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Software 

ǅ A software package has been 

developed (based in Matlab) for the 

analysis of structures subjected to fire 

ǅ An outline of the program structure is 

shown on the right 

ǅ The purpose of creating the program is 

to: 

ï Simplify the application of engineering 

principles to structural fire design 

ï Promote the wider adoption of 

performance based structural 

engineering for fire resistance 

ï Incorporate analysis methods that 

reduce the computational load and 

therefore the time taken to run an 

analysis 

 

Choice of structural 

element 

Choice of analysis type 

Fire modelling 

Heat transfer modelling 

Structural modelling 

Output of results 



Analysis method 
ǅ The software package allows for a range of analysis options: 

ï Deterministic analysis 

ï Probabilistic analysis 

ÅMonte Carlo simulation (MC) 

ÅFirst Order Reliability method (FORM) 

ÅPEER method 

ǅ The deterministic analysis returns outputs in the form of 

stresses/strains/displacements depending on the type of structural 

element under consideration 
 

ǅ The MC and FORM options can be used to calculate the probability of 

failure of a structural element 
 

ǅ The PEER method is a more detailed analysis method that calculates 

the likely spread of costs associated with a design, due to a specific 

hazard. 

ǅ These costs may be in terms of repair costs or repair time. 



Fire and Heat Transfer Models 
ǅ The software has a number of fire models: 

ï The standard temperature-time curve from the Eurocodes 

ï The hydrocarbon temperature-time curve from the Eurocodes 

ï The JCSS model code temperature-time curve 

ï The parametric temperature-time curve from the Eurocodes 

 

ǅ The parametric curve is recommended for probabilistic analysis 

as it is able to account for variations in the input conditions 

 

ǅ The software has various heat transfer models: 

ï A lumped capacitance model (for thermally thin members such as 

steel beams) 

ï A 1D finite difference model (for thermally thick members such as 

concrete slabs) 

ï A 2D finite element model (based in Abaqus) for analysing the 

cross-section of a typical concrete-steel composite beam 

 

 



Structural Analysis Models 
ǅ Composite beam: 

ï Analysis models have been developed for composite beams in both Abaqus 

and OpenSees. 

ï Material definitions have been taken from the Eurocodes. 

ï Uniformly distributed loads are applied to the concrete slab. 

ï The Abaqus model employs shell elements to model the concrete slab and 

beam elements to model the steel beam. Rigid links are used between the 

shell elements and the beam elements to represent the shear studs.  

ï The OpenSees model uses 2 fibre-based sections connected by rigid links to 

model the composite beam. 

Typical 2D heat transfer through the cross 

section of a composite beam in Abaqus 

Thermomechanical analysis of a composite 

beam under both udl and fire loading 
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Performance based engineering 
Å Client driven 

Å Not prescriptive 

Å Limits economic losses (in addition to saving lives) 

Å Single structure 

Å System failure 

Å Uncertainties modeled explicitly 

Å Greater transparency in treatment of level of safety 

Final outcome 

Average number  

of times the losses 

exceed specified  

levels in an year 
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The five stages of analysis

Hazards 

Å Earthquake 

Å Wind 

Å Vehicles 

Å Blast 

Å Impact 

Å Fire 

Å Waves 

Å Multiple hazards 

Å Terrorism 

?

Is this amenable for  

probabilistic treatment?  

PBSE framework  



Performance based engineering of structures under fire  

Stress analysis

Heat transfer 
analysis

Fire model
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Uncertainties

   Hazard EDP Fragility Loss Decision variable

http://911research.com/mirrors/guardian2/fire/cardington.htm 



Joint committee on structural safety, 2008 
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EDP 

Å Temperature distribution 

Å Mechanical strains 

Å Deflection for transversely loaded members 

Å Forces at the beam-column joints 

DM 

Å Exceedence of code specified deflection limit 

Å Strain in the reinforcement steel exceeds its ultimate limit 

DV: Repair cost and downtime due to repair works 

IM: Highest temperature in the compartment  
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PBSE format
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Heat transfer analysis
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Stochastic heat transfer and stress analyses

ometric and material nonlinearities need to be accounted for
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Fire following earthquakes
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Earthquake ground 
acceleration model

Dynamic 
analysis

Damaged 
structure

Stress analysis
Heat transfer 

analysis

Fire model



®

EDP calculations for Fire Following Earthquake 



®

«

Computations 

Å Finite element method 

Å Monte Carlo Simulations 



Cement based repair material- Qualifying Mix Preparation, Application 

Process, Mechanical Property Determination and Beam Testing 



 

 

Above: GFRP/CFRP based repair in 

flexure and shear. 

Right: SCC-with Fibers based repair in 

flexure and shear, connection detail.  

 
Application of FRP based Repair Materials 



Load Deformation Response and Load steel strain for 

flexure control and repaired beams- Post repair Failure 

remains Ductile 



Load Deformation Response and Load steel strain: Shear 

control, repaired beams Designed Brittle failure Post repair 

failure is Ductile 



Beam column  joint specimen subjected to cyclic loading- 

after introduction of repair scheme (right side). Left side: 

Details of repair- additional joint reinforcement and shear 

keys to hold repair material (SCC with fiber) 


