never intersecting so there is induction of the torque under any flexure loading. 

2. The torsion capacity of the cold form is considerably increased up to 58% with different stiffeners. 

3. By adding different stiffness agents the angle of rotation can be considerably reduced by 69%. 

4.  The moment carrying capacity of cold formed steel channel section is increasing as the stiffeners are 

introduced but simultaneously the angle of the rotation is reduced.  

5. The experimental and the analytical results show the good agreement as the percentage error is within the 

limit less than 15%. 
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