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Breves explanações, com ênfase na 
área de Engenharia de 

Segurança/Proteção contra Incêndios 



Conteúdo: 

 

1. “Modelar é preciso?” 

2. Um pequeno histórico de modelagem de 
incêndios  

3. CFD 

4. Algumas aplicações 

5. Considerações adicionais 

6. Tchau   
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1. “Modelar é preciso?” 









Engenharia de Segurança/Proteção contra Incêndios 
 

Códigos de Segurança  
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Códigos Baseados no 
Desempenho 







1.  Why model? 

Fire Safety Engineering 
 

Fire Safety Codes 

Prescriptive Codes 

Performance-Based 
Codes (BS 7974) 

CFE (Computational Fire Engineering) 

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

ASET – Available Safe Egress Time 
RSET – Required Safe Egress Time 



1.  Why model? 

Typical curve for a fire in an enclsoure 
(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 

 

FRI 

IG 

EB 
Time 

Pre-flashover Post-flashover 

Q (kW)  
or 
T 

Q (kW) – maximum burning rate 
(taxa de calor máximo) 



1.  Why model? 

CFE – Computational 
 Fire Engineering 

Evacuation Modelling 

Fire Modelling  

RSET 

ASET 

RSET < ASET 



RSET < ASET 

Modelos Computacionais 





1. A Brief History of Fire Modelling 

 

 

1960’s:  First mathematical model for the simulation of fire within 
 compartments (hand calculations) 

1970’s:  First Accounts of Field Modelling Published 

 Computer based zone models developed 

1980’s:  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 

1990’s:  Parallel Computer technology developed 

 One of the largest FM application undertaken at the Millenium 
 Dome 

2000+ 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 

• ZONE MODELS  

• FIELD MODELS or COMPUTATIONAL FLUID 
DYNAMICS (CFD) MODELS  



Zone Models 
•  Based largely on empirical data 

•  Two dimensional 

•  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 

 



Some existing Zone Models 

CFAST 

ASET 

FIRST 
COMPF2 

BRANZFIRE 

JET 
FPETOOL 



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) 

•  Used in Aerospace, Automotive and other engineering 
professions 

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

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

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

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

•E.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 

CFD – Fine Mesh 

Zone Model 



Some existing CFD Models 

PHEONICS 

JASMINE 

FLUENT 

SOFIE 

CFX 

FDS 

General Purpose CFD 
Codes 

KAMELON 

Specific Fire CFD 
Codes 

SMARTFIRE 



Variáveis: momento, pressão, radiação, entalpia, etc... 



3. Zone Models v CFD 

Zone 

modelling 

CFD 

Simple rectangular geometries. 

 
  

Complex geometries.   

Conserves mass, energy and 

momentum. 
  

Quick to setup and run.   

Accuracy of the results can be 

increased. 
  

Specialist knowledge and 

understanding required. 
  



SMARTFIRE 

SMARTFIRE  

Geometria (cenário) 

Construção e definição  
Da malha 

Módulo em CFD 



Scenario Designer  

STEP 1: IMPORT CAD FILE (2D 
IMAGE OF GEOMETRY) 

STEP 2: CREATE SCENARIO  
PRODUCE 3D GEOMETRY 



Case Specification Environment 

STEP 3: EXPORT THE 3D 
GEOMETRY TO THE CSE 

STEP 4: SPECIFY FIRE, SMOKE AND 
OTHER PARAMETERS 



 Automated Meshing System 

STEP 5: CHOOSE THE DENSITY OF THE 
MESH 

STEP 6: CHECK, MANUALLY CHANGE 
AND ACCEPT MESH 



Interactive CFD Engine 

STEP 7: EXPORT TO CFD ENGINE STEP 8: RUN SIMULATION AND 
CHECK TO ENSURE 
CONVERGENCE 



Data Viewer 

STEP 9: LOAD RESULTS INTO THE 
DATA VIEWER FOR ANALYSIS IN 
CONJUNCTION WITH GRAPH DATA 

STEP 10: CREATE VIDEOS FOR 
VISUALISATION AND PRESENTATION 
TO CLIENT 



4) SMARTFIRE  



4) SMARTFIRE  



4) SMARTFIRE  



4) SMARTFIRE  



4) SMARTFIRE  



4) SMARTFIRE  



4) SMARTFIRE  



4) SMARTFIRE  



(a) Cenário 

importado  

  (b) Malha criada com 

     o  SMARTFIRE 

4) SMARTFIRE  



(a) Cenário - 

perspectiva 
(b) Visão interna  

4) SMARTFIRE  



Pequeno exemplo 



4) SMARTFIRE  



4) SMARTFIRE  



Algumas aplicações 



EXAMPLE 1 
FIRE IN A SMALL SERVER ROOM 

•  SPRINKLER ACTIVATION TIME 

•  SMOKE DETECTOR ACTIVATION TIME 

•  COINCIDENCE DETECTION 
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SMOKE DETECTOR ACTIVATION TIME 

GRAPH TO SHOW SMOKE 
DENSITY AT THE DETECTOR 
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EXAMPLE 2 
TRAIN CARRIAGE FIRE 

•  Fire Spread 

•  Window Failure 



EXAMPLE 3 
FIRE IN ATRIA 

Geometry 1 Geometry 2 – with 
natural ventilation 



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 
 
• 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 
 
• 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 
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*Pre-movement = Pre-evacuation 

UC 

ASET and RSET 



Typical Fire Behaviour in an Enclosure 

(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 

 

FRI 

IG 

EB 
Time 

Pre-flashover Post-flashover 

Q (kW)  
or 
T 



FIRE IN AN ATRIUM  
(without vents) 



FIRE IN AN ATRIUM  
(with vents) 



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) 







Design = Information System 

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

1.  Why model? 












