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Problem

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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Problem

What is a cold-formed steel portal frame?

¢ Viable alternativeSustainable Popular in Australia/NZ
x 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.
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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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Benchmark - VULCAN
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Site Test Results — finite element

i AUQ 12 09:33:35 GMT Dayight Tme :‘Jl‘
-
E

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
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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.
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Full building geometry model

Model Type Failwre Temperature Vanance with EXP
(°C) (%)
Full-scale test 714 na
NLFEA shell single 682 448
NLFEA shell full building geometry 704 1.40
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Extended Study

Further investigations to determine influence of SCI guidance, sensitivity of connection
stiffness, in-plane restraint and a realistic design scenario.
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Imperfections

Without imperfections
665 degrees

!
l [/j
‘ With imperfections
662 degrees
Minimal temperature

Bl

difference
Change in failure
mechanism

Effects depend on
span/height ratios

) S

Collapre phase for madel one (mith perfect prometry): & m span frame 5.3 Collapse p!uu for model two (nith fmpet Tt grossey 2 6 m span
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Potential for Application of Results

* 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
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22 m span frame — Like for Like comparison with SCI
P313 guidance
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22 m span frame — Like for Like comparison with SCI
P313 quidance

Fig. 8.6 NLYEA shell model of 22 m span frame: displacement and buckling
under apphlied vertical load at ambient temperature

Fig. 8.7 NLFEA shell model of 22 m span frame: local and flexural buckling of
the knee brace member
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22 m span frame — Like for Like comparison with SCI
P313 guidance
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22 m span frame — Like for Like comparison with SCI

P313 guidance

As expected, models with fully pmned bases resulted m an outwards sway
failure when :dealised ineplane restramnt is not provided. Therefore fully

paaned bases should not be used 1a fire boundary conditions

If m-plane restramt 15 not provaded. NLFEA models of cold-formed frames
were susceptible o ourwards sway collapse mechamsm under varving fire
seenaros. Therefore, adequate provision should be made to enswre continned

meplane restramt from the side-ratls and fire rating cladding

Intial geometnc umperfections have mummal effect on the faslure
temperature, but can affect the type of collapse mechanism 1n some mstances,

when the fully pisned condition was used

Difterent fire scenamos should be consudered to allow for comservative

design.
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Proposed amendment to design guidance
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Fig. 9.3 Side view of proposed column base detail
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Fig 95 Propowd column and tide-radl fire protection
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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 mechanismes.

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
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Further Information: Email Did

ross@hannaandhutchinson.com
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