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Disclaimer

The U. S. Department of Commerce makes no warranty, expressed or implied, to users of
CFAST and associated computer programs, and accepts no responsibility for its use. Users of
CFAST assume sole responsibility under Federal law for determining the appropriateness of its
use in any particular application; for any conclusions drawn from the results of its use; and for
any actions taken or not taken as a result of analyses performed using these tools. CFAST is
intended for use only by those competent in the field of fire safety and is intended only to
supplement the informed judgment of a qualified user. The software package is a computer
model which may or may not have predictive value when applied to a specific set of factual
circumstances. Lack of accurate predictions by the model could lead to erroneous conclusions
with regard to fire safety. All results should be evaluated by an informed user.

Intent and Use

The algorithms, procedures, and computer programs described in this report constitute a
methodology for predicting some of the consequences resulting from a prescribed fire. They
have been compiled from the best knowledge and understanding currently available, but have
important limitations that must be understood and considered by the user. The program is
intended for use by persons competent in the field of fire safety and with some familiarity with
personal computers. It is intended as an aid in the fire safety decision-making process.
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1 Background

CFAST is a two-zone fire model used to calculate the evolving distribution of smoke, fire gases and
temperature throughout compartments of a building during a fire. These can range from very small
containment vessels, on the order of 1 m® to large spaces on the order of 1000 m®. This guide
describes how to obtain the model, verify its correct installation, create input data in an appropriate
form, and analyze of the output of a simulation.

The modeling equations used in CFAST take the mathematical form of an initial value problem for a
system of ordinary differential equations (ODEs). These equations are derived using the
conservation of mass, the conservation of energy (equivalently the first law of thermodynamics), the
ideal gas law and relations for density and internal energy. These equations predict as functions of
time quantities such as pressure, layer height and temperatures given the accumulation of mass and
enthalpy in the two layers. The CFAST model then consists of a set of ODEs to compute the
environment in each compartment and a collection of algorithms to compute the mass and enthalpy
source terms required by the ODEs. The formulation of the equations, their solution, and discussion
of validation and verification of the code are presented in a companion document'.

All of the data to run the model is contained in a primary data file, together with databases for
objects, thermophysical properties of boundaries, and sample prescribed fire descriptions®. These
files contain information about the building geometry (compartment sizes, materials of construction,
and material properties), connections between compartments (horizontal flow openings such as
doors, windows, vertical flow openings in floors and ceilings, and mechanical ventilation
connections), fire properties (fire size and species production rates as a function of time), and
specifications for detectors, sprinklers, and targets (position, size, heat transfer characteristics, and
flow characteristics for sprinklers). Materials are defined by their thermal conductivity, specific heat,
density, thickness, and burning behavior. Throughout the discussion on the model inputs, notes are
included to provide additional insight on the model’s operation.

The outputs of CFAST are the sensible variables that are needed for assessing the environment in a
building subjected to a fire. These include temperatures of the upper and lower gas layers within

each compartment, the ceiling/wall/floor temperatures within each compartment, the visible smoke
and gas species concentrations within each layer, target temperatures and sprinkler activation time.

Many of the outputs from the CFAST model are relatively insensitive to uncertainty in the inputs for
a broad range of scenarios. However, the more precisely the scenario is defined, the more accurate
the results will be. Not surprisingly, the heat release rate is the most important variable, because it
provides the driving force for fire-driven flows. Other variables related to compartment geometry



such as compartment height or vent sizes, while important for the model results, are typically more
easily defined for specific design scenarios than fire related inputs.

The first public release of CFAST was version 1.0 in June of 1990. This version was restructured
from FAST® to incorporate the "lessons learned" from the zone model CCFM?, namely that
modifications and additions to the model are easier and more robust if the components such as the
physical routines are separated from the solver code used by the model. Version 2 was released as a
component of Hazard 1.2 in 1994°. The first of the 3.x series was released in 1995 and included a
vertical flame spread algorithm, ceiling jets and non-uniform heat loss to the ceiling, spot targets,
and heating and burning of multiple objects in addition to multiple prescribed fires. Ignition was
assigned based on a critical heat flux, a critical temperature, or a critical time input by the user. As
CFAST evolved over the next five years, version 3 included smoke and heat detectors, suppression
through heat release reduction, better characterization of flow through doors and windows, vertical
heat conduction through ceiling/floor boundaries, and non-rectangular compartments. In 2000,
version 4 was released and included horizontal heat conduction through walls, and horizontal smoke
flow in corridors. Version 5 improved the combustion chemistry. Version 6 includes a new user
interface written for Windows and revisions to the input file and model. The current version is 6.1



2 Getting Started

Installation from the CFAST Web Site

CFAST is documented by two publications, this user’s guide and a technical reference guide'. The
technical reference guide describes the underlying physical principles, provides a comparison with
other models, and includes an evaluation of the model following the guidelines of ASTM E1355°,
This user’s guide describes how to use the model and applies to version 6 and later. All the

documentation is available on the web site.

All of the files associated with CFAST can be obtained at:

http://cfast.nist.gov

Information about new
versions, bug fixes, and
documentation for the

i@ CFAST Setup

model and software are
available on this web site.
The CFAST distribution
consists of a self-extracting
set-up program for
Windows-based PCs.

After downloading the set[’
up program to a PC,
double-clicking on the
file’s icon walks the user
through a series of steps for
installation of the program.
The most important part of

M=ES
Welcome to the CFAST
Installation Wizard

It iz ztrangly recommended that pou exit all Windows programs
before running thiz zetup program.

Click Cancel to quit the zetup program, then cloze any programs
you hawve running. Click Mest to continue the installation.

WARMIMG: Thiz program iz protected by copyright law and
international treaties.

|Inauthonzed reproduction or distibution of this program, or any
portion of it, may rezult in zevere civil and criminal penalties, and
will be prozecuted to the mainum extent pozzible under law,

[ Mext > ] [ Cancel ]

the installation is the

creation of a folder (called c:\Program Files\CFAST by default) in which the CFAST executable
files and supplemental data files are installed. Sample input files are placed in a folder called

CFASTData off the user’s “My Documents” folder.



http:http://cfast.nist.gov

Computer Hardware Requirements

CFAST requires a relatively fast processor and a sufficient amount of random-access memory
(RAM) for complex cases. The processor should be at least as fast as a 1 GHz Pentium III, with
more than 256 MB of memory for complex cases. Typical calculation times for a 2 compartment
scenario can range from a few seconds to multiple hours, depending on the details of the scenario.
Plus, a large hard drive is needed to store the output of calculations. It is not uncommon for a single
calculation to generate output files as large as several hundred megabytes.

Computer Operating System and Software
Requirements

CFAST and the input editor CEdit run under Microsoft Windows. The latest version has been tested
and runs on both Windows XP and Windows 7.

Verifying Correct Installation and Operation

Sample input files are provided with the program for new users who are encouraged to first run the
sample calculations before attempting to create an input file. To run the model, browse to the
location of the CFAST input files (default location is in a folder called CFASTData\Samples off the
user’s “My Documents” folder, and double click on the file named standard.in. This should open the
file in the CFAST input editor, CEdit. The simple test case can be run from the program menu by
selecting “Run!” and then “Model Simulation, CFAST”

This runs a very simple test case and it should be completed quickly. Additional details on running
CFAST are included in the next chapter. To verify that the installation has been done correctly, the
output of the model should appear as follows.


http:standard.in

-
W RunModel

RunOptions: Total Mass Output, Net Heat Flux Output

Current Time Step: I FAST finished Simulation Time: |1EDD 5 Progress:
Upper Layer Lower Layer . . . .
G T T Interface Height Pyrolysis Rate Fire Size Pressure
ok P (m) (kg's) () (Fa)
1 302 14 0.01387 299 -0679
QOutside 0

This case checks several attributes of the installation including the presence of the database files (see
auxiliary files in the section on building input files). Additional explanation of the results of this run

is described in Chapter 5.

A detailed process to insure that the model is installed correctly is given in Appendix B of this
CFAST User’s Guide.




3 Running CFAST

Running CFAST is relatively simple. All of the parameters that describe a given fire scenario are
entered into a text file that is referred to as the "data" or "input" file. In this document, the data file is
designated as filename.in, where "filename" stands for any character string that helps to identify the
simulation. All of the output files associated with the calculation would typically have this common
prefix. In addition to the input file, there are often several external files containing input parameters
for the simulation. These files are referred to as "database" files, which contain parameters
describing common materials and fuels.

The CFAST distribution includes a Windows-based input editor called CEdit that allows the user to
enter details of a simulation in a standard Windows format, save the data file to disk, and run the
simulation with CFAST from within the program. Typically, all simulations would be developed
and run from within CEdit. For numerous, similar or lengthy simulations, the fire model CFAST
can be run from a command prompt window.

It is suggested that a new user start with an existing data file, run it as is, and then make the
appropriate changes to the input file for the desired scenario. By running a sample case, the user
becomes familiar with the procedure and ensures that his/her computer is up to the task before
embarking on learning how to create new input files.

Creating a CFAST Input Data File

All of the data to run the model is contained in an input data file. Also needed are databases for
objects, thermophysical properties of boundaries, and sample prescribed fire descriptions provided
with the model. These files contain information about the building geometry (compartment sizes,
materials of construction, and material properties), connections between compartments (horizontal
flow openings such as doors, windows), vertical flow openings in floors and ceilings, and
mechanical ventilation connections), fire properties (fire size and species production rates as a
function of time), and specifications for detectors, sprinklers, and targets (position, size, heat transfer
characteristics, and flow characteristics for sprinklers). Materials are defined by their thermal
conductivity, specific heat, density, thickness, and burning behavior (heat release rate, ignition
properties, and species yields).

The input data file provides the program with parameters to describe the scenario under
consideration. The parameters are organized into groups of related variables. Each line of the input
data file contains inputs related to a single group and begins with a keyword that identifies the input.


http:filename.in

For example, compartment geometry is described by a set of lines (keyword COMPA) that define
the width, depth, and height of each compartment. A description of the input parameters can be
found in Chapter 4.

Typically, the input data file will be created with the input editor, CEdit, included with the CFAST
distribution. A shortcut to the input editor is placed on the start menu during installation. To run,
select Start, Program Files, and CFAST. Details of the program and its inputs are described in
chapter 4.

File Run! Tools View Help
Simulation Environment lCompartment Geometry] Horizontal Flow Vents ] Verttical Flow Verts ] Mechanical Flow Vents ] Fires ] Detection / Suppression ] Targets ] Surface Connections ]

Ambient Conditions
Interior

Temperature: 'Mi Elevation: ’Dlﬂi
Simulation Times
. Relative ™
Simulation Time: Pressure: 101300 Pa Humidity- 50 %

Text Output Intenval:

Title: |CFAST Simulation

Exterior

Binary Output Interval: Temperature: |20 °C Elevation: [0m
Spreadsheet Qutput Interval: Pressure; |101300 Pa

Smokeview Output Intenval: Wind Speer: ’F s ’mi
Law:
Scale Height: |10m

Thermal Properties File

themmal .csv

Errors

Mo Emors or Wamings

The program includes a number of menu items Create Geometry File

for ancillary functions. In addition to the normal Model Simulation, CFAST Ctrl+R
file menu items to open and save input data files
or to exit the program, a “Run!” menu is included
to execute or view the current simulation. Menu
items include the following:

Simulation Visualization, Smokeview

Output Options [

e Create Geometry File: used to create a geometry file for visualization with the program
smokeview. The input data file is saved, if necessary, and CFAST is run with an option



to only run through initialization. The resulting geometry can be viewed with the
“Simulation Visualization, Smokeview” menu item, below.

Model Simulation, CFAST: runs the current input data file specification with the fire
model CFAST. The input data file is saved, if necessary, and CFAST is run to
completion. Additional details are described below in the section on starting a CFAST
calculation. In order to visualize the results of the simulation with the program
smokeview, the Smokeview Output Interval must be set to a non-zero value on the
simulation Environment page. This is described in more detail in chapter 4.

Simulation Visualization, Smokeview: runs the program smokeview with the
previously defined smokeview geometry file. This allows the user to see the compartment
geometry and connections or view the results of the simulation visually. Additional
details on the use of smokeview are included in the user’s guide for smokeview’.

Stiokeview 4.05 - Feh 14 2005

Frame: 23
Time: 290.0




Additional menu items can be selected to control details of the

model simulation output using CFAST by selecting the Output
Options submenu.

Detailed Output File
Total Mass

Met Heat Flux

Show CFAST Window
CFAST Validation Output

| %

Detailed Output File: If checked, this menu item
directs the CFAST model to produce a detailed text
output file. Details of the output are included in chapter 5.

Total Mass Output File: If checked, this menu item directs the CFAST model to replace
the flow output with total mass flow through (mechanical) vents rather than the default
flow rate values.

Net Heat Flux: If checked, this menu item directs the CFAST model to calculate heat
flux to targets as a net heat flux to the target with the target at ambient temperature rather
than at the calculated temperature. This output is particularly useful to compare
predictions to heat flux measurement using water cooled heat flux gauges.

Show CFAST Window: If checked, this menu item allows the user to see the windows
command prompt that is used to execute the CFAST model when the Model Simulation,
CFAST menu item is used. By default, this is not checked. Normally, this can be left
unchecked. For troubleshooting, this can be selected to see additional details of the
calculation as it progresses.

CFAST Validation Output: If checked, this menu item directs the CFAST model to
output target fluxes at net heat flux and to output an abbreviated heading for spreadsheet
columns that are better for automated processing of the data.

The “Tools” menu allows the user to view or change Edit Thermal Properties
the database of material thermophysical properties used Edit Fire Objects
by the model and to select desired engineering units

used in the input editor CEdit. Menu items include the

following.

Select Engineering Units

Set Maximum Simulation Time Step

Edit Thermal Properties: Heat transfer through compartment surfaces, to secondary fire
objects, or other targets that may be specified depends on user-specified thermal
properties for the materials. These may be viewed or changed by the user as desired. It



is important to note that these are global parameters that are not tied to any particular
simulation. Thus, if values are changed, the changed values will affect all future
simulations or repeated runs of earlier simulations.

Materials properties include thermal conductivity, specific heat, density, thickness, and
emissivity. Materials included in the database provided with the program are textbook
values of common building and furnishing materials.

f? Thermal Properties —— E@ﬂ
Material Short Name | Conductivity | Specific Heat Density Thickness Emissivity | »
Acousic Tile (18 ) “ACOUTILE | 5805 | 13t | 20 | oo | 05 [M
Aluminum (1/8 in) ALUM1/8 0231 1.033 2702 0.003 09
Aluminum Alloy 2024-T6 (1/8 in) ALUMZ064 0.186 1.042 2770 0.003 09
Brick, Clay (3 in) BRICK 0.0015 0.56 2645 0.076 0.9
Brick, Commen (2 in) COMERICK 0.00072 0.835 1520 0.076 09
Calcium Silicate Board (1/2 in) MARINITE 0.00018 1.293 737 0.013 0.83
Cellulose Insulation, Wood or Paper Pulp (3.5 1n) CELLULOS 3.5E-05 1.38 45 0.088 0.9
Cement Mortar (1 in) CEMENTMO 0.00072 0.78 1860 0.025 09
Caoncrete, Light \Weight (6 in) CONCLITE 0.000125 1.05 525 0.15 0.54 -

Add | Duplicate Remove

Thermal Property 0 of(45)

Material: |Acoustic Tile (1/8in)

Short Name: [ACOUTILE Thermal Conductivity: [5.8E-05 kW/fm Specific Heat: [1.34 kJ/kg C)
Density: ,m Thickness: IW Emissivity: II}B-i
HOlBT:o HCI2:p Hoea o
HClba):fo HCI®s:fp Hoee)o

HOeo

cos

In addition, a series of constants that define the absorption of HC] on compartment surfaces
can be specified. Values for gypsum wallboard are included in the database supplied with the
program.

e Edit Fire Objects: Fires in CFAST are defined with one or more selected fire objects
that define the heat release rate, pyrolysis rate, and species yields as a function of time for
each fire. These may include the default set of fire objects included with the software or
additional or modified objects created by the model user. They may be viewed or
changed by the user as desired. It is important to note that these are global parameters
that are not tied to any particular simulation or individual instance of a fire in a
simulation. Thus, if values are changed, the changed values will affect all future
simulations or repeated runs of earlier simulations.

10



l.‘._

ire Obj
Num ObjectName | Length | Width | Thickness| Peak QDot Peak CO/COZ| Peak C/CO2| Pesk HCN | PeakHCI | HoC | Material I
1 3 panel workstation 15 15 15 6710  0.003053435 0.01181102 n 0 18300 WOODSHCM @
2 bunkbed 15 4620 0018667  0.129333 18300 URETHANE
E bunse —mm“n-“ﬁml METHANE
4 curtains 1 3 240 0.003283474 0 0 ACOUTILE
5 kiosk 1 1 2 1750 0.01181102 0.003953435 0 0 5{)000 WOODSHCM
6 mainfire 1 1 1 100 0.01 0.01 0 0 50000 METHANE
7 |matiress and boxspring 1.5 2 03 860 0018667 0129333 0 0 18300 URETHANE iy
Add add | Duplicate Remove
Fire Object Name: |b|.|nsen
r—Details
Material: IMethane.atmnsparent gas (CH4) LI bunsen
T T T T T
Length: [04m Heatof [5p000kikg
ength: [0.4m Compaeatal 50000 klkg ]
Width: [0 ] Heatof [oijag
' i Gasification: OklAg h
Thickness: [0.65m Velitilization (36 85001 °C
Temperature:
Molar Mass: [0, Radiative |p; E
olar Mass: [0.016 kg/mol e Jo33
Total Mass: I5kg .
1 1 1 1 1
800 1000 1200 1400 1600 1800
Time Mdot Qdot Height ‘ Area ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ~
(s) (ka/s) ‘ k) ‘ (m) e C0ICO2 cico2 HIC oic HCN HCI Ct 15 5
0 0 0 0.1 0.05 0 0.16 0 0 0 1 0 e
0.002 100 0 0.1 0.06 0 0.16 0 0 0 1 0
0.003 150 0 0.1 0.07 0 0.16 0 0 0 1 0
180 0.004 200 0 0.1 0.06 0 0.16 0 0 0 1 0
240 0NN 1R0 n n1 nnrR n nik n n n 1 n A%
ok | Cancel |

Details of fire objects and parameters included on the fire objects window are included in the
section on object fires in the next chapter.

e Select Engineering Units: The CFAST model uses input values and provides output in
S.I. units. Within the input editor, CEdit, the user may select engineering units of choice
for input and output. These values are saved in the windows registry and may be

changed at any time. By default, most outputs are in S.I. units, with temperature in

Celsius.

11




MR User Units = | S

Length: m

Mass: |kg -

Time: m

Temperature: IC—L|
Pressure: Iﬁ

Energy, Quantity of Heat: Im

ok | Cancel | Reset |

The View menu allows the user to view and / or print the input data | CFAST Input File
file, output file (if the simulation has been run and a text output file CFAST Output File
generated) and the log file of the simulation. CFAST Log File
The Help menu accesses the online version of this user’s guide, the | CFAST Input File
CFAST web site, or an about dialog box that displays the user license CFAST Output File
and version of the program. CFAST Log File

File Naming and Location

By default, the CFAST installation places all program files in the directory “c:\Program
Files\CFAST6” (or directory “c:\Program Files (x86)\CFAST6” on Windows 7 machines) and
sample input data files in the directory current user data directory, typically “c:\Documents and
Settings\{user }\CFASTDATA.” While these locations can be changed during installation, the
documentation in this user’s guide assumes these locations.

In addition, there are several files that CFAST uses to communicate with its environment. They
include 1) an input data file, required for every simulation, 2) the thermal properties database, 3)
additional secondary fire source objects, 4) a binary data file containing all calculated values from
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the simulation, and 6) a series of spreadsheet files of important output variables. Documentation of
the input data file is included as chapter 4 of this user’s guide. The format of the configuration file,
thermal database, and object databases are detailed in the appendices.
In CFAST, simulations are arranged as projects with all the files associated with a single simulation
sharing a common base file name. For a simulation with a base file name of “project”, the built-in
naming conventions would identify the files of the simulation as follows:
e input: project.in
e text output file: project.out
e spreadsheet output files: (Normal output) project.n.csv, (Species output) project.s.csv,
(Flow output) project.f.csv, (Wall surface temperatures, targets and sprinklers)
project.w.csv
e smokeview geometry file: project.smv
e smokeview plot file: project.plt
e binary output file: project.hi
There may be additional files associated with a specific simulation. Any fires defined for the
simulation (fire object files are defined with a .o extension) and customized thermal properties may

be included in a revised thermal.csv file. These must be in the same directory as the input file for the
model to run.

Starting a CFAST Calculation

Running CFAST from CEdit

Typically, model simulations are run directly from the input editor, CEdit. To run the model, either
open an existing input data file from the program menus with “File”, “Open,” or create a new input
data file within CEdit. The model is run by selecting “Run!” and then “Model Simulation, CFAST.”

13


http:project.hi
http:project.in

7 —— S——— I - -—— e — — 1
T RunModel [E=REER™

Current Time Step: | SFIERNTTEIES Simulation Time:  |1800s Progress: ANENNEEENENENNENENENENNNNNNENNNEEE
Upper Layer Lower Layer Interface Height Pyrolysis Rate Fire Size Pressure Ambient Target i
Compartment Temperature Temperature (m) (kals) kW) (Pa) Fluze
°C C m 0/s a (Klim?)
1 | 1| 02 14 0.01387 295 -0.673 13.05
Outside 0

m

RunOptions: Total Mass Output, Net Heat Flux Output

This opens a window that shows the progress of the simulation, with information on the environment
in each compartment of the simulation. Several buttons are also available as follows:

The close button is disabled while the model is running. Once the simulation is complete
(stopped by the user with the stop button), the close button closes the window and returns to the
main input editor.

wThe stop button halts execution of the simulation, but leaves the simulation window on
the screen. The stop button is available only when the simulation is in progress.

ormally, model outputs are displayed and updated only at any of the time intervals
specified on the environment page. For complex calculations, there may be a significant time period
between display updates. The update button allows the user to see the current state of the calculation
at any time. The update button is only available when the simulation is in progress.
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Running CFAST from a Command Prompt

The model CFAST can also be run from a Windows command prompt. CFAST can now be run
from any folder, and refer to a data file in any other folder. The fires and thermophysical properties
have to be in either the data folder, or the executable folder. The data folder is checked first and then
the executable folder.

[drivel:\][folder1\]|cfast [drive2:\][folder2\]project

The project name will have extensions appended as needed (see below). For example, to run a test
case when the cfast executable is located in c:\nist\cfast6 and the input data file is located in c:\data,
the following command could be used:

c:\nist\cfast6\cfast c:\data\testfire0 <<< note there is no extension.

If the command is entered as \bin\cfast \bin\data\testfire0.in, then CFAST will try to open
testfire0.in.in

The database files for thermal properties and fire objects may be located either in the folder with the
input data file or in the folder with the cfast executable. The model checks first in the data file folder
and then in the cfast executable folder. If the files do not exist in either location, the simulation is
not run. By default, names for these files are thermal.csv for the thermal properties file and *.0 for
the fire object files.
Command line options
e k- no keyboard access
e - initialization only
¢ h - output header
e ¢ - compact output
e f- full output (c and f are exclusive). Note the interaction of the f and c option. The
default for the console output is /c. The default for the file output is /f. This default action
can be overwritten by explicitly including the /f or /c option. Output goes to the screen if

the print interval (second entry on the TIMES line) is positive and to the output file if the
interval is negative.
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e t—replace the flow output with total flow through (mechanical) vents.
e n—net heat flux option

e v —validation output
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4 Setting up the Input File for CFAST

Overview

CFAST is a computer program that uses an input file and generates one or more output files. The
first step in performing a calculation is to generate a text input file that provides the program with all
of the necessary information to describe the scenario under consideration. The most important
inputs determine the geometry of the compartments in the scenario and the connections between
these compartments. Next, the fire, detection, and suppression characteristics of the scenario are
defined. Finally, there are a number of parameters that customize the output from the model. Each
line of the file contains a keyword label that identifies the input, followed by a number of numerical
or text inputs corresponding to the particular input keyword. A simple input file is shown below.
This example is used in the discussion of the output in Chapter 5.

VERSN, 6,Cable tray fire -- base case

TIMES,1800,120,0,0,30

EAMB, 293.15,101300,0

TAMB, 293.15,101300,0,50

LIMO2,10

WIND,0,10,0.16

COMPA, Compartment 1,9.1,5,4

HVENT,1,2,1,1,2.4,0,1,0,0,1,

OBJECT, bunsen,1,4.55,2.5,0,1,1,0,0,0,1

OBJECT,Wood Wall,1,4.55,2.5,0,1,1,0,0,0,1
4 ’

TARGET,1,2.2,1.88,2.34,0,0,1,CONCRETE, IMPLICIT, PDE

5,4.6,0,0,0,GLASSFB3, CONCRETE, CONCRETE
0 1

All of the inputs to the model are discussed in this chapter. Following the discussion that details
each input, their engineering units and default values, notes are included that provided additional
guidance or frequently addressed problems that may be encountered by the user. These notes take
the form of a bulleted list such as:

e The inputs may be integers (a simulation time of 1800 s), real numbers (a mass
loss rate of 0.0082 kg/s), or text (a floor material of CONCRETE), as appropriate.
The input file is a comma-separated ASCII text file and may be edited with a
spreadsheet program or any text editor. It is possible to use a word processor but it
is important to save the file in ASCII text format and not in a word processing
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format. Note that some word processors will save punctuation and other
characters incorrectly for the simple ASCII text file used by CFAST. It is
recommended that the input files be created with the input editor, CEdit, provided
as part of the CFAST distribution. In addition to checking the input data for
errors, it includes recommended limits for input values to assist in appropriate use
of the model.

Numeric format for inputs to CFAST and the input editor CEdit assume a period
is used to separate the integer and fractional parts of the number. No separator is
used to group digits in the integer part of numbers.

Each line of input consists of a label followed by one or more alphanumeric
parameters associated with that input label, separated by commas. The label must
always begin in the first space of the line and be in capital letters. Following the
label, the values may start in any column, and all values must be separated by a
comma. Values may contain decimal points if needed or desired. They are not
required.

Inputs are in standard SI units. The maximum line length is 1024 characters, so
all data for each keyword must fit in this number of characters.

The installation program creates a shortcut to the input editor on the Windows start menu labeled
“CFAST” that points to the input editor. Once started, the user is presented with a series of tabbed-
pages for the various inputs in a CFAST input data file.

Simulation Environmert lCompartment Geometry] Horizontal Flow Werts ] Vertical Flow Yents ] Mechanical Flow Vents ] Fires ] Detection / Suppression ] Targets ] Surface Connections

These tabbed-pages organize the inputs for CFAST simulations into several categories:

Simulation Environment includes simulation time, specification of model
outputs, and ambient conditions. Also included on the page are a constantly
updated list of errors, warnings, and messages about the input file specification or
model simulation.

Compartment Geometry defines the size, construction characteristics, and
position of the compartments in a simulation.
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e Horizontal Flow Vents, Vertical Flow Vents, and Mechanical Flow Vents
allows the user to connect compartments with doors and windows, ceiling and
floor vents, or forced air ventilation systems.

¢ Fires include user specification of the initial fire source and any additional
burning objects in one or more of the compartments of the simulation.

e Detection / Suppression defines any heat alarms and sprinklers in the
compartments of the simulation.

e Targets provide the ability calculate the temperature and net heat flux to objects
placed and oriented arbitrarily in the structure.

o Surface Connections allows for more detailed description of the connections
between compartments in the simulation to better simulate the transfer of heat

from compartment to compartment in the simulation.

Each of these tabbed-pages is described in more detail below. In addition, a series of menus allow
the user to open and save files; run the simulation, or access help and program information.
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Simulation Environment

File Run! Tools View Help
Simulation Environment lCompartment Geometry] Horizontal Flow Vents ] Verttical Flow Verts ] Mechanical Flow Vents ] Fires ] Detection / Suppression ] Targets ] Surface Connections ]

Ambient Conditions
Interior

Temperature: 'Mi Elevation: ’Dlﬂi
Simulation Times
. Relative ™
Simulation Time: Pressure: 101300 Pa Humidity- 50 %

Text Output Intenval:

Title: |CFAST Simulation

Exterior

Binary Output Interval: Temperature: |20 °C Elevation: [0m
Spreadsheet Qutput Interval: Pressure; |101300 Pa

Smokeview Output Intenval: Wind Speer: ’F Pf‘;‘:f ’mi

Scale Height: |10m

Thermal Properties File

themmal .csv

Errors

Mo Emors or Wamings

The Simulation Environment page defines the initial conditions and simulation time for the CFAST .I
input file.

Naming the Calculation, the Title Input

The first thing to do when setting up an input file is to give the simulation a title. The first line in the
CFAST input data file must be the CFAST version identification along with an optional short title
for the simulation. This is a required input. The title command is the line that CFAST keys on to
determine whether it has a correct data file.

Title: |CFAST Simulation

Title: The title is optional and may consist of letters, numbers, and/or symbols and may be up to 50
characters. It permits the user to label each run.
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Setting Time Limits and Output Options

A TIMES line specifies the length of time over which the simulation takes place and how often
output will be generated. This is a required input. There are one to four entries in this line.

Simulation Times

Simulation Time: IEDDS—

Text Output Interval: IE-DS—

Binary Output Interval: IDS—
Spreadsheet Output Interval: I'lDS—
Smokeview Output Interval: I'lDS—

Simulation Time (default units: s, default value, 900 s): The length of time over which the
simulation takes place. This is a required input which should be entered even if all other
fields are not included. The maximum value for this input is 86400 s (1 day).

Text Output Interval (default units: s, default value, 50 s): The print interval is the time interval
between each printing of the output values. If omitted or less than or equal to zero, no output
values will occur.

Binary Output Interval (default units: s, default value: no output): CFAST can store all of the
results of the model simulation in a binary-formatted file which can be saved for later
analysis or output using utility programs that come with the CFAST software. This input
defines the time interval between outputs of the model results in binary format.

Spreadsheet Output Interval (default units: s, default value, 10 s): CFAST can output a subset of
the results of the model simulation in a comma-delimited alphanumeric format which can be
read by most spreadsheet software. This is designed to be imported into a spreadsheet for
further analysis or graphing of the results of the simulation. This input defines the time
interval between outputs of the model results in a spreadsheet-compatible format. A value
greater than zero must be used if the spreadsheet file is to be used.

Smokeview Output Interval (default units: s, default value: 10 s): CFAST can output a subset of
the results in a format compatible with the visualization program smokeview. This input
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defines the time interval between outputs of the model results in a smokeview-compatible
format. A value greater than zero must be used if the spreadsheet output is desired.

In addition to the input data file created specifically for a CFAST simulation, there are a number
files that CFAST uses to define default values and other input information, and to output the results
of the simulation for later analysis. They include 1) a thermal properties file, 2) files of predefined
fire objects, 3) a binary history file, and 4) a spreadsheet-compatible output file.

The thermal properties file contains material properties for compartment surfaces, target objects that
may be placed in compartments in the simulation to monitor surface temperature and heat flux to the
objects, and fire objects, in addition to the main fire in the simulation that may ignite based on their
surface temperature or incident flux onto the surface of the object. The predefined fire objects files
contain definitions for a number of reference fires from the literature or developed by the user that
may be included in a simulation. The thermal properties and fire objects files may be modified by

the user. Details of the files are included in the appendices. There are default files included in the
CFAST distribution.

Thermal Properties File

|therrna|.|:su' |

Thermal Properties File: The name specifies a file from which the program reads data for names
specified in the compartment, target, and object fire specifications. The default name is
thermal.csv which is included with the CFAST distribution. The format of this file is detailed
in the appendix.

Ambient Conditions

Ambient conditions define the environment at which the scenario begins. This allows the user to
specify the temperature, pressure, and station elevation of the ambient atmosphere, as well as the
absolute wind pressure to which the structure is subjected. Pressure interior to a structure is
calculated simply as a lapse rate (related to the height above sea level) based on the NOAA/NASA
tables®. This modification is applied to the vents which connect to the exterior ambient. The
calculated pressure change is modified by the wind coefficient for each vent. This coefficient, which
can vary from -1.0 to +1.0, nominally from -0.8 to +0.8, determines whether the vent is facing away
from or into the wind. The pressure change is multiplied by the vent wind coefficient and added to
the external ambient for each vent which is connected to the outside. There is an ambient for the
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interior and for the exterior of the structure. Three keywords define the ambient conditions: TAMB
for the interior of the structure, EAMB for the exterior of the structure is EAMB, and WIND for the
wind information.

Ambient Conditions
Interior

Temperature: |20 °C Elevation: |0m
l— Relative |=_—
Pressure: 101300 Pa HIJI'I"lIdIt"_," b %

Exterior

Temperature: |20 °C Elevation: |0m
Pressure: |101300 Pa

i L Power
Wind Speed: |0m/s e 0.16
Scale Height: |10m

Ambient Temperature (default units: °C, default value: 20 °C): Initial ambient temperature inside
(for TAMB) or outside (For EAMB) the structure at the station elevation.

Ambient Pressure (default units: Pa, default value: 101300 Pa): Initial values for ambient
atmospheric pressure inside (for TAMB) and outside (for EAMB) the structure at the station
elevation. Default value is standard atmospheric pressure at sea level (0 m elevation) of
101.3 kPa. Input units are in Pa. These values define standard conditions as defined in
Standard Atmosphere as noted in the Handbook of Chemistry and Physics’ . There is a set of
numerical approximations in the CFAST code which duplicate the
pressure/temperature/altitude relationships in the handbook.

Elevation (defaults units: m, default value: 0 m): The height where the ambient pressure and
temperature were specified. This is the reference datum for calculating the density of the
atmosphere as well as the temperature and pressure inside and outside of the structure as a
function of height.

Relative humidity (default units % RH, default value: 50 %): The initial relative humidity in the

system, only specified for the interior with the TAMB command. This is converted to
kilograms of water per cubic meter.
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The wind speed, scale height, and power law are used to calculate the wind coefficient for each vent
connected to the outside. The wind velocity is specified at some reference height. The power law
then provides a lapse rate for the wind speed. An assumption is that the wind speed is zero at the
surface. The formula used to calculate the wind speed at the height of any vent is show below. The
wind is applied to each external opening as a change in pressure outside of the vent.

Wind Speed (default units: m/s, default value 0 m/s): Wind speed at the reference elevation.

Scale Height: (default units: m, default value: 0 m)): Reference height at which the reference wind
speed is measured.

Power Law Coefficient (default units: dimensionless, default value 0.16): The power law used to
calculate the wind speed as a function of height. Default value is 0.16. Using the notation that
Vw, is the wind speed at the reference height Hy, and Py is the power law, the exterior

pressure is modified by 6P = C,, pV* and V =V, (H JHy )PW where H; is the position of the

Vent1 .

e In order to see the effect of wind, the corresponding parameter for the ventilation keyword
must be specified. The default for the wind vector is 0, which turns off wind effects. Please
see the HVENT command, below.

e The choice for station elevation, temperature and pressure must be consistent. Outside of
that limitation, the choice is arbitrary. It is often convenient to choose the base of a structure
to be at zero height and then reference the height of the structure with respect to that height.
The temperature and pressure must then be measured at that position. Another possible
choice would be the pressure and temperature at sea level, with the structure elevations then
given with respect to mean sea level. This is also acceptable, but somewhat more tedious in
specifying the construction of a structure. Either of these choices works though, so long as
they are consistent. Usually, the station elevation is set to zero and the pressure to ambient.
The effect of changing these values is small for small changes. There will be an effect for
places at altitude such as Denver, Colorado, but even there the effect is not pronounced. Note
that the equations implemented in the model are not designed to handle negative elevations
and altitudes. It is suggested that the defaults be used.

e These three parameters are optional. If they are not included in the input file, default values
are used.
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Compartment Geometry

The Compartment Geometry page defines the size, position, materials of construction, and flow
characteristics for the compartments in the simulation. Initially, only the simulation environment
page and the “Add” button on the compartment geometry page is enabled; all other pages are not
available to the user for detailed inputs until a compartment has been added to the simulation.

Most of the tabbed pages in the program are of similar design, with a summary of the defined items
in table form at the top of the page, a series of buttons to add, remove, or modify the item
highlighted in the summary table, and a number of individual inputs below which details all of the
inputs for the item selected in the summary table. The buttons included on the compartment

geometry page are as follows:

I CEdit (standard) E=mrE )

File Run! Tools View Help

Simulation Environment  Compartment Geometry l Horizontal Fow Vents ] Vertical Flow Vents ] Mechanical Flow Vents ] Fires ] Detection / Suppression ] Targets ] Surface Connections ]

Mum Whdth Depth Height | X Position | ¥ Position | Z Position | Ceiling wizlls Floor M

Compariment 1 nm—m“““-nnnnnl 1

Duplicate | Move Up Move Down Remove

Compartment 1 (of 1)

Compartment Name: |Compartment 1

Geometry Advanced
Flow Characteristics Variable Cross-sectional Area

Vfidth (24: |3.1Tm Position, X: |0m Normal (Standard two-zone model) j Height Area -
@

Depth (v): |2 m v [0m

Height (2):|4.6m z |0m

Materials

Ceiling: |Glass Fiber, Organic Bonded (1/2 inj wialls: |C0nc:rete. MNormal Weight (6in) j Floor: |C0nc:rete. Normal Weight (6 in) j
Conductivity: 3.6E-05 lwfi{m °C) Conductivity: 0.00175 klwi{m *C) Conductivity: 0.00175 klwfi(m *C)
Specific Heat: 0.795 kJ/(kg °C) Specific Heat: 1kJ/(kg °C) Specific Heat: 1 kJ/(kg °C)
Density: 105 kg/m"™3 Density: 2200 kg/m"™3 Density: 2200 kg/m"3
Thickness: 0.013m Thickness: 0.15m Thickness: 0.15m

LIUSG the Add button to create a new compartment with default values for all entries.
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m se the Duplicate button to create a copy of the compartment currently selected in the
summary table at the top of the page. The new compartment is added to the end of the list
with the named changed to indicate it is a copy of the selected item.

Movelp | MoveDown fijse the Move Up and Move Down buttons to change the order of the list of

compartments in the summary table. This simply changes the automatically assigned
compartment numbers for the compartments. Compartments can be ordered as desired.

Remeve|Use the Remove button to delete the selected compartment from the list of compartments

in the summary table. Other compartments are renumbered once the compartment is deleted.

Compartment Name: Compartments are identified by a unique alphanumeric name. This may be a
simple as a single character or number, or a description of the compartment.

Defining Compartment Size and Position

Geometry

Width (¢):|3.1m Position, X: |0m
Depth (Y):|2m v [0m
Height (2): /4.6 m 7 [0m

In order to model a fire scenario, the size and elevation of each compartment in the structure must be
specified. For a compartment, the width, depth, compartment height and height of the floor of the
compartment provide this specification. The maximum number of compartments for version 6 is
thirty. The usual assumption is that compartments are rectangular parallelepipeds. However, the
CFAST model can accommodate odd shapes as equivalent floor area parallelepipeds or with a cross-
sectional area that varies with height.
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At least one compartment must be specified in the input file. There are no defaults for compartment
size. There are defaults for absolute positioning (0,0,0). The fully mixed (single zone) and corridor
models are turned off by default.

Compartments in CFAST are most typically A
defined by a width, depth, and height. If
desired, compartments can be prescribed by
the cross-sectional area of the compartment as

Pty

=

\M

a function of height from floor to ceiling for
other shapes. The absolute position of the
compartment with respect to a single structure
reference point can be defined to ease yd /.
visualization or to allow exact placement of ~ ya&o
vents and surfaces relative to other by ~
compartments in a detailed calculation. This e Nala

specification is important for utilizing the T Vi
corridor flow algorithm with the HALL command and for positioning the compartments for
visualization in SMOKEVIEW.

Height
\
<

——

The relevant CFAST keywords are COMPA to define the compartment size and materials, HALL or
ONEZ to define flow characteristics in the compartment, and ROOMA / ROOMH to define a
variable cross-sectional area for the compartment. The COMPA command is required for each
compartment as a basic definition for the compartment, even if there are subsequent modifications
by the HALL, ONEZ, ROOMA, or ROOMH keywords which follow. Details of the CFAST
keywords are included in Appendix A.

Width: specifies the width of the compartment as measured on the X axis from the origin (0,0,0) of
the compartment.

Depth: specifies the depth of the compartment as measured on the Y axis from the origin (0,0,0) of
the compartment.

Height: specifies the height of the compartment as measured on the Z axis from the origin (0,0,0) of
the compartment.

Absolute Width Position: specifies the absolute x coordinate of the lower, left, front corner of the
room.

Absolute Depth Position: specifies the absolute y coordinate of the lower, left, front corner of the
room.
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Absolute Floor Height: specifies the height of
the floor of each compartment with respect
to station elevation specified by the c
internal ambient conditions reference c;

: [0
MJ
3

height parameter. The reference point L —
must be the same for all elevations in the AL L

input data. For example, the two rooms in /?Y
the example would be located at (0,0,0) £ ]
o
and (0,2,2.3). I
ol AN
" a4m s X
(0,0,0] >
Thermal Properties of Boundaries
Materials
Ceiling:  |Glass Fiber, Organic Bonded ['If2inj Walls:  |Concrete, Normal Weight (6 in) j Floor:  |Concrete, Nomal Weight (8in) j
Conductivity: 3.6E-05 k\wi{m *C) Conductivity: 0.00175 kKwi{m °C) Conductivity: 0.00175 k\wi{im “C)
Specific Heat: 0.795 kJi(kg °C) Specific Heat: 1 kJ/(kg °C) Specific Heat: 1 kdi(kg °C)
Density: 105 kgim™3 Density: 2200 kg/m™3 Density: 2200 kg/m™3
Thickness: 0.013 m Thickness: 0.15m Thickness: 0.15m

To calculate heat loss through the ceiling, walls, and floor of a compartment, the properties of the
bounding surfaces must be known. This includes the thermophysical properties of the surfaces and
the arrangement of adjacent compartments if calculation of intercompartment heat transfer is to be
calculated.

The thermophysical properties of the surfaces which define compartments are described by
specifying the thermal conductivity, specific heat, emissivity, density, and thickness of the enclosing
surfaces for each material and then assigning the material to the ceiling, walls, and floor of a
compartment. Currently, thermal properties for materials are read from a thermal data file unique to
CFAST. The thermophysical properties are specified at one condition of temperature, humidity, etc.
In CFAST version 6, there can only a single layer per boundary (previous versions allowed up to
three). See the explanation in the section on auxiliary files for additional details.

The default name for the thermal properties database is thermal.csv. Another name can be used
using the keyword THRMF in the input data file for the scenario of interest. This thermal data file is
also used for targets and other objects

The bounding surfaces are the ceilings, walls and floors that define a compartment. These are
referred to as thermophysical boundaries, since each participates in conduction and radiation as well
as defining the compartments, unless these phenomena are explicitly turned off.
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Ceiling Material (default value: Gypsum Board): material name from the thermal properties data

file used for the ceiling surface of the compartment.

Wall Material (default value: Gypsum Board): material name from the thermal properties data file

used for the wall surfaces of the compartment.

Floor Material (default value: Off): material name from the thermal properties data file used for the

floor surface of the compartment.

If the thermophysical properties of the enclosing surfaces are not included, CFAST will treat
them as adiabatic (no heat transfer).

If a name is used which is not in the database, the model should stop with an error message.
The keyword in the data file simply gives a name (such as CONCRETE) which refers to the
properties for that material in the thermal data file (see section 4.2.3 and Appendix A for
details on the thermophysical database).

Since most of the heat conduction is through the ceiling, and since the conduction calculation
takes a significant fraction of the computation time, it is recommended that initial
calculations be made using the ceiling only. Adding the walls generally has a small effect on
the results, and the floor contribution is usually negligible. Clearly, there are cases where the
above generalization does not hold, but it may prove to be a useful screening technique. A
caveat in including floor properties is that the set of equations describing heat transfer
becomes difficult to solve once the thermal wave from the compartments reaches the
unexposed side of a floor. The back surfaces of compartments are assumed to be exposed to
ambient conditions unless specifically specified (see the section on Surface Connections) to
specify heat transfer connections between compartments).
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Compartment Connections

Flow through vents can be natural flow through doors, windows, or openings in ceilings and floors;
or forced flow in a mechanical ventilation system. Natural flow comes in two varieties. The first is
referred to as horizontal flow. It is the flow which is normally thought of in discussing fires. It
encompasses flow through doors, windows and so on. The other is vertical flow and can occur if
there is a hole in the ceiling or floor of a compartment. This latter phenomena is useful in some
scenarios such as in a ship where openings in floors and ceilings through scuttles are common and in
buildings with manual or automatic heat and smoke venting.

Flow through normal vents is governed by the pressure difference across a vent. There are two
situations which give rise to flow through vents. The first is flow of air or smoke driven from a
compartment by buoyancy. The second type of flow is due to expansion which is particularly
important when conditions in the fire environment are changing rapidly. Rather than depending
entirely on density differences between the two gases, the flow is forced by volumetric expansion.

In addition to natural flow, forced flow from mechanical ventilation can affect a fire as well. More
important than affecting the fire, however, is the dispersal of the smoke and toxic gases from the fire
to adjacent spaces, if ventilation continues to operate after a fire starts.

Atmospheric pressure is about 100 000 Pa. Fires produce pressure changes from 1 Pa to 1000 Pa and
mechanical ventilation systems typically involve pressure differentials of about 1 Pa to 100 Pa. In
order to address pressure-induced flow, pressure differences of about 0.1 Pa out of 100 000 Pa for
the overall problem or 10 Pa for adjacent compartments must be tracked.

The keywords which describe the various flow regimes are:

e Windows and doors (horizontal flow through vertical vents): HVENT, specifies vent
which connect compartments horizontally

e Holes in a ceiling/floor (vertical flow through horizontal vents: VVENT, specifies a vent
which connects compartments vertically

e HVAC specification: MVENT specifies a vent which connects compartments with a
forced flow

For all three types of vents the size of the vent opening (expressed as a fraction of the original
opening) may be changed:

e EVENT change the opening fraction of the specified vent at a chosen time.
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Each of these commands is discussed in the sections that follow.

Defining Horizontal Natural Flow Connections (Doors, Windows)

Horizontal flow connections may include doors between compartments or to the outdoors as well as
windows in the compartments. These specifications do not necessarily correspond to physically
connecting the walls between specified compartments. Rather, lack of an opening simply prevents
flow between the compartments. Horizontal flow connections may also be used to account for
leakage between compartments or to the outdoors.

Horizontal connections can only be created between compartments that physically overlap in
elevation at some point. These may include doors between compartments or windows in the
compartments (between compartments or to the outdoors). Openings to the outside are included as
openings to a compartment with a number one greater than the number of compartments described in
the geometry section. The relevant CFAST keyword is HVENT. Details of the CFAST keywords
are included in the appendix.
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I Cedit (standard) P

File Run! Tools View Help

Simulation Environment ] Compartment Geometry Horizontal Flow Verts l\f’ertical Flow Vents ] Mechanical Flow Vents ] Fires ] Detection / Suppression ] Targets ] Surface Connections ]

MNum First Compartment Offset 1 | Second Compartment | Offset2 Sill Soffit Width Wwind |Initial Open| Face

| Compartment1 | 0 | Ouside | 0 | 0 | 24 | 1 | 0 | 1 Font [HI

Duplicate Move Up | Move Down | Remove

‘Vent 1 (of 1) Geometry
First Compartment Second Compartment
|C0mpartment 1 ﬂ |Outside

Vent Offset: |0m Vent Offset: |Im
Sill: [0m Initial Opening Fraction: |1

Soffit: |24m Change Fraction At: |0s
\nfidth: [1m Final Opening Fraction: |1

Wind Angle: |0°
Face: |Front -

Most of the tabbed pages in the program are of similar design, with a summary of the defined items
in table form at the top of the page, a series of buttons to add, remove, or modify the item
highlighted in the summary table, and a number of individual inputs below which details all of the
inputs for the item selected in the summary table. The buttons included on the horizontal flow vents
page are as follows.

LIUSG the Add button to create a new horizontal flow vent with default values for all
entries.

% se the Duplicate button to create a copy of the horizontal flow vent currently selected in
the summary table at the top of the page. The new vent is added to the end of the list with the
named changed to indicate it is a copy of the selected item.

Movelp | MoveDown fijse the Move Up and Move Down buttons to change the order of the list of

horizontal flow vents in the summary table. This simply changes the automatically assigned
vent numbers for the vents. Vents can be ordered as desired.
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R se the Remove button to delete the selected horizontal flow vent from the list of

horizontal flow vents in the summary table. Other vents are renumbered once the
compartment is deleted.

First Compartment: First of the two compartments to be connected by a horizontal flow vent.
Compartments are numbered automatically by the input editor and by the model in the order
they are read from the input data file and/or the order they appear in the summary table on
the compartment geometry page. Compartment numbers begin with 1, so the first
compartment is number 1, the second 2, and so forth.

Second Compartment: Second of the two compartments to be connected by a horizontal flow vent.
Compartments are numbered automatically by the input editor and by the model in the order
they are read from the input data file and/or the order they appear in the summary table on
the compartment geometry page. Compartment numbers begin with 1, so the first
compartment is number 1, the second 2, and so forth.

Vent Number: It is possible to define a total of 25 horizontal flow connections between any pair of
compartments. A number from 1 to 25 uniquely identifies the connection. Normally, this
number is automatically assigned by the input editor based on the order they appear in the
summary table on the horizontal flow vents page.

Sill (default units: m, default value: none): Sill height is the height of the bottom of the opening
relative to the floor of the compartment selected as the first compartment.

Soffit (default units: m, default value: none): Position of the top of the opening relative to the floor
of the compartment selected as the first compartment.

Width (default units: m, default value: none): The width of the opening.

Horizontal flow vents may be opened or closed during the fire. The relevant CFAST keyword is
EVENT. The initial format of EVENT is similar to HVENT specifying the connecting compartments
and vent number. Each EVENT line in the input file details the open/close time dependent
characteristics for one horizontal flow vent by specifying a fractional value and a time. The default
is 1.0 which is a fully open vent. A value of 0.5 would specify a vent which is halfway open.
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Initial Opening Fraction: Flow through horizontal vents is calculated based on the area of the vent.
Normally, the vent is fully open. If desired, the user may specify a fraction between 0 and 1
that allows the vent to be partially or fully closed at the beginning of the simulation. In the
model calculation, the vent width is multiplied by this fraction. The opening fraction may be
changed at any time in the simulation through the use of the EVENT command.

Change Opening Fraction At Time: Time during the simulation at which to change the opening
fraction.

Final Opening Fraction: for horizontal flow vents, the fraction specifies the fractional width
opening of the vent. Fractional values must be between 0 and 1.

Wind: The wind coefficient is the cosine of the angle between the wind vector and the vent opening.
This applies only to vents which connect to the outside. The range of values is -1.0 to 1.0
with a default value of zero. In the input editor, this is specified as the angle between the
face of the vent and the wind direction.

There are also two parameters which are used to locate the compartments relative to each other.
These are used to incorporate additional three dimensional information of the relative location of the
vents with respect to each other. In the compartment view of CFAST, the orientation is that the
rotation/translation point of the compartment is the back/bottom/left. In this view, both parameters
would be with respect to the left hand side of the respective compartments. This allows the corridor
filling model to incorporate a delay time for filling based on the separation between the vents. These
parameters are needed only if the HALL command is used.

First Compartment Offset: Horizontal distance between the centerline of this vent and the
reference point in the first compartment.

Second Compartment Offset: Horizontal distance between the centerline of this vent and the
reference point in the second compartment.

e The soffit and sill specifications are with respect to the first compartment specified and is not
necessarily symmetric since the elevation of the second compartment may be different than
the first. Reversing the order of the compartment designations does make a difference.
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Defining Vertical Natural Flow Connections (Ceiling or Floor Holes,
Hatches)

This section of the input data file describes these vertical flow openings. Examples of these openings
are scuddles in a ship, or a hole in the roof of a residence. Combined buoyancy- and pressure-driven
(i.e., forced) flow through a vertical flow vent is possible when the connected spaces adjacent to the
vent are filled with gases of different density in an unstable configuration, with the density of the top
space larger than that of the bottom space. With a moderate cross-vent pressure difference, the
instability leads to a bi-directional flow between the two spaces. For relatively large cross-vent
pressure difference the flow through the vent is unidirectional, from the high- to the low-pressure
space.

Connections can exist between compartments or between a compartment and the outdoors. Openings
to the outside are included as openings to a compartment with a number one greater than the number
of compartments defined in the scenario. These connections are described by the VVENT keyword.
Each VVENT line in the input file describes one vertical vent. There are four parameters which
include each of the connected compartments, the shape of the opening, and the effective area of the
vent.
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CEdit (standard with ver

File Run! Tools View Help

Simulation Environment ] Compartment Genmetry] Horizontal Flow Verts  Vertical Flow Verts l Mechanical Flow Vents ] Fires ] Detection / Suppression ] Targets ] Surface Connections ]

Duplicate Remove

Vent 1 (of 1) Geometry

Top Compartment Bottom Compartment
|Outside j |C0mpartment 1

Initial Opening Fraction: |1
Change Fraction At: |0s
Final Opening Fraction: |1

Cross-Sectional Area: |1m?

Shape: =

Most of the tabbed pages in the program are of similar design, with a summary of the defined items
in table form at the top of the page, a series of buttons to add, remove, or modify the item
highlighted in the summary table, and a number of individual inputs below which details all of the
inputs for the item selected in the summary table. The buttons included on the vertical flow vents
page are as follows.

e se the Add button to create a new vertical flow vent with default values for all entries.

m se the Duplicate button to create a copy of the vertical flow vent currently selected in
the summary table at the top of the page. The new vent is added to the end of the list with the
named changed to indicate it is a copy of the selected item.

il se the Remove button to delete the selected vertical flow vent from the list of vertical

flow vents in the summary table. Other vents are renumbered once the compartment is
deleted.

36



Top Compartment: The top or first of the two compartments to be connected by a vertical flow

vent. The vent is through the floor of this compartment. Compartments are numbered
automatically by the input editor and by the model in the order that they are read from the
input data file and/or the order they appear in the summary table on the compartment
geometry page. Compartment numbers begin with 1, so the first compartment is number 1,
the second 2, and so forth.

Bottom Compartment: The bottom or second of the two compartments to be connected by a

horizontal flow vent. The vent is through the ceiling of this compartment. Compartments are
numbered automatically by the input editor and by the model in the order they are read from
the input data file and/or the order they appear in the summary table on the compartment
geometry page. Compartment numbers begin with 1, so the first compartment is number 1,
the second 2, and so forth.

Cross-sectional Area (default units: m?, default value: none): specifies the cross-sectional area of

the vent connecting the two compartments.

Shape: The shape factor is 1 for circular openings and 2 for square openings.

Initial Opening Fraction: Flow through vertical vents is calculated based on the area of the vent.

Normally, the vent is fully open. If desired, the user may specify a fraction between 0 and 1
that allows the vent to be partially or fully closed at the beginning of the simulation. In the

model calculation, the vent area is multiplied by this fraction. The opening fraction may be
changed at any time in the simulation through the use of the EVENT command.

Change Opening Fraction At Time (default units: s, default value: none): Time during the

simulation at which to change the opening fraction.

Final Opening Fraction: for vertical flow vents, the fraction specifies the fractional cross-sectional

area of the vent. Fractional values must be between 0 and 1.

Although obvious, note that the top or first compartment must be the compartment on top of
the bottom or second compartment.

CFAST allows only a single connection between any pair of compartments included in a
simulation. This limitation is based on the implementation of the vertical flow algorithm in
CFAST and on the validation efforts for the original algorithm development'® which only
studied a single opening between connected compartments.
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e Vertical connections can only be created between compartments that could be physically
stacked based on specified floor and ceiling elevations for the compartments. Some overlap
between the absolute floor height of one compartment and the absolute ceiling height of
another compartment is allowed. However, whether the compartments are stacked or overlap
somewhat, the ceiling/floor absolute elevations must be within 0.01 m of each other. The
check is not done when the connection is to the outside.

Defining Mechanical Ventilation Connections

Fan-duct systems are commonly used in buildings for heating, ventilation, air conditioning,
pressurization, and exhaust. Generally, systems that maintain comfortable conditions have either one
or two fans. Residences often have a systems with a single fan. Further information about these
systems is presented in Klote and Milke'' and the American Society of Heating, Refrigerating and
Air Conditioning Engineers'?.

The model for mechanical ventilation used in CFAST is based on the theory of networks and is
based on the model developed by Klote'® This is a simplified form of Kirchoff's law which says that
flow into a node must be balanced by flow out of the node. The equations used describe the
relationship between the pressure drop across a duct, the resistance of a duct, and the mass flow.

The pressure can be changed by conditions in a compartment, or a fan in line in the duct system.
Resistance arises from the finite size of ducts, roughness on duct surfaces, bends and joints. In
CFAST, default values are used for the duct properties, and thus mechanical ventilation connections
are simply described by the connections to the two compartments and a fan whose throughput is a
constant volumetric flow up to a user-specified pressure drop across the fan, dropping to zero at high
backwards pressure on the fan.

Most of the tabbed pages in the program are of similar design, with a summary of the defined items
in table form at the top of the page, a series of buttons to add, remove, or modify the item
highlighted in the summary table, and a number of individual inputs below which details all of the
inputs for the item selected in the summary table. The buttons included on the mechanical flow vents
page are as follows.

e se the Add button to create a new mechanical flow vent with default values for all

entries.
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m se the Duplicate button to create a copy of the mechanical flow vent currently selected
in the summary table at the top of the page. The new vent is added to the end of the list with
the named changed to indicate it is a copy of the selected item.

il se the Remove button to delete the selected mechanical flow vent from the list of

mechanical flow vents in the summary table. Other vents are renumbered once the
compartment is deleted.

File Run! Tools View Help

Simulation Environment ] Compartment Geometry] Horizontal Fow Vents ] Vertical Flow Vents  Mechanical Flow Vents l Fires ] Detection / Suppression ] Targets ] Surface Connections ]

Num From Compartment | From Area | From Height | From Type To Compartment To Area ToHeight [ToType |Flow Dropoff | Zero Flow | «

Add

Process Room | 005 | 1|

Verical | Ousice | 005

Duplicate

Vent 1 (of 1) Geometry

From Compartment

To Compartment

50 Horzonial | 0038|200 | 200 [

Remove

| Process Room

=

|Outside

=

Area: |0.05m? Center Height: |1m

Vertical

Area: |0.05m? Center Height: [10m

- Horizontal -

Orientation: Orientation:

Flow Rate: |0.038 m™3/s
Begin Dropoff At: |200 Pa
Zero Flow At: 300 Pa

Initial Opening Fraction: |1
Change Fraction At: Os
Final Opening Fraction: |1

Filter Efficiency: |99.97 %
Begin Filter At: |0s

Open Geometry Run

Mo Emors

From Compartment: The first compartment to which the mechanical ventilation system diffuser is
connected. Fan flow is from this compartment. Compartments are numbered automatically
by the input editor and by the model in the order they are read from the input data file and/or
the order they appear in the summary table on the compartment geometry page.
Compartment numbers begin with 1, so the first compartment is number 1, the second 2, and
so forth.

From Compartment Area (default units: m?, default value: none): Cross-sectional area of the
opening into the compartment. The area will be truncated if the midpoint (height) is set such
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that the height plus or minus the effective length is above the compartment ceiling or below
the floor.

From Compartment Height (default units: m, default value: none): Height of the duct opening
above the floor of the compartment measured from the midpoint of the register.

From Compartment Orientation: The orientation of the diffuser relative to the floor of the
compartment. A horizontal diffuser implies vertical flow through the ceiling or floor of the
compartment. A vertical diffuser implies horizontal flow through a wall of the compartment.

To Compartment: The bottom or second of the two compartments to be connected by a horizontal
flow vent. The vent is through the ceiling of this compartment. Compartments are numbered
automatically by the input editor and by the model in the order they are read from the input
data file and/or the order they appear in the summary table on the compartment geometry
page. Compartment numbers begin with 1, so the first compartment is number 1, the second
2, and so forth.

To Compartment Area (default units: m?, default value: none): Cross-sectional area of the opening
into the compartment. The area will be truncated if the midpoint (height) is set such that the
height plus or minus the effective length is above the compartment ceiling or below the floor.

To Compartment Height (default units: m, default value: none): Height of the duct opening above
the floor of the compartment measured from the midpoint of the register.

To Compartment Orientation: The orientation of the diffuser relative to the floor of the
compartment. A horizontal diffuser implies vertical flow through the ceiling or floor of the
compartment. A vertical diffuser implies horizontal flow through a wall of the compartment.

Flow Rate (default units: m’/s, default value: none): Constant flow rate of the forced-air flow from
the first compartment to the second compartment.

Begin Drop Off Pressure (default units: Pa, default value: 200 Pa): The description of the fan
includes a drop off in flow beginning at a pressure specified by the user. Above this pressure
drop, the flow gradually drops to zero flow.

Zero Flow Pressure (default units: Pa, default value: 300 Pa): Specifies the pressure above which
the flow through the mechanical ventilation connection is zero.

Initial Opening Fraction: Flow through mechanical vents is calculated based on the area of the
vent. Normally, the vent is fully open. If desired, the user may specify a fraction between 0
and 1 that allows the vent to be partially or fully closed at the beginning of the simulation. In
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the model calculation, the fan flow rate is multiplied by this fraction. The opening fraction
may be changed at any time in the simulation through the use of the EVENT command.

Change Opening Fraction At Time (default units: s, default value: none): Time during the
simulation at which to change the opening fraction.

Final Opening Fraction: for mechanical flow vents, the fraction specifies the fractional fan flow
rate for the vent. Fractional values must be between 0 and 1.

Filter Efficiency: (default units: %, default value: none): Flow through mechanical vents may
include filtering that removes a user-specified portion of soot and trace species mass from the
flow through the vent. By default, there is no filtering applied, that is all of the soot and trace
species mass in the vent flow is passed through the vent. Within the user interface, this is
specified as a filter efficiency of 0 %. If desired, the user may specify the fraction of the soot
and trace species mass to be removed as a percentage.

Begin Filtering At Time: (default units: s, default value: none): Time during the simulation at
which the mechanical vent filtering begins.

e CFAST does not include provisions for reverse flow through a fan. Calibration for backward
flow is not provided by fan manufacturers, so the equations incorporated in CFAST do not
allow for such flow. The problem is simply that in this flow regime, the fan has stalled, and
likely will soon fail.

e If'the simulation includes mechanical ventilation filtering, care should be taken in choosing
trace species production rates to insure the production rate is small compared to the total
pyrolysis rate. This will allow appropriate conservation of mass in the solution of the system
of differential equation. For large production rates of trace species, scaling factors can be
used (e.g., divide by 1000) for the trace species production rate to reduce the relative
magnitude compared to the pyrolysis rate. For analysis, the resulting trace species in
compartments and filters can be converted back to original units multiplying by the scaling
factor used.

41



Prescribing Fires

A simulated fire in CFAST is implemented as a source of fuel mass which is released at a prescribed
rate (the pyrolysis rate). Energy is released by the fuel and combustion products are created as it
burns. In the fire, species production is calculated based on production yields prescribed by the user.
In addition, the pyrolysis rate and resulting energy and species generation may be limited by the
oxygen available for combustion. When sufficient oxygen is available for combustion, the heat
release rate for the constrained fire is the same as for the unconstrained fire.

The model can simulate multiple fires in one or more compartments of the building. These fires are
treated as totally separate entities, with no interaction of the plumes. These fires are generally
referred to as “objects” and can be ignited at a prescribed time, temperature or heat flux.

CFAST does not include a pyrolysis model to predict fire growth. Rather, pyrolysis rates for each
fire are prescribed by the user. While this approach does not directly account for increased pyrolysis
due to radiative feedback from the flame or compartment, in theory these effects could be prescribed
by the user as described in this section. In an actual fire, this is an important consideration, and the
specification used should consider the experimental conditions as closely as possible.

A fire releases energy based on the pyrolysis of fuel, but may be constrained by the oxygen available
for combustion depending on the compartment conditions. Complete burning will take place only
where there is sufficient oxygen. When insufficient oxygen is entrained into the fire plume,
unburned fuel will be transported from zone to zone until there is sufficient oxygen and a high
enough temperature to support combustion. In general, CFAST uses a simple definition of a
combustion reaction that includes major products of combustion for hydrocarbon fuels:

C,H,0,N,Cl, +m(0,+3.76N,) - m,CO, + m,CO +m,H,0 + m;HCl + mHCN +3.76m,N,

+ soot + total unburned hydrocarbons + heat

where the coefficients m;, m, etc. represent appropriate molar ratios for a stoichiometric balance of
the equation. For complete combustion of the simplest hydrocarbon fuel, methane reacts with
oxygen to form carbon dioxide and water. The only input required is the pyrolysis rate and the heat
of combustion. For fuels that contain oxygen, nitrogen, or chlorine, the reaction becomes more
complex. In this case, production yields for the species are prescribed by the user. Stoichiometry is
used to insure conservation of mass and elements in the reaction. The species which are calculated
are oxygen, carbon dioxide, carbon monoxide, water, total unburned hydrocarbons (tuhc), and soot.
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Gaseous nitrogen is included, but only acts as a diluent. Production of hydrogen cyanide and
hydrogen chloride are tracked solely based on user prescribed yields.

The heat release rate for a constrained fire may be reduced below its prescribed value based upon the
oxygen available for combustion. For the constrained fire, the burning rate may be less than the
pyrolysis rate and cannot be simplified as in the case of the unconstrained fire. As fuel and oxygen
are consumed, heat is released and various products of combustion are formed.

Constraint on the Fire by Limiting Combustion by Available Oxygen (LOI)

For a constrained fire, the heat release rate is limited by available oxygen. This limit is applied in
three places: The first is burning in the portion of the plume which is in the lower layer of the room
of fire origin; the second is the portion of the plume in the upper layer, also in the room of origin; the
third is in the vent flow which entrains air from a lower layer into an upper layer in an adjacent
compartment. The unburned hydrocarbons are tracked in this model. Combustion of CO to CO; is
not included in the model. Actual combustion chemistry is not considered in CFAST due to the
complexities associated with detailed kinetics and transport.

Visibility

There are two calculations involving radiation in this model. One is for energy balance and is based
on broadband radiation absorption. The amount of radiation absorbed in sensitive to the species
present, specifically water vapor, soot and carbon dioxide.

The other is for visibility of egress signs. This calculation is based solely on the soot volume fraction
and is reported as optical depth (per meter). The conversion factor is based on the recent work by
Mulholland and Croarkin'®. The value for converting mass density in kg/m’ to optical depth is 3817
m*/kg. The value reported is intended specifically for assessing the visibility of egress signs, based
on the work of Jin". It is not applicable to the far blue or red regions of the spectrum and so should
not be used for assessing optical detection of fires through smoke.
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% | CEdit (standard)

File Run! Tools View Help

Simulation Environment ] Compartment Genmetry] Horizortal Flow Vents ] Vertical Flow Vents ] Mechanical Flow Verts ~ Fires l Detection / Suppression ] Targets ] Surface Connections ]

Mum Compartment Object Type Ignition by | At Value | X Position | Y Position | Z Position | PeakQ | »

m-_-__l 1 Ceiling Jet: [Caiing & Walls =
2 Compartment 1 ‘wWood_\wall Constrained Time 455 0 1000
Lower Oxygen Limit: (10 %
= Gaseous Ignition ,7
Temperature: 120°C

Add | Duplicate | Remaove |
Fire 1 (of 2)
Compartment: |C0mpartment 1 j
Type: |Constrained Position, X: |[4.55m Position Y: |[2.5m Position Z:  |0m Ignition Criterion: | Time -
Normal, X: |0 Normal, Y- |0 Normal, Z: |1 Plume: |McCaffrey = Ignition Value: |Os
Fire Object
Fire Object: |bunsen - Edit bunsen HRR
200 ' '
Material: Methane, a transparent gas (CH4)
Length: 0.4 m 150 |-
\nfidth: 0.4 m
Thickness: 0.65m
Molar Mass: 0.016 kg/mal 100
Total Mass: 5 kg
Heat of Combustion: 50000 kJ/kg 50
Heat of Gasification: 0 kJ/kg
Volitilization Temperature: 26.85001 °C ok
Radiative Fraction: 0.33 1
] 500
Open Save Geometry Run
Mo Emors

Most of the tabbed pages in the program are of similar design, with a summary of the defined items
in table form at the top of the page, a series of buttons to add, remove, or modify the item
highlighted in the summary table, and a number of individual inputs below which details all of the
inputs for the item selected in the summary table. The buttons included on the fires page are as
follows.

LIUse the Add button to create a new fire with default values for all entries.

m se the Duplicate button to create a copy of the fire currently selected in the summary
table at the top of the page. The new fire is added to the end of the list with the named
changed to indicate it is a copy of the selected item.

Remov®_lUse the Remove button to delete the selected fire from the list of fires in the summary

table.
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Defining Fire Objects

Fires in CFAST are defined as a series of individual fire objects which are then placed as desired in
compartments in a simulation.

Each fire object defines the time dependent variables of the fire are described by the mass loss rate,
rate of heat release, fuel height, and fuel area inputs. Species production rates are specified in a
manner similar to the fire, entering the rates as a series of points with respect to time. The species
which are followed by CFAST are: carbon dioxide, carbon monoxide, hydrogen cyanide, hydrogen
chloride, nitrogen, oxygen, soot, total unburned hydrocarbons and water. There is a separate
calculation of the concentration-time product Ct. Finally, a user-specified trace species can be
specified to follow the transport that results from fire-induced flow for an arbitrary species. This may
be of particular interest for radiological releases'®, but may be useful for any trace amounts released
by a fire.

Each fire object is defined in a separate comma-separated spreadsheet file with an extension of “.0”.
As many fire objects as desired may be defined by the user. One special fire object is named
“mainfire.o0” as is assumed to be a main fire source for the scenario, if included. The only difference
between the main fire and other object fire is that the main fire is assumed to ignite at a user
specified time. Other fire objects can ignite based on time, temperature or heat flux conditions.

Fire Object

Fire Object: [bunsen j Edit bunsen HRR
T T T

Materizl: Methane, a transparent gas (CH4)
Length: 0.4 m 150 ]
\width: 0.4 m

Thickness: 0.65 m

Molar Mass: 0.016 kg/mol
Total Mass: 5 kg

100 — 1

Heat of Combustion: 50000 kJ/kg 50 —
Heat of Gasification: 0 kl/kg
Volitilization Temperature: 26.85001 °C oL 1

Radiative Fraction: 0.33 L L
] 500 1000 1500

Mse the Edit button to edit the currently selected fire object. Fire Objects can also be
changed from the Tools menu. A separate window allows the user to view or change any of the
available fire objects.
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Mum Object Name Length ‘width | Thickness | Peak QDot [Peak CO/COZ| Peak C/CO2 | Peak HCN Peak HCI HoC Material -
1 3 panel workstation 1 5 1 5 15 6710 0.003053435 0.01181102 0 D 18500 WOODSHCM 3
2 bunkbed 15 4620 0.018667 0.129333 0 18500 URETHANE
3 m—mm“n-“ﬂm METHANE
4 curtains 1 3 240 0.003283474 0 0 29600 ACOUTILE
) kiosk 1 1 2 1750 0.01181102 0.003053435 0 0 50000 WOODSHCM
6 mainfire 1 1 1 100 0.01 0.01 0 0 50000 METHANE
7 |matiress and boxspring 15 2 0.3 660 0.018667 D 129333 D 0 18500 UREFHHNE o
adde | add | Duplicate Remove
Fire Object Name: |bunsen
Details
Material: |Methane. atransparent gas (CH4) j bunsen
T T T T T T T T
200 -
Length: [0, Heat of
€ng 04m e 50000 kg 150 i
\fdth: Heat of
' i Gasification: Dkclka 100 h
Thickness: [0.65m Velitilization 3¢ 85001 C
Temperature:
: 0016 ka/mol Radiative [j33 50 7]
Molar Mass: |0.016 kg/mol Fraction. 0.33
Total Mass: |Skg 0 .
1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 180C
Time Mdot Qdot Height Area -
(s) (ka/s) k) (m (m?) Coicoz cicoz HIC 0iC HCN HCI Ct = E
0 0 0 0.1 0.05 0 0.16 0 0 0 1 0 I
0.002 100 0 0.1 0.06 0 0.16 0 0 0 1 0
120 0.003 150 0 0.1 0.07 0 0.16 0 0 0 1 0
180 0.004 200 0 0.1 0.06 0 0.16 0 0 0 1 0
240 2 180 n n1 mns n n1f n n n 1 n S
oK | Cancel |

Add t2

se the Add t* button to create a new fire object with a heat release rate specified by the
user in the form of a t-squared fire. For a wide range of fires, the fire growth can be
accurately represented with a power law relation of the form ¢ = at> where ¢ is the heat
release rate of the fire, o is the fire intensity coefficient, and t is time'’. A set of specific t-
squared fires labeled slow, medium, and fast, with fire intensity coefficients (o) such that the
fires reached 1054 kW (1000 BTU/s) in 600 s, 300 s, and 150 s, respectively were proposed
for design of fire detection systems'®. Later, these specific growth curves and a fourth called
"Ultra-fast" which reaches 1054 kW in 75 s, gained favor in general fire protection
applications'”. Details of the inputs for a t-squared fire is included below.

LIUse the Add button to create a new fire object with default values for all entries. No
time-dependent values are included in the new fire.
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m se the Duplicate button to create a copy of the fire object currently selected in the
summary table at the top of the page. The new fire object is added to the list with the named
changed to indicate it is a copy of the selected item.

Remov® _lUse the Remove button to delete the selected fire object from the list of fire objects in the

summary table.

Fire Object Name: The name from the collection of fire objects for the desired object. This
corresponds to the name of the fire object file, without the extension. Specifying a name not
found in the database causes CFAST to stop with an appropriate error message.

Material (default value: none): material name from the thermal properties data file used for the
object. The material properties are used to calculate heat transfer into the object from its
surroundings.

Length (default units: m, default value: none): specifies the length of the object. The choice of
dimension to be designated as length, width, or thickness is arbitrary. Heat flux to the object
surface is assumed to be incident to the surface defined by the length and width dimensions.

Width (default units: m, default value: none): specifies the width of the object.

Thickness (default units: m, default value: none): specifies the thickness of the object.

Molar Mass (default units kg/mol, default value: 0.016 kg/mol) This is the conversion factor from
mass density to molecular density for “Total Unburned Hydrocarbon,” the fuel vapor. It is
used only for conversion to parts-per-million and has no effect on the model itself.

Total Mass (default units: kg, default value: 10 000 kg): Total mass of the object.

Heat of Combustion (default units: J/kg, default value: 50 000 000 J/kg): The energy released per
kilogram of mass burned.

Heat of Gasification (default units: J/kg, default value: none): The sum of the sensible and latent
heat required to vaporize a unit mass of material.

Volatilization Temperature (default units: °C, default value: ambient): The temperature of the
vapor as it is emitted from a fuel source. Typically, the initial fuel temperature is the same as
the ambient temperature specified on the ambient conditions window. This may not be true
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if significant conductive or radiative heat transfer affects the fuel. This affects the enthalpy
since temperatures below the lower layer ambient cause the plume to cool. The effect is not
large, but it is noticeable.

Ignition Temperature (default units: °C, default value: volatilization temperature plus 100 K): The
lower temperature limit on the burning of fuel in a gas layer. Since CFAST does not support
a combustion kinetics model, this is the algorithm used for fires out of vents.

Radiative Fraction: The fraction of the energy produced in combustion that is radiated from the fire
and plume. Within CFAST, the radiative fraction defaults to 0.30%; i.e., 30 % of the fire’s
energy is released via radiation. For other fuels, the work of Tewarson®!, McCaffrey*, or
Koseki® is available for reference. The typical range for the radiative fraction is from about
0.05 to 0.4.

T-squared fires: For a wide range of fires, the fire growth can be accurately represented with a
power law relation of the form O = a¢® where Q is the heat release rate of the fire, a is the

fire intensity coefficient, and ¢ is time'”. Details of the inputs for a t-squared fire is included
below.
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Fire Growth Rate: A set of specific t-squared fires labeled slow, medium, and fast, with fire
intensity coefficients (o) such that the fires reached 1054 kW (1000 BTU/s) in 600 s, 300 s, and 150
s, respectively have been proposed for design of fire detection systems'’. Later, these specific
growth curves and a fourth called "Ultra-fast" which reaches 1054 kW in 75 s, gained favor in
general fire protection applications'®. Each of these growth rates (with corresponding decay rates)
can be selected. A fifth, custom, selection allows the user to define any growth or decay rate desired.

Time to 1 MW: (default units: s, default value: 300 s): The time for the fire to reach a fire size of
1054 kW (1000 BTU). For slow, medium, fast, and ultra-fast fires, this time would be 600 s, 300 s,
150 s, and 75 s.

Maximum HRR: (default units: kW, default value: 1054 kW): The peak heat release rate of the t-
squared fire. Fire size is constant beginning at a time consistent with the time to reach 1 MW,
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t= \/ Qpeak / (1 054/ tleW) and continues at that value for the time specified in the steady burning

period, below.

Steady Burning Period: (default units: s, default value: 300 s): Duration of time that the fire
continues burning at the rate specified by the maximum HRR input, above.

Decay Period: (default units: s, default value, 300 s): Duration of time for the fire to decay back to a
zero value. Decay follows the inverse of the t-squared growth rate.

For t-squared fires, values are calculated for time dependent variables, including default values for
species generation. For all inputs, these values can be changed. All of the time dependent variables
depend on a predefined time line. The time input specifies a sequence of time points that define the
timing of the fire. An entry indicates a point on the time-line when the mass loss rate, fuel height
and other time dependent values are specified for the fire. This time is independent of the simulation
time which is specified by the TIMES line. If the simulation time is longer than the total duration of
the fire, the final values specified for the fire (mass loss rate, fuel height, fuel area, and species) are
continued until the end of the simulation.

The units for species (HCR, etc.) are kilograms per kilogram. However, the meaning is different for
fuel properties and species production rates. The input for CT is the kilograms of "toxic" combustion
products produced per kilogram of fuel pyrolyzed. Input for HCR is the mass ratio of hydrogen to
carbon ratio in the fuel. Input for O2 is the mass ratio of oxygen to carbon as it becomes available
from the fuel. Input the ratio of the mass of carbon to carbon dioxide produced by the oxidation of
the fuel for OD. The input for CO is the ratio of the mass of carbon monoxide to carbon dioxide
produced by the oxidation of the fuel.
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Time (default units: s, default values: none): specify a sequence of time points that define the timing
of the main fire. An entry indicates a point on the time-line when the mass loss rate, fuel
height and other time dependent values are specified for the fire.
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Pyrolysis Rate (Mdot) (default units: kg/s, default values: none): Pyrolysis rate of the fire as a
series of time points consistent with the time specification.

Heat Release Rate (Qdot) (default units: W, default values: none): Heat release rate of the fire as a
series of time points consistent with the time specification.

Fire Height (default units: m, default values: none): Time-based values for height of the base of the
fire. Actual height of the base of the fire is the sum of the value specified by MAINF for the
main fire or OBJECT for object fires and this height specification for a particular time in the
fire development.

Area of the Base of the Fire (default units: m?, default values: none): Cross-sectional area of the
base of the fire.

CO/CO2 (default units: kg/kg, default values: none): species yields of carbon monoxide expressed
as ratios of carbon monoxide to carbon dioxide produced in the pyrolysis of the fuel.

C/CO2 (default units kg/kg, default values: none): species yields of soot expressed as ratios of
carbon to carbon dioxide produced by the pyrolysis of the fuel.

H/C (default units: kg/kg, default values: none): the hydrogen component of the pyrolyzed fuel. This
is the ratio of hydrogen to carbon produced in the pyrolysis of the fuel.

O/C (default units: kg/kg, default values: none): Oxygen component of the pyrolyzed fuel. O2 is the
ratio of oxygen to carbon produced in the pyrolysis of the fuel. The O2 input thus represents
excess oxygen available from the fuel for combustion. For normal fuels, this input should be
set to zero.

HCN (default units: kg/kg, default values: none): Yield of hydrogen cyanide per mass of fuel
produced in the pyrolysis of the fuel.

HCI (default units: kg/kg, default values: none): Yield of hydrogen chloride per mass of fuel
produced in the pyrolysis of the fuel.

Ct (default units: kg/kg, default values: none): Yield of a fictitious toxic species per mass of fuel
produced in the pyrolysis of the fuel.

TS (default units: kg/kg, default values: none): Yield of user-defined trace species per mass of fuel
produced in the pyrolysis of the fuel.
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e With the three parameters, heat of combustion (HOC), the pyrolysis and heat release rate are
over specified. The model uses the last two of the three to obtain the HOC parameter.

e By default, the fire is placed in the center of the compartment on the floor. If values for any
of the three variables are invalid (i.e., less than zero or greater than the compartment
dimension in the appropriate direction), the location for that direction defaults to the center of
the appropriate direction.

e For “normally toxic” materials, Ct takes a value of 1 and is typically changed by an order of
magnitude for particularly toxic or non-toxic materials. It is not part of the mass balance for
the fuel and system, but it just carried along as a transported species in flow through the
structure. Ct is used as a measure of toxicity of a material. Typically the integrated Ct versus
time product is calculated. For normal materials, a concentration-time product of 900 mg
min/m’ is an indication of incapacitation.

e The trace species is transported along with fire gases, but is assumed not to take part in the
combustion reaction and is assumed not to be a significant source of overall mass for the
system mass balance calculated by the model. This implies that the production rate of trace
species specified should be much smaller than the total specified pyrolysis rate. If necessary,
the trace species can be scaled to a smaller value (e.g., divided by 1000) for the simulation
and converted back for analysis (e.g., multiplied by 1000).

¢ In the input editor, time-dependent data are entered in a simple spreadsheet. Normal windows
copy (Ctrl-C), cut (Ctrl-X), and paste (Ctrl-V) keyboard shortcuts are available for data
editing. In addition, Alt-Ins will insert a complete row above the currently-selected row in the
spreadsheet and Alt-Del will delete the current row in the spreadsheet.

Associating Fire Objects with One or More Instances of the Fire in the
Compartments of the Simulation

Fire objects are placed in defined positions within a compartment of a simulation and oriented with a
normal vector to the surface of the object. Ignition of an object may be at a specified time, a
specified net incident heat flux on the surface of the object, or at a specified surface temperature of
the object. The relevant CFAST keywords are MAINF for a simple point-source fire, OBJECT for a
complex fire object, and HEATF for a heat source.
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The OBJECT keyword allows the specification of additional objects to be burned in the fire
scenario. Positioning of the object within a compartment is specified in the same manner as for the

main fire.
Fire 1 (of 2)
Compartment: |Compartment 1 j
Type: |Constrained - Position, X: |4.55m Pasition Y- |2.5m Position Z: |0m Ignition Criterion: | Time -
Normal, X: |0 Normal, Y: |0 Nermal, Z: |1 Plume: [McCaffrey  w Ignition Value: |0s

Compartment of Fire Origin: specifies the compartment that contains the main fire for the
simulation. Any compartment defined is valid.

Type: At present, only a constrained file is allowed. For a constrained fire, species are tracked and
heat release rate is limited by the oxygen available for combustion.

Position X: (default units: m, default value: compartment width / 2): Position of the center of the
base of the fire measured in the x direction from the front lower left corner of the
compartment origin (0,0,0) in the compartment of fire origin.

Position Y: (default units: m, default value: compartment depth / 2): Position of the center of the
base of the fire measured in the y direction from the front lower left corner of the
compartment origin (0,0,0) in the compartment of fire origin.

Position Z: (default units: m, default value: 0 m): Position of the center of the base of the fire
measured in the z direction from the front lower left corner of the compartment origin (0,0,0)
in the compartment of fire origin. Actual height of the base of the fire is the sum of the value
specified by FPOS and by FHIGH for a particular time in the fire development.

Normal Vector X Component: specifies a vector of unit length perpendicular to the exposed
surface of the object. (Depth) component is in the direction from the rear wall of the object
compartment. Default value is a horizontal, upward facing object, unit vector = (0,0,1)

Normal Vecto