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Determine the collapse behaviour of cold-formed steel portal frame structures

at elevated temperatures (fire).

Provide guidance to prevent undesirable outwards collapse mechanism.
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What is a cold-formed steel portal frame?

Viable alternativeSustainable Popular in Australia/NZ
Joints possess reduced capacity Limited research + guidance 
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Current Practice – portal frames in fire boundary conditions
Only available for hot rolled steel portal frames. Based on SCI P313 Guidance
Document. No such guidance for cold-formed steel portal frames.

Potentially unsafe to use this for cold-formed steel portal frames. Require a prominent
amendment to cover cold-formed steel frames.
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OUTPUT:- JOINT RIGIDITY + AMBIENT VALIDATION
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Site Test Results - displacement
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Verification (i)

Problem Planning Site Test      Results FE Output

http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795
http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795


Benchmark - VULCAN
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Verification (i)
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Site Test Results – finite element

Shell Finite Elements – more complex than beam but able to model accurate 
geometry and capture complex buckling modes of the thin walled structures
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Site Test Results – finite element

Variance in FE and EXP due to beneficial effect of purlins, side-rails and cladding?
Single portal frame model not able to accurately model this, need a multi-bay portal frame
arrangement.

ERROR?

INTEGRITY
--------------
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Full building geometry model
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Further investigations to determine influence of SCI guidance, sensitivity of connection
stiffness, in-plane restraint and a realistic design scenario.

Extended Study
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Imperfections

Without imperfections 
665 degrees

With imperfections 
662 degrees

Minimal temperature 
difference

Change in failure 
mechanism

Effects depend on 
span/height ratios 
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• NLFEA model to predict collapse behavior
• Practical design guidance for engineers 
• Base for further research into the behaviour of such 
structures at elevated temperatures.

•Design Procedure
•Critical Temperature
•Influence of purlins/side rails
•Effect of fire scenario
•Base fixity and Overturning moment

Potential for Application of Results
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22 m span frame – Like for Like comparison with SCI 
P313 guidance
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Proposed amendment to design guidance
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Fire Boundary Conditions

Base fixity and  in-plane restraint from side-rails have a 
beneficial effect in preventing premature collapse and un-
desirable collapse mechanisms. 

As the fixity of cold-formed steel portal frame bases cannot 
be correctly quantified or regulated, it is recommended that 
side-rails are protected along their entire length along the fire 
boundary to prevent sway failure. (Top side rail gives largest 
lever arm!)

Model fire boundary frames using validated NLFEA to predict 
behaviour of frame

Problem Planning Site Test      Results FE      Output

http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795
http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795


Current Work

Benchmark with SAFIR

Problem Planning Site Test      Results FE      Output

http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795
http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795


ACKNOWLEDGEMENTS

• Hanna + Hutchinson Consulting Engineers

• Queen’s University Belfast School of Planning, Architecture & Civil Engineering.  
Dr James Lim, Dr Mohammed Sonebi, Professor Cecil Armstrong

• IStructE, ICE & EcoSteel

• DEL Funding Body

• COST European Network: Integrated Fire Engineering and Response

Problem Planning Site Test      Results FE      Output

http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795
http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795
http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795
http://www.google.co.uk/url?sa=i&rct=j&q=qub+logo&source=images&cd=&cad=rja&docid=3-aNiEEa4R7zaM&tbnid=0c0pA96nVq9xxM:&ved=0CAUQjRw&url=http://www.thenafl.co.uk/teams/id/64&ei=z_UTUaGJHuGN0wXmyoCQCg&bvm=bv.42080656,d.d2k&psig=AFQjCNFQyhNSG9g6zwq487RpLMTm8NHkIQ&ust=1360348227173795


Further Information: Email ross@hannaandhutchinson.com
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Thank you. Questions?

Contact: Ross Johnston
ross@hannaandhutchinson.com

www.hannaandhutchinson.com
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