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Fire safety design aspects

Fire regulations are developed by tradition 
and ”trial ´n error”
Today´s architecture is not traditional
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Fire safety design aspects (cont.)

Fire safety could be designed by...
– Prescriptive methods
– Analytical methods (prescribed for some buildings) 

Code compliance should be shown
– Comparative criteria
– Absolute criteria
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Verifying building fire safety

When beyond normal limits...
– Treatment of reliability and uncertainty
– Risk analysis (e.g. QRA)

Acceptable risk?
– Quantitative measures
– Qualitative measures

• Everything operates - no critical exposure
• Number of safety barriers

– Switch-over analysis
• What will cause consequence?
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Standardised procedure
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Quantitative risk analysis

First, a qualitative design review
– Characterize building & occupants
– Define safety objectives and trial design solutions
– Identify fire hazards and design scenarios

Then, a QRA
– Selection of events
– Event tree design
– Quantification of fire development
– Assessment of damage
– Calculation of risk measures and risk evaluation
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Quantitative risk analysis (cont.)

Construct the event tree
– Considered events relates to both human response and 

performance of fire protection systems

Fire development and evacuation calculations for each sub 
scenario
– Computerized models like CFAST, FDS and Simulex could be used
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The event tree
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Time-line comparison
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Risk measures
Consequence Probability CDF CCDF
0 0 0 1.00

1 0.72 0.72 0.28

2 0.18 0.90 0.10

4 0.08 0.98 0.02

6 0.02 1.00 0.00
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Quantifying the safety level in Br95

Analysing five code compliant buildings of different types
resulted in...
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Danish fire risk (assessed)
Building Fire safety measure Individual risk Average risk Maximum consequence

Elderly home Br 95 0,23 1,2 14
14 occupants No smoke alarm 0,34 2,0 14

Sprinkler system 0,08 0,5 14
Elderly home (dormitory) Br95 0,45 0,9 12
82 occupants No sprinkler system 0,45 1,4 12
Hotel with restaurant Br95 0,20 9,1 236
647 occupants Smoke and escape alarm 0,17 5,8 128

Sprinkler system 0,16 5,6 236
School Br95 0,20 4,3 83
365 occupants Manual escape alarm 0,18 2,8 83

Smoke and escape alarm 0,07 1,5 83
Sprinkler system 0,02 0,8 83

Office building Br95 0,48 14,8 35
160 occupants Manual escape alarm 0,44 13,8 35

Smoke and escape alarm 0,43 10,7 35
Sprinkler system 0,15 3,5 35
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Promoting Fire QRA

QRA is a must in performance-based building design
QRA is needed to show code compliance
– Treats reliability, variability and uncertainty
– Extensive information on fire safety gathered
– Identifies strengths and weaknesses

Risk-informed decision making
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Notes on probabilities

Analysis based on:
– Absolute measure of risk?
– Risk given that a growing fire occurs?

Successful operation of safety measures
– What does a 95% probability of sprinkler activation mean?
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Notes on consequences

Today’s measure is in conflict with decision makers 
risk aversion
Which measure of consequence should be used?
– Untenable conditions
– Number of wounded or dead

Zone models vs CFD-models
– A single measure from zone models
– Where to measure in a CFD-model
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Interpretation of the design fire
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Resources

Available at www.wuz.se
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