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How Fire Safety works?

Fire Safety Engineering

Performance Based Design

Available Safe Required Safe Theories
Egress Time > Egress Time Data
(ASET) safety level (RSET) Models

How do we model Fire?

Zone model CFD model

Room Fire with Sprinkler

- Smoke displayed with reduced opacity
- contour on ceiling
- Water particles with tail

CFAST (oy isT) FDS by nisn + P PyroSim




How FDS works?
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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.

What are DNS, LES and URANS?

LES Modeled by RANS. Kl
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https://www.youtube.com/watch?v=6wEgC5H9yLg
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Andersson et al. [2011]
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CFD Mesh Eddy

https://www.youtube.com/watch?v=r5vP45_6{B4&list=PLni8llg
fDbkoPrNWatlYdROIPrRU4XeUA&index=1

The mesh cannot resolve
enly knaw the velacit




How CFD works?

Turbulent eddies are unstable. They break-down into smaller eddies.
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How CFD works?

We need to estimate a good mesh size before carrying out the LES.
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How CFD works?

We can calculate I, from a precursor RANS calculation (before we carry out the
LES)

We can use either i — w or i — ¢

Kinetic Energy Density

/ly +——— Integral Length Scale




How FDS works?

Chapter 6

Fire Plumes

6.1 Plume Temperatures Criteria
For fire plumes, a measure of how w
D'/ 8x. where D*

ihe flow field is resolved is given by the non-dimensional expression
characteristic fire diameter

PetpTa /i

and B i the mominal xize of i mesh el The quantity D°
sional cells spanning the (not necessariy the

v can b thought of as the nurol
of the firc. The

10em v the spread of smoke and heat through a building
from a sizable fire, but may not be appropriale to study a very small, smoldcring source, The resolution of
all the numerical sinulations included in this chapter is given in Table 354,

equite

Coarse: D' [dz = 4
o ( ¢ )" & Medium: D" /dz
Fine: D" /dz = 16

10
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How FDS works?

How FDS works?

22.10.28 A Posteriari Mesh Quality Metrics

ussed here for measuring errors in the velocity and scalar
these metrics and true simulation quality is sl in the research phase. In other words, a good qui
s nol sufficient 1o assure  good simulation (a the prescal fime),

ity e

Measure of Tarbulence Resolution

A sealar quansiey referred vo s the mecsure of rrbulence resolurion 193] is defines

; &
MTR = ity + (i)
Angled brackets denote suitable time-averages.

ik turbuleat kinctic cnergy (TKE)
until we know the mean. Use the follow

2% 10 output the three velocity components

The quality of s particulur simulation is maost directly tied o grid resolution. Three oulput quantities are
di elds. Tt should be noted that the link between

bist b post processed because we cannot compute the fluctuation




How FDS works?
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How FDS works?

, via DEVC)
FDS recommends outputting velocity components and their MEAN, then post-processing ta compute TKE

and also outputting SUBGRID KINETIC ENERGY

How to get it in practice (point-wis

5, QUANTITY="U-VELOCTTY" /
0,15, QUANTITYxU-VELOCTTY"
5, QUANTITY"V-VELOCITY' /
S, QUANTITY='V-VELOCT
W, X¥201.8,2,0,1.5, QUANTITY="H-VELOCITY"
Woean”, XV2+1.0,2.9,1.5, QUANTITY="H-VELOCITY", STATISTICS="MEAN' /

HEAN® /

¥', STATISTICSs"MEAN' /

BOEVC 10="Ksgs’, XY2=1.9,2.9,1.5, QUANTITY="SUBGRID KINETIC ENERGY' /

Then compute (in ExcelPythan)

U= Upngan, V' = ¥ = Viigan, W' = W = Wineou

o TKE =05 u? +v7? +uw?)

* Time-average TKE over a steady window (that is your (T K E))
o MTR = by /((TKE) + kypa)

How FDS works?

2) Wavelet Error Measure (WEM) for scalars

FDS also provides a Wavelet Error Measure that you can output as a slice, to assess whether a scalar field

(temperature, species, HRRPUV, etc) is well resolved, Example from the guide:

.0, QUANTITY='WAVELET ERROR', QUANTITY2s'HRRPUV' /

McDermott (NIST) shows using WEM alongside MTR and suggests (in that example case) targets like WEM 5
0.3 in key regions.

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

Workflow

1. Starting point
Coarse: D* /62 = 4
Medium: D* /dz = 10
Fine: D* /6 = 16

2. Can | 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?

SCALABILITY METHODS o Pl et LTS
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https://www.youtube.com/watch?v=9jaEKCdly_4

How FDS works?
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How FDS works?

ezl

= = il

https://www.youtube.com/watch ?v=Pi jaKQ&t=697s
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How do we model Evacuation?

Time line model

ASET

RSET

Total Evacuation Time

Detection Time! Alarm Time Pre-Evacuation Time

Movement Time

RecognitionTime | Response Time

Emergency  Emergency Alarm, cue Decisionto
start detection o warning evacuate

M \\“ "ll @

Evacuation
start

What is

e )
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Evacuation Tenability
completed limit
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How people behave?




How people behave?

Which theories are you
familiar with?
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How people behave?

How people behave?

Panic, Stampade, Irrational Behaviour NEW YORK POST

[Paniclerupted at a Manhattan church Monday after a 911 call
came in about the possible sighting of the deranged
homeless man accused of stabbing two Museum of Modern
Att employees, police sources said

[NVl How paniic changes behaviour

EXPRESS # ®

London Heathrow evacuated:
Passengers panie after being
ordered out of terminal building




How people behave?

Let us search on latest
disasters?
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How people behave?

Panic, Stampade, Irrational Behaviour

& D YouTube

> PANICKED YELPING ™
BCXUSab_channel=HB

FIRE, FIRE, FIRE, . !
iFIAFSSWorkingGroupWebinarSeries

FIRE, FIRE, FIRE, FIRE.

HBIF Theories and Concptual Models

Behaviour Sequence Model
| 134 Fires and Human Behaviour

Receive infarmation

investigate

Intarpret
Act Evactuate Warn “@_’)

q Figure 8.7 Summary of general model




HBIF Theories and Concptual Models

Affiliative Theory Role Rule Model

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

Sime J (1985) Movement toward the familiar—
person and place affiliation in a fire entrapment
setting. Environ Behav 17(6):697-724

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
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HBIF Theories and Concptual Models

Social Influence Theory — Normative: conform with the expectation

B. Latané, J.M. Darely The
Unresponsive Bystander: Why jonal: i ? i
Dooent Ho Acts Maredith Informational: information gain
Cooperation, New York (1970)

Linde, LK. & Pery & . (2012]. The rotctve
scton dacsion o heoretcal madctons
ol evdence. sk Anos: n nertons

ourna, 204 616,632

HBIF Theories and Concptual Models

Protective Action Decision Model

Social

Protective action
decision making

o Exposure Protective action
o Attention coptions

nal
impediments

Receiver
characteristics

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.




HBIF Theories and Concptual Models
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HBIF Theories and Concptual Models

Modelling frameworks

(a) Non-implemented decision-making model.
User drives performance

Sc: Scenario,

U: user,

Act: evacuee actions,
Out: outcome,

(Gwynneetal, 2015)




Modelling Inputs

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
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P -
Evacuation
Model
input output
Evacuation Modelling Status Quo
Events Times Decisions
Alarm or
other cues .

Starting investigating
Actions to seek information
Starting evacuating

Recognition Time

Decision to
evacuate <
Pre-Evacuation activities |
Response Time * Route choice
Exit choice
Movement
starts* ‘ R
« Route choice |
Movement Time JCEHETEY
* Local movement choice
Safe place

Evacuation Modelling Status Quo

Pre Evacuation Modelling

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

The first approach relies on the inistic user

to indivi or groups or a pseuds dom 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.

ofa i time

Pre-avacuation time (seconds)

b5 5 By B




Evacuation Modelling Status Quo

[ —

Fire Safety Journal

A pre-evacuation database for use in egress simulations

3

:

R Lovreglio™, . Kuligowski”, . Guymne’, K. Boyee'

i

The Variation of Pre-movement Time
in Building Evacvation

Martin Forssherg © and Axel Mossherg . Brandskyddslaget AB, Box 9196,
10273 Stockholm, Sweden

lstrom @, PE Teknik & Arkitcktur AB. Sodermalmsallén 36, 115 25

Hikan Frantzich ®, Division of Fire Safety Engineering, Lund University, PO

ox 118, 221 00 Lund, Sweden

Daniel Nilsson ®, Department of Civil and Natural Resources Engincering.
University of Canterbury, 69 Creyke Rd. Chrisichurch, New Zealand
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Evacuation Modelling Status Quo

e Tochclogy (0251614303432
Pty 18100/ 44 02501

Decoding Hospital Evacuation Drills: Pre-movement
and Movement Analysis in New Zealand

Paul Geoarg - Luke de Schor’ - Ruggiera Lovreglio

Recried: Septombe 203 Accapie 17 March 2025 P . 4 A 1075
© The uthor 305

Evacuation Modelling Status Quo

Pre Evacuation Modelling

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.




Evacuation Modelling Status Quo

Pre Evacuation Modelling

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.
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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

: -Kt P=2/6

. _’k P=4/6




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=0.5 10m
Factors: °
Distance R
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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 -1
Ld

Factors:

Distance

P=0.33

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 %-1] ]
R %
Factors:
Distance
Smoke




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 A
: X
Factors:
Distance
Smoke
Social Influence P=0.8
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How do we model Evacuation?

e.g. Fluid Dynamic Model

Agent Navigation

Macroscopic
Models

SFPE Handbook
of Fire Protection

Engineering

Evacuation Mesoscopic

WL

el -

Microscopic

e.g. Social Force Model

and Steering Model
Continuous /1@ 4
Models 3
e.g. CA Model
Discrete Models H

Model

Fundamental Diagrams

Employing the Hydraulic Model 59

gency Movement

Steven MY, Gryoneand i R Rosenbsur

S=k—akD (595)

peed along the line of tavel

opulaton density in persons per unit arca
K= Constant, as shown in Table 59.2

 speed in fUmin and

speed in mfs and




Fundamental Diagrams

Stven M. Grymne and i . Rosenbaum
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Fundamental Diagrams

el Applications
e s, 15

Febauary 2017 Puges 129

Estimating pedestrian speed using
aggregated literature data

Ermnst Bowine & 8, ulich weidmann B

Physica A: Statistical Mechanics and its =

Fundamental Diagrams

Physica A: Statistical Mechanics and its
e Applications
Estimating pedestrian speed using
aggregated literature data

Ermst Bowine A 8, ulich we




Fundamental Diagrams

walking speed [mis]

3 4
pedestrian density [P/m’]

Fig.5. Speed-density relation for al literature data exceps daca from stairs used compared
to the Kiadek Formula (4]
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Fundamental Diagrams

walking speed (]

podestrian donsity [P/

relation for al iterature data for walking speed on stairs used
e Kladek Formula for walk 3 downhill on stairs |41,

Fundamental Diagrams

s
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incination 1
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the web version of this artcte.
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Fundamental Diagrams
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How do we model Evacuation?

EVACUATION MODELLING
Department of Fire Safety Engineering

Enrico Ronchi

Ruggiero Lovreglio

Evacuation Modelling Applications

Design Purpose

safety Managment ﬂ

Foresinc Analisis
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Archeology?

Questions?

Ruggiero (Rino) Lovreglio
Professor — Massey University
Rutherford Discovery Fellow — Royal Society NZ




