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Introduction 
Fire Development  in Compartment Fires  

 •   Ignition  

      –  Period during which fire begins / Pilot ignition / 

Auto ignition  

 •  Growth  

      –  Initially fire grows without any compartment effects  

      –  Fire can be described in terms of HRR and product   

         generation  

      – With sufficient oxygen and fuel fire will continue to grow   

         causing increase of compartment temperature 
 



Introduction 
Flashover  

•  Flashover is defined as the event at which all combustible   

   items in a room ignite due to high heat fluxes from the flames   

   and the hot layer.    

•  Experimentally flashover occurs when the upper layer   

   temperature reaches 500‐600 ºC.  

•  Another criterion used for flashover is the time at which the   

   radiant heat flux to the center of the floor reaches 20 kW/m2  

   (reached when to hot layer temperature is 600 ºC)  

•  This value is sufficient to ignite common light combustible   

   materials in a short time.  

 • Transition from growing fire to a fully developed fire. 

 



Introduction 
 

Fully Developed Fire  

•   HRR is the greatest during this stage  

•   Fire becomes ventilation controlled  

•   Flames issue from compartment openings (unburned fuel)  

  

 Decay  

•   Decay occurs as fuels become consumed by the fire and HRR   

    declines  

•   Fire changes from ventilation control to fuel control  
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Introduction 
The Pre-flashover Fire: 

 



Introduction 
Flashover: 
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Fire Spread  

•  Fire may spread from the room of origin to adjacent   

   rooms or adjacent buildings.    

•  Spread of fire is due to following:  

    –  Direct flame contact to combustibles in adjacent rooms  

    –  Radiation heat transfer  

    –  Conduction heat transfer through walls, doors  

    –  Flaming brands  
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Heat Transfer  

•Conduction  

 Through building elements  

• Convection  

 From hot layer to walls and ceiling  

•Radiation  

 From flames and hot layer to room boundaries  
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Upper Layer – The 
parameters that 
need to be 
evaluated are: 

-The temperature 
of the upper 
layer: Tu 

-The velocity at 
which the 
Upper Layer 
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These parameters can be obtained from, the ideal gas law and 
conservation of  mass and energy in the Upper Layer 
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The “Energy Release Rate” 

 

 

 

Mass of air entrained 

 

 

 

Mass Burning Rate: Generally obtained from empirical 
correlations 
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Introduction 
Simple representation of the HRR 
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Incipient heat release rate (Q*i) 

Incipient period (to) 

Growth time (tg) 

Growth HRR(Q*o) 

Peak HRR (Q*max) 

Total HR (Q) 

Burnout time (tbo) 
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Q=t2 
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Ignition Properties 



AN OPERATIVE MODEL 

Equations 
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Introduction 
 

 Fire Modelling is the evaluation of fire scenarios to answer 
questions about heat, smoke, and toxic gas production. 

 

• Fire Modelling is used to: 
→Develop accident scenarios from fire hazards and 

determine the consequences of a particular fire, 
example: radioactive release 

→To evaluate performance or objective based design 
alternatives 

→Provide guidance when prescriptive codes and 
standards do not address or conform to specific 
situations 
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•Fire modelling is used to determine: 

→Heat release rate of a fire 

→Height and size of a flame 

→Flow of hot gases in a room 

→Radioactive release 

→Temperatures in the hot gas layer and in the room 

→Heat fluxes to objects in the room 

→Temperatures on adjacent items 

→Detector Activation 

→Occupant Response to the fire 
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Types of Models 
Hand Calculations: 



Types of Models 
Two Zone Models: 

Two zone models rely on fundamental theories in 
physics but use basic knowledge of fire scenarios to 
simplify and approximate the equations. 

→As a room fills with smoke, it is approximated as having two 
distinct layers: a hot upper layer and cooler lower layer. 

→Fire compartments can be connected to adjacent compartments 
to form entire buildings. 

 
Hot Layer 

Cold Layer 



Types of Models 
Two Zone Models – CFAST Input Screen: 

 



Types of Models 
Two Zone Models – CFAST Input Screen: 

 



Types of Models 
Two Zone Models – CFAST Outputs: 



Types of Models 
FDS Fire Simulations 



Types of Models 
FDS Fire Simulations 



Types of Models 
CFD Fire Simulations – FDS Inputs  



Types of Models 
CFD Fire Simulations – FDS Outputs 



Agenda: 
Introduction 
Types of Models 
Applicability  
Case Study 1 
Case Study 2  
Case Study 3 
CFAST vs. Hand Calculations 
CFAST vs. Hand Calculations Vs NUREG 1805  
CFAST Exercise 

 



Applicability 
 

 
Hand Calculations CFAST FDS

Plume Temperature Yes Yes Yes

Ceiling Jet Temperature Yes Yes Yes

Hot Gas Layer Temperature Yes Yes Yes

Flame Height Yes Yes Yes

Sprinkler or detector activation Yes Yes Yes

Radiation to Targets in room Yes Yes Yes

Total Heat Transfer to Targets Yes Yes

Wall Temperature Yes Yes

Target Temperature Yes Yes

Smoke Concentration Yes Yes

Oxygen Concentration Yes Yes

Room Pressure Yes Yes

Combustion Reactions Yes

Obstacles in the room Yes

Complex room geometry Yes

Toxic gas production Yes

Sprinkler sprays Yes
Evacuation studies Yes

Model
Attribute



Applicability 
 

 Applicability of Models – Summary: 

•Hand Calculations 
→ They are simple to use with relatively fast results. 
→ Limited to fires involving one or two combustibles and objects in the fire 

plume.   Correlations must be used within specified ranges. 
•CFAST 

→ Can be used for multiple burning items and objects in multiple rooms.  
→ Limited to geometry without any obstructions. 
→ More suitable for pre-flashover situations where the two-zone assumption 

holds true. 
•FDS 

→ Performs detailed simulation of fire scenarios for complex geometry 
→ Provides good visual outputs of fire phenomena 
→ Time intensive 
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Case Study 1 
 

BACKGROUND 

•Building 1 and Building 2 contain low-level radiological waste in 
the form of soil and building materials stored in metal drums and 
metal boxes. 

•Building 1 does not have adequate spatial separation required 
by the NBCC and FHA  in regards to exposure protection. The 
building to which Building 1 may pose as an exposure hazard is 
Building 2 to the south. The spatial separation and exposure 
protection are based on minimizing radiant heat flux on adjacent 
buildings in order to prevent their ignition. To address that 
deficiency, the Building 1 FHA recommendation number 5 
suggests upgrading “....the west exterior wall assembly of 
Building 1 that directly exposes Building 2 to provide a 1 hour 
fire resistance rating.” 
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EVALUATION 

  

The spatial separation between the exposed building (Building 2) 
and the fire source (Building 1) is 18.98m (see Figure 1 next slide). 
For the purposes of ensuring ultra-conservative measures the area 
of Building 1 is assumed to be one compartment. 

  

A worse case fire scenario will be assessed to calculate the radiant 
heat flux (in kW/m2) emitted from Building 1 . This calculation is 
based on the total fire load available in the building, to determine if 
it is of sufficient value to ignite combustibles in adjacent buildings 
(Building 2); i.e. to determine if Building 1 poses as an exposure 
hazard. This radiant heat calculation was not calculated in the FHA . 
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Case Study 1 
 

 Building 1 BREAKDOWN OF COMBUSTIBLES 
 
Combustible Type and Amount Contribution (Kg) 
 
Wooden Shelving Units (2 small) 
2 x 30 Kg = 60 kg 
Wooden Pallets 
90 x 20 kg = 180 kg 
 
Total Combustibles = 240 kg 



Case Study 1 
 
Fire Scenario: 
 All 90 wooden pallets and 2 small shelving units are burning 
simultaneously Location of these pallets is on the south end of 
Building 1 facing the north side of Building 2 for the least possible 
distance. 
 
3 pallets on top of each other =  30 stacks (each stack of 3 pallets) 
 
Critical Conditions for Building 2 to ignite: 
 The critical value for ignition of the adjacent unprotected wooden 
building is 12.5kW/m2. This radiant heat has to travel a distance that 
exceeds 18.98m. The equation below is specifically designed for 
standards pallets. Therefore the length, height and width are 
included within the formula. 
 



Case Study 1 
 
Hc = 25cm = 0.25m 
Pallet Dimensions: 
Height = 10-1/4” = 25 cm (3 wooden pallets stacked on top of each 
other) 
Width = 49” = 122 cm 
Length = 49” = 122 cm 
 
 
 
 
 
 
 
Total Q =1531 kW x 30 stacks = 45930 kW 



Case Study 1 
Mass of wooden shelving units M = 60 kg 

Calorific value ΔHc = 16 MJ/kg 

 Energy content of fuel: 

 E = MΔHc = 60 kg x 16 = 960 MJ 

 Surface burning rate q = 0.009 kg/s/m2 (soft board wood) 

Wood crane floor area Af = 28.908m x 12.171m = 351.839 m2 

Specific heat release rate 

 Qs = qΔHc = 0.009 x 16 = 0.144 MW/m2 = 144 kW/m2 

 Total heat release rate 

 Q =Qs Af = 144 x 351.839 = 50664.816 kW 

 Total Q = Qpallets + Qshelving = 45930 kW + 50664.816 
kW = 96594.816 kW 

  



Case Study 1 
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Therefore, Qrad = Qtotal x 0.3 = 96594.816 kW x 0.3 = 28978.4448 kW is radiant heat 
flux 
 
Qtotal is total heat release 
Qrad is radiant heat 
Where  = 0 and cos  = 1.   
12.5 kW/m2 = 28978.44 kW 
                                  4πr2 
 r = 13.58 m 
 Therefore, 13.58 m < 18.98 m.  
With the present combustible load the critical radiant heat travels 13.58 m. This 
distance is less than the actual distance (18.98 m) between Building 1 and Building 2. 
Therefore, it does not meet the ignition condition. 
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Case Study 2 
 

Life Safety & Flashover for Building 1 (Room 001) : 

 

 The design basis fire conditions are simulated using a 
computer based fire model and representative outputs are shown 
below in Building 1 in Room 001. The model used for the analysis 
of fires in the units is CFAST, Version 6.0.10.  

 



Case Study 2 
 
The 2 zone model is designed with the following conservative 
assumptions: 
  
•Assume that all wall and partitions are plywood with no fire 
retardant painting. 
•Assume 2 fires at the same time and in the same place (kerosene 
and 2 panel work station). 
•Assume that all doors were closed at all time and that there were 
no windows for life safety calculations. 
•Assume door are open and there is 2 windows for flashover 
calculations. 
 The output of the CFAST model is summarized in figures 1- 4 
below. The output confirmed that there are no life safety issues; no 
flashover and no fire spread concerns in Room 001. 
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Case Study 2 
CFAST output: 

 

Conclusion: Maximum upper layer temperature was 124 C which is much lower than 

the flashover temperature between (500 – 600 C). Note that as this is upper layer 

temperature the sprinkler system will activate by 80 C. 



Case Study 2 
CFAST output: 

 

Result: There is no human skin threat as the maximum temperature of 27 C didn’t 

exceed the safety limit of 120 C at 1.5 meter. 



Case Study 2 
CFAST output: 

 

Conclusion: There will be no flashover as the maximum radiant heat flux was 0.65 

KW/m2 and the flashover radiant heat flux is over 20 KW/m2. 



Case Study 2 
CFAST output: 

 

Conclusion: There will be no human skin threat as the maximum radiant heat flux 

was 0.65 KW/m2 and didn’t exceed the skin safety limit of 2.5 KW/m2. 



Case Study 2 
Conclusion 

The output of the fire model (CFAST) confirmed that there are 
neither life safety concerns nor flashover in Room 001 in 
Scenario 2 in Building 1 FHA 

 

Recommendation 

  

Sealing all penetrations/holes through partitions or ceiling 
structures and painting the plywood/masonite 
walls/ceilings/doors/mezzanines with fire retardant paint. (ULC 
listed fire stop). 
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Case Study 3 
 
Recommendation 5 from the Building 1 FHA states that:  
“Upgrade the structure to provide 45 min fire-resistance rating for 
the combustible load bearing walls, columns and arches supporting 
the floor assemblies. Also floor assemblies and combustible 
mezzanines to be upgraded to provide fire resistance rating of at 
least 45 minutes. Please note that existing elements may already 
have the required fire-resistance rating, however this could not be 
ascertain as based on the available documents. Due to the fact that 
the building is existing, and this issue has no nuclear safety impact, 
and the fact that this undertaking may be impractical and cost 
prohibitive, alternate approaches, such as additional sprinkler 
mitigation, or other measures may be considered subject to AHJ 
approval. A further review indicating proposed mitigating measures 
is recommended. The Building Condition Assessment Report has 
additional details of the required measures to achieve 45 minutes 
fire resistance ratings.” 
 



Case Study 3 
 

•In room 304, the total combustible loads were decreased form 
1.40E+04 kg & 5.33E+08 kJ on May 19/2010 to 1935.64 kg 
&5.04E+07 kJ on March 17/2014. 

•In area 130, the total combustible loads were decreased form 
7520 kg & 1.54E+08 kJ on May 19/2010 to 2101.69 kg & 
7.82E+07 kJ on March 17/2014. 

 The main objective of this model was to evaluate the 
maximum temperature in area 130 & room 304, determine if 
radiation emitted from the fire scenario 1 & 3 is enough to ignite 
adjacent objects and the if there is possibility for fire flashover?   
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•The design basis fire conditions were simulated using a 
computer based fire model. The model used for the analysis of 
fires in the units was FDS.  

•FDS is a multi- zone model. These models are based on 
fundamental laws of physics rather than empirical correlation. For 
this reason, CFD models offer the most adaptable approach for 
solving problems. Though, due to their difficult nature, they need 
expert knowledge from the user. 
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•The design basis fire conditions were simulated using a 
computer based fire model. The model used for the analysis of 
fires in the units was FDS.  

•FDS is a multi- zone model. These models are based on 
fundamental laws of physics rather than empirical correlation. For 
this reason, CFD models offer the most adaptable approach for 
solving problems. Though, due to their difficult nature, they need 
expert knowledge from the user. 
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For Room 304 

•A mesh size of 80 cm x 80 cm x 30 cm was used in the FDS 
model.  The fire was modeled using Q = 1000kw/m2. This 
methodology assumes a t2fire is growth. The materials that were 
used in the model for the floor, walls and ceiling were plywood 
and tiles.  

•There was a Thermocouple THCP added inside the room with 
coordinates (4m, 4m, and 1m) for the purpose of keeping a 
registry of the temperature at this specific location. 

 



Case Study 3 
FDS Output: 
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For Area 130 
 
•A mesh size of 105 cm x 125 cm x 125 cm was used in the FDS model.  The fire 
was modeled using Q = 1000kw/m2. This methodology assumes a t2fire is 
growth. The materials that were used in the model for the floor, walls and 
ceiling were Plywood, Yellow pine and tiles.  
 

•The sprinkle system will activate at 78 C and was placed on the ceiling of the 
room 130 at 12.2 m height. There was a Thermocouple THCP added inside the 
room with coordinates (6m, 5m, and 3m) for the purpose of keeping a registry 
of the temperature at this specific location. 
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FDS Output: 



Case Study 3 
 

 



Case Study 3 
 

 
New Recommendations for Building 1 based on Additional Fire Hazards 

Deficiency  Additional Recommendations Priority Status 

Reduce & monitor the amount of 

combustible materials in Building 
1  

Obtain photographs of Building 1 rooms identifying the 

current configuration and provide to Fire Protection 

Program. Photographs to be maintained by Chief Fire 

Prevention Officer as a reference point to ensure that 

there are no additional combustibles accumulating over 

the years and to assure that these conditions are 

maintained between the monthly inspections. 

Medium 

Absence of non-combustible 

storage cabinets in room 304 

Provide non-combustible storage cabinets for room 304. Medium 
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CFAST vs. Hand Calculations 
 

•The design basis fire conditions were simulated using a 
computer based fire model. The model used for the analysis of 
fires in the units was CFAST, Version 6.0.10. This program is 
supported by appropriate technical documentation and is widely 
accepted. The program was verified as being appropriate for the 
applications used in this building. 

  

•The 2 zone model fire scenario was designed assuming an ultra 
fast fire growth rate t2 and the material is 1 m3 of methane with 
heat of combustion of 50,000 kJ/kg in room 051 in B200. 

 



CFAST vs. Hand Calculations 
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CFAST vs. Hand Calculations 
CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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CFAST output: 
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Hand Calculations: 
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Hand Calculations: 

 



CFAST vs. Hand Calculations 
Hand Calculations: 
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CFAST vs. Hand Calculations vs. 

NUREG 1805 
 

Assume a pool fire that contains 1000 litres of lube oil. 
Calculate the HRR? 



CFAST vs. Hand Calculations Vs NUREG 1805 
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CFAST vs. Hand Calculations Vs NUREG 1805 
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CFAST Exercise 1 
Room 4m x 3m x 3m with one door in the front at distance 1m. 
The door is 0.7m X 2m. The fire is 3 panel work station in the 
middle of the room.  All walls and celing are 5/8 gypsum board 
and floor is light concrete. 

Using CFAST (Simulation time: 6 minutes), Calculate: 

HRR? 

Maximum Heat flux? 

Flame height? 

Highest temperature? 

Life safety? (CO & Optical distance) 

 

 

 

 



CFAST Exercise 2 
 

 

 

 

 

5m  

4m  

7m  

3m  

3m  

2m  

1m  

1m  

0.5m  

1m  

4m  

1m  



CFAST Exercise 2 
All walls and ceiling are 5/8 gypsum board and floor is light concrete. In 
room 1, the door dimension is 2m width x 2.5m height. The windows 
dimension in the room 1 are 1m width x 1.5m height. In room 3, the window 
dimension is 2m width x 2m height. In room 1, there is a round opening to 
room 3 with area of 0.8m2. 

Fire 1 in room 1 of a box spring and mattress in the middle of the room.  

Fire 2 in room 2 of bunkbed in the middle of the room.  

Fire 3 in room 3 of a kiosk in the middle of the room.  

Using CFAST, Calculate: 

 

HRR in room 3? 

Maximum floor Heat flux in room 2? 

Human heat flux in room 3? 

Smoke height in room 1? 

Highest temperature in room 1? 
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