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Performance-based Fire-safety Engineering



Performance-based Fire-safety Engineering

The society don`t like fires with loss of 
human lives (Grenfell) or loss of huge
values, national symbols (Notre Dame)!

Grenfell tower, UK

Notre Dame, Paris



Procedure

Often used procedure in Fire-
safety Engineering

Ref. (Sørensen 2014)



Procedure

Ref. (Sørensen 2014)



Fire strategy

• Description of building
• Application category
• Fire scenarios
• Acceptance criteria
• Solutions (passive and active)



Fire-safety

tevac < tcrit 

where

tevac  is the sum of warning, reaction/decistion and walking time

tcrit is the time until critical conditions (temp, radiation, vis, smoke etc.)



Fire scenarios

Who and how to establish fire scenarios for a building?

• No fire means no critical conditions
• We do not know if, where and when a fire arise in a building
• We do not know the size of a future fire

All these unknowns lead us to utilize risk analysis.



Fire scenarios  

Risk approach:

Select fire scenarios among these:

1. Fires that happen with a certain high probability
2. Fires that posses a high risk level

Risk level = consequense · probability



Fire scenarios

A fire scenario is a fire cycle characterized by:

• a specific initial fire (fire-site, ignition source, fire object)
• the further fire cycle (energy release-time curve indicating the maximum

energy release rate) 
• smoke and fire spread, including the position of doors (open or closed)
• other matters of importance for fire development, cycle and extinction



Acceptance criteria

tcrit is the time until critical conditions appears. Therefore, we need some
acceptance criteria to judge if or when critical conditions arise.

Temperature
Visibility
Radiation
Smoke (height)
Oxygen level
Toxicity



Acceptance criteria

Temperature (inhalation)



Acceptance criteria

Optical density (visibility-requirement)



Acceptance criteria

Radiation



Acceptance criteria

Smoke (free height above floor)



Acceptance criteria

Oxygen (min. level)



Acceptance criteria

Toxicity  (gases that could be present in a fire)



Acceptance criteria

Toxicity



Acceptance criteria

Toxicity



Acceptance criteria

Fire spread to other rooms



Acceptance criteria

Fire spread to other buildings



Solutions
Requirements for elements and construction products are laid
down in a Commission Decision in the standard EN 13501-1 ”Fire 
classification of construction products and building elements”

Ref. (Dubravka et al 2017)

Ref. (Sørensen 2014)



Passive protection Active protection
Fire wall Warning system

Fire door Aut. Fire Alarm system (AFA)

Fire compartment Aut. Water Sprinkler System (AWS)

Fire section Aut. Smoke Ventilation (ASV)

Fire stop (around pipes etc.) Aut. Compartment Extinguishing (ACE)

Fire paint (fx steel) Smoke detector

Cladding (gypsum etc.) Flame detector

Solutions - Passive and active fire-safety measures
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Solutions - Passive protection (example)



Solutions  (active fire protection)



Analysis - evacuation



Analysis – fire physics (acceptance criteria)

Ref. (Sørensen 2014)



Comparement

tevac < tcrit

Is this fulfilled for all fire scenarios 
and for all acceptance criteria ?

If so, collect all documentation
If not, make another fire solution



Sensitivity analysis



The risk concept

Risk for the mouse?
Risk for the house?
Risk for the man?

100 kg

Mouse



The risk concept

Risk for the mouse?
Risk for the house?
Risk for the man?

Mouse



The risk concept

Risk for the inhabitants?

BIG RISK!
Fire

Upholstered (foam 
plastic) furnitures 



The risk concept

Risk for the inhabitants?

LOW RISK!

(risk reduction)
Fire

Furnitures of metal

Sprinkler

A risk level can change over time



Design process including risk analysis



Risk analysis – event tree



Risk analysis – input for risk profile



Risk analysis – Risk profile



Risk analysis

• Individual risk: The probability that one or more persons are
exposed to critical conditions P(X>1)

• Mean risk: Medium risk is the fulcrum of the risk profile. Calculated
by ƩP·X (sum of risk, i.e. probability ·consequence)



Risk analysis – other tools (risk matrix)



Documentation

Consist of the following parts:

• Fire strategy
• Fire analysis
• Evacuation analysis
• Comparison
• Operation and maintenance plan
• Reporting



Use this font

Future challenges (FSE)

Wiesenhof – chicken
slaughterhouse 
(28. March 2016)  
Niedersachsen, Germany

Downtown Hotel fire (Dubai)

Phenol Foam

Gigantium (Aalborg) july -17

Grenfell (London) juni -17•High-rise fire safety (evacuation etc.)
•Carpark fires (structures)
•Modern bulding fires (EPS, PIR, PUR, PF) 
•Standardising (test, classification etc.)
•Fire service installations
•Energy renovation and fire safety
•Energy storage and fire safety
•Solar systems
•Facades and fire safety
•Toxicity



Use this font

High-rise



Facades – 2 types
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Ref. (Dubravka et al 2017)



Principle of fire spread on a facade

44

Fire properties of materials and structures

Ref. (Dubravka et al 2017)



Thank you 
for your attention

Associate Professor Lars Schiøtt Sørensen, PhD
Lsso@byg.dtu.dk

Knowledge FOr Resilient soCiEty


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Procedure
	Procedure
	Fire strategy
	Fire-safety
	Fire scenarios
	Fire scenarios  
	Fire scenarios
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Acceptance criteria
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Analysis - evacuation
	Analysis – fire physics (acceptance criteria)
	Comparement
	Sensitivity analysis
	The risk concept
	The risk concept
	The risk concept
	The risk concept
	Design process including risk analysis
	Risk analysis – event tree
	Risk analysis – input for risk profile
	Risk analysis – Risk profile
	Risk analysis
	Risk analysis – other tools (risk matrix)
	Documentation
	Slide Number 41
	High-rise
	    Facades – 2 types
	Principle of fire spread on a facade
	Slide Number 45

