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1. “Modelar é preciso?”

Fire Technology 2008

QD Reallty

Real Phenomenon

Model A

Figure 3. Model ““versus’’ reality.

TAVARES, R.M., Evacuation Processes Versus Evacuation Models: “Quo Vadimus”?,
Fire Technology, Springer Netherlands (2008), ISBN: 0015-2684



1.1 Modelos — breve discussao “filosofica”

| |

CAD: Computer-Aided Design

Rodrigo Machado Tavares
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1.1 Modelos — breve discussao “filosofica”

Dados de saida
(OUTPUTS)

Dados de entrada
(INPUTS)




for all o= ter iterations
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Caodigos Prescritivos

Cadigos Baseados no
Desempenho



CAPITA SYMONDS
Fire Engineering

Fire Safety Design: The “Code-compliant” Approach { oyt

Part B to the Building Regulations: T B Pt 200
B1 - Means of warning and escape e —
B2 - Internal fire spread (linings)
B3 - Internal fire spread (structure) voLuME 2 - sunLomas omven

B4 - External fire spread

L)) Moans of waming nnd secipo

B5 - Access and facilities for the fire service B e
Approved codes of practice: pr————

» Approved Document B — Fire Safety 3

« BB100 — Design for Fire Safety in Schools ﬁ

« HTM Firecode series -

Other design guidance; BS 9999, (Green Guide) Guide to Safety at
Sports Grounds, Railway Safety Principles and Guidance (RSPG)

Part B compliance often documented in a Fire Safety Strategy



Fire Safety Design: The “Code-compliant™ Approach

Benefiis of adopting a “Code-compliant” Approach:

« Easy to apply; offers generic solutions for more common
building designs
« Provides safe solutions that present acceptable life risk

« No approvals risk

Downsides of adopting a “Code-compliant” Approach:
« Inflexible
« Prescriptive
« Development of approved codes reactive rather than pro-

active (2.5 minutes for escape)



1. Why model?

Prescriptive Codes

-

Performance-Based
P Codes (BS 7974)

BS 7974:2001
Application of fire safety engineering principles to the design of buildings. Code of practice



CAPITA SYMONDS
Fire Engineering

Fire Safety Design: The “Fire Engineered” Approach

Fire Engineering can provide:
« Extended travel distances
« Reduced number of escape exits
« Reduced number of escape stairs
« Allow design features such as atria

« Rationalise the applied structural fire resistance
* Increased compartment sizes

Fire Engineering methods:
« Hand calculation (smoke control, ASET/RSET)
« Computational Fluid Dynamics (CFD)
« Computational Evacuation Modelling (CEM/PeMMA)
« Structural Finite Element Analysis (FEA)

« Qualitative argument



Fire Safety Design: The “Fire Engineered” Approach

In summary Fire Engineering offers:

Flexible design solutions using performance based designs
Innovation

Added value to projects

Often provides enhanced life safety standards

Can also be used to improve standards of property protection
Best efficiencies achieved at an early stage

Where possible cost savings

Savings in abortive redesign

Reduced approval/Pl risks

Not a means of bending the rules



1. Why model?

IG DET AL

ASET

*Pre-movement

TRAVEL
(movement)

REC

ASET — Available Safe Egress Time
RSET — Required Safe Egress Time

*Pre-movement = Pre-evacuation

RESP

EVAC

_— ] | e
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S ——
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1. Why model?

Q(kw)
or
T FRI

EB
Time
IG .

Pre-flashover | Post-flashover I

Typical curve for a fire in an enclsoure
(adaptation from Kawagoe, K.2)

IG - Ignition
EB - Establishment of the Burning

FRI - Full Room Involvement

1. “Fire Behaviour in Rooms”, Report No. 27, Building

Q (kW) — maximum burning rate Research Institute, Tokyo, 1958

(taxa de calor maximo)



1. Why model?

RSET

ASET

RSET < ASET



RSET < ASET
‘







1960'’s:

1970’s:

1980’s:

1990’s:

2000+

1. A Brief History of Fire Modelling

First mathematical model for the simulation of fire within
compartments (hand calculations)

First Accounts of Field Modelling Published

Computer based zone models developed

First general purpose CFD code developed by CHAM, UK
Fire specific FM begin to be developed

First zone model developed for the Personal Computer

First report of FM being used to explain unknown events — Kings
Cross Disaster

Parallel Computer technology developed

One of the largest FM application undertaken at the Millenium
Dome

Improvements in the speed and capacity of Personal Computers
makes FM available to a wider community of FSE’s



2. Types of Fire Models

Two main types of fire models
e ZONE MODELS

* FIELD MODELS or COMPUTATIONAL FLUID
DYNAMICS (CFD) MODELS



Zone Models

Based largely on empirical data

e Two dimensional
e Core assumption- compartments are rectangular and have flat ceilings

Divide room into two distinct zones — Hot and Cool

Each zone is homogeneous — gradients do not develop within layers

The hot layer increases in mass and
descends to the floor in a uniform manner

« Generally conserve Mass and Energy

* Do not conserve Momentum, therefore,
can not predict gas velocities or effect of
momentum on plume development etc.

« Simple calculations which can be
performed in seconds on any PC.

* Are still used in the design process today FLAMING REGION



Some existing Zone Models

FPETOOL
JET

CFAST FIRST COMPEF2

BRANZFIRE ASET



/Zone models - conclusions

Simple to use
Simulations are fast (a matter of seconds)

Only valid for certain size geometries and
certain scenarios

Assumes flat ceilings and rectangular rooms

The limitations of zone models must be fully
understood by the user.



Computational Fluid Dynamics (CFD)

e Used in Aerospace, Automotive and other engineering
professions

e Provides a three dimensional, time dependant solution to the
conservation laws (mass, energy, momentum and chemical
species).

e Lots of Maths are simplified through a process known as
discretisation.

eDiscretisation is achieved by sub-dividing the physical space
into 1000’s of smaller control volumes

e A set of Algebraic equations are then solved for each variable
across every volume. This process is then repeated for each time
step.

eE.g. A CFD model containing 10 dependant variables and
100,000 volumes in a simulation running over 300 seconds
requires the solution of 300 million equations.



CFD — Course Mesh

TatGeans [P gz
a - |

Zone Model

CFD — Fine Mesh



Some existing CFD Models

FDS
PHEONICS SOFIE KAMELON
General Purpose CFD
Codes Specific Fire CFD
Codes
FLUENT A
SMARTFIRE

JASMINE



[}
I
\

N el el

P (S PO U I PR P (S P S P

M S N N P E S P PN O 8 S

N S S S P O ) ) I Y e

! 1
!
g e e s e s e e s e ) Y

momento, pressao, radiacao, entalpia, etc...

Variaveis




3. Zone Models v CFD

Zone CFD

modelling
Simple rectangular geometries. v v
Complex geometries. X v
Conserves mass, energy and X v
momentum.
Quick to setup and run. v X
Accuracy of the results can be X
Increased.
Specialist knowledge and v v
understanding required.




SMARTFIRE




Scenario Designer

STEP 1: IMPORT CAD FILE (2D STEP 2: CREATE SCENARIO -
IMAGE OF GEOMETRY) PRODUCE 3D GEOMETRY



Case Specification Environment

3t - M2V - D MAtP., | SMATFR.. | % M., | o doomsdid . | 5 withd-p.. | oG Tnen

STEP 3: EXPORT THE 3D STEP 4: SPECIFY FIRE, SMOKE AND
GEOMETRY TO THE CSE OTHER PARAMETERS



Automated Meshing System
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STEP 5: CHOOSE THE DENSITY OF THE
MESH

Cell budget 3

Please select Meshing Siraieqy, Cell Budget and Flefinement Sirstegy.
‘The meshing system has evalusted your geometry and advises that the
minimum recommended cell budget is:
1710 cells intatal, with NX=15 NY=§ NZ=13
S steaytouseFor s e
Unit blocks. Coarse mesh “ Recommended.

You can wverride the directional cell budgets using the spin baxes
below. The meshing system will then atiempt to distribute hese cells.

Deor el budgetsbo b Lz For meshny

Total defaul cell budget: 1710 (before refinement)
The mesh specilled above can be adjusted using ierstive refinement,

Torn sets of quality metrics sre available for refinement, hawever the
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STEP 6: CHECK, MANUALLY CHANGE

AND ACCEPT MESH



Interactive CFD Engine
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STEP 8: RUN SIMULATION AND
CHECK TO ENSURE
CONVERGENCE

STEP 7: EXPORT TO CFD ENGINE



Data Viewer

Cut-plane to show temperature @ 2 meftre height

TEMPERATURE
l 332,

320.

izozr.

Trstart, [Mawersec. B ooton. | woet-pwt B voo:too. | > WAmedarc... |{°2wanE..

STEP 9: LOAD RESULTS INTO THE STEP 10: CREATE VIDEOS FOR

DATA VIEWER FOR ANALYSIS IN VISUALISATION AND PRESENTATION
CONJUNCTION WITH GRAPH DATA TO CLIENT



4) SMARTFIRE

1 Smartfire Environment Editor - [Region]
4l Fle Region Espert Run Debug Help

View Region Object |
Current object:
| object_4 ﬂ
Object poszition [m]: Size [m):

% [1.000 :l [1.000 :‘
v [2600 :l [1.000 :‘
2 | = =

Mew | Dim/Rot | Froperties |
Clone | Delete | Delete &l |
Flane:




4) SMARTFIRE

view | Regen | Objeot
Angles [degrees);

oo [T = [ 2]

Preset views:

Eag *Z Yz 3D View
Zom  [mx o]

Display modes:

£¥ Show all as wireframes

" Show cunent as wireframes
" All as boxes

" Current only

Show

¥ 3D objscts

¥ 2D objects

¥ Region frame

Effects:

I™ Negative W Fiendsr 30




i Smatfire Mesh Specification - Meshing Tool

4) SMARTFIRE

O]
Actions  Seftings  “windows  Help
Dutput
[ [ Mesh Yiewer and Control Window [_ 1Ol =]
;; Data | Wiew | -
.| EdtSi= [z =]

Di

ER=EIEN
Lowcoord  High-coord
EE- B
Meshiype
% Even
" Expanding
" Contracting
" Grow in middle

" Grow at edges

Parametsr [ 1 nnn:jl

Number of Cells

—

CBecept | Decline
Chel Evaluate

NZ =42

=31

30 VIEW

CELLS =45570




+ Smartfire Mesh Specification KBS

i Log Dutput for KBS

4) SMARTFIRE

i KBS Generated Mesh Options == x|

Calculating Spline Distribution for slice 2 in the Z direction.

Calculating Spline Distribution for slice 2 in the Z direction.
Calculating Spline Distribution for slice 2 in the Z direction.

Calculating Spline Distribution for slice 2 in the Z direction.
Calculating Spline Distribution for slice 2 in the Z direction.

Calculating Spline Distribution for slice 2 in the Z direction.
Calculating Spline Distribution for slice 2 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.
Calculating Spline Distribution for slice 4 in the Z direction.

Total Cells: 13671

Divided into X-21, ¥-21, Z-31

KBS Minimum Cell Budget 13020
User Entered Cell Budget 13020
Actual Generated Cell Budget 13671
Finished Normally.

J KBS Mesh Viewer

R e s (e e




4) SMARTFIRE

1 Controls for Smartfire [ RUN STOPPED ] : Time-step Yalue Graphs for Smartfire I =] B + Time-step Residual Graphs for Smartfire I ] 5

L] Sweep Yalue Graphs for Smartfire Sweep Residual Graphs for Smartfire i [=] 3
& Log IR 75‘:5‘8(‘ Mom @ Log  Lin

CFD Code [ CASE = mul
Eile Processing #ctions  Configue  Display Windows  Help

Seale Mo

Y\ o T
@ -7 EI
Restat || Explore Results

&5 &l

Select | Wisuals

gy ]
&E

Solvers

Time step 13 of 110 Sim time 13.000

leration | ER | 100 bencel [ 4210
Time taken | Ondemzzs| et [ 32nS0m5ls|  Massenar m
Variable Fiesidual Value Min value Mas walie
[PRESSURE ZEEEAB [ BAGIEM || 4954 | 4 GROEwN
U VELODITY 5 0B2E 05 T788E04| [ 1452600 [ 1 452E+00
W VELOCITY 4.109E-03 -7 A10E-02 -3.527E-M 3410E+00
' _VELOCITY 6.482E-03 -2.028E-01 A1.777E+00 1.536E+00
KINETIC_ENEFIGTY S7EBES [ BozoEdd [ a17dED6 | 3e7sEAR
DISSIPATION_RATE 222305 [ 9eecEMS | 49345 | BB2EEAZ
IENTHALW ZOHEGS| [ 2181E+05|  25G1E+G||  7.229E 405
IT_MPEHATUHE G7ESEUG| | 3042E+02) | BOGTE.Z||  G.G4GE0Z)
FUDYANW 4500 [ GEBEES||  -2042E402||  OLDOOE 00
IDENSITY 1.537E-05 1.175E+00 6.692E-01 1.600E+03

+ Graph #1 for Smartfire [SII=T[= || ¢ Graph #2 for Smartfire =101 x|




4) SMARTFIRE

: Smartfire CFD Code [ CASE = multiple_room ]

File Processing  Actions  Configure  Display  Windows

i Controls for Smartfire [ RUN STOFPPED ]

IEIIE

Help

i Sweep Residual Graphs ... B =] EX

4 Scale © Hom & Log  Lin

xS 2 1 K '
2N X 5 FA I
Restart Explore Resuls |

e : s | D |
Solvers i Graphs Visualzs |8 .

' ¥isualiser For Smartfire

|Ease =» Fire caze multiple_room

i/ Status for Smartfire [ RUN STOPPED ] = =] ]

Time step |—au of 100 Simltin
Iteration I 43 of I a0 Mon c
Time taken | 12h 04m 455 left | Zh54m 183 Masse

‘Yariable Residual Walue birn *

IPHESSUHE I 1.5135-05' 3.847E-01 EE

JGraph #2 for Smartfire =] P

Fill = TEMPERATURE




4) SMARTFIRE

%t Pen.bld - Model Builder
File Edit “iew Mode Dwxf Object Locate Scenano  Seftings Help
iait i
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4) SMARTFIRE

5o Pen.bld - Model Builder
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4) SMARTFIRE
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4) SMARTFIRE

(a) Cenario -
perspectiva

(b) Visao interna



Pequeno exemplo




4) SMARTFIRE




4) SMARTFIRE

Simulation time =181.0




Algumas aplicacoes



EXAMPLE 1
FIRE IN A SMALL SERVER ROOM

e SPRINKLER ACTIVATION TIME
e SMOKE DETECTOR ACTIVA
e COINCIDENCE DETECTION




SPRINKLER ACTIVATION TIME

SPRINKLER HEAD RESPONSE THRESHOLD ISOSURFACE

GRAPH TO SHOW TEMPERATURE
VIDEO TO SHOW 70 °C TEMPERATURE AT THE SPRINKLER HEADS
SPREAD



SMOKE DETECTOR ACTIVATION TIME

SMOKE DETECTOR RESPONSE THRESHOLD ISOSURFACE

GRAPH TO SHOW SMOKE
DENSITY AT THE DETECTOR
HEADS

VIDEO TO SHOW SPREAD OF SMOKE WITH
DENSITY EQUAL TO THE DETECTOR RESPONSE
THRESHOLD



EXAMPLE 2
TRAIN CARRIAGE FIRE

930K Temperature Iso-surface




EXAMPLE 3
FIRE IN ATRIA

Geometry 2 — with
natural ventilation

Geometry 1



SMOKE CUT PLANES

Geometry 1- Results

Geometry 2- Results



BENEFITS OF FIRE MODELLING USING CFD

* Representative results possible for complex geometries and scenarios
* Helps reduce the need for over engineering inherent in many prescriptive codes

e Can provide cost effective solutions to smoke control problems, especially in
unusual or complicated geometries. i.e. Atria, Transport Terminals etc.

* Can be used to assess the necessity and/or effectiveness of existing smoke
control systems

e Calculate detection and sprinkler activation times
* Analyse the impact of fire on structural elements

* Can be used in conjunction with Evacuation Modelling to ensure  RSET < ASET



ASET and RSET

DET AL

EVAC
G REC RESP

UC
ASET

- Tl [ E— E—
RSET ﬁ
S ——

*Pre-movement

TRAVEL —
(movement)

*Pre-movement = Pre-evacuation



Typical Fire Behaviour in an Enclosure

Q(kw)
or
T FRI

EB
Time
G .

Pre-flashover | Post-flashover I

(adaptation from Kawagoe, K.1)

IG - Ignition
EB - Establishment of the Burning

FRI - Full Room Involvement
1. “Fire Behaviour in Rooms”, Report No. 27, Building
Research Institute, Tokyo, 1958



FIRE IN AN ATRIUM
(without vents)

sle|aja|m] | da] -8t s el 22|l 1]2]3]4|5]6]7[8] 9 10




FIRE IN AN ATRIUM
(with vents)
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The Benefits of Combined Modelling

* More realistic results:
Safe Design = RSET < ASET

Specific design

Hand Calculations:

RSET < ASET

(20 sec) < (25 sec)
Combined Analysis:

RSET > ASET

(28 sec) > (25 sec)



Safety Science 50 (2012) 1485-1489

Contents lists available at SciVerse ScienceDirect

Safety Science

=

journal homepage: www.elsevier.com/locate/ssci

The development of a real performance-based solution through the use of People
Movement Modelling Analysis (PeMMA) combined with fire modelling analysis

Rodrigo Machado Tavares **, Steven Marshall®

*IPT - Instituto de Pesquisas Tecnoldgicas (Institute of Technological Research), Laboratdrio de Seguranca ao Fogo - LSF (Laboratory of Fire Safety). Av. Prof. Almeida Prado 532 Cid
Universitdrin. 05508-901 Sdo Paulo, Brazil

B CAPITA SYMONDS Fire Engineering Team, United Kingdom'
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1. Why model?

time =f(x,y,z,...)

Design = Information System



Rodrigo Machado Tavares




2) Contexto da Arquitetura no cenario
internacional

- CONFORTO

- FUNCIONALIDADE

- MANENTABILIDADE
" PROJETOS

_ ARQUITETONICOS \  _gsrerica
- - CUSTO/BENEFICIO;
“-SEGURANCA

PROJETO ARQUITETONICO OTIMO: E AQUELE QUE OFERECE TRES ASPECTOS FUNDAMENTAIS
AOS USUARIOS

Rodrigo Machado Tavares



2) Contexto da Arquitetura no cenario
internacional

Rodrigo Machado Tavares



2) Contexto da Arquitetura no cenario
internacional

UNIAO entre os “designers”: arquitetos +
engenheiros (de calculo estrutural; instalagoes
hidro-sanitarias; ambiental; de seguranca contra
incéndios; de iluminacao; de acustica etc...).

Rodrigo Machado Tavares



2) Contexto da Arquitetura no cenario
internacional

Rodrigo Machado Tavares



