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Abstract— The cold formed steel section vastly used as 

secondary member. In this paper focused on it is used as 

primary compression member. Cold-formed steel sections 

are usually formed in channel sections, Z-sections, hat 

sections, angle sections and other sections due to the 

manufacture process, and these sections are categorized as 

open sections. These sections can be also formed by 

connecting two or more sections together, for examples, an 

I-section formed by connecting two channel sections back-

to-back, and a box section formed by connecting two 

channel sections in the flanges. Thickness of the section is 

2.5mm and length is 800mm. These sections may fail by 

local buckling due to their short length. However, cold-

formed steel sections can be strengthened by forming edge 

and web stiffeners in the I-shaped sections. Moreover 

providing spacing 25mm between two channels. Ultimate 

load is predicted from ABAQUS then it is compared with 

experimental result. Therefore, the focus of this study is to 

investigate the cold-formed steel I-shaped open sections 

with edge and web stiffeners. 

Key words: Cold-Formed Steel, Buckling Behaviour, Edge 

Stiffener, Open Section, Web Stiffener 

I. INTRODUCTION 

All over the world, applications of thin-walled sections have 

been a growing demand in all the engineering industry due 

to their low self-weight, high performance of structural 

systems with uniform quality, simple fabrication process 

and cost-effective in both transport/erection. Cold-formed 

steel sections can be used effectively as a structural element 

in cases where hot-rolled sections or others are not efficient. 

Thin sheet steel products are extensively used in building 

industry, and range from purlins to roof sheeting and floor 

decking. Generally these are available for use as basic 

building elements for assembly at site or as prefabricated 

frames or panels. These thin steel sections are cold-formed, 

i.e. their manufacturing process involves forming steel 

sections in a cold state (i.e. without application of heat) from 

steel sheets of uniform thickness. These are given the 

generic title Cold Formed Steel Sections. Sometimes they 

are also called Light Gauge Steel Sections or Cold Rolled 

Steel Sections. The thickness of steel sheet used in cold 

formed construction is usually 1 to 3 mm. Much thicker 

material up to 8 mm can be formed if pre-galvanised 

material is not required for the particular application. The 

method of manufacturing is important as it differentiates 

these products from hot rolled steel sections. Normally, the 

yield strength of steel sheets used in cold-formed sections is 

at least 280 N/mm2, although there is a trend to use steels of 

higher strengths, and sometimes as low as 230 N/mm.  

Manufacturers of cold formed steel sections 

purchase steel   coils of 1.0 to 1.25 m width, slit them 

longitudinally to the correct width appropriate to the section 

required and then feed them into a series of roll forms. 

These rolls, containing male and female dies, are arranged in 

pairs, moving in opposite direction so that as the sheet is fed 

through them its shape is gradually altered to the required 

profile. The number of pairs of rolls (called stages) depends 

on the complexity of the cross sectional shape and varies 

from 5 to 15. At the end of the rolling stage a flying 

shearing Machine cuts the member into the desired lengths. 

An alternative method of forming is by press - braking 

which is limited to short lengths of around 6 m and for 

relatively simple shapes. In this process short lengths of 

strip are pressed between a male and a female die to 

fabricate one fold at a time and obtain the final required 

shape of the section. Cold rolling is used when large volume 

of long products is required and press breaking is used when 

small volumes of short length products are produced. 

II. EXPERIMENTAL INVESTIGATIONS 

A. Test Procedure and Material Used 

Experimental test specimen is tested in the compression 

testing machine. I shaped open symmetric section with web 

and edge stiffeners is selected for testing. This I shaped open 

section was connected by two lipped channel section with 

web stiffener. This lipped channel section is connected back 

to back by cover plate using weld.  Due to symmetric this 

have high torsional rigidity. The web stiffened element is 

inclined at 45ᵒ. Thickness of the specimen is 2.5mm and 

length of the column is 800mm so it is short column. 

Boundary condition is fixed end condition and axial load is 

applied on the C.G of the column. During testing of the 

column strain is measured using strain gauge it is fixed at 

midpoint of the web at both side of the column. Deflection 

is measured using LVDT it is fixed at bottom and middle of 

the column. 

 
Fig. 1: Details of cold formed steel section 
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B. Experimental Setup 

 
Fig. 2: 

III. RESULTS AND DISCUSSION 

 
Graph 1: Comparison of load axial deflection curve for 

column with spacing 

The above graph1 shows a load Vs axial deflection. the load 

Vs deflections predicted by ABAQUS then compare with 

experiments. Load deflection values are linear up to 216 kN 

then load value is decrease but deflection range is increased. 

Hardening giving the ultimate load of 220 kN from 0.85 mm 

to 2.63 mm deflection. Similarly graph2 shows load Vs 

lateral deflection this is also linear upto 216kN but 

deflection value is less compare to axial deflection. Ultimate 

load is 220kN from 0.03mm to 2.68mm lateral deflection. 

The ABAQUS values of ultimate load 229kN and relative 

deflection is 1.46mm. 

 
Graph 2: Comparison of load lateral deflection curve for 

column with spacing 

 
Graph 3: stress Vs strain behaviour for column with spacing 

Similarly stress Vs. Strain graph shows linear 

proportionality up to 110 N/mm2 stress, then slope of the 

line changes as section changes elastic state to elasto-plastic 

state. The maximum stress value obtained is 110.25 N/mm2  

for strain value 0.115. 

 
Graph 4: Comparison of load axial deflection curve for 

column without spacing 

 
Graph 5: Comparison of load lateral deflection curve for 

column without spacing 

In graph4 shows the relation between load and 

axial deflection. The load Vs deflection is linear 

proportionality up to 164kN then it is change elastic stage to 

plastic stage. The ultimate load of the column in the actual 

test is 172kN and corresponding deflection is 

6.92mm.similarly the software (ABAQUS) values were 

178kN and relative deflection 7.2mm. graph5 shows load Vs 

lateral deflection. The load value linear up to 168kN. 

Ultimate load is 172kN and corresponding deflection is -

3.81mm. 
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Graph 6: Load Vs strain behaviour for column without 

spacing 

Stress vs. strain graph shows linear proportionality 

up to the Ultimate stress. As it is cold formed section, it 

remains in elastic state up to the failure load. The maximum 

stress value obtained is 81.2 N/mm2 for strain value 0.109 

A. Finite Element Method Results 

 
Fig. 3: Deflection of column without spacing 

 
Fig. 4: Stress distribution 

The above fig 2 indicate deflection of the column 

without spacing. The maximum deflection value of 

ABAQUS software is 7.02 and ultimate load is 178kN. 

Local buckling is occur in the full length of flange. The 

deflection is high near the midpoint of the section so lateral 

deflection is -3.74mm. From fig 3 indicate stress distribution 

stress value maximum in the flange area from ABAQUS 

stress is 94 N/mm2. In the stress distribution yellow colour 

indicate maximum stress value. 

 
Fig. 5: Deflection of column with spacing 

 
Fig. 6: Stress distribution 

From above fig4 the maximum axial deflection of 

column with spacing is 5.98mm and ultimate load is 229kN. 

Similarly the local buckling is occur in the flange length. 

Maximum lateral deflection is 4.31mm. From the result load 

carrying capacity of the column is increased due to 

provision of spacing also provision of web and edge 

stiffener increase.in the fig 5 indicate stress variation of the 

column. Stress value is 130 N/mm2. From the fig stress 

distribution occur in the flange of the column.  

specime

n 

Ultimat

e load 

(kN) 

Axial 

deflection 

(mm) 

Lateral 

deflection 

(mm) 

% 

increase 

in 

capacity 

Column 

without 

spacing 

172 6.52 -3.81 

21.8 
Column 

with 

spacing 

220 4.68 1.88 

Table 1: Experimental results 

The load carrying capacity of the column has been 

increased by 21.8 % due to the provision of spacing 
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B. Substantiation of the finite element model 

  
Fig. 6: local buckling for specimen (column without 

spacing) 

  
Fig. 7: Local buckling for specimen (column with spacing) 

Fig 6&7 indicate failure modes of the column predicted by 

ABAQUS are compared with experiments. Moreover, the 

failure modes of column is similar in both ABAQUS and 

experiments. Ultimate load of the column is predicted 

numerically (PABAQUS) are compared with experimentally 

(PEXP) mention in the table 2 and good conformity is 

achieved. Similarly stress, strain and deflection values are 

predicted. From this study, it is observed that ABAQUS 

value near to the test result. The mean and standard 

deviation of  PABAQUS/PEXP are 1.03 and 0.01, respectively. 

Specimen 

details 

Ultimate Load 

(kN) PABAQUS/PEXP 

PABAQUS PEXP 

Column 

without 

spacing 

178 172 1.03 

Column with 

spacing 
229 220 1.04 

Mean - 1.03 

SD - 0.01 

Table 2: Comparison between experimental and Analytical 

Results 

IV. CONCLUSION 

 The properties of cold-formed steel were studied and 

the buckling behaviour of several cold formed steel 

members has been analysed. 

 Ultimate load carrying capacity of the section was 

increased due to provision of spacing. 

 Load carrying capacity of the column increased by 

providing web and edge stiffeners. 

 The cold formed built-up steel section has been 

analysed using ABAQUS software and maximum load 

carried by the specimen was 229 kN with spacing. 

 The load carrying capacity of the column has been 

increased by 21.8 % due to the provision of spacing. 
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