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The Effect of Adding Stiffeners and Lips to Cold-Formed Steel C Sections 


Mohamed I Iswisi 

   Abstract: This study is concerned with the use of cold formed steel channel sections as 

purlins in metal roofed buildings. This section type represents the mono-symmetric case. 

Uniformly distributed loads both in the downward as well as the upward direction will be 

considered. In all cases beams will be considered as simply supported. 

Cold-formed channel sections are widely used as cross-section of structural members, such 

as purlins to support roof sheeting. Connecting of roof sheeting to purlins provides restraints 

to purlins laterally and rotationally. 

   The restraints to purlins may reduce the critical load or increase the strength of the 

sections. In this study the effect of lateral and rotational restraints needs to be investigated 

taking into consideration local, distortional, and lateral torsional buckling for detached and 

connected purlins as well as changing of geometry of the members. Achieving this requires 

determining of appropriate lateral linear spring of stiffness K and rotational spring stiffness 

CD (British standard Institution, 2009). Buckling is considered critical phenomena in 

various cold formed cross-sections for majority of load cases before achieving yield point.  

   The results obtained from Theoretical equations will be compared with those obtained 

from finite element analysis using ANSYS (release 12) for various dimensions of the 

purlins. The boundary conditions, which are used for the finite element members, need 

special consideration depending on the shell type, for instance, shell 43.  

   The purlins have been analysed using theoretical equations and ANSYS to predict the 

values of pure bending stresses and the combination of bending and warping torsion stresses 

as well as displacements. 

Keywords: Channels Cold-formed lips steel stiffeners. 

1. Introduction 

   This study is concerned with using some cold-formed cross-section for purlins. Cold-

formed steel sections have wide flexibility of cross-sectional profiles and sizes available to 

designers (Tran & Li, 2006).  Although some cold-formed members are simple to 

manufacture, other, more complex, are required to fulfil many structural requirements, for 

instance, to reduce the weight and cost of constructions and to provide stability. Purlins are 

structural elements which link roof sheeting to structural frames or trusses, and transfer the 

loads from roof to the main structure. Purlins are usually connected to the structural frame at 

the web using bolts and a support angle welded or bolted to the frame. Connecting of roof 

sheeting to purlins provides restraints to purlins laterally and rotationally (Chu, et al., 2004 

& 2005; Katnam, et al., 2006 & 2007; Vieira, et al., 2010). 
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   Buckling is considered critical phenomena in various cold formed cross-sections for 

majority of load cases before achieving yield point (Cherry 1996; Chu, et al., 2004; 

Kankanamge, and Mahendran, 2009; Kolcu, et al., 2010) 

   This study considers the analysis of a cold formed steel section loaded in bending about its 

major axis (Al Nageim and MacGinley, 2005; Ambrose, 1997; Feng and Wang, 2004 & 

2005). 

   The purlins have been analysed using theoretical equations and ANSYS to predict the 

values of pure bending stresses and the combination of bending and warping torsion stresses 

as well as displacements (Gotluru, et al., 2000). The results from a finite element analysis 

are compared to the results predicted by Simple Engineers theory of Bending (Ballio and 

Mazolani, 1983; Beale, et al, 2001; Gere & Timoshenko, 1987). 

   The concentration was on adding lips and stiffeners to the plain channel (Grey and Moen 

2011) 

2. Calculation of Deflection and Stresses 

2.1  Plane channel sections 

   The Analysis of a Simple Cold Formed Channel Section Loaded at the Shear Centre using 

ANSYS Software is conducted. 

  The section considered is a plain, unlipped channel with the following dimensions as 

shown in Fig 1. 

Length 3000 mm 

Web depth 150 mm 

Flange width 65 mm 

Thickness 1.5 mm, 

    The load applied is uniformly distributed along the length.  

Finite Element Analysis 

   The analysis is conducted using ANSYS  software using the shell element type elastic 

shell43. 
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   In order to prevent torsion, the load must be applied through the shear centre of the section 

(Gere & Timoshenko, 1987; Gotluru, et al 2000). For the section under consideration, the 

shear centre is outside the section, as illustrated below. 

 

 

Shear Centre 

 

Fig. 1. The imagination position of the shear centre 

   The position of the shear centre can be calculated theoretically to be 22.426 mm from the 

centre of the web. 

   In order to simulate this load in ANSYS, the following idealization was used: 

 

Shear Centre 

4.9014 N 

4.9014 N 

H 

H 

Actual Loading Theoretical Model 

 

Fig. 2. Actual and theoretical loads 

 

   The section could be considered to be loaded by vertical load equal to 4.9014 N at the 

middle point of the web and together with two equal and opposite loads applied to the top 

and bottom flanges to counteract the torsion caused by the eccentricity from the shear centre 

of the vertical load. 

   The value of these horizontal loads can be calculated theoretically using the eccentricity 

from the shear centre. 
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  Alternatively the value of the horizontal force can be evaluated using ANSYS by initially 

restraining the flanges from horizontal movement as below. 

 

4.9014 N 

H 

H 

Theoretical Model 

4.9014 N 

Restrained Model 

 

Fig. 3. Theoretical and Ansys model 

 

   The reactions at the horizontal ‘supports’ can be output from ANSYS. Ignoring a slight 

discrepancy at the ends, the value of these ‘reactions’ is 0.76692 N. These reactions could 

therefore be replaced by horizontal loads of 0.76692 N. 

   This compares with the value calculated above of 0.733 N. 

   These two methods of calculating the required horizontal loads that must be applied to 

prevent torsion therefore give agreement within 4.5%. 

Applying the above loads the stresses and displacements at the seven points on the element 

can be calculated as illustrated in figure 4. These are shown in Tables 1 and 2. 

   It has been found that for using shell 181 the percentage of error of the displacements are 

less than when use shell 43, however, for stresses is vice-versa.the supports for shell43 is 

UX, UY, UZ at one end and UY, UZ at the second end. And RotX at all the ends  

   The results when the loads above applied on the nodes mentioned with supports (Ux, Uy, 

Uz, Rot X, fixed at one end, and Uy, Uz, Rot X, fixed at the second end)  at the mid-length of 

the web and vertical load at the same node but along the member, it has been found that the 

displacement and the stresses approximately the same as the same those obtained from 

theoretical equations 

   The equations used to calculate the stresses and deflections are based on Simple Engineers 

Theory of Bending. 
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Model validation and Results 

   The stresses and displacements calculated at mid span by both the above methods are 

compared in the table below: 

Table 1: Comparison of deflection and stresses plane channel section 

 

 

7 6 5 

4 

3 1 2 

Nodes Distance 

Z 

Distance 

Y 

1 -49.35 -75 

2 -16.85 -75 

3 +15.65 -75 

4 0 0 

 

Fig. 4. Nodal Location 

 

   The ANSYS analysis used for table 1 used the Shell 43 element, with a mesh spacing of at 

flanges (16.25 mm* 50 mm) and at web (15 mm * 50 mm) 

6.1 Mesh Sensitivity Study. 

 

   The investigation of the mesh sensitivity show that the size of the elements affects the 

results in somehow, but the percentage of the error does not exceed 0.4 %. Supports UX and 

UY fixed at one end and UY fixed at the second end. Uz is fixed at the nodes (where the web 

and flange are connected) along the member. 

   It has been found, the element is not very sensitive to the mesh element, that the 

percentage of the difference does not exceed 0.4 %, also for the distributions of stresses for 

the same element and the same cases of loading is shown in figure 5. It has been found, the 

element is not very sensitive to the mesh element, that the percentage of the difference does 

not exceed 0.3 %.  

 

Element 

 

load  Nodes  
Theory 

 
Ansys 

Error  

% 
 

Theory 
 

Ansys 

Error  

% 

 

E1 

3000*150*65*1.5 

 

 

 

 

q1 

1    -5.617 -5.48 2.43 

2    -5.617 -5.49 2.26 

3    -5.617 -5.51 1.9 

4 0.35 0.3483 0.29 0 0 0 

5    5.617 5.51 1.9 

6    5.617 5.49 2.26 

7    5.617 5.48 2.43 
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Table 2:  Division of section parts to elements 

 

Table 3: Displacements of the three cases 

 

 

1

MN

MX
X

Y

Z

                                                                                
-5.5

-4.278
-3.056

-1.833
-.611101

.611101
1.833

3.056
4.278

5.5

JUL 19 2011

18:55:25

ELEMENT SOLUTION

STEP=1

SUB =1

TIME=1

SX       (NOAVG)

RSYS=0

DMX =.347351

SMN =-5.5

SMX =5.5

 

Fig. 5. Distribution of stresses using Ansys model 

 

   It  can be shown that the deflection and stresses have quite a similar values when using 

simple engineering theory of bending, but the percentage varies according to the position of 

point. It should be noticed that the deflections and stresses increase whenever the loads 

increase. It has been noticed from tables 5, 6 and 7 that the increase of thicknes from 1.5 mm 

to 2.5 mm of the section 150-65-1.5 reduces the deflection with 40% and also increase the 

flange width to 100 mm decrease the deflection to 46%. Whereas, increase the web depth 

from 150 mm to 250 mm decrease the deflection with 67% with reasonable cross section 

area.  

case          
a -

5.4703 

-

5.4999 

- - 0 - - 5.4999 5.4703 

b -5.501 -

5.5086 

-

5.5211 

-

3.2773 

0 3.2773 5.5211 5.5086 5.501 

c -

5.4852 

-

5.4934 

-

5.5122 

-

3.2683 

0 3.2683 5.5122 5.4934 5.4852 

d -

5.4874 

-

5.4981 

-

5.5133 

-

3.2689 

0 3.2689 5.5133 5.4981 5.4874 

Plane channel  

 

L = 3000 

h = 150 

bf =65 

t = 1.5 in mm 

Case Flange web Element 

along the 

length 
size, mm elemnt size,mm element 

A 65*100 1 75*100 2 30 

b 16.25*50 4 15*50 10 60 

c 8.125*50 8 7.5*50 20 60 

d 8.125*25 8 7.5*25 20 120 
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Comparing the three elements, the values of stresses of the element 250-65-1.5 are less than 

others with 58% to the element 150-65-1.5. That indicates, the increase of web depth is 

better than increasing of thickness and flange width. However, the increase of the web depth 

should be limited to avoid buckling. 

Table 4: Displacement and stresses of Channel section. 

1.1. Lipped channels 

The element taking for this section is 

 

Fig. 6. Stress distribution of lipped channel section.  

Element 

 

load  Nodes Distanc

e 

Z 

Distanc

e 

Y 

 
Theory 

 
Ansys 

Error  

% 
 

Theory 
 

Ansys 

Error  

% 

 

3000*150*6

5*1.5 

 

Calculation 

at mid span 

 

Channel 

 

 

 

 

q1 

1 -49.35 -75    -5.617 -5.51 1.9 

2 -16.85 -75    -5.617 -5.53 1.55 

3 +15.65 -75    -5.617 -5.53 1.55 

4 0 0 0.35 0.349 0.29 0 0 0 

5 +15.65 +75    5.617 5.53 1.55 

6 -16.85 +75    5.617 5.53 1.55 

 

 

q2 

1 -49.35 -75    -13.07 -12.81 1.97 

2 -16.85 -75    -13.07 -12.86 1.59 

3 +15.65 -75    -13.07 -12.86 1.59 

4 0 0 0.817 0.814 0.37 0 0 0 

5 +15.65 +75    13.07 -12.86 1.59 

6 -16.85 +75    13.07 -12.86 1.59 

 

 

q3 

1 -49.35 -75    -20.52 -20.12 1.94 

2 -16.85 -75    -20.52 -20.19 1.6 

3 +15.65 -75    -20.52 -20.19 1.6 

4 0 0 1.28 1.277 0.23 0 0 0 

5 +15.65 +75    20.52 -20.19 1.6 

6 -16.85 +75    20.52 -20.19 1.6 

 

 

q4 

1 -49.35 -75    -57.77 -56.64 1.96 

2 -16.85 -75    -57.77 -56.84 1.61 

3 +15.65 -75    -57.77 -56.84 1.61 

4 0 0 3.61 3.598 0.33 0 0 0 

5 +15.65 +75    57.77 56.84 1.61 

6 -16.85 +75    57.77 56.84 1.61 
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   Table 5: Displacement and stresses of lipped channel section. 

load  

 

Element Nodes Dista

nce 

Z 

Dista

nce 

Y 

 
 

Theo. 

 
 

Ansys 

  
Theo. 

 
Ansys 

 

% 

Lip  

 

L=3000  

h=150 

Bf=65 

t=1.5 

c=20 

 

1 +65 -55    3.53 3.37 4.5 

2 +65 -75    4.8 4.73 1.5 

 

 

 

 

 

 

 

 

q1 

 

 

Calc

ulati

on  

at  

mid 

span 

 

SHE

LL43 

 

 

 

3 +32.5 -75       

4 0 -75    4.8 4.73 1.5 

5 0 0 0.30 0.30 0 0 0 0 

6 0 +75    -4.8 -4.73 1.5 

7 +32.5 +75       

8 +65 +75    -4.8 -4.73 1.5 

9 +65 +55    -3.53 -3.37 4.5 

L=3000  

h=130 

Bf=65 

t=1.5 

c=20 

Ansys 

 

1 +65 -45    -4.02 -3.82 5 

2 +65 -65    -5.80 -5.69 1.9 

3 +32.5 -65       

4 0 -65    -5.80 -5.63 1.9 

5 0 0 0.42 0.41 2.4 0 0 0 

6 0 +65    5.8 5.63 1.9 

7 +32.5 +65       

8 +65 +65    5.8 5.64 1.9 

9 +65 +45    4.02 -4.29 5 

 

L=3000  

h=110 

Bf=65 

t=1.5 

c=20 

 

1 +65 -35    -4.58 -4.32 5.7 

2 +65 -55    -7.2 -7.03 2.4 

3 +32.5 -55       

4 0 -55    -7.2 -7.03 2.4 

5 0 0 0.613 0.60 2.1 0 0 0 

6 0 +55    7.2 7.03 2.4 

7 +32.5 +55       

8 +65 +55    7.2 7.03 2.4 

9 +65 +35    4.58 4.32 5.7 
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1

MN

MX

X

Y

Z

                                                                                
-16.409

-13.647
-10.885

-8.124
-5.362

-2.6
.161557

2.923
5.685

8.447

SEP 28 2011

20:30:41

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SX       (AVG)

RSYS=0

DMX =.749468

SMN =-16.409

SMX =8.447

 
Fig. 7. Stress distribution of lipped channel section using ANSYS. 

 

 

Fig. 8. Stress distribution for various uniform loads on lipped channel section.  

1.2. Web stiffeners 

A stiffened channel sections with using angle 45 degree element was used and supported at 

the both two ends. The element with dimensions 3000 mm span length,  150 mm web depth, 

65 mm flange width, and 1.5 mm thickness. Uniformly distributed load, equal to 0.098, has 

been applied on the upper flange downwards (using pressure 0.0015). It has been analysis 

the element using ANSYS. Fig. 9 shows the maximum deflection and the distribution of 

stresses on the section. 
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1

MN

MX

X

Y

Z

                                                                                
-12.036

-9.481
-6.927

-4.372
-1.817

.73781
3.293

5.847
8.402

10.957

SEP 28 2011

19:54:04

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SX       (AVG)

RSYS=0

DMX =.899028

SMN =-12.036

SMX =10.957

 

Fig. 9. Stress distribution of stiffened channel section using ANSYS. 

Conclusion 

1. The above tables illustrates that for this particular section under this level of loading, the 

ANSYS modelling proposal is valid, agreeing with Simple Engineers Theory of Bending 

within 3% 

2. Longitudinal bending and warping torsion displacement and stresses have been studied in 

this work. 

3. It has been analyzed the channel sections using two different methods; theoretical 

equations and finite element method to obtain the displacement and stresses of the sections 

under uniformly distributed loads.. It has been found that the stresses are relatively complex 

due to the presence of bending and warping torsion.  

4. It has been concentrated, when comparing between different cross-section, on the change 

of web depth, thickness, and flange width taking into consideration the effects of local, 

distortion, and lateral-torsional buckling and also the lateral and rotational restraints 

provided by roof sheeting to the purlins with channel sections under uniformly distributed 

loads. 

5. Conducting laboratory investigations is essential for purlins when doing a model to 

simulate the real case. It is also important to evaluate the analysis using finite element 

method by using ANSYS program.  

6. The main advantage and ability of ANSYS program to compose the roof model is quick 

and easy. ANSYS provides a good opportunity to analysis the models that are needed for 
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evaluation and investigation which resemble a real case. ANSYS software has ability to 

evaluate cross-sections with any shape by using shell elements, for instance, adding lips and 

stiffeners.  

7. The implementation of a non-linearity has been found essential in the simulation of the 

obtaining a good agreement of the real case of the structural members. 

8. It has been noticed that, the increase of web depth is better than increasing of thickness 

and flange width. However, the increase of the web depth should be limited to avoid 

buckling. 

9. It has been found that the lipped channel cross section is the optimum of all the other 

elements, that lips apply an important role to reduce the buckling phenomena. 

فولاذية المشكلة علي البارد نوع المجرىتأثير إضافة تقوية وألسنة الي المقاطع ال  

تتؼلق هذه الدراسة  اسسةتاداا الؼصس ةز الذية اة  الة ةلل  ػلةر اللةسرل التةل لقةس اةلج ى )ةغ الةةةز   ال ةس     : الملخص

والتةل ت ةتادا ملةةزا وسةياة  سةل اسة ش الةص ةسعان الةؼدة ة   ان هةذا الصةيع ىةت الة )ةغ اؼتلةز ا ةسلت التةسوةج  تة  ت ة ةج 

صزالذت اخذ ملةزا ا  )  اةسصسل اأ ةسل ىصتظة   ان اللةزان الثسةيا  الةصصؼ  ػلر اللسرل ت تادا ا لج سؼةسل سةل الؼص

الأس ش لتةدػ   الصةذس ا الةؼدة ة  الة ةتادى  لت ) ة  ال ة ش  ان تلةئ الصةذس ا الةؼدة ة   ةد ت ةسه  الةر  ةد ىةس سةل تةيس ز 

ان اتصةةسل اللةةةزان الثسةياةة  اسلصةةذس ا الةؼدة ةة   ةةد  اةة  ةتصةةسلقس اقةةس التةةدػ   الةةةسةلل وىصةةغ  صةةيل ستةةج لللةةةزان الثسةي

ااذض ىت   ة  الأ ةسل ال زج  او ازاةد ىةت   ةة  ى سوىة  اللةةزان الثسةياة   ان هةذه الدراسة  اجزاةم للت  ةق ىةت تةأو ز 

لةةسةلل ىةغ اسةتاداا اسةلي  التدػ ةسن الةسةل   والدوراة  , آخذات سل اةػتلسر اةةلؼةس  الةيعةؼل والت ةيهل واةلتةياع ا

ت   ز ال لج القصدسل للؼصصز سل  سل  ػةدا اتصةسلأ اواتصةسلأ ا ةلج ىيوةق اسلصةذس ا  ان حةسهزا  ةدوج اةةلؼةس  تؼتلةز 

خ) زا جداً والتل  د ت دج  لج  دوج الاضةيع للؼصصةز اةة ةس ل اسللسىةج  ان الصتةس ت الةت صةج ػل قةس  يرةةم اسلصتةس ت 

 ج اأستاداا ال ةزا ا الد   ة  جةداً والتةل اجزاةم اسسةتاداا اللزةةسىت الذؼةسل  اة ة    للؼداةد ىةت الةت صج ػل قس ىت الت ل

اللةزان الثسةيا  الةاتلذ  اةاؼسل  ان اةاتزاطسن ال دا  الة تادى  ػصد التؼسىج ىغ ال زا ا الد     تت)لب اهتةةسا خةس  

ليسةةس ج الةةةذميرا لت داةةد  ةة   اجقةةسلان اةة صةةسع الاسلصةة  اػتةةةسلاً ػلةةر ةةةيع ال ةةزا    تةة  ت ل ةةج اللةةةزان الثسةياةة  اس

 واةجقسلان الةزمل  ىت اةة صسع والذتج الدوراةل وااضسً القليطسن 
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