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How Fire Safety works?
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Evacuation 
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Performance Based Design
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How do we model Fire?

FDS (by NIST) +CFAST (by NIST) 

Zone model CFD model
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How FDS works?

Mass conservation

Species conservation

Momentum equation 

Velocity divergence constraint (low-Mach closure)

Pressure (enthalpy) Poisson equation

https://www.researchgate.net/publication/228920817_FIRE_D
YNAMICS_SIMULATOR_VERSION_6_COMPLEX_GEOMETRY_EM
BEDDED_MESHES_AND_QUALITY_ASSESSMENT

How CFD works?

DNS: Direct Numerical Simulation
•Resolves all turbulent scales down to the Kolmogorov scale.

LES: Large Eddy Simulation
•Resolves the large energy-containing eddies.
•Models only the subgrid scales (SGS).

RANS: Reynolds-Averaged Navier-Stokes
•Averages the equations and models all turbulence effects.
•Much cheaper than LES or DNS, widely used for engineering 
design.

https://www.youtube.com/watch?v=6wEgC5H9yLg

Andersson et al. [2011]

How CFD works?

https://www.youtube.com/watch?v=r5vP45_6fB4&list=PLnJ8lIg
fDbkoPrNWatlYdROiPrRU4XeUA&index=1
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How CFD works?

How CFD works?

How CFD works?
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How FDS works?

Criteria

How FDS works?

How FDS works?
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How FDS works?

How FDS works?

How FDS works?

https://files.thunderheadeng.com/femtc/2011_d1-04-mcdermott-paper.pdf
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How FDS works?

Workflow

1. Starting point

2. Can I resolve the geometry? What would be the minimum size of Eddy (Wherehouse with shelves)

A posteriori

3. Sensitivity analysis on the output that matters to you (sprinkler activation, visibility, heat on structural items)

4. MTR – Turbulence resolved (80% or above)

5. WEM < 0.3

How FDS works?

https://www.youtube.com/watch?v=9jaEKCdJy_4

How FDS works?
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https://www.youtube.com/watch?v=PQeuM6xjaKQ&t=697s

How FDS works?

How do we model Evacuation?

Time line model

ASET

Emergency 
start 

Tenability 
limit

Emergency 
detection

Alarm, cue
or warning

Evacuation 
completed

RSET

Total Evacuation Time

Decision to 
evacuate

Evacuation 
start

Pre-Evacuation Time Movement Time

Recognition Time Response Time

Detection Time Alarm Time

ExitWhat is 
going on?

Where 
should I go?

How people behave?
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How people behave?

Which theories are you 
familiar with?

How people behave?

How people behave?

Panic, Stampade, Irrational Behaviour
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How people behave?

Let us search on latest 
disasters?

How people behave?

Panic, Stampade, Irrational Behaviour

https://www.youtube.com/watch?v=757LZYBQcXU&ab_channel=HB
iFIAFSSWorkingGroupWebinarSeries

HBiF Theories and Concptual Models 

Behaviour Sequence Model
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HBiF Theories and Concptual Models 

Affiliative Theory Role Rule Model
Sime J (1985) Movement toward the familiar—
person and place affiliation in a fire entrapment 
setting. Environ Behav 17(6):697–724

Canter D, Breaux J, Sime J (1980) Domestic, multiple 
occupancy, and hospital fires. In: Canter D (ed) Fires and 
human behaviour. John Wiley & Sons Ltd., Chichester, pp 117–
136

How a specific person responds to a fire, have
been shown to depend on the everyday role of the
person, e.g., if he or she is a staff member or a
visitor in a building.
The rules can be seen as guiding principles 
associated to the role that a person has adopted, 
and they will influence the actions taken in a fire 
situation. Thus, a person who has adopted a 
passenger role will not respond in the same way as 
a staff member. Research has also shown that the 
relative roles of non-fire situations, e.g., passenger 
versus staff member, will affect the behaviour in fire 
situations

HBiF Theories and Concptual Models 

Lindell, M. K., & Perry, R. W. (2012). The protective 
action decision model: theoretical modifications and 
additional evidence. Risk Analysis: An International 
Journal, 32(4), 616-632.

Social Influence Theory 

B. Latané, J.M. Darely The 
Unresponsive Bystander: Why 
Doesn’t He Act? Meredith 
Cooperation, New York (1970)

Normative: conform with the expectation 

Informational: information gain

HBiF Theories and Concptual Models 

Protective Action Decision Model

Lindell, M. K., & Perry, R. W. (2012). The protective action decision model: theoretical modifications and 
additional evidence. Risk Analysis: An International Journal, 32(4), 616-632.
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HBiF Theories and Concptual Models 

HBiF Theories and Concptual Models 

Quo Vadimus?

Sc: Scenario, 
U: user, 
Act: evacuee actions, 
Out: outcome, 

DMM: decision-making model

(Gwynne et al., 2015)

Modelling frameworks
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Recommended not to use default input.

Recommended to spend a lot of effort to find the right input parameters
looking for existing data on reports and papers

Evacuation 
Model

input output

Modelling Inputs

Evacuation Modelling Status Quo

Three main modelling approaches have been proposed to represent the pre-
evacuation time. 

The first approach relies on the deterministic user assignment of a predefined time 
to individuals or groups or a pseudo-random number obtained from a distribution. 
The simulated occupants (i.e. agents) remain stationary in their initial position until 
the assigned pre evacuation time is over. 

Pre Evacuation Modelling

Evacuation Modelling Status Quo
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Evacuation Modelling Status Quo

Evacuation Modelling Status Quo

Task 1

Three main modelling approaches have been proposed to represent the pre-
evacuation time. 

The second approach involves the user assignment of sequences of pre-evacuation 
actions. Each action has a pre-defined specific duration for each occupant. 

Task 2Task 3

Pre Evacuation Modelling

Evacuation Modelling Status Quo
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Three main modelling approaches have been proposed to represent the pre-
evacuation time. 

The third  approach is the predictive-based approach. In this last case, agents 
perform protective actions in accordance with different factors. 

? ?

Pre Evacuation Modelling

Evacuation Modelling Status Quo

Route Choice and Exit Choice
Three main modelling approaches have been proposed to represent the pre-evacuation 
time. 

The first approach relies on the deterministic user assignment

Evacuation Modelling Status Quo

Route Choice and Exit Choice
Three main modelling approaches have been proposed to represent the pre-evacuation 
time. 

The second approach relies on the probabilistic exit assignment 

P=2/6

P=4/6

Evacuation Modelling Status Quo
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Route Choice and Exit Choice
Three main modelling approaches have been proposed to represent the pre-evacuation 
time. 

The third approach relies on the utility

P=0.5

P=0.5

10m

10m

Factors:
Distance

Evacuation Modelling Status Quo

Route Choice and Exit Choice
Three main modelling approaches have been proposed to represent the pre-evacuation 
time. 

The third approach relies on the utility

P=0.66

P=0.33

5m

10m

Factors:
Distance

Evacuation Modelling Status Quo

Route Choice and Exit Choice
Three main modelling approaches have been proposed to represent the pre-evacuation 
time. 

The third approach relies on the utility

P=0.2

P=0.8

5m

10m

Factors:
Distance
Smoke

Evacuation Modelling Status Quo
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Route Choice and Exit Choice
Three main modelling approaches have been proposed to represent the pre-evacuation 
time. 

The third approach relies on the utility

P=0.2

P=0.8

5m

10m

Factors:
Distance
Smoke
Social Influence

Evacuation Modelling Status Quo

How do we model Evacuation?

Evacuation 
Modelling

Macroscopic 
Models

Microscopic 
Model

Mesoscopic 
Models

Continuous 
Models

Discrete Models

e.g. Fluid Dynamic Model

e.g. Social Force Model 
and Steering Model

e.g. CA Model

Agent Navigation

Fundamental Diagrams
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Fundamental Diagrams

Fundamental Diagrams

Fundamental Diagrams
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Fundamental Diagrams

Fundamental Diagrams

Fundamental Diagrams
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Fundamental Diagrams

How do we model Evacuation?

Evacuation Modelling Applications

Safety Managment

Foresinc Analisis 

Design Purpose
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Archeology?

Questions?

Ruggiero (Rino) Lovreglio 
Professor – Massey University

Rutherford Discovery Fellow – Royal Society NZ


