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• Case study of an advanced SFE project

• Iconic building

• Complex structural form

• Challenges in modeling

• Design process
• Design fire
• Modeling assumptions and techniques
• Output and results
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• 288m (62 levels)

• Tubular structure and external diagonal 
bracing (Diagrid)

• Office use
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Irregular beam arrangement

Cellular beams

Partial shear 
connection between 

slab and beam

Connections
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External diagonal grid (diagrid) structure 
to resist lateral loads (wind)

External composite columns

Trapezoidal profile concrete slab

Outer frame spanning 
multiple floors
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• Fire resistance = 120 minutes to ABD (Prescriptive)
• Proposal to reduce the fire resistance to 90 minutes and leave 

some members unprotected
• Performance based approach

• Requirements of the Building Regulations
• Life safety
• Property protection
• Extreme events (not considered)

• Acceptance criteria agreed with Approving 
Authority to assess output and performance of the 
structure
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DESIGN FIRE
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• Different floors considered
• Floor area
• Compartment height
• Range of possible fires

• Parametric Fire
• BS EN 1991-1-2:2002
• Fuel load
• Ventilation
• Safety factors

• Standard fire as reference

• Cooling phase
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Summary of design fires at 
different levels with 25% 
ventilation

Comparison of steel 
temperatures resulting from 

design fires with 25% ventilation

Heat transfer to BS EN 1993-1-2:2005
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• Design Fire
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STRUCTURAL MODELLING 
ASSUMPTIONS
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Level 2  
Megaframe level 

 

Level 3  

Level 4  

Level 5 
Megaframe level 

 

Level 6 

Level 7 

Level 8   
Megaframe level 

Analysed floor 

• Upper level model

• Slender columns

• High wind load

• 2 Lower models

• Long span beams

• Behaviour of diagrid

3 Models to 
fully analyse 

building
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• Challenges in modelling this structure

• Irregular beam layout - No lines of symmetry

• Diagrid structure - Never been analysed in fire before

• Cellular beams - Need to address issue of web-post buckling

• Composite columns - Little test data available – how to model?

• Partial shear connection - How to account for this?

• Trapezoidal concrete deck - Temperature of the beam’s upper flange

• Connections - Incorporating all connection capacities
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• Sub-model
• Cellular beams
• Web-post buckling

• Limiting temperatures

• Long span region chosen

• Results to validate larger models

Appropriate 
boundary conditions 

applied to capture 
realistic behaviour
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• Proposed fire protection 
arrangement

• Aim to create rectangular 
bays of protected beams

• Secondary beams within 
bays to be left unprotected
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• Diagrid behaviour captured 
using rigid body connections

• Allows forces to be pass 
around and through the 
structure

• No need to model all floors 
explicitly
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• Composite columns
• Poorly understood in fire
• Methodology to model

• Conservative

• Un-reinforced concrete

• High strength concrete
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• Trapezoidal deck
• Voids proposed to be 

unfilled (un-protected)
• Top flange unprotected
• Heat conducted into beam 

via top flange
• Heat transfer conducted to 

assess temperature of 
beams

• Cost saving to not 
filling voids
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• Typical beam temperatures
• Hp/A of web and individual flanges
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• Simplification of slab
• Equivalent flat slab
• Temperatures throughout slab depth
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STRUCTURAL ANALYSIS
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• Monitoring of output

• Deflections of beams and columns
• Runaway failure - stability
• Compartmentation

• Strains in the concrete slab
• Integrity – compartmentation

• Connection forces
• Stability
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• Sub-model
• Cellular beams
• Web-post buckling
• Optimised fire protection
• Partial shear connection
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• Fire protection 
arrangement

• Based on sub-model 
behaviour

• Limiting temperatures

• Applied to larger models



���	����	�����

Level 5 – Vertical deflection 
contours

• Global response

• Multiple floors

• Stability maintained

• No runaway failure
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• Comparison of sub-model and large model
• Validation of modelling approach
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• Regions of high 
strain in slab

• Crack development

• Compartmentation 
(integrity)

• Mitigating measures?
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• Typical member 
movements

• Relate to 
heating regime

• No runaway 
failure - stabilty
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Outcome of modelling

Additional rebar in areas of 
high strain

Areas of long spanning 
protected beams

Minimum web thickness of 
beams to prevent web-post 
buckling
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• Robustness of design demonstrated
• Performance: equivalent to or greater than a prescriptive design

• Cost saving to client

• New techniques
• Diagrid behaviour
• Composite columns
• Unprotected voids

• Further understanding
• Web-post buckling
• Sub-models
• Partial shear connection
• Full floor plate models
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