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PART 1. INTRODUCTORY NOTES

PART 1: INTRODUCTORY NOTES

1. ABOUT THIS MANUAL.

The purpose of this manua is to provide training to Fire Safety Officer’s (and other fire brigade st&ff) in the
use of fire modelsto predict fire goread in a building and its consequences. The training isintended to
familiarise FSO’ swith fire moddling through practica experience so that they can use fire moddsin
connection with their work on assessment of the fire safety aspects of building desgns. However, it
should be stressed that the predictions made by fire models should not be assumed to have any
great accuracy but only serve to provide an indication of the likely outcome of the fire.

This manud includes exercises in fire moddling which require the use of the modd FASTLITE which the
reader will need accessto. FASTLITE isazone-type modd (see Part 1, Section 3) produced by the
Nationd Ingtitute of Standards and Technology (NIST), USA. Copiesof FASTLITE may be obtained
from:-

Nationd Fire Protection Association
One Stop Data Shop
1 Batterymarch Park
Quincy, MA
U.SA.
Tel: 617-984-7450
Fax: 617-984-7060

Alternatively, FASTLITE can be obtained from the Internet a: www.bfrl.nist.gov/fire/fastlitehtml.

Thismanuad is one of a series available from the Fire Research and Development Group. The other
volumes have asimilar content but are based on the models ARGOS produced by the Danish Ingtitute of
Fire Technology and HAZARD-I, produced by the National Ingtitute of Standards and Technology, USA.

2. BASIC REVIEW OF FIRE DEVELOPMENT

Fire modds are based on an understanding of the physica processesinvolved in afire. Thefollowingisa
description of these processes which areillustrated in Figure 1.

Here we are concerned exclugvely with fireswhich occur in buildings. The fire normally beginsa asingle
location in one room (dthough thisis not dways so, particularly in the case of arson).

The burning of asolid item involves two main processes. Firdly, the materid is heated to the point where it
vaporises, a process known as pyrolyss. Secondly, the vapour produced mixes with the air and
undergoes an exothermic (heat producing) chemica reaction with the oxygen present, a process known as
combustion.
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From the ignition point on the surface of the burning item, the flames spread, increasing the burning area.
The combustion process releases hest, smoke and gases which rise from the burning material
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Figure 1 The Physical Processes of a Fire

inaplume. The gases produced typicaly include Carbon Dioxide, Carbon Monoxide, Hydrogen Cyanide
and sleam. Soot particles are produced from the incomplete combustion of the material, and these
particles form smoke. On the other hand, oxygen is consumed by the fire which will cause the
concentretion of oxygen in the room to fal below the normal level which is 21% by volume.

The radiation from the fire heats the surfaces of further itemsin the room, causing further pyrolyss, and if
the ignition temperature is reached, these itemsignite and add to thefire. This processis called secondary

ignition.

Asthe fire continues to grow, there may come a point where the radiation level in the room is high enough
to cause agenerd ignition of dl items, producing a sudden jump in the severity of the fire and the heat
releaserate. This processis known as flashover.

While the fireis burning, a plume of hot gases and smoke will rise from the fire. Asthe hot gasesrise,
driven by their buoyancy, further air is drawn into the plume from the surrounding space, a process known
as entranment. Usudly, this plume reaches the celling, athough thisis not dwaysthe case if thefireisina
compartment of large height where awarmer air layer has dready developed under the celling. When the
plume reaches the celling, the hot gases delivered spread out under the celling in alayer cdled the caling
j€t. Fed by the celling jet, alayer of hot, smoky gases gradudly builds up under the celling. Thislayer is
usualy referred to in fire modelling as the upper layer.
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The air in the room can be regarded as divided into two main volumes: the upper layer of hot smoky gases
and the relaively clear lower layer, with an interface between. However, in ared fire, mixing between the
two layers occurs so that the interface is not digtinct. Asthe fire proceeds, more gases are produced
which are fed via the plume into the hot upper layer. The upper layer gets thicker and so the interface
gradualy descends towards the floor.

Openings to the fire room such as open doors or windows alow the fire products in the upper layer to
spread to neighbouring rooms. These openings will dso alow fresh air into the fire room which provide the
fire with more oxygen and maintain combustion aslong asthereisfud avalable.

If there are no openings to the fire room, the oxygen in the room is gradudly consumed by the fire until the
concentration has falen to alevel which can no longer support combustion when the fire stops burning.

Hest is transmitted around the fire compartment by three mechanisms.

() Hest is carried around by the currents of hot gases such asthe plume. Thisis known as
convection.

(i)  Heat istrangmitted through materials by conduction. In the fire compartment hest is conducted
into the walls, floor and cealling where they are in contact with the hot gases.

(i)  Heat istransmitted through space by radiation. In the fire compartment hest is radiated from
the fire and from the hot upper layer, to the surroundings.

3. WHAT IS A FIRE MODEL?

Although there are other ways of modelling fire, this manud is concerned with the use of computer modds
which predict the spread of the fire and combustion products using mathematica caculations carried out by
the computer.

There are two types of computer fire model in common use: zone modds and fiedld models.

The zone modd is a more smple representation than the fidd modd; it divides the fire
compartment up into a few large sections caled zones such as the plume of hot gases rising from
the fire and the hot smoky gas layer which builds up under the ceiling, and relies on wel
established but empirical relationships for the transfer of heat and smoke between these zones.

A fiddd modd divides the compartment into alarge number of cubes, and caculates heat and fluid
flow between each cube and its neighbours using the fundamental equations of physcs. For this
reason, field models are likely to be more accurate but require more computing power and so are
more expensve to use.
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4. CARRYING OUT A FIRE MODELLING STUDY.

The gepsinvolved in afire moddling sudy are asfollows:-

0]

(1)

(i)

- define the fire scenario(s)
- et up the input data

- run the moddl

- andyse the results

Definition of the Fire Scenario. Once you have decided what you want to find out, the first step
in the fire moddlling Study is to define the fire scenario of interest. Thiswill include deciding where
the fire will start, what materias are involved, whether doors and windows are open or closed,
where the occupants of the building are located and whether any fire protection systems are present.
If an overdl hazard assessment of abuilding design is required, arange of scenarios should be
consdered, so that the main risks are covered.

Setting up the Input Data. Once the fire scenario has been decided, datais entered into the
modd to define the scenario. This data will include the following:-

- room dimensions

- locations and dimensions of doors and windows

- calling, floor and wall materids

- pogition of thefire

- heat release rate of thefire

- product generation rates (Smoke and toxic gases) of the fire

Care mugt be taken in deciding on the input data. If the data entered isincorrect, the results will dso
be incorrect. When al input data has been entered, the datais saved to afile.

The heet release rate entered will typicaly have a critica effect on the results obtained. Typica hesat
release rates are given in Table 1. Other sources of data on hest release rate are the SFPE
handbook (1) and the databases within the fire models FASTLITE, HAZARD-I (2) and ARGOS.
The software packages ‘FPETOOL’ produced by the Building and Fire Research Laboratory,
Nationa Ingtitute of Standards and Technology, USA, and ‘ ASKFRS' produced by the UK Fire
Research Station both give methods of calculating hest release rates.

Running the model. Once the input data file has been created, the modd is set running to caculate
the progress of the fire specified. The time taken for the modd to complete the fire Smulation can
vary from afew seconds to a few hours depending on the type of computer equipment used and the
complexity of the scenario. The more rooms that are included, the longer the run will take. For
some cases, FASTLITE takes only a few minutes to run on a PC with a 486 or Pentium processor
but for other cases the run time is consderably longer. As the smulation proceeds, the results are
displayed on the screen. At the end of the smulation, tables and graphs of the results may be
printed out.
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Furniture Item Peak Rate of Heat Release (kW)
Waste-paper basket containing paper 4-18
or milk cartons
Armchair 1000 - 2000
Sofa 1500 - 3000
Tdevison 120 - 290
Mattress, twin-size Up to 2800
Wardrobe, wooden, containing 3000 - 6400
gmdl amount of dothing

Table 1. Typical heat release rates of furniture items

(iv)  Analysis of the Results. The results produced will include the following:-

- the temperature of the upper layer in each room
- upper layer depth in each room

- ceiling, floor and wall temperatures

- gas concentrations

- hest radiation

The results may be andysed from the tables and graphs which appear on the screen, from the print-
out or from the output file which may be read by a spreadsheet package.

An important point is that the predictions from a fire model should not be assumed to have
any great accuracy as there are many uncertainties in the modelling process. There are
uncertainties in the input data, for instance the heat release rate profile of the fire may be different in
redity from the profile assumed. Also, many gpproximations are made in the modd which reduce
the accuracy of the results, for instance al zone models are based on the assumption that the upper
and lower gas layers are of uniform temperature, smoke and gas density throughout their volume and
thisis not the case in redity.

Because of the limited accuracy of the results, it is often more useful to look at the results
comparatively to show the effect of making a change to the fire scenario. For instance the model
could be run to predict the effect of an armchair fire and then repested with a different armchair
mede of more fire resstant materid.

Alternatively, the results from a single run of amode may be considered separately but it should be
remembered that the results are only approximate. For this reason, it may be necessary to add a
safety factor or margin for error to the results as this will not normally be included in the modd.
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It may aso be useful to carry out a sengtivity andysis of the results to find out how sengtive the
results are to variationsin the different input parameters. This can be done with any or dl of the
input parameters to see which ones are more criticad. A sengtivity anaysswill show the size of the
error in the results produced by uncertainty or inaccuracy in the input data.

5. ASSESSMENT OF HAZARD TO LIFE

Fire models may be used to predict the property loss or the hazard to life. 1t will be assumed here that the
interest isin predicting the hazard to life. The prediction of the hazard to life of the occupants of the
building is not asmple matter. First of dl, hazard criteria need to be set to define the conditions which
cause incapacitation or desth.

There are anumber of ways in which afire causes a hazard to life to the building occupants. The main
hazards are described below together with the criteriafor hazard to life.

0]

(i)

(D)

(v)

v)

(vi)

Direct contact with the fire
Thisisnot generdly predicted by fire models.

Heat radiation from the upper layer of hot gases.

Thisisthe hazard due to the downward radiation from the upper layer of hot gases when the
interface between the upper and lower layersis above head height. A radiation level of 2.5kW/m?
has been quoted as a threshold for human tenability (4).

Alternatively, an upper layer temperature level may be defined which implies a hazardous leve of
heet radiation. The hazard criterion quoted by Beard (3) is an upper layer temperature greater than
or equal to 183°C (or 456°K).

Direct contact with hot gases.

The hazard due to contact with hot gases, both internd (due to inhdation) and externa, occurs when
the interface between the upper and lower layers descends below head level. The hazard criterion
quoted by Beard (3) is an upper layer temperature greater than or equa to 100°C (or 373°K).

Smoke obscuration.

When the view across the room is obscured by smoke, this will make it more difficult for the
occupants to find their way to the exits. Critica vaues quoted by Beard (3) are when the optica
density at head height is greater than or equal to 0.065 per metre (0.65 dB/m) for people unfamiliar
with the building and greeter than or equa to 0.2 per metre (2.0 dB/m) for people familiar with the
building. However, FASTLITE does not predict smoke obscuration levels.

Inhalation of toxic gases.

The toxic gases commonly produced by afire include Carbon Monoxide, Hydrogen Cyanide and
Carbon Dioxide which are hazardous if the concentrations are high enough. The critica vaue quoted
by Beard (3) for Carbon Monoxide is a concentration of 3,000ppm or 3% by volume which is
thought to cause degth within 30 minutes and unconsciousnessin a shorter time.

Lack of Oxygen.
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The fire consumes oxygen as it burns, which reduces the concentration of oxygen in the room.
Exposure to air with alow oxygen concentration causes incapacitation and death. Purser (5)
discusses the effect of exposure to low oxygen levels and based on thiswork a criticad oxygen
concentration of 10% may be assumed.

A hazard andlysis form has been included in Appendix A which may be used to help assess the hazard
using the above criteria. Part 3, Section 2.3.4 explains how to use this form to make a hazard andysis.

6. EVACUATION

To carry out acomplete andyss of the fire safety of abuilding, it is necessary to assess the likdihood of
the occupants making a safe escape. This can be done by estimating the time required to escape and
comparing thiswith the conditionsin the building as predicted by the firemodd. The“Tools’ option of

FASTLITE includes an esimation of “Egress Time” which may provide some useful information on escape
times, but otherwise the escape times must be calculated or estimated independently.

7. TYPOGRAPHICAL CONVENTIONS

" indicates an action to be taken.
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PART 2: USING FASTLITE

Full details of usng FASTLITE are given in the manua which accompanies the software (6). However, an
outline will be given here.

1. INSTALLATION

Ingtdlation ingtructions are contained in the manua which comes with the FASTLITE software.
FASTLITE isaDOS-based programme. The ingtdlation takes only afew minutesto complete. The
manual states that the hardware requirements are:

a 386 or later IBM-compatible PC with at least 2.5 megabytes of free extended memory,
a leest aVGA compatible graphics display,

mouse driver must be 100% M S-mouse compatible,

at least 12 megabytes free space on hard disc.

Also, FASTLITE requires a maths coprocessor. This meansthat FASTLITE runs on a PC with a 486
DX processor but not on a PC with a486 SX processor.

This manud isbased on FASTLITE verson 1.0b. Due to abug fix, the results from this verson are
ggnificantly different from verson 1.0.

2. STARTING FASTLITE

To sart FASTLITE from the DOS prompt, change to the directory in which FASTLITE was ingdled, e.g.
from the DOS prompt type:-

C: <Ret>
CD FASTLITE <Ret>
FASTLITE <Ret>

Thiswill bring up the opening menu.

3. OPENING MENU

After displaying the FASTLITE logo window, the opening menu is displayed which has the following
options:

Fle
Run
Tools
Options

10
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Utilities
Help

Y ou should be able to sdlect an option by pointing and clicking with the mouse. If your mouse is not
working at this point you may not have the correct mouse driver loaded. If necessary, find thefile
MOUSE.COM on your C:\ drive and run this, e.g. type the following:-

C: <Ret>

CD MOUSE <Ret>

DIR MOUSE.COM <Ret>

...file details of MOUSE.COM displayed on screen
MOUSE.COM <Ret>

... and the MOUSE.COM program runsto install the mouse driver.
“File’ isused to create and edit data files to set up the fire scenario and also to run the FASTLITE modd.

“Run” isused to run FIREFORM which is a separate set of caculations. Most of these caculations have
been duplicated in FASTLITE and are available from the “Tools” option.

“Tools’ provides quick caculation tools to determine individua characteridtics of the fire such asthe
occurrence of flashover which can also be accessed from the “Tools’ option within FASTLITE. These
tools are additiona to the main fire model and are not used in thismanual. For details on these tools, see
Section 5 of the manua which accompanies the Fadtlite software (6).

“Options’ dlows FASTLITE to be customised by specifying measurement display units and licensing
informetion.

“Utilities” alows viewing, copying and printing of files.

“Help” provides an overview of each graphic icon.

4. CREATING INPUT DATA FILE

This section gives an overview of creating an input data file with FASTLITE. Further details about entering
data in each input screen are given in Part 3, Section 2.1.

Start FASTLITE as described above.
From the opening menu, sdect “Options’, “User Specified Units” and select the units you wish to work
in for each parameter, e.g. you may wish to select Cecius rather than Kevin for temperature. To make

asdection, click on the down-arrow symbol and select from the drop-down list. When you have
finished, click on the OK button to return to the opening menu.

1



PART 2 USING FASTLITE

From the opening menu, sdect “Options’, “File Names’ to sdlect system file locations. Unlessyou
have any specid requirements, leave the default values unchanged. Click on the OK button to return to
the opening menu.

From the opening menu, sdect “Files’ by pointing and dicking with the mouse. Then sdlect “New”.

From the “ Sdect Type of Structure” menu, salect the number of compartments. Y ou can do this either
by clicking on of theicons or by entering the number. More compartments may be added later up to a
maximum of three.

" Next, the “Sdect Fire Curve’” menu will be displayed. Sdect afire curve e.g. dow, medium, fast etc.,
and click on “OK”. The next menu will specify timesto define the fire curve. Click on OK to accept
the default and the main input menu will then be displayed.

VR RNA S T wp Compartment Hase Case

STRUCTURE
[coMPaRTMENTS |
2
o k

B &

Figure 2. Main Input Menu

Each icon dlows different input data to be entered. Most data will apply to a specific compartment so you
must select a compartment first before entering data. The compartments are displayed as squares above
the main row of icons, and an extra border is displayed around the compartment currently selected. The
compartment containing afireis displayed in red.
From the main input menu the following input data may be entered:

Title: Enter atitle for the case to be modelled

Compartments: To add or delete compartments

The main row of icons and their functions are shown in Table 2.
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Function Symbol Displayed
Compartment Dimensions H/W Arrows
Horizontd Vents Right Arrow
Verticd Vents Up Arrow
Sprinklers/detectors Sprinkler Spray
Fire Specification Flames

Hesat Release Rate/Pyrolyss Rate X-Y Graph

Tools (provides additiona caculationsif required) | Tool box

Run Simulation Building on Fire

Table 2. Main Row of Icons

Before using any of the above icons, make sure that the compartment required has been selected first.

The bottom row of icons are shown in Table 3.

Function Symbol Displayed
Ambient Conditions Sun and cloud
Input and Output Settings Digitd clock

Save DataFile Floppy disc
Opening Menu Desktop PC

Table 3. Bottom row of icons

When dl data has been entered to define the fire scenario, remember to save the data using the “Save
Data File option.




PART 3: HOUSE FIRE STUDY

PART 3 : HOUSE FIRE STUDY

1. INTRODUCTION

Part 3 contains a set of exercises for you to perform in which ahouse fireismoddled. Firg, aninitid
scenario is set up by creating an input file and entering data. Then FASTLITE is run for this scenario.

Then a series of modifications are made to the scenario and the results are anadlysed to determine the
hazard to life in each case.

2. INITIAL SCENARIO (HOUSEZ1)

Theinitid scenario to be condgdered is of an armchair fire in the living room of atwo-storey house. The
armchair is assumed to burn with only a brief smouldering phase. The door from the living room to the hall
is open and there is an open window in the living room. Doors from the hdl to the kitchen and lounge are
closed. Thefloor plan and input data are shown in Figure 3 and Table 4.

2.1 Setting up the input data file.

For an overview on using FASTLITE, see Part 2 of thismanua. For more detailed ingtructions, seethe
FASTLITE user manud (6).

2.1.1 Opening the input data file.

- Start FASTLITE

" Sdect “File’, “New”

" Sdect two compartments by clicking on the two-compartment icon. Then click on “OK” to accept.
(Only the living room and hall will be consdered as the kitchen and lounge doors are closed and these

roomswill be rdatively free of hazard.)

From the “ Sdect Fire Curve’ menu, sdlect “Pre-Defined Fires’, then from the list displayed sdlect:
“Chair, wood frame, Cadiforniafoam, Haitian cotton fabric”. Click on “OK” to accept.

"~ At the main menu, click on thetitle and enter a suitable name to describe this case, e.g. “House Fire -
Initial Casg’.

2.1.2 Defining Compartments (Icon: H/W Arrows)

At the main menu, compartment 1 should be displayed in red which indicates the presence of afire here.

14
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Click on compartment 1 to sdect it, then click on the “H/W Arrows’ icon to define the compartment
dimensons

Change the default dimengons displayed to the dimensons of the Living Room givenin Figure 3. The
depth and width may be entered in either order. Note the display of the permissible range and
measurement units at the bottom of the window asthe field is slected. Leavethe devationat 0.0. This
isthe height of the floor of the compartment.

Window
4. Kitchen
1. Living room
2m x 3m
4m x 3.8m
Door FIRE
Stairs ﬂ
2. Hall 3. Lounge
5m x 2m 4m X 4m

Height of rooms: 3m

House Plan (Ground floor)

Figure 3. Housefire scenario - floor plan.
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OPENINGS

Connecting rooms Type of opening Dimensons

Living roonvhal Door, open gl height =0m
soffit height = 2m
width = 1m

Living room/outdoors Window, open sll haght = 1Im
soffit height = 2m
width = 1m

WALLS, FLOORS AND CEILINGS

Wadls Gypsum board, 5/8” thick
Floor Concrete, 6" thick
Cdling Gypsum board, 5/8” thick

FIRE

Armchair in living room.

Table 4. House fire scenario - input data.

Click on the down-arrow symbol beside “ Celling” to select the ceiling materid. The materid “ Gypsum
board (5/8”)" should aready be selected. Thisisthe materid required so accept this by clicking on
1] OK” .

For the “Hoor” materid sdect “Concrete norma weight, (6”)” and for the Walls sdlect “ Gypsum board
(5/8")". Todisplay other parts of thelig, click on the scroll bar to the right of the lit.

The ON/OFF buttons beside Walls, FHoor and Ceiling may be used to switch off the heat conduction to
the surface if required, to speed up the calculation. These should be left on.

Click on“OK” to accept the information and return to the main menu.
Now sdlect compartment 2 (Hall) and click on the “H/W Arrows’ icon to enter the dimensions and
surface materiads defined in Figure 3 and Table 4.

2.1.3 Defining Connections for Horizontal Flow (Icon: Right Arrow)

Sdect compartment 1 and click on the “Right Arrow” icon to define the vents for horizonta flow.

16
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In the “Horizontal Flow” menu, alist of compartments adjacent to the one sdlected is displayed, with the
floor and ceiling height and number of connecting vents for each. In this case the adjacent compartments
are compartment 2 and the outside of the building.

Select compartment 2 and click on “Edit”.

Onevent isligted, by default, connecting compartments 1 and 2. Thiswill be the door between hdl and
living room.

Change the dimengons of the vent connecting compartments 1 and 2 to those given in Table 4, then
click “OK” to accept.

Now select “Outgde’ to define the vent connecting compartment 1 to the outside and click on “Edit”.
Two vents are displayed by defaullt.
Press Alt D (hold down the Alt key and press D) to delete one of these vents.

Enter the dimengons of the living room window for the remaining vent (see Table 4) and click on “OK”
to accept.

Exit from the “Horizonta How” Menu.
Now sdect compartment 2 and select horizonta flow again by clicking on the “Right Arrow” icon.

From the list, select compartment 1 and click on “Edit”. Thiswill display the dimensions of the door
connecting compartment 1 and compartment 2 which you have dready entered. Click on “OK” to

accept this.

Fromtheligt, sdlect “Outsde’ and click on “Edit”. Three vents are displayed by default, connecting
compartment 2 to the outsde. No vents are required here so press“Alt D” three times to delete these.

Click on “OK” and “Exit” to exit the “Horizontd Flow” menu.

2.1.4 Defining Connections for Vertical Flow (Icon: Up Arrow)

Ventsin the floor and ceiling for vertica flow are entered in the same way as the vents for horizontal flow.
However, no floor and celling vents are required in this example and you will find that none are defined by
default so that no changes are required here,

2.1.5 Adding Sprinklers and Detectors (Icon: Sprinkler Spray)

No sprinklers or detectors are required in this fire scenario and so this option may be disregarded for now.

2.1.6 Defining the Fire (Icon: Flames)

17
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Click on the “Hames’ icon to display the “Main Fire Specification” menu.

The number of the compartment in which the fire originates is displayed at the top of the screen. In this
case the compartment should be number 1. If another compartment isindicated, select “ Cancd” to exit
this menu, select compartment 1 from the main menu, re-enter the “Main Fire Specification” menu and

click on * Current Compartment” which will reset the fire location to the currently sdlected compartment.

Type: Thefiretype can be uncongrained, constrained or congtrained with flashover. If acongrained fire
is selected, FASTLITE will estimate the reduction in hest release rate caused by the limited availability of

oxygen.

Sdect “Congrained” fire,
Position: The postion of the fireis specified as the distance from one corner of the compartment. The x
and y positions are horizonta dimensions and the z position is the position above the floor. Note that by
default thefireis at the centre of the room, on the floor.

Set both the x and y positions as 1.0 metres so that the fire is positioned in one corner of the room and
1 metre out from both walls. Set the z postion as 0.0 metres above floor leve.

Lower Oxygen Limit: Thisisthe limit on theratio of oxygen to other gases below which aflame will not
burn and is applicable only to congtrained fires.

The default value is 10%. Leave this vaue unchanged.

Heat of Combustion: Thisisthe heat of combustion of the fud which is used to caculate ether the heat
release rate or the pyrolyss rate from the following formula:

Heat Release Rate

Heat of combustion =
Pyrolysis Rate

A congtant vaue is assumed for the heat of combustion throughout thefire, If the user specifies the hest
release rate then the pyrolysisrateis calculated and vice versa. However, if separate time-dependent
vaues of heeat release rate and pyrolysis rate are defined by the user then a time-dependent hest of
combustion is caculated from these.
The default valueis “1.95E+007” which is 1.95 x 10" Jkg. Leave this vaue unchanged.
Initial Fuel Temperature: Typicdly, theinitid fud temperature is the same as the ambient temperature.
Leavetheinitid fud temperature as the default vaue of 20°C.

Gaseous Ignition Temperature: Thisisthe minimum temperature a which the fud will ignite and is used
to determine ignition as the hot gases flow through a vent into another compartment.

L eave the gaseous ignition temperature as the default value of 220°C.
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Radiative Fraction: The heat released by the fire is transmitted to the surroundings either by convection
in the plume or by radiaion to the wals and celling. The “radiative fraction” isthe fraction of heat released
by the fire that goesinto radiation.

Leave the radiative fraction as the default value of 0.3.

2.1.7 Specifying Time-Dependent Fire Data (Icon: x-y graph)
Thisicon dlows the following time-dependent data to be entered:

pyrolyssrate
hest release rate
toxic combustion products

"~ Click onthe “x-y graph” icon and sdlect “heet rdlease rate’.

The graph and table displayed show how the heet release rate varies throughout the fire. The table shows
the timein the left hand column and the heet release rate in the right hand column with the units displayed at
the bottom of the screen. To display other parts of the table, click on the scroll bar to the right of the table
or usethe arrow keys. The peak hesat release rate is 651 kilowatts at 275 seconds.  This data relates to
the armchair fire selected when you firgt created the file for the HOUSEL fire case. Changes may be made
to the data & this point if required by editing dataiin the table.

Use the “Sdlect Curve...” button to sdlect different fire curves and observe how the data displayed on
the screen changes. When you have finished, sdect the fire curve: “ Chair, wood frame, Cdiforniafoam,
Haitian cotton fabric” which was sdected when you opened the file and click on “OK” to leave the
“Hest Release Rate” menu.

Now click on the “x-y gragph” icon again and thistime sdect “Pyrolyssrate’. The pyrolyssrateisthe
meass loss rate of the fudl asit vaporises prior to combustion. In this case the pyrolysisrateis caculated
from the heat release rate by dividing by the heat of combustion supplied earlier. The curve istherefore
the same shape as for the hest rleaserate. Click on “OK” to leave the “ Pyrolysis Rate’ menu.

Now click on the “x-y grgph” icon again and this time sdect “Toxic Combustion Products’.

This option dlows the production rate of atoxic product to be specified as amassratio of the fuel
pyrolysed, i.e. kilograms of toxic product per kilogram of fud. An example of atoxic product is hydrogen
cyanide. Note that the user must specify the production rate by their own judgement and perhaps based
on information from firetests. When the fire smulation is run, the modd will cdculate the concentration of
the toxic product in the different rooms of the building.

No toxic products will be added here so click on “OK” to leave the “Toxic Combustion Products’
menu.
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2.1.8 Tools (Icon: Toolbox)

Thisicon displays amenu of estimation tools which may be used to caculate values such as flashover or
flow through a vent to provide estimates for input parametersto FASTLITE smulations. These
caculations are based on the data aready specified for thisfire case athough further datais aso required.
These options are not required for this case.

2.1.9 Ambient Conditions (Icon: Sun and Cloud)

Thisicon alows the following conditions relating to the building environment to be st. The vauesgivenin
Table 5 are the default values which should be left unchanged in this example.

Parameter Internal External
Temperature 20.0°C 20.0°C
Reative Humidity 50.0% 50.0%

Pressure 101300 Pascals 101300 Pascals
Station Elevation 00m 00m

Table 5. Ambient Conditions - Default Values

2.1.10 Model Input/Output (Icon: Digital Clock)
Thisicon alows the user to control the output from the modd.
Smuldion. Thisisthe overdl duration of the smulation which should be left at 1000 seconds.

Digilay. Thetimeinterva a which results are displayed on the screen during the smulation. This should
be |eft as 20 seconds.

Spreadsheet: Thetimeinterva at which results are recorded in a spreadshect file. If a spreadshet fileis
required a filename should be supplied on this screen. In this case enter atime interva of 10 secondsand a
filename “HOUSEL.OUT”

2.1.11 Saving the Input Data (Icon: Floppy disc)

Once you have completed your entry of input data to define the fire case, click on the “Hoppy disc” icon
and sdect “ Save’ to savethe datato afile. Thefirg time the datais saved you will need to select the
“Save as’ option and supply afile name. In this case use the name “HOUSELDAT”. You can aso save
your data at any time during data input to prevent loss of data.

2.1.12 Printing Out the Input Data File

Before running the modd, print out the input data file you have created to check that it isthe same asthe
onein Appendix B.
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" Click on the bottom right icon showing a desktop PC. Then sdlect “Utilities’, “Print File'.

Now click the down arrow to the right of the screen, sdlect HOUSEL.DAT from thelist and click on
1] OK” .

Select the correct printer port in the “Print To:” box, e.g. Iptl for alocd printer on the pardld port.
Then click on “Begin” and the file should be printed out, assuming you have a printer connected.
Compare your input data file with the onein Appendix B. If there are any differences you will need to

edit your file again to make corrections. To do this, from theinitid FASTLITE menu, sdect “File’,
“Open” and select thefile to edit.

2.2 Running the Fire Model

To run the fire modd, click on the “Building on fire’ icon at the right-hand end of the main row of icons.
Before beginning the smulation, a further menu of pausetimesisdisolayed. These times can be set so that
the modd will pause at specified timesto alow changes to be made to parameters. For instance, a door
may be closed to smulate an automatic door closure when afire detector operates.

In this case no pauses are required, so click on “OK” and the smulation will begin.

" While the smulation proceeds, click on the “Graph” button to display graphs of three of these varigbles.

The changing conditions in the two compartments are displayed on the screen in tables and graphs. Each
compartment is represented on the graphs by a different coloured line.

When the smulation is complete, you can use the “ Print Graph” and “Print Report” options to print out the
results (see Section 2.3.2). These print-outs only include some of the parameters calculated by the mode!;
for afull st of results you will need to look &t the spreadshect file.

" Findly dick on“Closg’ to return to the main input menu.

2.3 Analysing the Results

2.3.1 Viewing the Graphs

By examining the graphs, ether on the screen or from the print-out, answer the following questions:
Q1. What isthe caculated pesk heat release rate in the fire compartment?

Q2. How does the caculated hesat release rate compare with the heet release rate of the armchair fire
used in the input data? What do you conclude?
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Q3. What isthe pesk vaue of the upper layer temperature in the fire compartment?

Q4. At what time does the smoke layer reach the floor in the living room and in the hall?

2.3.2 Viewing the Print-Out of Results

To obtain a print-out of results, click on the “Print Report” button when the smulation has ended. After
reviewing the input data, the print-out lists the following output parameters at each time step for each
compartment:-

Upper layer temperature

Lower layer temperature

Interface height, i.e. height above floor of interface between upper and lower layers
Pyrolyssrate

Firesze, i.e. hest releaserate

Pressure

Ambient target, i.e. heet radiation on atarget

NoakrwbdE

2.3.3 Viewing the Spreadsheet File

The spreadshet file is a data file containing more extensive results than those listed in the print-out. The
fileisreadable by standard spreadsheet packages. The datais arranged with commas separating each
column so when opening the file in the spreadsheet package, comma delimitation should be sdected. If
you are usng the MS-Excel gpreadsheet package, more detailed ingtructions are given in Appendix F.

When you have opened the file in the spreadsheet package you will find that each column refersto a
Separate output parameter and each row a separate time step. Y ou may find it eesier to read the data if
you convert the format of some of the columns from scientific to numeric to remove the ‘E’ notation.
Otherwise, remember that ‘E’ refers to power of 10 asfollows:

1.23E+03 = 1.23x 10°=1,230
1.23 E-03 = 1.23x 10° = 0.00123
The spreadshet file lists the following additiond parameters which are not included in the print-out:
Calling and floor temperature
Upper and lower wall temperature

Oxygen, carbon dioxide, carbon monoxide and unburnt hydrocarbon concentrations

Viewing the spreadsheet will show that alarge number of variables areincluded. This may cause confusion
in andysing the data and care should be taken to ensure that the correct columnis selected.  For instance:

“Room 1 UP CO Mass Frac” meansthe fraction by mass of Carbon Monoxide in Room 1 in the Upper
Layer.
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Other terms used in the column headings are as follows:-

CO Carbon Monoxide
UHC Unburnt Hydrocarbons
02 Oxygen

CO2 Carbon Dioxide

HRR Heat Release Rate

2.3.4 Assessment of Hazard to Life

In this section it will be shown how to assess the hazard to life in the building. Some of the information can
be found on the print-out of results but for some parameters the spreadshect file is needed. First, compare
your print-out with the one in Appendix B which should be the same.

In Part 1, Section 5, the different types of hazard are described dong with the criteriawhich define
whether a hazard exigts. For each type of hazard in turn, you need to decided whether the criterion has
been reached and if S0, a what time after ignition. In Appendix A you will find a“Hazard Andyss Form”
which will help you make this assessment. 'Y ou may wish to photocopy this form for future use.

A separate hazard analyss must be carried out for each room in the building. Therefore, a separate form
should be completed for each room. Begin with the living room.

" Box A. Fill inthe scenario name “HOUSEL".
" Box B. Fill inadescription of the scenario as areminder of the main conditions.
" Box C. Fill intheroom “Living room”.

" Box D. The head height isthe height a which gases are inhadled. Opinions differ asto what this height
should be. Whatever vaue you enter will affect the results of the hazard andysis. Inthiscaseuse 1.5
metres.

" Box E. Theoutput interva istheinterval sdlected for your results. If using the print-out the output
interval was 20 seconds. If using the spreadshest the interval was 10 seconds. Thisservesasa
reminder of the precison of the results.

The remaining boxes may befilled by examining the print-out or Soreadshet file.

" Box F. Find the time when the interface reaches head height. The rdlevant parameter is“Inter. Height”
in the print-out or “Layer Height” in the spreadshest file. Follow the column down to find when the
parameter descends to the head height (1.5 metres) in compartment 1. The nearest value to 1.5 metres
occurs at 40 seconds after ignition. Therefore, enter 40 secondsin the form at box F.

" Column 2. For each variable in column 1 of the hazard andyss form, use ether the print-out from
FASTLITE or the soreadshet file to find the peak vaue reached and enter the valuein column 2.
Remember that the values required are for compartment 1. The heet rdleaserateislisted inthe
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column headed “Fire Size’ of the print-out or the column headed “HRR” in the Soreadsheet. The heat
radiation level is* Ambient Target” in the print-out and “FHux to Foor” in the spreadsheet. The units of
heet radiation are not given in the spreadsheet but may be checked by comparing the values with the
comparative values in the print-out. The vauesfor CO (Carbon Monoxide) and O, (Oxygen) are only
avalable in the spreadshest file. For oxygen, the hazard is due to alack of oxygen and so in this case the
minimum vaue is required.

" Column 3. The hazard criteria are taken from the values quoted in Part 1 Section 5. Enter the following
vaues. hest radiation: 2.5 KW/m?, upper and lower layer temperature 100°C, upper and lower layer
Carbon Monoxide concentration 3,000 parts per million, Oxygen concentration 10% or less.

“ Column 4. Using ether the print-out or the soreadshest file, follow down each column to find the point
a which each variable reaches the hazard criterion given in column 3. Enter the time a which this
occursin column 4.

" Column 5. For conditions in the upper layer (temperature, carbon monoxide concentration and oxygen
concentration), ahazard is only present when the upper layer has descended below head height. To
find out if thisis the case, compare the time to reach the hazard criterion (column 4) with the time when
the interface reaches head height (Box F). If the value in column 4 is bigger, then the interface reached
head height before hazard occurred so enter YES in column 5. Otherwise enter NO in column 5.

" Coumn 6. If you entered Yesin column 5, the upper layer was below head height when the hazard
criterion was reached and you should copy the contents of column 4 to column 6.

If you entered No in column 5, the upper layer was still above head height when the hazard criterion
was reached, and the hazard will only occur when the upper layer reaches head height. Therefore, enter
the contents of box F in column 6.

If column 5 did not apply (i.e. for heat radiation and lower layer conditions) copy the contents of column
4 to column 6.

A completed hazard analysis form for this scenario is shown in Appendix C, Table C1. Now that you
have completed the hazard andysis form you can compare the time to hazard for each variable and
comment on the hazard leve of the scenario that you have smulated. In this case, the onset of hazard
occurred at 2 minutes and 30 seconds after ignition due to the temperature of the upper layer. The next
hazard to occur was at 3 minutes and 40 seconds after ignition due to the heet radiation level. Another
hazard not included in the results from FASTLITE is obscuration by smoke which may hinder escape.

Now repest the hazard analysis for the hal (compartment 2) using the same process as described
above.

A completed form for the hal is shown in Appendix C, Table C2. This shows that only two of the hazard
criteriawere reached and the initid hazard, asin the living room, was due to the upper layer temperature,
The onset of hazard in the hall occurred a 3 minutes and 30 seconds due to upper-layer smoke and at 8
minute 30 seconds due to upper-layer carbon monoxide concentration.
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If we congder the case of an occupant escaping from any part of the house other than the living-room
where the fire began, his main escape route is through the hal. He will have only 3 minutes and 30 seconds
from the time of ignition in which to escape before the hal becomes hazardous due to the high temperature.

During this time he will need to become aware of the fire, whether by a smoke darm, by hisown
observation or from another person, then decide to escape and then make good his escape. Alternatively
he may decide to rescue another person in the house which will take up moretime.

3. CLOSED WINDOW (HOUSE?)

In the previous scenario (HOUSEL) the window in the living room was open. In this scenario we will ook
at the effect of closing the window.

Make a copy of theinput file for theinitia house fire scenario (HOUSELDAT) and cdl the new file
HOUSE2.DAT. To do this, go to the opening menu of FASTLITE, if necessary closing any file aready
open. Sdlect the options “ Utilities’, “Copy File’, typein the required file names and then click on
“Begin”.

Once you have successtully copied the fileto HOUSE2.DAT, open the new file by selecting “File’,
“Opa]”_

Click on thetitle bar and change thetitle to describe the new scenario e.g. “HOUSE2 - Armchair fire,
Closed Window”

Sdect input and output settings by clicking on the “Digital Clock” icon and change the spreadshet file
name to HOUSE2.OUT. Click “OK” to accept.

In this case the only change to be made to the input data is to close the window in the living-room.
Sdect compartment 1, then sdect horizonta flow by clicking on the “Right Arrow” icon.

In the “horizonta flow” menu, click on “Outside’ to sdect the vent from compartment 1 to the outside.
Thisisthewindow. Then click on “Edit”.

Now change the width of the vent to 1 mm (or 0.001 m). A zero width vent is not accepted by
FASTLITE and awidth of 1mm represents a crack where the window meets the frame.

Once you have made this change click on “OK” to accept and “EXxit” to leave the “ horizonta flow”
menul.

Save the change by clicking on the “Floppy Disc” icon and sdecting “ Save'.

Now run thisfire case by clicking on the “Building on Fire’ icon. No pause times are required so click
on “OK” a the pause times menu..
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" When the amulation is complete, you can use the “Print Grgph” and “Print Report” options to print out
the results.

Findly dick on“Closg” to return to the main input menu.

Q5. Comparethe graphs from HOUSEL and HOUSE2. How has the hest release rate changed? What
Is the reason for this change?

Complete a hazard analyss form for the living-room and another for the hal. This procedureis
described in Section 2.3.4.

Q6. What arethe firgt three hazards to occur in the living room and in what order?
Q7. How do thetimes of onset of hazard in the living room compare with the HOUSEL case?

Q8. Now assume the head height to be 2 metres above floor level instead of 1.5 metres. What effect
does this have on the predicted hazard times? [Hint: no further datais required to answer thig|.

4. CLOSED WINDOW AND CLOSED LIVING-ROOM DOOR
(HOUSE3)

In this example the HOUSE2 case will be modified by closing the door connecting the living-room and the
hal. Thus there will be no open ventsin the living-room gpart from cracks at the window and door. It will
be seen how the closed door affects the conditions in the hall.

Make acopy of theinput file for the previous scenario (HOUSE2.DAT) and cdll the new file
HOUSE3.DAT. (From the opening menu, sdect: “Utilities” and “Copy File’.)

Once you have successtully copied the fileto HOUSES3.DAT, open the new file by selecting “File’,
“Open”.

Click on thetitle bar and change the title to describe the new scenario eg. “HOUSES - Armchair fire,
Closed Window and Door”

" Sdect input and output settings by clicking on the “Digital Clock” icon and change the soreadshet file
name to HOUSE3.OUT. Click “OK” to accept.

In this case the only change to be made to the input datais to close the door between the living-room and
the hall.

Sdect compartment 1, then sdect horizonta flow by clicking on the “Right Arrow” icon.

In the “horizonta flow” menu, click on the vent connecting compartment 1 to compartment 2. Thisis
the door. Then click on “Edit”.
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Now change the soffit height to 1 mm (or 0.001 m). Thiswill define the vent opening to be a 1mm
crack at floor levd, i.e. beneath the door.

Once you have made this change click on “OK” to accept and “Exit” to leave the “ horizonta flow”
menu.

Save the change by dlicking on the “FHoppy Disc” icon and selecting “ Save’.

Now run thisfire case by clicking on the “Building on Fire’ icon. No pausetimes are required so click
on “OK” a the pause times menu..

" When the smulation is complete, you can use the “Print Graph™ and “Print Report” optionsto print out
the results.

Findly click on “Closg’ to return to the main input menu.

Q9. From the graphs of results how do the conditionsin the hall compare between HOUSE2 and
HOUSE3?

Now complete a hazard analysis form for the hal and compare with the one in Table C5.

Q10. What has been the effect of closing the door on the hazard in the hal, according to the model ?

5. CLOSED WINDOW AND SMOKE DETECTOR IN HALL
(HOUSE4)

In this example a smoke detector will be added in the hdll.
Make a copy of HOUSE2.DAT and call the new file HOUSE4.DAT.

Open HOUSE4.DAT and amend the title accordingly. Also, change the spreadshest file name to
HOUSEA4.OUT.

Sdlect compartment 2 (the hal) and then click on the “ Sprinkler spray” icon.

Now click on “Add’ to display the “ Sprinklers and Detectors’ menu where the specifications of the
detector or sprinkler are entered.

Compartment number 2 should be displayed as you have dready sdlected this before entering the screen.

In the box labelled “ Typica vaues’ you can select a pre-defined device. (Do this by clicking on the
down-arrow symbal to the right of the box.) In this case select the smoke detector.

The default values supplied by FASTLITE will be left unchanged. These are asfollows.

The position of the detector in the x, y and z directions. The supplied values are:
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X:25m Y:10m Z:299m
Thusthe deviceislocated centrdly in the hal (dimensons5 m x 2 m) on the celling.

The RTI (Response Time Index) and Spray Dendity. These values are shaded out and only apply if a
sprinkler is defined.

The activation temperature is set at 31.111 °C which is gpproximately 11 °C above ambient temperature.
FASTLITE does not predict smoke densities and o it is assumed that the smoke detector will operate as
soon as the temperature has risen by 11°C.

The box labdled “Sprinkler” is set to “Off”, indicating that the device is a detector only.

"~ Click on “OK” to accept these vaues and then dlick on “Exit” to return to the main input menu.
Compartment 2 should now be coloured in blue to indicate that a sprinkler or detector has been added.
Save the change by dlicking on the “FHoppy Disc” icon and selecting “ Save’.

Now run the HOUSE4 case and, at the “LITE Pause Times' menu, click on “Pause after Detector” to
changethe box to “Yes'. Leavethetime deay at 0.0 seconds, and click on “OK” to start the
smulation.

The smulation pauses at 86.6 seconds due to detector activation. At this point you can modify avent, e.g.
to Smulate an occupant opening a door to escape in response to the detector alarm, or you can continue

the amulation unchanged.

Click on “Stop” to terminate the smulation at this point as the addition of the detector will not change
the conditions in the compartments.

Q11. What isthetime available for escape after the activation of the smoke detector?

6. CLOSED WINDOW, CLOSED DOOR AND SMOKE DETECTOR
IN HALL (HOUSES)

In this example, a smoke detector is added in the hal asin the previous case but thistime with the living-
roonvhall door dlosad. The living-room window will remain closed. Shutting the living-roomvhall door will
reduce movement of heat and smoke into the hall and delay the time to hazard (as found in the HOUSE3
case) but thiswill dso delay the activation of the smoke detector inthe hall. 1t is not therefore clear
whether shutting the door reduces or increases the time available for escape when a smoke detector is
present in the hall.

Make a copy of HOUSE3.DAT and call the new file HOUSES.DAT.
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Open HOUSES.DAT and amend the title accordingly. Also, change the spreadshect file nameto
HOUSES.OUT.

Sdect compartment 2 and then click on the * Sprinkler spray” icon.

Now click on “Add” to display the menu where the specifications of the detector or sprinkler are
entered. Asfor the HOUSEA4 case, select the smoke detector and |eave the default values unchanged.

" Click on “OK” to accept these vaues and then click on “Exit” to return to the main input menu.
Compartment 2 should now be coloured in blue to indicate that a sprinkler or detector has been added.
Save the change by dlicking on the “FHoppy Disc” icon and selecting “ Save’.

Now run the HOUSEDS case and click on “Pause after Detector” to changethebox to “Yes'. Leave
the time delay at 0.0 seconds, and click on “OK” to gtart the smulation.

The smulation pauses at 159.4 seconds due to detector activation.

Click on“Stop” to terminate the smulation at this point as the addition of the detector will not change
the conditions in the compartments.

Q12. Assuming the occupant is not initidly in the living-room but will have to escgpe through the hall, how
has the closed living-room/hall door affected the chances of escape?

7. SOFA FIRE, CLOSED WINDOW, CLOSED DOOR (HOUSES®)

A different item of furniture will now be sdlected for the fire in the living-room, this time a sofa, with a
greater heat release rate as measured in free burning conditions, to see whether this produces more severe
conditionsin the house.

Make a copy of HOUSE3.DAT and call the new file HOUSEG.DAT.

Open HOUSEG.DAT and amend the title accordingly. Also, change the spreadshest file name to
HOUSEG6.OUT.

Now change the fire by sdecting “ Time-Dependent Fire Data’ (Icon: x-y graph) and “Heat Release
Rate’. Click on“Sdect Curve...”, “Pre-defined Fires’ and click on the last item on the list: “ Sofa,
wood frame, Cdiforniafoam, polyolefin fabric” and then click on “OK”. Note that the hegt release rate
now peaks at just over 3 megawatts. Click on“OK” to accept the new data.

Save the change by clicking on the “Floppy Disc” icon and sdecting “ Save’.
" Now run the HOUSESG case. No pause times are required.

Q13. How do the conditions in the house compare with the equivaent case with the armchair fire
(HOUSE3)?
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Q14. What are the peak vaues reached in the hall and how do they compare with the HOUSES case?

8. SOFA FIRE, ENTRY OF RESCUER (HOUSEY)

In this example, the same sofafire will be used but a rescuer will enter the house during thefire. The
rescuer will enter through the front door, trave through the hal and open the living-room door.

Make a copy of HOUSEG.DAT and call the new file HOUSE7.DAT.

Open HOUSE7.DAT and amend the title accordingly. Also, change the spreadshest file name to
HOUSE7.OUT.

To smulate entry of the rescuer, the front door and living-roomvhall door will be opened during the
smulation but first afront door must be defined.

Select compartment 2 (the hal).
Sdect the horizontd vent by clicking on the “Right Arrow” icon and select the vent to the outside.

Click on “Edit” and enter the dimendons. width 1.0 m; sll 0.0 m; soffit 0.001 m. This defines a closed
door with a1 mm crack at floor level. Click on“OK” and “EXxit” to accept this data.

Save the changes to the input data before proceeding.

Now run the HOUSE7 case and at the “Pause Times’ menu click on “Pause a Time” button and select
apausetime of 200 seconds. Thisisthetime a which the rescuer will enter the house. N.B. This
case takes about 30 minutes to run with a 486 processor.

At 200 seconds the smulation pauses as requested. Note that the heet release rate in the living room has
fdlen to zero indicating that the fire has died out. Before continuing with the Smulation you need to open
the front door and living-room/hal door to smulate the effect of arescuer entering. Asonly one pause
time is dlowed, both doors will be opened smultaneoudy dthough in redity there would obvioudy be a
small time lgpse between these two events.

Now click on “Modify” and sdect the vent connecting room 2 to the outside (the front door). Modify
this vent by setting the soffit height to 2.0 m. Now sdlect the vent connecting room 1 to room 2 (the
living-roomv/hal door) and again st the soffit height to 2.0 m.

" Click on*“Continue’ to dlow the smulation to proceed to completion.

The smulation proceeds dowly at this point as the Stuation has become more complicated and there are
more caculationsto carry out. Note how the heat release rate in the living-room begins to rise rapidly.
The upper layer temperatures in the living-room and hall dso begintorise again. Later, a heet rlease rate
is observed in the hall.

Q15. How do you explain the conditions predicted after the entry of the rescuer?
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9. SENSITIVITY ANALYSIS (HOUSES-11)

As dready mentioned, the accuracy of the results of a computer modelling study isdways limited. One
source of error isthe input data supplied by the user. There will dways be adegree of uncertainty in the
input parameters, for ingtance in the heet release rate of the fire or the podtion of thefire. In thisexercise
different input parameters will be varied from the values used in the HOUSE2 case and the effect on the
results noted. Thiswill show the sengtivity of the results to the different input parameters and therefore
show which input parameters are more critical.

In the following sengtivity study, input parameters will be varied to see the effect on the following output
parameters.

peak hest release rate
peak upper-layer temperature in living-room
peek |ower-layer temperature in living-room
Thefirst parameter change will be to change the materia of the walsto brick.
Make a copy of HOUSE2.DAT and call the new file HOUSES.DAT.

Open HOUSES.DAT and amend the title accordingly. Also, change the spreadshest file name to
HOUSES.OUT.

Now change the materid of the walsin the living-room and in the hal to common brick (3" thick). To
do this, click on compartment 1, click on the “H/W Arrows’ icon, click on the down arrow symbol
beside the walls property, and select the materid “COMBRICK” from the list and click on “OK”.
Repeat for compartment 2.

Save the change by clicking on the “Floppy Disc” icon and sdecting “ Save’.

Now run the HOUSES case.

For an approximate comparison, print out the graphs and compare with the HOUSE2 case. For a

more accurate comparison you will need to examine the spreadshect files. It may be easier to do this

later when you have obtained files for each parameter change described in this section.
The next parameter change will be to change the fire to an uncongtrained fire. This meansthat the heat
release rate data will not be modified by the mode to account for any lack of oxygen in the room as
oxygen is used up by thefire. In this case the hesat release rate data selected was taken from an armchair
fire burning with unrestricted ventilation.

Make acopy of HOUSE2.DAT and call the new file HOUSE9Q.DAT.

Open HOUSES.DAT and amend the title accordingly. Also, change the spreadshest file name to
HOUSES.OUT.
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Now change the fire typeto “uncongrained”. To do this, click on compartment 1, click on the
“Flames’ icon, click on the down-arrow symbol next to the fire type box and select “ Uncondtrained”,
then click on “OK” to accept the change.

Save the change by clicking on the “FHoppy Disc” icon and sdlecting “ Save’.

Now run the HOUSE9 case and compare the results.

The next parameter to change will be the pogtion of thefire. Inthe HOUSE2 case, the fire was |located
near one corner of the living-room but will now be moved to the centre of the room.

Make a copy of HOUSE2.DAT and cdl the new file HOUSE10.DAT.

Open HOUSE10.DAT and amend thetitle accordingly. Also, change the spreadsheet file nameto
HOUSE10.0UT.

Click onthe “Flames’ icon. The pogtion of thefireisindicated by the X, y and z directions, the z
direction being the height above the floor and the x and y directions being the two horizontal directions,
one dong each wall.
Click on the button “X-Manud” which will automaticaly set the x position to centrdly in the room.
Click on the button “Y-Manud” to do the samein they direction.
Click on “OK” to accept the changes.
Now save the changes to the file, run the modd and compare the results with the HOUSE2 case.
The find parameter change isto change the parameter “Radiative Fraction”. Thisisthe fraction of hedt,
released by the fire, which is assumed to be radiated out into the room. The remaining heet is assumed to
enter the hot gas plume which rises from thefire.

Make acopy of HOUSE2.DAT and cdl the new file HOUSE11.DAT.

Open HOUSE11.DAT and amend the title accordingly. Also, change the soreadshest file name to
HOUSE11.0UT.

Click on compartment 1 and click on the “Flames’ icon.
In the “Main Fire Specification” window change the radiative fraction value from 0.3 to 0.6.
Click on “OK” to save the change, run the modd and compare the results with the HOUSE2 case.

Now examine the spreadshest files for cases HOUSES - HOUSE11 and HOUSE2 and compare the
peek vaues asfollows:

peak hedat release rate
peak upper-layer temperature in living-room
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peak lower-layer temperature in living-room

Q16. Which input parameters produced the most variation in the results and which produced the least?
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PART 4 : SHOP FIRE STUDY

1. INTRODUCTION

Part 4 contains a set of exercises for you to perform in which a shop fireismoddled. Inthe sameway as
the house fire study (Part 3), an initial scenario is modelled and then a series of modifications are applied.

The results are anadysed to determine the hazard to life in each case.

2. INITIAL SCENARIO (SHOP1)

Theinitid scenario to be consdered is of afire on alarge sdes floor measuring 30 metresin each direction.

Thefire load isadisplay of polyurethane foam furniture. Thereisadoor in the compartment which is

assumed to be closed.

Theinput data are shown in Table 6.

OPENINGS

Connecting rooms
Sdes floor/surroundings

Type of opening

Door, closed

Dimendons

5ll height = Om

soffit height = 2.13m

width = 1m
WALLS, FLOORS AND CEILINGS
Wadls Gypsum
Floor Concrete
Cdling Gypsum
FIRE
Materid
Polyurethane foam furniture
Time (min) 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Heat Release Rate (MW) | 0.0 1.0 2.6 2.8 2.6 2.0 0.3 0.0

Table 6. Shop fire scenario - input data.
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SALES FLOOR

FIRE

l DOOR

Dimensons 30mx30mx3m

Figure 4. Shop Fire Scenario - Floor Plan

2.1 Setting up the input data file.

For an overview on using FASTLITE, see Part 2 of thismanua. For more detailed ingtructions, seethe

FASTLITE user manud. In this section there is some repetition of the ingtructions in Part 3 to cater for
readers who have skipped Part 3.

2.1.1 Opening the input data file.
- Start FASTLITE
" Sdect “File’, “New”

" Sdlect one compartment. Thiswill bethe sdesfloor. Then click on “OK” to display the “ Select Fire
Curve’ menu.

No pre-defined fire is suitable for this scenario so sdlect “ Ultrafast Growth” as this fits best with the heat
release rate data required, click on “OK” and then specify the following times:

Leve Off Time 120 seconds
Start Decay Time 240 seconds
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Click on the “x-y gragph” icon and “Heat Release Rate’ to display the fire curve you have just defined. The
data points follow those in Table 6 reasonably closely. The pesk valueis2.7 MW.
Click on “OK” to return to the “Main Input Menu’.

Now click on the title and enter a suitable name to define the scenario, eg. “Shop Fire - Initid Case’.

2.1.2 Defining Compartments (Icon: H/W Arrows)

At the main menu, compartment 1 should be displayed in red which indicates the presence of afire here.
Click onthe“H/W Arrows’ icon to define the compartment dimensions.
Change the default dimensions displayed to the dimensions of the salesfloor given in Figure 4. Note the
display of the permissible range and measurement units at the bottom of the window asthe fidd is
seected. Leavethe devation at zero.
Click on the down-arrow symbol beside “ Ceiling” to select the calling materid. The materia “ Gypsum
board 5/8” " should dready be selected. Thisisthe materid required so accept this by clicking on
“OK”.

For the “Hoor” materid sdect “Concrete normd weight, 6" ” and for the Walls sdlect “ Gypsum board
58” ” .

The ON/OFF buttons beside Wdlls, FHoor and Celling may be used to switch off the heat conduction to
the surface if required, to speed up the caculation. These should be left a ON.

Click on“OK” to accept the information and return to the main menu.

2.1.3 Defining Connections for Horizontal Flow (Icon: Right Arrow)
" Click on the “Right Arrow” icon to define the vents for horizonta flow.

A ligt of compartments adjacent to the one sdected is displayed, with the floor and celling height and
number of connecting vents. In this case the only adjacent compartment is the outside.

" With the Outsde highlighted, click on “Edit”.

Three vents are listed, by default, connecting compartment 1 to the outsde. From their dimensionsit can
be seen that two of these vents are narrow cracks and the other is an open door.

Dédete the two narrow cracks by sdecting each in turn and pressing “Alt-D”.

Change the dimensions of the remaining vent to those given in Table 6, only make the width
0.001 metresto represent a closed door with a1 mm wide crack. Then click on “OK” to accept.

Exit from the “Horizonta How” Menu.
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2.1.4 Defining Connections for Vertical Flow (Icon: Up Arrow)

Ventsin the floor and ceiling for vertical flow are entered in the same way as the vents for horizontal flow.
However, no vents are required here and you will find that none are defined by default so that no changes
are required.

2.1.5 Adding Sprinklers and Detectors (Icon: Sprinkler Spray)

No sprinklers or detectors are required in this case and so this option may be disregarded for now.

2.1.6 Defining the Fire (Icon: Flames)

Thisicon displays the “Main Fire Specification” menu. Click on thisicon and make the following
Sections.

Type: Thefiretype can be uncongrained, constrained or congtrained with flashover. If acondrained fire
is selected, FASTLITE will estimate the reduction in hest release rate caused by the limited availability of

oxygen.

Sdlect “Congrained” fire,
Position: The postion of the fireis specified as the distance from one corner of the compartment. The x
and y positions are horizonta dimensions and the z pogition is the position above the floor. Note that by
default thefireis at the centre of the room, on the floor.

Leave the fire pogdtion a the default values: x =150m; y=150m; z=00m

The other parameters on this menu are described in Part 3, Section 2.1.6 of thismanud. Leavethese at
the default values as follows:

Lower Oxygen Limit:  10%.

Heat of Combustion: 1.95 x 10" Jkg.
Initid Fue Temperaiure: 20°C.
Gaseous Ignition Temperature: 220°C.

Radiative Fraction: 0.3.
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2.1.7 Specifying Time-Dependent Fire Data (Icon: x-y graph)
Thisicon alows the following time-dependent data to be entered:

pyrolyssrate
heeat release rate
toxic combustion products

" Click on the “x-y graph” icon and select “heet release rate’.

The graph and table displayed show how the hest release rate varies throughout the fire. The table shows
the time in the left hand column and the heat rdlease rate in the right hand column with the units displayed at
the bottom of the screen. To display other parts of the table, click on the scrall bar to the right of the table
or usethe arrow keys. The peak heat releaserate is 2,701 kilowatts at 120 seconds.  This data relatesto
the ultrafast fire growth curve defined when you first crested the file for the SHOPL fire case. Changes
may be made to the data a this point if required by editing datain the table. Click on“Cancd” to leave
this data unchanged.

The other two parameters sdlected from the “x-y graph” icon are pyrolysis rate and toxic combustion
products. The pyrolysisrate is defined from by the heat release rate and heat of combustion and no
changes are required here. No toxic products will be added so this option may aso be ignored.

2.1.8 Tools (Icon: Toolbox)

This option is not required for this case.

2.1.9 Ambient Conditions (Icon: Sun and Cloud)

Thisicon alows the following conditions relating to the building environment to be st. The vauesgivenin
Table 7 are the default values which should be left unchanged in this example.

Parameter Internal External
Temperature 20.0°C 20.0°C
Reative Humidity 50.0% 50.0%

Pressure 101300 Pascals 101300 Pascals
Station Elevation 00m 00m

Table 7. Ambient Conditions - Default Values

2.1.10 Model Input/Output (Icon: Digital Clock)
Thisicon alows the user to control the output from the modd.

Smulaion. Thisisthe overal duration of the Smulation. Set this to 1200 seconds.
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Display. Thetimeintervd a which results are displayed on the screen during the smulation. Set thisto 20
seconds.

Spreadsheet: Thetimeinterval a which results are recorded in a preadshest file. If aspreadshect fileis
required afilename should be supplied on this screen. In this case enter atimeinterva of 10 secondsand a
filename “ SHOP1.OUT”

2.1.11 Saving the Input Data (Icon: Floppy disc)

Once you have completed your entry of input datato define the fire case, click on the “FHoppy disc’ icon
and sglect “ Save’ to savethe datato afile. Thefirg timethe datais saved you will need to select the
“Save as’ option and supply afile name. In this case use the name “ SHOPL.DAT”.

2.1.12 Printing Out the Input Data File

Before running the modd, print out the input data file you have created to check that it isthe same asthe
onein Appendix D.

" Click on the bottom right icon showing a desktop PC. Then sdect “Ultilities’, “Print File’.

Now click the down arrow to the right of the screen, select SHOPL.DAT from the list and click on
“OK”.

Sdect the correct printer port in the “Print To:” box, e.g. Iptl for aloca printer on the paralld port.
Then click on “Begin” and thefile should be printed out assuming you have a printer connected.
Compare your input data file with the one in Appendix D. If there are any differences you will need to
edit your file again to make corrections. To do this, from theinitid FASTLITE menu, sdect “File’,
“Open” and select thefile to edit.

2.2 Running the Fire Model
To run the fire modd, click on the “Building on fire’ icon at the right-hand end of the main row of icons.
No pause times are required so click on “OK” at the “Pause Times” menu and the smulation will begin.

" Whilethe smulation is running, dick on the “Graph” button to display the graphs of conditionsin the
compartment on the screen.
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2.3 Analysing the Results
By examining the graphs, either on the screen or from the print-out, answer the following questions.
Q17. What isthe calculated peak heat release rate in the fire compartment?

Q18. How does the calculated heet release rate compare with the heet release rate of the ultra-fast fire
used in the input data? What do you conclude?

Q19. What is the pesk vaue of the upper layer temperature in the fire compartment?
Q20. What isthe smallest distance above the floor reached by the smoke layer?

Now complete a hazard analysis form for the SHOPL case (this procedure is described in Part 3,
Section 2.34 of thismanud). A completed form is given in Appendix E, Table EL.

Q21. What istheinitial hazard predicted by FASTLITE and when does it occur?

The results obtained and the conclusions drawn from fire modelling studies depend, amongst other things,
on the assumptions made and the input data supplied by the user. One assumption we madein the
SHOP1 case was that the head height was 1.5 metres. Asanillustration of the dependence of the results
on the assumptions made, try changing the assumed head height to 2.0 metres.

Q22. Assuming head height to be 2.0 metres, what istheinitid hazard predicted by FASTLITE and how
hasit changed? (HINT: the only new information you need to find is the time when the interface
reaches 2.0 metres above the floor.)

3. POLYSTYRENE FOAM FIRE (SHOP2)

In this scenario the fire load will be changed to polystyrene foam in cartons. Thisisalarger fire load than
used for SHOPL. The heat release rate of the new fire, taken from an independent source, isshownin
Table 8.

Time(min) 0 2 4 6 8 10 12 14 16

Heat release rate (MW) 0.0 4.4 97 | 149 | 154 | 126 | 6.9 1.8 0.0

Table 8. Heat release rate of polystyrene foam fire

Make a copy of the SHOPL.DAT datafile and cal the copy SHOP2.DAT.

Open SHOP2.DAT by sdecting “File’, “Open” from the opening menu and selecting SHOP2.DAT.
When you reach the “Main Input Menu”, amend the title accordingly. Then dlick on the “Digita Clock”
icon and change the spreadshest file name to SHOP2.0OUT.
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Click on the Time-Dependent Fire Data option (Icon: x-y graph), select “Hesat Release Rate”. Then
click on“Sdect Curve...”, “Ultrafast Growth” and “OK” and enter the following times:

Leve Off Time 300 seconds
Start Decay Time 480 seconds

Click on “OK” and the calculated heet release rate curve based on these values will appear.

The data points follow those in the Table 8 reasonably closdly. The pesk vaueis 16.9 MW and this
compares with apeak of 2.7 MW in the SHOP1 case.

Click on “OK” to return to the “Main Input Menu”.

Click on the “Digitd Clock” icon and change the smulation time to 1000 seconds so that the fire burns
to completion. Then click on “OK”.

" Click on the “Floppy disc” icon and sdlect “ Save’ to save the data to thefile.

Now run the SHOP2 case and complete a hazard analysis form.
Q23. From the graphs, how do the conditions on the sales floor compare with the SHOPL case?
Q24. What isthe initid hazard predicted by FASTLITE for the SHOP2 case and when does it occur?
Table E2 is a completed hazard analysis for the SHOP2 case. Y ou can seethat FASTLITE predicts

hazards due to hesat radiation, upper-layer temperature, lower-layer temperature, carbon monoxide and
lack of oxygen. As expected, the larger fire load has produced a more severe hazard in the compartment.

4. POLYSTYRENE FOAM FIRE WITH SPRINKLERS (SHOP3)
In this scenario, sprinklers will be added to the compartment to seeif this reduces the hazard.
" Make acopy of the SHOP2 datafile and call the copy SHOP3.

Open SHOP3.DAT and amend the title accordingly. Also, change the spreadshect file name to
SHOP3.0UT.

Click onthe " Sprinkler Spray” icon. By default no sprinklers are defined
Click on“Add’ to add anew device. Then in the “Sprinklers and Detectors’ menu, click on “Typica

Vdues’ and sdect “Commercid Sprinkler”. Thiswill define the specifications of the sprinkler to a
typical commercid sprinkler asin Table 9.
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Parameter Value
Response Time Index (RT) 100 m*°g>®
Activation Temperature 73.89°C
Spray Density 7x10° mis
Table 9. Sprinkler Specifications

The RTI refersto the speed of response of the sprinkler to achange in the temperature of the air
surrounding it. A faster sprinkler has alower RTI. The activation temperature is the temperature that the
sprinkler heed must reach before activation occurs. The spray dengty isthe rate-of-rise of the water leve
on the floor due to the sprinkler spray. Leave these values unchanged.

The pogition of the sprinkler is set at the centre of the compartment by default. However, the fire has
aready been placed a the centre of the compartment and it is unlikely that a sprinkler will be located
directly over thefire. Therefore, a square of four sprinklers will be defined asin Figure 5.

(14.0,16.0) (165, 16.0)
S S

F

S
(14.0,135) (165, 135)

s=gprinkler F=fire
positions are shown in metresin each direction

Figure 5. SHOP3, Sprinkler positions on the sales floor.

Enter the x and y positions of the sprinkler as 14.0 and 13.5 metres. Leave the z position a 2.99
metres, i.e. just below the ceiling. Then click on“OK” to accept.

" Add the other three sprinklersin the positions shown in Figure 5. Sdect “Commercid Sprinkler” and
leave the other specifications as before.

" When four sprinkles have been defined, exit from the Detectors/Sprinklers menu.
" Click on the “Floppy disc” icon and select “ Save’ to save the datato the file.

Now run FASTLITE for the SHOP3 case and set a pause a 0.0 seconds after detector/sprinkler
activation.

4?2
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Complete a hazard analysis form for the SHOP3 case..
A completed hazard analysis form for SHOP3 is shown in Table E3.
Q25. At what times do the sprinklers activate?
Q26. From the graphs, what effect have the sprinklers had on the fire?
Q27. How does FASTLITE caculate the effect of sprinklers on the fire?

Q28. From the hazard analyss form, what effect have the sprinklers had on the hazard in the
compartment?

If the sprinklers had responded sooner the fire would have been contained a a smaler Sze which might
have prevented hazardous conditions occurring. Therefore, try repeeting the Smulation with fast-reponse
sprinklers.

Sdlect the sprinkler option and edit each sprinkler in turn. Change the RT1 vaue in each case, selecting
“Quick Responsg” which gives an RTI of 50 m*°s”°,

Run FASTLITE again with the quick-response sprinklers.
Q29. What are the activation times of the fast-response sprinklers?

Q30. Have the quick-response sprinklers prevented a hazard occurring in the compartment?
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ANSWERS TO EXERCISES

QL.
Q2.

Q3.
Q4.

650kW.

They are dmost the same. Therefore there has been negligible congraint of the fire due to
ventilation.

350°C.

The upper layer does not reach the floor in the living-room, but in the hal reachesthe floor at 3
minutes 20 seconds.

Q5. The hesat release rate follows the same curve in both cases until about 310 seconds when the hesat

Q6.

Q7.

Q8.

Qo.

Q10.

Q11

Q12.

release rate for HOUSE2 drops back sharply. Thisis because the oxygen concentration in the living
room has falen below the minimum level for combustion which was set a 10%. FASTLITE thus
modifies the heat release rate supplied in the input data to account for the lack of oxygen. It can dso
be seen that air temperatures fal at this point as a consequence.

1. Upper layer temperature at 2:20;

2. Hest radiation at 3:30;

3. Lower layer temperature at 4:20.

However, from the graph output it can be seen that at 4:20 (260 seconds) the layer in compartment
1 has reached the floor and so the hazard from the lower layer temperature is not rlevant. The third
hazard is therefore upper layer carbon monoxide concentration at 5 minutes.

Thetimesare amilar. The effect of the closed window in congtraining the fire does not take effect
until 5 minutes 10 seconds, after the first hazards have been reached.

The layer interface reaches 1.5 metres at 0:40 in the living-room and will therefore reach 2.0 metres
above the floor earlier than this. Asal hazards occur later than this time, there will be no effect on
the predicted hazard times. For this fire case the assumption of head height is therefore not critical.

In the HOUSE3 case the upper layer temperature in the hal only rises by about 20°C and the layer
interface begins to descend much later, after about 3 minutes.

FASTLITE predicts that there will be no hazard inthe hall. An upper layer is predicted to form due
to gases emitted from the door crack, but the temperature and gas concentrations in the layer are not
hazardous.

Assuming the occupant is not in the living-room but they have to trave through the hall to escape,
the first hazard occursinthe hdl a 3:10 (see HOUSE2). Thereforethetime availableis 3:10 - 1:26
= 1:44. If the occupant isin the living-room then the time predicted by FASTLITE is2:20 - 1:.26 =
54 seconds dthough there may be other hazards in the living-room such as direct contact with the
fire

With the door closed, the smoke detector activated 72.8 seconds later (159.4 - 86.6 = 72.8
seconds), but from the results of the HOUSE3 case there was no hazard in the hall so that the
chances of escaping through the hall have improved.
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Q13. The pesk hest release rate of the sofais nearly double the value for the armchair selected in
HOUSE3. However, the heat rlease rate is rapidly cut back due to lack of oxygen. The upper
layer temperatures are smilar to the HOUSE3 case but the peak is much earlier, at about 100
seconds as opposed to 200 secondsin HOUSE3. The layer interface heights also follow similar

Q14.

Q15.

Q16.

Q17.

patterns.

The pesk upper and lower layer temperaturesin the hal are sgnificantly higher than in the HOUSE3

case. However, none of the parameters reach the hazard criteria.
Parameter HOUSE3 Peak Value HOUSEG6 Peak Value
Heat rad. (kW/m?) 0.09 0.37
Upper-layer temp. (°C) 35.2 70.7
Lower-layer temp. (°C) 315 53.8
Upper-layer CO (ppm) 34 163
Lower-layer CO (ppm) 117 0
Upper-layer O2 (%) 22.7 22.3
Lower-layer O2 (%) 22.4 22.8
Table 10. HOUSE3 and HOUSEG Peak values

Before the rescuer arrives, the fire has died out due to alack of oxygen. When the doors are
opened, fresh ar is sucked into the living room alowing further combugtion. Asthe hot gases flow
into the hal and mix with the fresh air in the hall, they ignite as a“backdraught” which isindicated by
the heat release rate in the hdll.

The peak vaues are shown in Table 11. Significant changes occurred for HOUSES, HOUSE9 and
HOUSE11 so that the results are sensitive to changesin wall properties, fire type
(congtrained/uncongtrained) and radiative fraction. The effect of the fire position in the room
(HOUSEL0) was smadll. The biggest change was produced by changing the fire type to
uncongtrained (HOUSE9) where the peak lower-layer temperature changed from 127°C to 337°C.

Output Parameter HOUSE2 HOUSES HOUSE9 HOUSE10 | HOUSE11
Peak hesat release 651 651 642 651 651
rate (kW)

Peak upper layer 334 301 373 334 295
temperature (°C)

Peak lower layer 127 124 337 140 178
temperature (°C)

Table 11. Sensitivity Analysis: Peak Values

2,700 kilowatts.

Q18. They are the same and therefore the fire as not been constrained by lack of oxygen. Thisisto be
expected in alarge compartment.
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Q19.

Q20.

Q21.
Q22.

Q23.

Q24

Q25.

Q26.

Q27.

150°C.
About 1.4 metres.
Theinitid hazard occurs a 4 minutes 50 seconds due to the upper-layer temperature.

The interface reaches 2.0 metres above the floor a 3 minutes and, as the upper-layer temperature
has exceeded the hazard criterion at thistime, thisis the new time to hazard. Changing the
assumption about the head height has therefore reduced the time to hazard from 4 minutes 50
seconds to 3 minutes.

The peak upper-layer temperature is 379°C compared with 147°C in the SHOPL case. The
upper-layer reaches floor level whereasin the SHOPL case the upper-layer only reached about 1.4
metres above the floor.

Theinitia hazard occurs a 3 minutes 20 seconds due to heet radiation. This compares with 4
minutes 50 seconds in the SHOP1 case.

1237, 128.0 and 131.5 seconds. Two sprinklers are equidistant from the fire and so activate at the
same time, hence only three activetion times are given.

The sprinklers have limited the growth of the fire so that the pesk hest release rateis only

3 megawatts instead of 16.8 megawaitts in the SHOP2 case. Also, the upper layer temperature only
reaches 140°C compared to 379°C. The interface height remains a just under 1 metre above the
floor whereas in the SHOP2 case the interface reached the floor.

The FASTLITE manud gatesthat the fire suppression caculation is based upon a published
experimentd corraion. Only the effect of the first sprinkler to activate is taken in to account in the
samulation. The caculation assumes that the effect of the sprinkler is to reduce the heet release rate
of the fire and any effects on gas temperature or mixing of gas layers are ignored.

Q28. Thereis dill ahazard in the compartment, occurring at 4 minutes 50 seconds due to the upper-layer

Q29.

Q30.

temperature. However, thisisthe only hazard and it is much less severe than before. This compares
with onset of hazard at 3 minutes 20 seconds in the SHOP2 case and therefore the sprinklers have
increased the time available for escape by 1 minute 30 seconds.

105.1, 108.6 and 111.0 seconds, i.e. about 20 seconds earlier than the standard sprinklers.

No. From the graphs, the upper-layer temperature till rises above 100°C which isthe hazard
criterion.

a7
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APPENDIX A: HAZARD ANALY SISFORM

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name:

B) Scenario description:

C) Room:

D) Head height (metres):

(i.e. the height at which gases are

inhaled)

E) Timeinterval of output data (seconds):

All times recorded below are to thislevel of precision.

F) Time when the interface reaches head height (min:sec):

Peak value

@ @

Hazard
criterion

©)

Timeto
Reach Hazard
Criterion
(min:sec)

@

Upper layer
below head
height?

©

Timeto Hazard
(min:sec)

See note below

©)

Heat release
rate (kW)

Heat rad.
(kW/m?)

Upper-layer
temp. (°C)

Lower-layer
temp. (°C)

Upper-layer
CO (ppm)

Lower-layer
CO (ppm)

Upper-layer
02 (%)

Lower-layer
02 (%)

Comments:

KEY: N/R=Hazard not reached

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Note for column (6). For parameters of the upper layer only, which are marked witha* @” :-
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APPENDIX B

PRINT-OUTS FROM FASTLITE FOR HOUSE1



VERSN 3HOUSEL-BASE CASE HOUSE1.DAT

#VERSN 3 HOUSE] - BASE CASE

TIMES 1000 20 10 20 O

ADUMPHOUSEL.OUT

TAMB 203150  101300. 0.000000

EAMB 203150  101300. 0.000000

HI/F 0.000000 0.000000

WIDTH 3.80000 2.00000

DEPTH 4.00000 5.00000

HEIGH 3.00000 3.00000

CEILI GYPSUM GYPSUM

WALLSGYPSUM GYPSUM

FLOOR CONCRETE CONCRETE

#CEILI GYPSUM GYPSUM

HWALLSGYPSUM GYPSUM

#FLOOR CONCRETE CONCRETE

HVENT 1 2 1 1.00000 2.00000 0.000000

CVENT 121 100000 100000 100000 100000 1.00000 1.00000 100000 1.00000 1.00000
100000 100000 100000 1.00000 1.00000 100000 100000 100000 100000 1.00000 1.00000
HVENT 1 3 1 1.00000 2.00000 1.00000 0.000000

CVENT 131 100000 100000 100000 100000 1.00000 1.00000 100000 1.00000 1.00000
100000 100000 100000 1.00000 1.00000 100000 100000 100000 100000 1.00000 1.00000
CHEMI 16.0000 50.0000 10.0000 1.95000E+007 293.150 493.150 0.300000

LFBO1

LFBT 2

CETALL

FPOS 1.00000 1.00000 0.000000

FTIME 300000 600000 900000 120000 150000 180.000 210.000 240.000 275000 475.000
533000 591.000 649000 707.000 765000 823000 881000 939.000 1000.00

FMASS 0.000000 0.000397488 0.00158995 0.0035/740 0.00635979 0.00993723 0.0143096 0.0194769
0.0254392 0.0334001 0.0334001 00264279 0.0202710 0.0149294 0.0104031 0.00669215 0.00379643
0.00171602 0.000450908  0.000000

FQDOT 0.000000 775102 310041 69759.2 124016. 19377/6. 279037.  379800.  496065.
651301. 651301. 515344. 395284. 291124, 202861  130497. 740303 334624 879271 0.000000
HCR  0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000
0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000
0.0800000  0.0800000

OD  0.300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000  0.0300000

CO  0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000  0.0300000

H#GRAPHICSON

DEVICE1

WINDOW 0. 0.-100. 1280. 1024. 1100.

LABEL 1 970. 960. 0.1231.1005. 10. 15 00:00:000.00 0.00

GRAPH 1 100. 50. 0. 600. 475. 10.3 TIMEHEIGHT

GRAPH 2 100. 550. 0. 600. 940. 10.3 TIME CELSUS

GRAPH 3 720. 50. 0.1250. 475. 10.3 TIME FIRE_SIZE(KW)

GRAPH 4 720. 550. 0.1250. 940. 10.3 TIME OD2|O()

HEAT 00003 1U

HEAT 00003 2U

TEMPE 00002 1U

TEMPE 00002 2U

INTER 00001 1U

INTER 00001 2U

02 00004 1U

02 00004 2U
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APPENDIX C

HOUSE FIRE STUDY: HAZARD ANALYSIS FORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: HOUSE1

B) Scenario description: Initial scenario. Living-room and hall. Armchair fire in living-room. Living-room
window open. Living-room/hall door open.

C) Room: Living room.

D) Head height (metres): 1.5 E) Timeinterval of output data (seconds): 10
(i.e. the height at which gases are inhaled) All times recorded below areto thislevel of precision.
F) Time when the interface reaches head height (min:sec): 0:40
Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
4

@ @ (©) ® ©)
Heat release 648
rate (kW)
Heat rad. 6.94 2.5 3:40 3:40
(kW/m?)
Upper-layer 327 100 2:30 YES @ 2:30
temp. (°C)
Lower-layer 131 100 4:20 4:20
temp. (°C)
Upper-layer 3,040 3,000 7:40 YES @ 7:40
CO (ppm)
Lower-layer 834 3,000 N/R N/R
CO (ppm)
Upper-layer 12.9 10 or less N/R @ N/R
02 (%) (min.)
Lower-layer 20.2 10 or less N/R N/R
02 (%) (min.)

Comments: Onset of hazard occurs at 2 minutes and 30 seconds after ignition due to the temperature of the
upper layer exceeding 100°C.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked with a“ @”:-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table C1. HOUSE1 Hazard Analysis - Living-room
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APPENDIX C: HOUSE FIRE STUDY - HAZARD ANALY S SFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: HOUSE1

B) Scenario description: Initial scenario. Living-room and hall. Armchair fire in living-room. Living-room
window open. Living-room/hall door open.

C) Room: Hall
D) Head height (metres): 1.5 E) Timeinterval of output data (seconds): 10
(i.e. the height at which gases are inhaled) All times recorded below areto thislevel of precision.
F) Time when the interface reaches head height (min:sec): 1:10
Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
@
@ @ (©) ©) ©)
Heat release 0
rate (kW)
Heat rad. 2.11 25 N/R N/R
(kW/m?)
Upper-layer 186 100 3:30 YES @ 3:30
temp. (°C)
Lower-layer 46 100 N/R N/R
temp. (°C)
Upper-layer 3,000 3,000 8:30 YES @ 8:30
CO (ppm)
Lower-layer 1,640 3,000 N/R N/R
CO (ppm)
Upper-layer 13.0 10 or less N/R @ N/R
02 (%) (min.)
Lower-layer 17.5 10 or less N/R N/R
02 (%) (min.)

Comments: Onset of hazard occurs at 3 minutes and 30 seconds after ignition due to the temperature of the
upper layer exceeding 100°C.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked with a“ @":-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table C2. HOUSE1 Hazard Analysis - Hall




APPENDIX C: HOUSE FIRE STUDY - HAZARD ANALY S SFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: HOUSE2

B) Scenario description: Armchair fire in living-room. Living-room window closed. Living-room/hall door
open.

C) Room: Living-room

D) Head height (metres): 1.5 E) Timeinterval of output data (seconds): 10
(i.e. the height at which gases are inhaled) All times recorded below areto thislevel of precision.
F) Time when the interface reaches head height (min:sec): 0:40
Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
@
@ @ (©) ©) ©)
Heat release 651
rate (kW)
Heat rad. 7.28 2.5 3:30 3:30
(kW/m?)
Upper-layer 334 100 2:20 YES 2:20
temp. (°C)
Lower-layer 140 100 4:20 4:20
temp. (°C)
Upper-layer 3,940 3,000 5:00 YES 5:00
CO (ppm)
Lower-layer 3,370 3,000 6:30 6:30
CO (ppm)
Upper-layer 7.2 10 or less 6:20 YES 6:20
02 (%)
Lower-layer 10.4 10 or less N/R N/R
02 (%)

Comments: Onset of hazard occurs at 2 minutes 20 seconds due to upper-layer temperature.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked with a“ @":-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table C3. HOUSE2 Hazard Analysis- Living-room




APPENDIX C: HOUSE FIRE STUDY - HAZARD ANALY S SFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: HOUSE2

B) Scenario description: Armchair fire in living-room. Living-room window closed. Living-room/hall door

open.

C) Room: Hall

D) Head height (metres): 1.5

(i.e. the height at which gases are inhal ed)

E) Timeinterval of output data (seconds): 10

All times recorded below are to thislevel of precision.

F) Time when the interface reaches head height (min:sec): 1:10

Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
©
@ @ (©) ® ©)
Heat release 0
rate (kW)
Heat rad. 2.17 25 N/R N/R
(kw/m?)
Upper-layer 189 100 3:10 YES 3:10
temp. (°C)
Lower-layer 415 100 N/R N/R
temp. (°C)
Upper-layer 3,930 3,000 5:40 YES 5:40
CO (ppm)
Lower-layer 0 3,000 N/R N/R
CO (ppm)
Upper-layer 7.2 10 or less 7:10 YES 7:10
02 (%)
Lower-layer 22.8 10 or less N/R N/R
02 (%)

Comments: Hazard at 3 minutes 10 seconds due to upper-layer temperature.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked witha* @” :-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table C4. HOUSE2 Hazard Analysis- Hall.




APPENDIX C: HOUSE FIRE STUDY - HAZARD ANALY S SFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: HOUSE3

B) Scenario description: Armchair fire in living-room. Living-room window closed. Living-room/hall door
closed.

C) Room: Hall
D) Head height (metres): 1.5 E) Timeinterval of output data (seconds): 10
(i.e. the height at which gases are inhal ed) All times recorded below are to thislevel of precision.

F) Time when the interface reaches head height (min:sec): 3 minutes

Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
©

@ @ (©) ® ©)
Heat release 585 in living
rate (kW) room
Heat rad. 0.09 25 N/R N/R
(kw/m?)
Upper-layer 35.2 100 N/R N/R
temp. (°C)
Lower-layer 31.5 100 N/R N/R
temp. (°C)
Upper-layer 34 3,000 N/R N/R
CO (ppm)
Lower-layer 117 3,000 N/R N/R
CO (ppm)
Upper-layer 22.7 10 or less N/R N/R
02 (%)
Lower-layer 224 10 or less N/R N/R
02 (%)

Comments: None of the hazard criteria were exceeded in the hall although the upper layer descended to
near floor level.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked witha* @":-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table C5. HOUSE3 Hazard Analysis- Hall.
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VERSN 3SHOPFIRE - INITIAL CASE SHOP1.DAT
#VERSN 3 SHOPHRE - INITIAL CASE

TIMES 1200 20 10 20 O

ADUMP SHOPL.OUT

TAMB 203150  101300. 0.000000

EAMB 203150  101300. 0.000000

HI/F 0.000000

WIDTH 30.0000

DEPTH 30.0000

HEIGH 3.00000

CEILI GYPSUM

WALLSGYPSUM

FLOOR CONCRETE

#CEILI GYPSUM

H#WALLSGYPSUM

#FLOOR CONCRETE

HVENT 1 2 10.00100000 2.13000 0.000000 0.000000

CVENT 121 100000 100000 100000 100000 1.00000 1.00000 100000 1.00000 1.00000
100000 100000 100000 1.00000 1.00000 100000 100000 100000 100000 1.00000 1.00000
CHEMI 16.0000 50.0000 10.0000 1.95000E+007 293.150 493.150 0.300000

LFBO1

LFBT 2

CETALL

FPOS -1.00000 -1.00000 0.000000

FTIME 130000 260000 390000 520000 650000 780000 910000 104.000 120.000 240.000
253000 266000 279000 292000 305000 318000 331.000 344000 360.000

FMASS 0.000000 0.00162587 0.00650349 0.0146328 0.0260138 0.0406467 0.0585313 0.0796677 0.104055
0138535 0138535 0.110145 0.0850067 0.0631200 0.0444852 0.0291021 0.0169706 0.00809087 0.00246285
0.000000

FQDOT 0.000000 317044 126818, 285340. 507270. 792610. 1.14136E+006 1.55352E+006 2.02908E+006
2.70144E+006 2.70144E+006 2.14783E+006 1.65763E+006 1.23084E+006  867462. 567490. 330926. 157772
480256  0.000000

HCR  0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000
0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000 0.0800000
0.0800000  0.0800000

OD  0.300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000  0.0300000

CO  0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000 0.0300000
0.0300000  0.0300000

H#GRAPHICSON

DEVICE1

WINDOW 0. 0.-100. 1280. 1024. 1100.

LABEL 1 970. 960. 0.1231.1005. 10. 15 00:00:000.00 0.00

GRAPH 1 100. 50. 0. 600. 475. 10.3 TIMEHEIGHT

GRAPH 2 100. 550. 0. 600. 940. 10.3 TIME CELSUS

GRAPH 3 720. 50. 0.1250. 475. 10.3 TIME FIRE_SIZE(KW)

GRAPH 4 720. 550. 0.1250. 940. 10.3 TIME OD2|O()

HEAT 00003 1U

TEMPE 00002 1U

INTER 00001 1U

02 00004 1U
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APPENDIX E: SHOPFIRE STUDY - HAZARD ANALYSISFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: SHOP1

B) Scenario description: Polyurethane foam furniture fire in centre of sales floor.

C) Room: Sales floor

D) Head height (metres): 1.5 E) Timeinterval of output data (seconds): 10
(i.e. the height at which gases are inhal ed) All times recorded below are to thislevel of precision.
F) Time when the interface reaches head height (min:sec): 4:50
Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
@
@ @ (©) ©) ©)
Heat release 2,700
rate (kW)
Heat rad. 1.34 25 N/R N/R
(kW/m?)
Upper-layer 147 100 1:50 NO 4:50
temp. (°C)
Lower-layer 36 100 N/R N/R
temp. (°C)
Upper-layer 977 3,000 N/R N/R
CO (ppm)
Lower-layer 2 3,000 N/R N/R
CO (ppm)
Upper-layer 19.6 10 or less N/R N/R
02 (%)
Lower-layer 22.8 10 or less N/R N/R
02 (%)

Comments: Onset of hazard occurs at 4 minutes 50 seconds when the upper-layer descends to head height.
The hazard is due to upper-layer temperature.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked with a“ @":-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table E1. SHOP1 Hazard Analysis




APPENDIX E: SHOPFIRE STUDY - HAZARD ANALYSISFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: SHOP2

B) Scenario description: Polystyrene foam cartons fire in centre of sales floor.

C) Room: Sales floor.

D) Head height (metres): 1.5 E) Timeinterval of output data (seconds): 10
(i.e. the height at which gases are inhal ed) All times recorded below are to thislevel of precision.
F) Time when the interface reaches head height (min:sec): 3:30
Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
@
@ @ (©) ©) ©)
Heat release 16,830
rate (kW)
Heat rad. 9.82 25 3:20 3:20
(kW/m?)
Upper-layer 379 100 1:45 NO 3:30
temp. (°C)
Lower-layer 163 100 5:40 5:40
temp. (°C)
Upper-layer 3,950 3,000 6:50 YES 6:50
CO (ppm)
Lower-layer 0 3,000 N/R N/R
CO (ppm)
Upper-layer 9.2 10 or less 8:30 YES 8:30
02 (%)
Lower-layer 22.8 10 or less N/R N/R
02 (%)

Comments: Onset of hazard occurs at 3 minutes 20 seconds due to heat radiation.

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked with a“ @":-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table E2. SHOP2 Hazard Analysis
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APPENDIX E: SHOPFIRE STUDY - HAZARD ANALYSISFORMS

Hazard Analysis of Results of FASTLITE Fire Simulation

A) Scenario name: SHOP3

B) Scenario description: Polystyrene foam cartons fire in centre of sales floor. Sprinklers installed.

C) Room: Sales floor.

D) Head height (metres): 1.5

(i.e. the height at which gases are inhal ed)

E) Timeinterval of output data (seconds): 10

All times recorded below are to thislevel of precision.

F) Time when the interface reaches head height (min:sec): 4:50

Peak value Hazard Timeto Upper layer Timeto Hazard
criterion Reach Hazard | below head (min:sec)
Criterion height?
(min:sec) See note below
©
@ @ (©) ® ©)
Heat release 2,813
rate (kW)
Heat rad. 1.24 25 N/R N/R
(kw/m?)
Upper-layer 140 100 1:50 NO 4:50
temp. (°C)
Lower-layer 36 100 N/R N/R
temp. (°C)
Upper-layer 1,140 3,000 N/R N/R
CO (ppm)
Lower-layer 9 3,000 N/R N/R
CO (ppm)
Upper-layer 19.0 10 or less N/R N/R
02 (%)
Lower-layer 22.8 10 or less N/R N/R
02 (%)

Comments: Onset of hazard occurs at 4 minutes 50 seconds when the upper-layer descends to head height.

The hazard is due to upper-layer temperature

KEY: N/R=Hazard not reached

Note for column (6). For parameters of the upper layer only, which are marked witha* @":-

If column (5) = Yes, enter contents of column (4)
If column (5) = No, enter contents of box (F)

Table E3. SHOP3 Hazard Analysis
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APPENDIX F: INSTRUCTIONS FOR USING MS-EXCEL

Additional instructions for using MS-Excel to analyse data from Fastlite
The section “Viewing the spreadshest file” in Part 3 Section 2.3.3 of this manua describes how the output
data from Fastlite can be read using a spreadsheet package. If you are usng the Microsoft Exce
Spreadsheet package the instructions below provide further details. The ingtructions are based on
MS-Exce verson 5.0c.

Run Fastlite and produce a spreadsheet output file with filename such as HOUSEL.OUT.

Exit from Fedllite,

Run MS-Excdl.

Sdect “File’, “Open” and sdect thefile created by Fadtlite eg. C\FASTLITEAHOUSEL.OUT, and
click on“OK”.

The“Text Import Wizard Step 17 screen should now appear.

The different varigbles in the Fadtlite file are separated by commas. These variables need to be salit into
separate columnsto be read easlly.

Sdect “Ddimited” to indicate that the data variables in the source file are separated by characters and
then click on “Next”

At the “Text Import Wizard Step 2" screen, sdlect “Comma’ asthe ddimiting character. The data
preview window should now show the data separated into columns. Click on “Next”.

At the“Text Import Wizard Step3” screen, no changes are needed so select “Finigh”.

The datawill now be displayed in the soreadsheet. Each column heading indicates the name of the varigble
in that column. To make the column headings easer to read, you can increase the column wicth.

To do this, click on the top left square of the data frame (the square immediately above the “1” and to
theright of the“A”). Thiswill select the whole spreadsheet which will now appear highlighted on the
screen.

Now, sdlect “Format”, “Column”, “ Standard Width” and enter a column width eg. 25. Thiswill cause
the data columns to be separated and dlow the full variable names to be displayed at the top of the
shest.

Before exiting the spreadshest, sdlect “File’, “Save as” and select the file type “Excd Workbook”. The
filenamewill changeto eg. HOUSEL XL S and thisfile will save the format changes which you have

applied.



