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• "The fire safety community needs to begin to move forward from discussing a set of issues and concerns
relating to uncertainty in fire protection engineering to agreeing as a community on practical steps to
execute an uncertainty analysis." (Notarianni, 2016)

• “Today, no commercial software exists that can handle both scenario variable uncertainty and 
branch probabilities” involved in a typical risk analysis. (Frantzich, 2016)

• “The engineers are not just using tools, but they can help create new ones, as well.” (Rădulescu, 2019)

Starting point...



Work purpose

To build an experimental vehicle based on some complex subjects, such as mathematical and logic
modelling, boolean algebra, probability theory, fire dynamics, risk and consequence modelling in order to
pave a new way towards handling risk-informed and performance-based life safety design.

The work does not have as goal to give a final verdict related to the degree of fire safety for a considered
building, but more likely, the goal is to create a modern, up-to-date framework, a tool for fire safety
engineers and practitioners, through which the evacuation safety level can be evaluated and predicted
within confidence limits formulated in probabilistic terms.

Not to confuse with..



What to expect? 
Methodology structure:

Performing a performance based risk analysis on a chosen study case.

Identifying uncertainties and variables.

Collecting and representing them into simulation model.

Step
1

Step
2

Step
3

Analytically model the physical phenomena (ignition, heat radiation, combustion products development) and the real technological processes (detection, warning, suppression, evacuation).Step
4

Step
3

Step
4repeat[              ] x 5000 times

Achieve the results in the form of an overall distribution of the evacuation safety level values corresponding to 5000 different cases. Subsequently assess the associated fire risk.Step
6

Step
5

Include additional fire safety barriers (i.e. sprinkler system) into the model and redo Step 3, Step 4, Step 5, Step 6.Step
7



Study case introduction

• The chosen building for this investigation can be identified as
"building 303A“,  which is part of DTU campus in Kongens Lyngby.

• A complex, one level building, covering almost 3000 m2.

• Incorporates auditoriums, reading rooms and computer rooms,  a large
open space in the form of a central lobby and an interior open garden.

• The facility is intended for students activities and use only, while
assumed to be in use during day time, when hosting large amounts of occupants.
(usage category 3)

Step 1 



Design fire assumptions 

• Non-steady, growing fire

• Two zones model approximation

• Sufficient existing combustible materials
(fire development towards critical conditions is
independent of the combustibles mass)

• Fuel-controlled fire

Relation with tenability criteria
Critical time for smoke filling Critical time for heat radiation

Critical time for visibility Critical time for toxicity



Step 2 – identifying uncertainties and variables



Step 3 – representation of the uncertain parameters into a simulation model

Material parmaters governing the fire development are
based on deterministic models correlated with
experimental data obtained from fire tests.

Still, experimental data are not available for complete
variety of combustibles or materials arrangements which
are practically used and due to this, uncertainties may
arrive.

Solution?

• a huge amount of experiments covering different fuels or materials assemblies.

• implementing a statistical approach and defining a distribution function governed by several known 
characteristics of the existing combustible materials.



Fire growth rate

Log- normal distributed, with parameters:

• fire growth rate distribution is positive skewed (or right skewed) with the majority of data in the (0.01, 0.048) interval suggesting that the 
expected fire growth rate will mostly vary from medium to fast growing rate, as it is expected for the usage category of the building.

• part of the specimens located in the area less than 0.01, meaning that a slow fire is also very probable

Monte Carlo sampling



Average smoke potential

Normal distributed, with parameters:

Carbon monoxide yield

majority of data is expected to be
generated in the interval (30,90)

continuous distribution, therefore it needs
some boundaries so that that physically
impossible values not to be sampled

uniform distribution from a minimum value of 0.001g/g to a maximum value of 0.0065g/g
(in well-ventilated condition)

Monte Carlo sampling



Reliability of fire ventilation system
Triangular distribution, having a minimum as low as 67%, a most frequent value of 90% and a maximum of 95%.

Operational reliability of sprinkler system
Uniform distributed in between 87% and 94%

Performance reliability of sprinkler system
Uniform distributed in between 94% and 98%
If and only if the fire growth rate is larger than 0.012kW/s2

Probability of occupants extinguishing the fire
Uniform distributed in between 0% and 43%
If and only if the fire growth rate is lower than 0.006kW/s2

Reliability of automatic fire detection and warning system
Uniform distributed in between 79% and 95%



Ignition point of the fire

There are also parameters that do not
have a single value for a particular
condition, nor they cannot be easily
associated with a certain probability of
occurrence and for a given state, they can
take on an infinity of random values,
introducing in the model an uncertainty
very difficult to be addressed.



Number of occupants inside the building

• Trying to foresee various degrees of occupancy
level of the building

• Taking into account the rush hours, the average
number of students enrolled in DTU classes, the
average density of occupants expected in an
educational facility

• Triangular distributed considered suitable fit
because it allows for the decision- maker’s
subjective viewpoints to be easily turned into
parameter estimates, in the form of minimum,
maximum and most likely values

Population density in front of the exit doors

• Uniform distributed in between                   and
if fire is not blocking any exit door.

• Uniform distributed in between                   and
If fire is blocking any exit door.



Location of the occupants
Case 1 Case 2 Case 3



Pre-movement time

• perception and cognition of the hazard are not
always straightforward. People may engage into an
investigative behaviour;

• occupants may continue carrying out their current
activities, before considering evacuating;

• putting on warm clothing, gathering important
belongings or collecting different objects they are
attached to;

• group behaviour and sometimes people are hesitant
to be the first person starting to leave;

• reflect upon determining the most appropriate exit
route and its availability, if they are not accustomed
to the building

• occupants may involve in first fire-fighting activities

individuals "are not athletes waiting for the starter’s signal“  !



Step 5

A time-dependent analytic model of the fire and smoke
spread related phenomena (ignition, heat radiation,
combustion products development) and the real
technological processes (detection, warning,
suppression, evacuation) is developed by means of
Discrete Event Simulation method following the
processes sequencing.

Step 4

In order to capture the whole range of possible outputs
expected from a fire event and the technique to yield to
a solution, 5000 repeated random sampling of the
inputs, followed by the corresponding simulation
iterations were completed.



Step 6 – results: fire location

, Fi

Annual fire frequency, 
corresponding to a 
certain type of building 



Step 6+7 – results: ESL

The largest part of data is situated in between 1-1.5 
Though, 6.23% scenarios below ESL=1 line
meaning 301 fire scenarios that may lead to consequences

The largest part of data is situated in between 1.5-2 
Though, 0.72% scenarios below ESL=1 line
meaning 35 fire scenarios that may lead to consequences

Model without sprinkler system Model including sprinkler system

Scenario ‘3046’



Results: maximum number of consequneces and the associated fire risk

Scenario number ‘3046’:

• compartment 6
• Consequences: 352
• ESL: 0.785

(P1)
(P2)
(P3)
(P4)
(C)

R=P1*P2*P3*P4*C

α= 0.044kW/s2

yCO=0.005g/g
S0=119dB/m

Critical time for smoke filling =446.4s
Critical time for visibility =201.7s
Critical time for heat radiation =344s
Critical time for toxicity =464.1s



Application of dynamic risk assessment as an alternative method
for estimation of the evacuation safety level

of a complex building
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