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Abstract – The main objective of this project work is to 

make the comparison of the buckling strength for stainless 

steel and aluminum alloy using perforations of various 

combinations subjected to the compressive loading. For this 

project an open lipped C-channel made up of Aluminium 

alloys and the Cold formed steel alloys are used. For this 

purpose, a finite element model is developed using ANSYS 

and its accuracy is validated using experimental results. The 

study showed that the ultimate load of the open lipped 

channels under compression varied greatly with the 

perforation position. The Comparisons of the finite element 

results and the test results are also made and conclusions are 

drawn on the basis of the comparisons. The main aim of the 

project is to determine the buckling strength of the Cold 

formed steel and aluminium alloys used in structural 

applications having different combinations of circular 

perforations and comparison between the experimental and 

FEA results.  
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I. INTRODUCTION 
 

Aluminium and steel sections are widely used in 

building structures, transportation machineries, storage 

racks and domestic equipment. A wide variety of different 

products, with a tremendous diversity of shapes, sizes, and 

applications are produced in steel and Aluminium alloys 

using various processes such as folding, press-braking, and 

rolling. These processes will increase the yield strength 

and tensile strength but at the same time decrease the 

ductility of Aluminium and steel sections, particularly at 

the corners where these properties can be considerably 

different from those of the flat steel sheet, plate, and strip 

or bar before forming Many steel and Aluminium alloys 

are provided with  perforations and hence the ultimate 

strength and elastic stiffness of a structural member can 

vary with perforation position, size, shape and orientation. 

When thin-walled steel structures are loaded in 

compression and the strength is limited by buckling, and 

such buckling can often be catastrophic  .The design codes 

have been generated in various countries for steel or 

aluminium structures subjected to various loading 

including compression, bending and torsion which can 

lead to buckling failure, like lateral buckling, distortional 

buckling and web crippling. Unlike heavy hot-rolled steel 

sections, cold-formed thin-walled sections tend to buckle 

locally at stress levels lower than the yield strength of the 

material when they are subjected to various loading 

conditions. However, failure modes are not commonly 

encountered in normal structural steel design 

specifications, and therefore, extensive testing is required 

to provide a guideline for the design of steel and 

Aluminium structures. 

This project describes the results obtained from 

numerical, experimental and    FEA investigations into the 

load capacity of column members of   open lipped C- 

channel cross-section with various arrangements of 

perforation positions, and different alloying materials like 

Aluminium and steel subjected to bucking loading. M.P. 

Kulatunga  & M. Macdonald[1]: An investigation of 

cold-formed steel sections subjected to compression 

loading was undertaken using Finite Element Analysis to 

study the effects of perforation positions on the load 

capacity of column members of lipped channel cross-

section. Christopher et al.[2]: Elastic buckling of thin 

plates with holes in compression or bending. This r 

explained that the variation of the buckling stress with the 

number of the holes and as well as the distances from each 

other  The paper has been utilized as a means of designing 

the stiffened and unstiffened elements . The stresses are 

validated by means of a FEA and the results are validated  

experimentally Jim Rhodes et al. [3]: The Compressional 

Behaviour of Perforated Elements. They mainly focuse on 

the compressional behaviour of the thin elements with and 

with out perforations The application of existing cold 

formed steel design codes to perforated members is 

examined on the basis of comparison with the tests, and 

various modifications to the design codes are considered 

to take perforations into account. Jim Rhodes and Martin 

Macdonald [4]: The compressional behaviour of stub 

columns having perforations in the form of slots of 

different length is evaluated and tested They enumerated 

that the compressive strength of a cold formed member is 

mainly dependent on the  length of the slot and the 

distances of the slot from each other  

N.E. Shanmugam and M. Dhanalakshmi [5] This 

paper is concerned with the ultimate load capacity of 

perforated cold-formed steel channel stub columnsThey 

used the design equation as a means to bcalcuate the 

compressive strength of the column member Martin 

MacDonald Muditha P. Kulatunga[6] They focused on 

the numerical investigation on the behaviour of cold–

formed thin–walled steel structural members with 

perforations is presented in this paper. The application of 
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thin walled structural members have been in variety of 

application like structural and the electrical, plumbing 

applications 

 

II. EXPERIMENTAL SETUP 
 

2.1. Preparation of specimen with various 

perforations 
The methodology involves the preparation of open lip 

C-channels of Aluminium alloys as well as cold formed 

steel alloys of length 750mm and web size 50mm and 

flange of 25mm. and the thickness of the C-channel is 

1mm. The Channels have been punched in a punching 

machine  making the perforation of 25mm  at various 

distances form the center of the channel as in fig.1 

 
Fig.1A 

 

 
Fig.1B. Perforations Arrangements 

 

 
Fig.1C. Size of the C Channel 

The perforations are arranged for aluminium and 

stainless steel alloy as shown below. 

 
Fig.2A. Aluminium Alloy 

 

 
Fig.2B. Stainless steel alloy 

 

2.2 Fixture Preparation 
The fixtures used to support the C-channel is made up of 

hard wooden blocks having a square grove cut in them so 

as to support the C-channel from slipping from the UTM 

machine The size of the wooden fixture is 146x90x50mm 

in which a groove of size 51x25x 22mm is cut so as to 

support the C-channel as shown in fig below 

 
Fig.3A 

 

The wooden fixtures help to support the C-channel on 

the UTM as shown in fig below  

 

 
Fig.3B 
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III. METHODOLOGY 
 

The methodology involves the following   phases 

1) The analysis of open lip C-channel  by theoretical 

methods is not accurate .Hence various analyses is done 

by using simulation techniques so that  we can analyze the 

effect of the buckling behavior of C-channel with different 

positioned perforations subjected to buckling loads. Hence 

the  analysis  is done by using a finite element analysis 

software ANSYS 13 

2) The ultimate load elongation and the compressive 

stress are calculated using ANSYS 

3) The experimentation is carried out on a digital UTM 

where in the C-channels of various combination of 

perforations and materials are subjected to buckling 

4) The  ultimate load  and the maximum elongation due to 

compression are noted down and the buckling strength or 

stress is calculated  

5) Compare the results  for ultimate load, buckling stress  

and elongation 

6) Draw suitable graphs to make a suitable comparison 

The methodology of the thesis is divided in to three 

steps: 

1. Geometric Modeling  

2. Static Structural analysis (ANSYS)  

3. Experimental analysis      

 

 
Fig.4A. Solid modeling) 

 

 
Fig.4B. [Static] Structural analysis (ANSYS) 

 

3.1 Geometric Modeling 
We require solid model of an open lip C-channel and is 

generated using solid edge software and is converted to 

IGES format and imported to ANSYS  

Important Steps in Geometric Modeling:- 
A. Creating part (solid) modeling of each part  

B. Converting solid model into IGES format  

C. Element type and mesh generation 

The following steps are performed as shown in fig 

 
Fig.4C. Fine meshing around the holes 

      

IV. RESULTS 
 

4.1 ANSYS Simulation results 
The youngs modulus and Poisson’s ratio found out is 

used as an input for the ANSYS simulation of C- channels 

of various materials for Aluminium and cold formed steels 

alloys are as follows 

Esteel = 2.9x10
5 
/mm

2
  EAl= 0.9x10

5
 N/mm

2
  

1) For the  aluminium Alloy specimen (AL1) 

The maximum stress and strain are shown as in fig 5A 

and 5B 

 
Fig.5A 

 

 
Fig.5B 

 

The ANSYS results for the other specimen can be 

tabulated accordingly. 

The ANSYS simulation results for Cold formed 

stainless steel can be shown in the similar way in fig 

below 6A and 6B 

1) Cold formed stainless steel (S1) 

 
Fig.6A 
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Fig.6B 

4.3 Tabulation for FEA results 
Measured specimen dimensions and finite element 

results for Aluminium and cold formed Stainless steel is  

as shown in table 1. 

 

 

 

 

 

 

 

Table 1: Aluminium 

 

Table 1.1: Stainless Steel 

 

4.4 Experimental Results 
The compression tests carried for on digital UTM as 

shown in fig below 

 
Fig.7A. For aluminium C-channel 

 

 
Fig.7B. For Steel   

      

4.5 Tabulation of Experimental Results 
Measured specimen dimensions and experimental 

results   for Aluminium and cold formed Stainless steel is   

as shown in tables below  

 

Table 2: For Aluminium Alloy specimen 

Specimen 

No 

Thickness, 

t (mm) 

Web, H 

(mm) 

Flange, 

B (mm) 

Fillet 

radius, 

R (mm) 

Length, 

L (mm) H/t B/t H/B 

FEA  

ultimate 

load, PEXP 

(kN) 

Deflection  

in (mm) 

Compressive 

Strength 

(Expt) 

N/mm2 

S1 0.98 50.50 25.10 2 751.00 51.53 25.61 2.01 20.75 1.14 279.50 

S2 0.95 50.60 25.30 2 752.00 53.26 26.63 2.00 20.9 3.25 274.00 

S3 0.96 50.30 25.20 2 750.50 52.39 26.25 1.99 21.2 3.46 325.50 

S4 0.95 50.10 25.10 2 750.00 52.73 26.42 1.99 20.7 1.14 300.50 

Specimen 

No 

Thickness, 

t (mm) 

Web, 

H 

(mm) 

Flange, 

B (mm) 

Fillet 

radius, 

R (mm) 

Length, 

L (mm) 
H/t B/t H/B 

FEA ultimate 

load, PFEA (kN) 

Elongation 

(mm) 

Compressive 

Strength S 

(FEA) (N/mm2) 

AL 1 0.99 50.40 25.00 1 750.20 50.90 25.25 2.01 23.54 0.70 235.473 

AL 2 0.98 50.10 24.90 1 750.00 51.12 25.40 2.01 22.88 2.561 228.810 

AL 3 0.96 50.30 24.80 1 750.10 52.39 25.83 2.02 23.57 2.278 230.572 

AL 4 0.95 50.15 24.70 1 750.00 52.78 26 2.03 23.75 3.167 227.953 

AL 5 0.94 50.20 24.60 1 750.20 53.40 26.17 2.04 22.70 0.778 227.172 

AL 6 0.97 50.25 25.10 1 750.10 51.80 25.87 2.00 21.1 1.625 211.21 

Specimen 

No 

Thickness, 

t (mm) 

Web, 

H 

(mm) 

Flange, 

B (mm) 

Fillet 

radius, 

R (mm) 

Length, 

L (mm) 
H/t B/t H/B 

FEA ultimate 

load, PFEA (kN) 

Elongation 

(mm) 

Compressive 

Strength S 

(FEA) (N/mm2) 

S1 0.98 50.50 25.10 2 751.00 51.53 25.61 2.01 29.8 1.258 289.767 

S2 0.95 50.60 25.30 2 752.00 53.26 26.63 2.00 28.5 3.294 280.57 

S3 0.96 50.30 25.20 2 750.50 52.39 26.25 1.99 33.9 3.576 333.444 

S4 0.95 50.10 25.10 2 750.00 52.73 26.42 1.99 31.2 1.23 312.517 

S5 0.99 50.40 25.40 2 749.00 50.90 25.65 1.98 33.2 3.682 322.437 

S6 0.97 50.20 25.20 2 748.50 51.75 25.97 1.99 27.5 2.031 264.012 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

577 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 4, ISSN: 2277 – 5668 

Table 2.1: For stainless steel   specimen 

Specimen 

No 

Thickness, 

t (mm) 

Web, H 

(mm) 

Flange, 

B (mm) 

Fillet 

radius, 

R (mm) 

Length, 

L (mm) H/t B/t H/B 

FEA  

ultimate 

load, PEXP 

(kN) 

Deflection  

in (mm) 

Compressive 

Strength 

(Expt) 

N/mm2 
AL 1 0.99 50.40 25.00 1 750.20 50.90 25.25 2.01 27.95 0.60 208.500 

AL 2 0.98 50.10 24.90 1 750.00 51.12 25.40 2.01 27.5 2.490 207.500 

AL 3 0.96 50.30 24.80 1 750.10 52.39 25.83 2.02 32.5 2.240 212.000 

AL 4 0.95 50.15 24.70 1 750.00 52.78 26 2.03 30 3.140 206.500 

AL 5 0.94 50.20 24.60 1 750.20 53.40 26.17 2.04 30.9 0.780 202.000 

AL 6 0.97 50.25 25.10 1 750.10 51.80 25.87 2.00 25.8 1.570 202.500 

 

4.6 Comparison  

  The comparison for the experimental and the FEA results   

are tabulated with respect to the ultimate loads, deflection 

and the compressive strength .The comparisons are 

tabulated as in table below 

 

Table 3: for Aluminium Alloy  specimen 

S. 

No. 

Specimen 

No 

Ultimate    

Load 

(kN) 

Buckling 

Strength 

(Expt) N/mm
2
 

Buckling 

Strength 

(ANSYS) 

% Age 

Variation 

Deflection 

(Expt) In 

mm 

Deflection 

(ANSYS) 

In mm 

%Age 

Variation 

1 AL1 20.750 208.500 235.473 11.45 0.60 0.70 14.28 

2 AL2 20.850 207.500 228.810 9.31 2.490 2.561 2.77 

3 AL3 21.200 212.000 230.572 8.05 2.240 2.278 1.67 

4 AL4 20.600 206.500 227.953 9.41 3.140 3.167 0.85 

5 AL5 20.200 202.000 227.172 11.08 0.780 0.786 0.12 

6 AL6 20.250 202.500 211.21 4.12 1.570 1.625 3.38 

 

Table 3.1: For stainless steel specimen 

 

4.6 Graphs 

4.6.1 Load  vs  Deflection   
The  comparison graphs of load vs Deflection    wrt to 

experimental results  for  both the aluminium alloys 

specimen and cold formed stainless steel specimen  is 

plotted as shown  below 

1)  For  (AL1 & S1)     

        

 

2)  For  (AL2 & S2) 

 

 
 

 

 

 

S. 

No. 

Specimen 

No 

Ultimate    

Load 

(kN) 

Buckling 

Strength 

(Expt) N/mm
2
 

Buckling 

Strength 

(ANSYS) 

%Age 

Variation 

Deflection 

(Expt) In 

mm 

Deflection 

(ANSYS) 

In mm 

%Age 

Variation 

1 S1 27.95 279.50 289.767 3.54 1.14 1.25 10.23 

2 S2 27.40 274.00 280.57 2.34 3.25 3.29 1.21 

3 S3 22.550 325.50 333.444 2.38 3.46 3.57 3.08 

4 S4 30.050 300.50 312.517 3.86 1.14 1.23 7.37 

5 S5 30.900 309.00 322.437 4.16 3.61 3.68 1.90 

6 S6 25.80 258.00 264.012 2.27 2.02 2.03 0.50 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

578 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 4, ISSN: 2277 – 5668 

3)  For  (AL3 & S3) 

 

 
 

4) (AL4 & S4) 

 

 
 

5) (AL5 & S5) 

 

 
 

6) (AL6 & S6) 

 

 
 

4.6.2 A) Ultimate load vs Specimen  (experimental) 

 
 

b)  Ultimate load  vs  specimen   (ANSYS) 

 
 

4.6.3 Comparison  
The comparison for the experimental and the FEA 

results   are tabulated with respect to the ultimate loads, 

deflection and the compressive strength .The comparisons 

are tabulated as in table below 

1) Buckling strength comparison for  ANSYS  and 

Experimental (Aluminium alloy ) 

 
 

2) Compressive strength comparison for ANSYS and 

Experimental (stainless steel) 

 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

579 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 4, ISSN: 2277 – 5668 

3) Deflection comparison for ANSYS and Experimental    

(Aluminium alloy) 
 

 
 

4) Deflection   comparison for ANSYS and Experimental 

(Stainless steel) 
 

 
 

5) Ultimate load vs specimen (Al-alloy specimen) 
 

 
 

6) Ultimate load vs specimen (Stain less steel  alloy 

specimen 
 

 

V. CONCLUSION 
 

The results obtained from FEA that is the load carrying 

capacity of the cold formed C-channel is compared against 

the ultimate load obtained from experimental results The 

buckling behaviour of channel sections exhibited in the FE 

models was validated using experimental investigations 

The FEA and the experimental results helped in better 

understanding of the buckling behaviour of an open lipped 

C-channel. The results revealed that the ultimate load 

frequently varied with respect to the distances of the 

perforations from each other 

From  Table 2 and Table 2.1    ,the experimental results 

shows that for the  specimen bearing number 3 both  

Aluminium and stainless steel alloys showed  high value 

of ultimate load and buckling strength it is evident that 

load capacity of the perforated cross sections is, in general, 

less than in net cross sectional area. These sections suffer 

substantial local buckling 

The project proves that at optimum distances of 

perforations from each other gives high ultimate and 

buckling strength and the perforations which are near to 

the ends show less load carrying capacity as in specimen 5 

& 6 for both Aluminium Stainless steel alloys 

The project gives an idea of utilizing the combination of 

perforation having high ultimate strength   that can be used 

in weight reduction technique. Finite Element Analysis 

can be used in predicting the ultimate strength of cold-

formed steel of C-sections with/without perforations. 

 

SCOPE FOR FUTURE WORK 
 

The overall objective of this project is to investigate 

buckling behaviour of cold-formed steel open lipped C-

channel columns with perforations subjected to buckling 

load.  

The future work includes, studying the influence of the 

different column testing parameters such as cross-section, 

specimen length, presence or absence of perforations, 

perforation size, shape, position, and end condition on 

ultimate strength of column members subjected to 

compression loading. This involves the use of finite 

element analysis and further experimental validation. 
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