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ABSTRACT: The study of connection is crucial in any type of structure because it is always desirable that the structural 
member should fail first instead of the connection. If the structural connection fails before the failure of the member then 
there will be always a brittle failure and catastrophic. The main aim for our present study is to increase the use of cold 
form steel in steel structures by studying cold form steel connections. Usually cold form steel is used only in purlins of 
truss, non-load bearing wall, partition walls, floor deck system etc. In this project we tried to study the application of cold 
form steel in partially restrained beam-column screwed connection by determining load carrying capacity of various 
connection configurations. The connection is designed based on BS-5950-5 1998. Present study is focused on four types of 
connection namely connection with 1 mm thick beam-column connector using double rows of screws (Model 1), 
connection with 1 mm thick beam-column connector and angel section using double rows of screws (Model 2), connection 
with 2 mm thick beam-column connector using double rows of screws (Model 3) and connection with 2 mm thick beam-
column connector and angle section using double rows of screws (Model 4). First connections are analyzed experimentally 
by fabricating the structure and those similar models were analyzed by FEM analysis using CATIA, HYPERMESH and 
ANSYS software’s. 
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1. INTRODUCTION 

Steel framing has befall to be a widely practiced construction choice in residential house and medium to low rise building 
construction, as it is on higher side when compared to conventional construction methods because of its advantages like 
dry and rapid construction, high quality controlled, cost and time saving, minimizing construction wastes and increasing 
sustainable development by reducing the use of timber materials. Structural steel system is generally classified into hot 
rolled sections and cold formed sections. Depending upon method of forming in their process of manufacturing, these steel 
are distinguished. Hot rolled steel sections are fashioned under high temperature up to 1400ºC in electric arc furnace or 
blast furnace, while the Cold-formed steel sections are manufactured in near to room temperature from steel sheets of 
uniform thickness. This difference in the manufacturing process makes the properties of hot rolled and cold formed steel 
variable in terms of structural performance, strength and failure mode. These are specifically titled Cold Formed Steel 
Sections. Sometimes they are also known as Light Gauge Steel Sections or Cold Rolled Steel Sections.The thickness of steel 
sheet used in cold formed construction is usually 0.8 to 4 mm. Much thicker material up to 8 mm can be formed if pre-
galvanised material is not necessary for the particular application. Normally, the yield strength of steel sheets used in cold-
formed sections is a minimum of 280 N/mm2. However there is a trend to use steels of higher strengths of 450 and 550 
N/mm2. Cold formed steel can be manufactured in two processes, such as brake pressing and rolled formed. Roll forming 
consist of passing a continuous steel strip through a series of opposing rolls to progressively deform the steel plastically to 
form the required shape. 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 arranged in pairs, moving in opposite direction so that as the sheet is passed through 
them, its shape is gradually changed to the required section profile. The number of pairs of rolls (called stages) depends 
upon the complication of the cross sectional shape and varies from 5 to 15. At the end of the rolling stage, a flying shearing 
machine cuts the profile into desired lengths. Brake pressing normally involves producing one complete fold at a time 
along the full length of the section using brake press dies. For section with several folds, it is normally necessary to move 
the steel plate in press and to repeat the pressing operation until accuracy is obtained of the required profile.Roll forming 
is adopted to produce sections where large quantities of a given shape are required. The initial costs of tooling is more 
however the subsequent labour cost is less. Brake pressing is adopted to produce sections when there is low volume 
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production,  where a complexity of shapes are required. The roll forming tooling cost is high which is justified because of 
complex shapes.To protect the members from corrosion, the steel is galvanized which improves its durability. The yield 
strength of the cold formed light gauge steel will increase by 15-30% due to cold forming by the process of strain 
hardening. 

1.1 Objective of the thesis. 

The fine purpose to study the cold form steel connection is to boost the application of cold form steel in structures. 
Connection consumes most of the fabrication cost in steelwork construction, reduction in cost can be done by adopting 
semi-rigid connection. Diminutive information on the structural performance of moment connections using self-tapping 
screws among cold-formed steel sections may be established from literature. An attempt has been made to study the 
behaviour of beam-column connection with different configuration using self-tapping screws. The connection design lies 
on the pedestal of semi-rigid criteria carried out using BS:5950-5-1998(Part 5 Code of practice for design of cold formed 
thin gauge sections). The different configuration models are fabricated and physical tests are carried out to obtain 
experimental results. Further FEM analysis is carried out and results are compared. 

The four connections studied are as follows: 

1. Connection with 1mm thick beam-column connector using double row of screws (Model 1) 
 In this type of connection, beam and column are connected using 1 mm thick hot rolled beam-column 
connector with 4 number of screws. 

2. Connection with 1 mm thick beam-column connector and angle section using double row of screws (Model  
 In this type of connection, beam and column are connected using 1 mm thick hot rolled beam-column 
connector and angle plates with 4 number of screws. 

3. Connection with 2 mm thick beam-column connector using double row of screws (Model 3) 
 In this type of connection, beam and column are connected using 2 mm thick hot rolled beam-column 
connector with 4 number of screws. 

4. Connection with 2 mm thick beam-column connector and angle section using double row of screws (Model  
 In this type of connection, beam and column are connected using 2 mm thick hot rolled beam-column 
connector and angle plates with 4 number of screws. 
 

All these four types of connections are modelled in software CATIA and finite element analysis is carried out using FEM 
package HYPERMESH and ANSYS. Experimental test are carried out by cantilever arrangement using loading frame set in 
UTM machine. 
 

2. ANALYSIS OF THE CONNECTION 

2.1: EXPERIMENTALANALYSIS OF THE CONNECTION 

2.1.1: Modelling of the connection 

The hollow box or tube section required for the beam and column is obtained by connecting two cold formed C sections 
with the help of self-tapping screws of span 500 mm. A special type of connector is adopted welded toe-to-toe  using hot 
rolled plates to form beam-column. Hot rolled angle plates are also used to connect beam and column flanges at top and 
bottom. 

 

       Fig1.1 :ANGLESECTION                      Fig1.2:BEAM AND COLUMN SECTION              Fig 1.3:BEAM-COLUMNCONNECTOR 

2.1.2: Experimental Analysis of Models. 

The cold formed beam and column sections are of span 500 mm and yield stress of 550 MPa. The beam  is placed at centre 
of column of height 500 mm to form a cantilever arrangement. The beam-column connector and angles are hot rolled with 
a yield stress of 250 MPa. The self tapping screws used are specially designed for sheet metal fastening. The connection 
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setup is fixed onto the loading frame which is fixed in all six degrees at top and bottom.  The vertical point load was 
applied to the beam at the tip of free end by the arrangement as shown in the figure below. The load is applied in 
incremental uniform pattern and the corresponding deflections are noted down by using dial gauge which is placed below 
the line of application of load. The load is applied till the failure of the connection i.e, constant load is achieved with 
imcreasing displacement. 

 

Fig 2-1: Experimental Setup of Model with loading frame. 

2.2: FINITE ELEMENT ANALYSIS OF THE CONNECTION 

The different types of connection are firstly modelled using CATIA software. These models with their geometry intact 

secondly are imported to Hypermesh as it is a high performance meshing software, where fine meshing of the models 

using 2D quadrilateral element is carried out and later material properties and boundary conditions are imposed and the 

load is applied at free end.  Lastly, these models are exported in ‘.cdb’ format so that it can be imported to ANSYS for 

analysis purpose. 

Following are the steps involved in FEA analysis by taking connection Model 1 as an example: 

1. Initially, the models from CATIA are imported to Hypermesh as a plane i.e, without assigning any material 
properties. 

2. The entire assembled connection is separated part by part like column, beam, beam- column connector and angle 
plate  

3. Mid surface is extracted from the separated components. Since the section are thin, so the outer parts are meshed 
first, then offset is given so half the thickness will get meshing for mid surface also. 

4. Rigid spider elements are adopted in the place of screw once the meshing for mid surface is completed.  
5. Isotropic material properties are assigned to the elements. Following values are entered before assigning material 

property. 
(a) Density ‘ρ’ = 7.9 X 10-5 N/mm3 
(b) Young’s Modulus ‘E’ = 2.05 X 105 N/mm2 
(c) Poisson’s Ratio ‘υ’ = 0.3 

6. Now sectional properties are assigned to the elements which are 2-D type so that thickness to the sections is 
incorporated. 

7. Boundary conditions are imposed to the assembly. The column is fixed at top and bottom so that restraint in 6 
DOF (degree of freedom) is provided as shown in the figure below. 

8. The user profile is then changed to ANSYS, then the model is exported to ANSYS as cdb format. The model is then 
imported in ANSYS and the load is applied at free end of the beam. 

9. After analysis, the results are obtained from the ANSYS software. The results obtained from the analysis are 
displacement of the beam, rotation of the beam, Von Mises Stress. 
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Fig 2.2: Plane Model without material properties.    Fig 2.3: Mid surface along the Section 

 

Fig 2.4: Fixed restraint at top and bottom of the Model. 
 

The remaining three models i.e, Model 2, Model 3, Model 4 are analyzed step-by-step in similar fashion. The following are 
the fine meshed models. 
 

3. EXPERIMENTAL AND FINITE ELEMENT ANALYSIS RESULTS 

The four models are analysed experimentally and analytically using Finite Element tools like Hypermesh and ANSYS 
software with analogous material and support conditions. The results of experimental and analytical results are tabulated 
and graph is drawn for respective connections. The table consist of load, deflection, moment and rotation of all models. A 
graphical plot of Moment v/s Rotation is represented and the slope of the plot gives initial stiffness. 

 

Fig 3: General plot of Moment v/s Rotation. 

Initial Stiffness = Moment/Rotation. 

-m/rad 

Where, k = Initial Stiffness of the connection. 

 M = Moment 

  

The initial stiffness k is calculated using the graphical plot of moment v/s rotation by using the above relation..The 
moment is obtained by multiplying the corresponding load with the distance from point of application of load to the face of 
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the column(lever arm) in case of Experimental analysis whereas in case of FEM analysis, the moment is obtained by 
multiplying the Von Mises stress with the section modulus of the section. The rotation in readily available in FEM analysis, 
whereas in case of Experimental analysis, the rotation is obtained  using Deflection and lever arm relation. 

The ratio of moment resistance obtained from FEM and experimental analysis is calculated and given by,Model Factor = 
(Moment Resistance measured from FEM analysis)/(Moment Resistance measured from experimental analysis) 

The following are the experimental result of all types of connections. 

3.1: Summary of experimental results 

Table 3.1: Summary of Experimental results. 

Type of 
Connection 

Load  

(kN) 

Displacement 
(mm) 

Ultimate 
Moment 
(kN) 

Rotation 

 (radians) 

Initial  

Stiffness 

(kN-m/radian) 

Model 1 0.8 13.4 0.4 0.0268 13.63 

Model 2 1.6 21.1 0.8 0.0422 18.71 

Model 3 1.2 17.2 0.6 0.0344 16.9 

Model 4 2.0 25.2 1.0 0.0504 20.0 

 

3.2: Summary of Analytical(FEM) results 

Table 3.2: Summary of Analytical(FEM) results. 

Type of 
Connection 

Load in 

(kN) 

Displacement 
(mm) 

Ultimate 
Moment 
(kN-m) 

Rotation 

 (radians) 

InitialStiffness 

(kN-m/radian) 

Model 1 0.8 8.0061 0.14291 0.0208 6.87 

Model 2 1.6 16.78 0.29015 0.02761 7.23 

Model 3 1.2 15.58 0.0252 0.159 0.1583 

Model 4 2.0 21.24 0.0421 0.29 0.1439 

 

3.3: Summary of Experimental, Analytical(FEM) and Theoretical results. 

Table 3.3: Summary of Experimental, Analytical(FEM) and Theoretical results. 

Type of 
Connection 

MrEXP 

(kN-m) 

MrFEM 

(kN-m) 

Md 

(kN-m) Moment Ratio 

Model 1 0.4 0.14291 8.364 0.048 

Model 2 0.8 0.29015 8.364 0.096 

Model 3 0.6 0.0252 8.364 0.072 

Model 4 1.0 0.0421 8.364 0.12 
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3.4: Model Factor 

Table 3.4: Model factor. 

Type of 
Connection 

Mr(EXP) 

(kN-m) 

Mr(FEM) 

(kN-m) 

Model Factor 

 

Model 1 0.4 0.14291 0.357 

Model 2 0.8 0.29015 0.363 

Model 3 0.6 0.0252 0.042 

Model 4 1.0 0.0421 0.0421 

 

 

               Fig 3.5:ANALYTICAL (FEM) PLOT OF ALL MODELS    

Fig 3.6:EXPERIMENTAL PLOT OF ALL MODELS 

 

 

 

 
Fig 3.7: EXPERIMENTAL AND ANALYTICAL (FEM) PLOT OF ALL MODELS 

 
Moment v/s Rotation curves are plotted for each connection Model based on the results obtained from Experimental and 
Analytical(FEM) analysis. This curves unveil the true behaviour of connection. The FEM analysis considers failure of the 
section when the stress touches its yield value or grade of steel. The yield strength of cold formed section adopted is 550 
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N/mm2 . The failure in Experimental analysis is considered when there is rising displacement with a constant or stable 
load. 

All the connection Model in Analytical(FEM) analysis have undergone failure due to torsional buckling of the beam at a 
point where vertical load was applied. However the failure in Experimental analysis is due to tension weld failure of beam-
column connector and distortion of angle plate and screws. The load carrying capacity of Model 2 is greater than Model 1 
and Model 4 is greater than Model 3 both in experimental and analytical (FEM) analysis because of the configuration 
provided i.e, increase in thickness and provision of angle sections.   

From Experimental analysis, the ultimate moment capacity of Model 4 is higher when compared to other Models. However 
Analytical (FEM) analysis shows that Model 1 and Model 2 have higher ultimate moment capacity in comparison with 
Model 3 and Model 4. This is because of provision of rigid connection for weld in beam-column connector in FEM analysis. 
The moment-rotation curve overlaps for Model 1 and Model 2 and also for Model 3 and Model 4 in case of Analytical (FEM) 
analysis. 

4. CONCLUSIONS 

1. It was observed from the study that the thickness of the connecting plate plays a very important role.  

2. It was observed that as the thickness of the connecting plate varies the moment capacity increases.  

3. It was observed that the multilinker variation of Moment-Rotation curves of Experimental results with increasing initial 
stiffness from Model 1 to Model 4.  

4. There are variations in FEM analysis when compared to the experimental analysis due to rigid condition and failure 
modes. 

 5. It was observed that Model 1 and Model 3 have larger rotation at smaller loads when compared to Model 3 and Model 4. 

 6. It was observed due to the presence of angle plate and increase in thickness of connector, the load carrying capacity of 
Model 2 and Model 4 is higher compared to Model 1 and Model 3.  

7. From test results, it was observed that Model 2 and Model 4 have high moment capacity of about 13-15 % of moment 
capacity of beam section. 

 8. It was observed that the adequacy obtained from Analytical (FEM) Model factor is 0.35. 

 9. The FEM analysis can be used to forecast the behaviour of the connections with reduction in expenditure and time.  

10. In case of FEM analysis, connections failed by torsional buckling of beam where the load was applied and in case of 
experimental analysis, connection failed by tension weld failure of beam-column connector and distortion of angle plate. 

5. SCOPE FOR FURTHER WORK 

1. Innovative connections can be designed by studying different connection configurations. 
2. The same connections as studied in this project can be analysed again by using different fasteners. 
3. More studies on Model factor can be carried out in order to increase the adequacy. 
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