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Introduction

• In the Green Book (Joints in Steel Construction: Simple 
Connections), simple steel connections are regarded as 
flexible and ductile, and designed to transmit only shear 
force. 

• In order to maintain structural integrity and resist 
disproportionate collapse under accidental loading, 
British Building Regulations and design codes require 
beam to column connections to be capable of transferring 
a horizontal tying force.



Failure Mechanisms 
of Steel Connections

Bolt fracturing and end plate 
splitting, Cardington Test

Thread stripping , Al-Jabri
connection tests, Spyrou T-
stub tests
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Test Set up  

Test set up for flexible  end 
plates



Connection Test Results 

Ultimate Load VS Rotation for Flexible End Plates ( 35 degree)
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Connection Test Results 

Ultimate load VS Rotation for Flexible End Plates ( 45 degree) 
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Connection Test Results 

Ultimate Load VS Rotation for flexible end plate (5 5 degree)
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Simulation of Fracture of 
Flexible End Plates 

1. Simulation of stress-strain distribution in flexible end 
plates (hu1.avi)

2. Simulation of stress-strain distribution in a crack model for 
flexible end plates (hu2.avi)

3. Simulation of crack development (hu3.avi)



Discussion and Conclusions 

1. Increase of temperature leads to the reduction of tying resistance

2. Simple connections may not be as ductile as assumed in the Green Book 
at high temperatures

3. Failure mechanism for flexible end plates is fracture of end plate at both 
normal and high temperatures

4. The rotation capacity at high temperatures is significantly smaller, 
compared to the ambient rotation 



Plan for the Ongoing 
Research 

1. Validate the cohesive finite element model (for predicting the fracture load) 
with experimental results

2. Develop the robust component model for flexible end plates
- Use experimental data to validate the component model
- Use finite element model to expand the understanding  

3. Program the component model into the frame analysis software ( VULCAN, 
developed by University of Sheffield)

4. Examine the effect of joint response with considering the frame behaviour
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Questions
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