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NOMENCLATURE

A area of enclosure
ASET Available Safe Egress Time
é rate of generation of a combustion product
H height of enclosure ceiling above fire
M concentration of a combustion product
é rate of fire's energy release
RSET Required Safe Egress Time
T temperature
t time
EDET time at detection
Cyaz time at onset of hazardous conditions
u, dimensional ‘unit of a product of combustion
Zi elevatrion of interface
A height of fire above floor
Ac fraction of é transfered tec enclosure surfaces
Ar fraction of é radiated from combustion zone
Computer Program pages where
Input Variables defined
AKAP(I) 19, 21
ALAMC 12
ALAMR 12
BETAD 26
BETAR - 28
CNDS(I) 14
CNHS {I) 16
DELTA 12
FIRE 18



HCOMB 23 -

HF (I) 17

PRD(I) 25-27
PRH(I) 28, 30
PRODD 24=25
PRODH 27-28
PRD@* 25-26
PRHD 28-29
Q(1) 19-20, 23
Q@ 19-20, 23
RRDSPF(I) 14

SF(I) 17
TAULIM 20
TAUPRD(I) 25-26 o
TAUPRE(I) 28-29
TAUQ(I) 19, 23
TITLE 1l
TMDSPF(I) 14

TMHSLF (I) 15

TMHSUF (L) ' 15

WRC 11

2EYEF 12

* In this paper, the symbol @, appearing im a variable name, will be used
to indicate the number O, and the symbol 0, appearing in a variable name,
will be used to indicate the letter Q.
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CALCULATING AVAILABLE SAFE EGRESS TIME (ASET) -
A COMPUTER PROGRAM AND USER'S GUIDE

Leonard Y. Cooper

and
David W. Stroup

Abstract

In the event of a fire in a building cowpartment the
time available for occupants to safely evacuate the
compartzment, the Available Safe Egress Time {ASET), depends
on the time of fire detection and on the time of the onset
of hazardous conditions. In order to egtimate these two
times a dynamic simulation of the developing fire environ-
ment in the compartment is required. Also required are
specific criteria for the simulation of detection and
onset of hazard. A user oriented computer program which
carries out the required simulations and provides estimatas
for the ASET has been developed. This document provides
a2 listing of the program and a manual for its use. For
fire growth in a particular fuel assembly, a single program
run can ba used to evaluate the ASET from enclosures {which
are assumed to contain the fuel assembly) of different
heights and areas, and under a variecy of different detection
and hazard criteria. The program can be uged in either an
interactive or batch mode. It is written in ANSI FORTRAN

and requires no computer specific subroutines.

KEY WORDS: Combustion products; compartment fires; egress;
fire detection; fire growth; hazard analysis; mathematical

models; room fires; smoke movement;, tenability limits.



1. INTRODUCTION

1.1 Background

The concept of life safaty in buildings through designed safe egress
has been introduced in references |i]-[4]*. The basic idea of the concept
is that occcupants of a building will be safe under fire conditions provided
they will be able to successfully egreas from threatened spaces prior to
the time, Euaz’ when hazardous conditions start to prevail. It is evident
that occupants can only be expected to initiate an egress activity subse-
quent to the time, to.., of detection of the fire. The Available Safe
Egress Time (ASET) 1s, therefore, simply computed as cthe time interval
between detection and the onset of hazard, Thus, ASET = tHAz - tDET'

If a building design is to be considered safe, from this standpoint
the ASET from aach of the building spaces which may be threatened most be
longer than the time actually required for people to successfully evacuate
these spacas. These latter time intervals are referred to as the Requirad
Safe Egress Times (RSET). Thus, according to the Designed Safe Egress

concept, in the event of a fire a building is safe if ASET > RSET for ail

tnreatened spaces.

A general methodology for computing the ASET was discussed in refer-

ence [1] and [4]. The basic outline of the methodology is:

1. Identify the burning characteristics of fuel assemblies (combus-
rible contents) exposed to likely ignition scenarios which are
typical of the occupancy of interest. Provide a physical descrip-.

tion of the building spaces.

sNumbers in brackets refer to literature references at the end of this paper.
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2. Use an appropriate enclosure fire model to simulate amalytically

the dynamic environment which evolves in each building space.

3. Identify criteria for fire detecticn and ounser of hazard. These

would be compatible with the characteristics of existing detection

hardware and the characteristics of likely bullding occupaunts,

respectively,

4. Apply the criteria of No. 3 to the computed environwent of No. 2,
and thereby estimate tDET and tHAz for the cthreatened spaces,

Compute ASET = tHAZ - tDET'
For a single compartment of fire origin, a simple enclosure fire model
which could be used in the above computation procedure was presented in [1]
and [2]. A user oriented cemputer program which carries out the procedure
with this model has been written. It i3 the purpose of this document to

provide a listing of the program and a manual for its use.

The computer program described here can be used to study meny featurss
of enclosure fires. However, the program was spacifically designed to
answer questions related to life safety in fires. Tor this reason this
work makes fragquent use of terminology derived from the word "hazard.” In
this regard, it 1is not the intent of the authors to ascribe any precise
definicion to this terminology, and in many cases it would have been
possible to have substituted terminology derived from words such as "unten-
able," "risk," ete. Hopefully thas meaning of the "hazard" terminology will

be clear from the context of {ts use.



1.2 Some Basic Enclosure Fire Phenomena

To ugse the program successfully, a usger should be familiar with some

basic enclosure fire phenomena. These are illustrated in €igure 1.

A fire is initiated in a fuel assembly which 1s contained by an
enclosure whose ceiling is a distance B above the base of the fira, and
whose area 18 A, The base of the fire is a distance, A, above the floor.
An estimate of the total energy release rate of the fire, 6, as a function
of time, t, is assumed to be available, as is the fire's gemeration rate é
of a product of combustion of interest (e.g., for the purpose of establishing
detection or hazard)., In practice it is recommended that the free burn
energy release rate and product generation rate be used as surrogates for
é and é, respectively. {(An estimate of these free burn characteristics
will be the basis of a portion of the program input data.) In this paper,
free burn is defined as "a burn of the fuel assembly in a large (compared
to the combuation zone) ventilated space which contains a relatively

quiescent atmosphere."”

As the fire develops from ignition, buoyancy forces drive the high
temperatura products of combustion upward toward the ceiling. In this way
a plume of upward moving elevatad temperature gases is formed above the
fire. All along the axis of the plume, relatively quiesceat and cool
ambient air 1s laterally entrained and mixed with the plume gases as thay
continue their ascent to the ceiling. As a result of this entrainment the
total mass flow rate in the plume continuously increases, and the average
temperature and average concentration of products of combustion in the

plume continucusly decreases with increasing height.




When the plume gasas impinge on the ceiling, they spread across it
forming a relatively thinm, stably stratified upper layer. As the plume gas
upward filling process continues, the upper gas layer grows in depth, and
the ralatively sharp interface between it and the cocl ambient air 1ayer‘

beiow continuously drops.

In the model being used to describe the above phenomena it is assumed
that at every instant of time a fully mixed upper gas layer is a reasomnable
approximation to the actual state of affairs. Accordingly, the model
provides a time~dependent description of the enviromment in the anclosuras
by predicting the elevation, Zi(:), of the interface {or the upper laysr
thickness), the upper layer temperature, T(t}, and the combustion product
concentration, M(t). It is with the use of the computed histories of thesa
variables and with required input data, to be described below, that the
computer program proceeds to establish and invoke appropriate hazard and

detsation criteria.



1.3 An QOverview of the Computer Program

In the computer program, input data describing the fire's elevatriom,
and energy and product of combustion generation rates are used together
with enclosure size (height and area) and user specified detection and
hazard criteria to determine tDET’ tHAZ’ and the ASET. The ambient tem=-
perature at the initiation of all fire scenarios is taken to be 21.1°C

(70°F).

For detection criteria, the user can specify a detectable upper smoke
layar temperature, rate-of-temperature rise or concentration of a detectable
product of combustion. Instantanecus detection may be specified by inputing
a zero or "small” detectable upper smoke layer temperature OT rate~of=-

temperature rise.

When the smoke layer interface is above some characteristic, user-
specified face elevatiom, hazard is assumed to occur if and when a hazardous
radiation exposure from the upper layar is attained. Such an exposure is
defined by a critical, user-specified, upper layer temperature. If che
interface is below face elevatiom, then hazard is assumed to occur if and
when a second, critical, user-specified upper layer temperacture is attained.

However, the latter critical temperature would be lower than the forumer

one, and hazardous conditions are now initiated as a result of direct burms

or inhalation of hot gases. When the interface has dropped beloew face
elevation, hazard is also assumed to occur if and when a critical, user-

specified concentration of some hazardous product of combustion is attained.




The program allows the user to model the energy genmerdtion rate of the
fire (fire growth) by either one of two methods. The first method uses
continuocus, user-specified, exponential growth curve segments. The other
method uses pairs of user-gpecified data points (energy genreration rate, time)
with linear interpolation between them. Either of these methods would be used
to describe the time-varying energy release rate of the free burning fuel assem-
bly whose hazard is being evaluated. There would be diffarent types of data

inputs required depending on which model is chosen.

The computer program allows the user tc model a product of combustion
generation rate of the fire by one of two metheds. The model of the first
method ig defined by an unchanging, user-specified constant of propertionality
between the product of combustion generation rate and the previously specified
energy generation rate. The other method uses pairs of user-specified data
points (product generation rate, time) with linear interpolaticn between
them. The product generation rate is specified in units of u, per unit time,
where u, ig a dimensional unit appropriate for the particular product. For

example, u, could have the dimension of mags, rnumber of particles, etc.

The program has a capabllity of modeling up to two different product of
combustion species, and of simulating their respective upper laver concentratiocns.
The first of these is a product whose upper layer concentration would be the
basis of a detection criterion, and the second is a product whose concentration
would be the basis of a3 hazard criterion. 1In genmeral, the fire's generation
rate of each of these products would be modeled differently, according to

either of the two methods described above, and each with its appropriate u_-



For a user specified fire type and elaevation above the floor, a single
computer run of thae program can be used to evaluate the ASET which corresponds
to each of a multiple number of enclosure sizes and pairs of detection and

hazard criteria.

By solving the mathematical fire wodeling equations outlined in reference 2,
the program simulates the changing environment (thickness, temperature, and
product concentration of-the smoke layer) in the enclosure, At every time step
into the simulationm, the prevailing conditioms in the space are checked against
the detection and hazard criteria being invoked. In this way the cimes thET
and tHAZ’ corresponding to every room gecmetry and to each pair of detectlon
and hazard criteria, are eventually identified. The ASETS are computed and
displayed in the computer cutput along with other potentially useful results of
the computations., Each simulation continues in time until the onset of hazard
or until a maximum, user-specified time is attained. If detection has not
occured by the time of the omset of hazard in a given asimulation, then detection

is assumed to occur simultaneously with onset of hazard, and the computed ASET

is zero.

1.4 Some Assumptions and Limitacions

The assumptions and limirations of the fire model are presented and
discussed in [1] and [2]. The user of the program is referred to those refer-
ences for a complete treatment of the concepts and equations used in the
development of this computer program. A few of the more significant of the

agsumptions and limitations are:

1. The computer model may not be reliable when applied to anclosures
with length-to-width aspect ratios greater tham 10:1, or with

a ratio of height to minimum horizontal dimension exceeding one.
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2. All doors, windows, and other significant partition penetrations to
adjacent spaces are assumed to be closed, Howeveé, prior to the
onset of hazardous conditions, sufficient oxygen is assumed to be

availabie for free-burning combustion.

3. The enclosure is assumed to be divided into two horizeontal layers
with a sharp interface separating an elevatsd temperature, products
of combustion contaminated "smoke' mixture above, from cocl ambient
air below. The upper layer is assumed to be uniformly mixed. - The
computer model 1s not reliable once the upper layer temperature
exceeds a level of approximately 350-450°C, at which time radiation
feedback to the fuel will significantly alter the initial free-burn-

like behavior of the fire.

4, Some leakage from the room is ipevitabhle. This leakage ig assumed to
occur through leakage paths close to the floor. Thus, at least up to
the time that the interface drops to the floor, it is assumed that
the enclosure will leak cool ambient air at low elevation rather
than, say, elevated temperature products of combhustion at a near-

ceiling elevation.

2, DESCRIPTION OF THE INPUT DATA

2.1 General Comments

This program has been designed to be useable in either an interactive or
batch mode. When in the interactive mode, the program guides the user through

the data input process.



The data input has been divided into the following seven elements:

General Data

Detection Criteria

Hazard Criteria

Room Characteristics

Fire Dsta: Energy Generation Rate

Fire Data: Detectable Product of Combustion Generationm Rate

Fire Data: Hazardous Product of Combustion Generation Rare

The input data described here will be the same for both the interactive
and batch modes. Extra input data may be required in the interactive mode to
answer error check and "Pause" questions. The basic required input data are
degseribed in detail in the next seven sections. Each line started by CARD
indicates a line of input data at a computer terminal or a computer punch card.
Where the CARD is followed by (3), this indicates that there may be more than
one card or line used if necessary. Numerical values should be placed as
indicated by their variable names. Unless otherwise statad, this data may be
entered unformatted, that is, numbers do not have to be placed in specific card
columns. Different numerical values entered on the same computer punch card or
1ine {(at a computer terminal) must be separated by either a comma or a blank.
When information is contained in paremtheses on the CARD line, this indicates
the range of values which may be substituted for the particular variable. The

datz 19 described in the order in which it must be eatered into the program.
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This last card in the general data group should contain four values. There
should be one value for each of the above variables. A determinacion of the

appropriate values to substitute for these variables must be made by the user.

ALAMR is the parameter Ar of [2]. As defined above, it is the fraction
of the fire's energy release rate which is instantanecusly lost by radiation
from the combustion zome. The value (l-Ar) iz used in the program ro determine
the fraction of the energy release rate which effectively acts te drive the
fire plume's upward momentum. In [2] it is concluded that Ar =0.35 1is a

reasonable choice for typical, hazardous, flaming fires.

ALAMC is the parameter kc of [2] and [4], and it is defined as the
instantaneous fraction of the energy release rate which is lost to the bounding
surfaces of the room and its coutents; The total rate of energy loss which is
characterized by Kc oecurs as a result of a variaty of different convective and
radiative heat transfer exchanges between the room's gases and the above menticned
surfaces. It is not presently possible to obtain an exaect value for lc. {(Indeed,
alchough Ac is taken as a constant, it is, in fact, a time-varying parameter.)
However, using lr = 0,35, it is concluded in the Appendix of [4] that during the
aarly stages of fires in single rooms the value of AC is relatively constant and
in the rapge 0.6 - 0.9. The lower, 0.6 value, would relate to high aspect ratio
sapaces (ratio of ceiling span to room height) with smooth ceilings and with fires
positioned far away from the walls, The intermediate values and the high, 0.9
value for lc would relate to low aspect ratio spaces, fire scenarios where rhe
fire position is within a room height or so from walls, and/or to spaces with
highly irregular ceiling surfaces. Some further guidelines on an appropriate

choice for the walue of Xc are presented in [2].
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The user must specify a value for ZEYEF, the characteristic height, in
feet, of eyelevel from the floor. This value is important because it has
significant effect on how and when hazard occurs. When the smoke layer interface
is above eyelevel (or facelevel), hazard could occur due to downward directed
radiation produced By an excessively high smoke layer temperature which exceeds -
some critical temperature (to be specified below). When the smoke layer intar- .
face is below eye elevatiom, then hazard could occur due to inhalation of gases
with an excessive conceatration of some hazardous product of combustion or due -
to direct burns and inhalation of hot gases whose temperature exceeds a sacond
critical upper layer temperature. The latter critical temperature would be
lower than the former one. The specified value for ZEYEF does not necessarily
have to be the "true" height of eyelevel, but its value must be chosen as not
greater than the room height or less than zero. 4An appropriate value would be
one which indicates a likely change in potential mode of hazard initiation from

radiation from the upper layer to visual obscuration.

The value specified for DELTA, the height, in feet, of the base of the
fire above the floor should be according to the user's understanding of the
physical conditions under investigation.

2.3 Detection Criteria

CARD(S) : TMDSPF (1) ’
TMDSPF - the upper layer temperature, in degrees F, which will initiate

detection.

14




2.2 Gaeneral Data

CARD: TITLE

This card should contain the title for the rum. It may be any

string of up te 80 characters which describes the particular computer run.

CARD: WRC (WRC = 1, 2, 3 or 4)

WRC 1, summary cutput. OCnly the fire environment characteristics

at detection and hazard, and =gress time will be printed.

(132 characters per line)

WRC = 2, summary output. (80 characters per line)

WRC

3, £full output. The time-temperature~layer thickness-rate of
rise-concentration history will be printed along with summary

output. (132 characters per line)

WRC = 4, full output. (80 characters per line)

The write code, or output code, is used to determine whether full or
oanly limited outpur should be printed. The write code will be an integar
value of 1, 2, 3, or 4. [t should be chosen based on the amount of infor-
marion the user desires and the printing capabiliry of the user's computer.
If a 1 is selectad, summary output, which includes the times of detzction
and hazard, descriptions of the room environments at these times, and the

ASET from the space, will be printed. The enclesure envircnment descriptions

11



include the temperature, thickness, products of combustién concentrations
and interface elevation of the smoke layer. In addition, the detection and
hazard criteria being considered are printed along with the height and area
of the room. This information will be printed using 132 characters per
iige. Output form 2 will print the same information using 80 characters
per line. If output form 3 is chosen, then in addition to summary output
the entire history of the fire will be printed. In this case, the state of
the fire environment is displayed at specified instants of time which span
the entire time frame of the simulacion. In particular, at five second
intervals the computed values of the fire's energy generation rate {norma-
lized by the rate at ignition if desired) and the smoke layer's thickness,
interface elevation, temperature, rate-of-temperature rise and combustion
product concentyations are provided in a single line of output. This line
will be 132 characters long. Output type 4 will print the game infermation

as type 3, but the lines will be 80 characters long.

CARD: ALAMR, ALAMC, ZEYEF, DELTA

ALAMR - the fraction of the fire's energy gemeration rate instan-
taneously lost by radiation from the combustion zone and
plume,

ALAMC the fraction of the fire's energy generation rate instan-

taneously lost tn the bounding surfaces of the room and its

contents.,

ZEYEF - the specified characteristic height, in feet, of eyelevel

from the f{loor,

DELTA - the height, in feet, of the base of the fire above the

floor.
12



CARD(S):RROSPF(I)
RRDSPY¥ - the upper layer rate-of-temperature rise, in degrees F per

minute, which will {nitiate detection.

CARD(S) : CNDS(I)
CNDS -~ the concentration of the detectable product of combustion,
in units of u, per gram of bulk upper layer gas, which will
initiate detection. (See discussion below under Fire Data:

Detectable Product of Combustion Generation Rate,)

Any or all of the above detection criteria may be used, and there may
be from zero to as many as ten different wvalues entared for each mode of
detection. Use of at least one criterion and one entry is required. (Nota
that one pessible way of specifyving immediate detection, i.e., detection at
the time of ignition, is to specify derection when the smoke layer's rate-of-
temperature rise exceeds zero degrees F per minuce.,) When using a computer
terminal, input each wvalue separately until all desired values for a particular
detection mode have been entered. When all values for a particular mode of
detection have been entered, type an end of file mark (UNIVAC: ®@ECF), If data
is to be entered using cards, type each value on a different card. A card con-
taining an end of file mark should separate sach set of values for a particular

detection criterion.

The program uses the elements of the list of input values for each detsction

mode, one at a time, to determine the time of detection in a given fire scenario.
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2.4 Hazard Criteria

CARD(S) : TMHSUF (1)
TMESUF - the hazardous temperaturs, in degrees F, of the smoke

layar when the interface is above evelevel.

CARD(S) : TMHSLF(I)
TMHSLF - the hazardous temperature, in degrees F, of the smoke

layer when the interface is below eyelevel,

CARD(S) :CNHS (1)
CNHS - the concentration of the hazardous product of combustion, in
units of u, per gram of bulk upper layer gas, which will initiate

s hazardous condition when the interface is below eyelevel.

A minimum of one and a maximum of ten different values may be entered for
each of the three modes of hazard. All combinations of the hazard mode antries
will be considered, and each of the combinations will be used, ome at a time,
ts determine the time to hazard in a given fire scenaric. For example, assuming
one entry for TMHSUF, three entries for TMHSLF, and two entries for CNHS, then
one of the six (L x 3 x 2 = 6) overall criteria for hazard that will be invoked

will be:

Onset of nazard occcurs when

the upper layer temperature 1s greater than TMHSUF(1l), AND the

layer interface elevation is greater than ZEYEF,

16




OR the upper layer temperature is greater than TMHSLF{2), AND the

layer interface elevation is less than ZEYEF,

OR  the upper layer concentration of the combustion product is
greater than CNHS(2), AND the layer interface elevation is less

than ZEYEF.

Hazard criteria input data should be entered in the same way as detection
criteria input data, with each of the three lists of hazard mode enrries

terminating with an end of file mark (UNIVAC: @EOF),

The critical remperature values assigned by the input TMHSUF(I) are
directly related to those temperatures of overhead smoke layers which would
supply a potentially hazardous flux of downward directed thermal radiation.

A TMHSUF value of 361, i.e., 183°C (361°F), has been recommended in (1].
Assuming that an upper layer radiates as a black body and with a view factor
of 1, this temperature would correspond to a flux of 2.5 kW}mz, which has been

identified as a f£lux level near the threshold of human tenability [5].

Once the intarface is below "eyelevel", the new critical upper layer
temperature, input as TMHSLF, will generally be significantly less than TMHSUF.
Hazard would now occur on account of direct external or internal (due to inha-
lation of hot gases) buras. Realistic values of DMHSLF would likelv be of the

order of 212, i.e., 10Q°C (212°®).

With the interface below eyelevel, hazard could alsc occur as a result of
a8 high concentration (in excess of the critical value, CNHS) of the hazardous
product of combustion, e.g., on account of the product's toxicity. If one does

not wish to invoke this aspect of the overall hazard crirerion, then at this

17



stage of the input the user simply enters any single positive value for CNHS.
At the appropriate place, to be described below, the user would then enter inmput

data that models the hazardous produet generation rate as identically zero.
2.5 Room Characteristics

CARD(S):HF (I}

HF - the height, in feer, of the compartment

CARD(S) :SF(I)

SF - the floor area, in square feet, of the cowpartment

At least one height and one area must be apecified. The program can handle as
many as twenty room heights and thirty areas during one Tun, and rooms defined

by all combinations of the HF(I) and SF(I) entries are evaluated,

The room data should be entered in the same way as the detection and
hazard data, with each of the H¥ and SF entry lists terminating with an end of

file (UNIVAC: @QEOF).
2.6 Fire Data: Energy Generation Rate

The first card in this fire data series determines how the energy generation
rata of the fira, é(:), will be modeled and what input data will be required.
The variable FIRE may be assigned an integer value of 1, 2, or 3. Two types of
fire growth models, raquiring different forms of input data, have been included
in the computer program. The third available location (FIRE = 3) has been left

so that a user can add another fire modeling subroutine, if desired.
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CARD:FIRE (FIRE = 1, 2, or 3)
FIRE » 1, a multi-exponential energy generatlon rare curve made up of

NSEGQ continuous segments of the form:

d(l)exp{AKAP(1l)}t}, lst segment,
0 < £ < TAUQ(1);
Q{2)exp{AKAP (2) [t TAUQ(L) ]}, 2nd segment,

é(t) = TAUQ (1) < t < TAUQ(2);

Q(NSEGQL)exp{AKAP (NSEGQL) [+ TAUQ(NSEQ-2) 1}, (NSEGQl)segment,
TAUQ(NSEGQ2) < t < TAUQ(NSEGQ1);
Q (NSEGQ)exp{AKAP (NSEGQ) [t TAUQ(NSEGQ1) ]}, NSEGQth segment,

TAUQ(NSEGQL) < t

whera the NSEGQ values, Q(1), Q(2)}, . . ., Q(NSEGQ), and the NSEGQ values,

ARAP (1), AKAP(2), . . ., AKAP(NSEGQ) are supplied as iaput.

FIRE = 2, an energy generation rate curve made up of NSEGQ continuous
linear segments. The curve would be defined by
Q@ at ¢t = O

Qt) = { QL) at t = TAUQQ);

Q(NSECO)} at t = TAUQ(NSEQQD)
with linear intaerpolation between the above NSEGQ + 1 data points. As described
below, Q@ and the NSEGQ pair of wvalues TAUG(1), Q(l); TAUQ{2), Q(2); . . .;

TAUQ(NSEGQ), Q(NSEGQ) are supplied as input.

FIRE = 3, not used (space left available for a user developad subroutine

describing the fire’s energy generation rate}.
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Multi-exponential curve:

If a multi-exponential energy gemeration rate curve is selected (FIRE = 1),

then the following input entries will be required:

CARD: TAULIM

TAULIM ~ the maximum time for which the fire environment will be simulated.

CARD(S) :Q(I),AKAP(I)

Q(1) - the value of the energy generation rate, in kW, at the beginning

of the Ith segment of the multi-exponential growth curve. All

Q(I) must be greater than zero.

AKAP(I) - the value of the exponential growth factor, in units of l/second,

for the Ith segment.

The NSEGQ pairs of data should be entered ome pair at a time. The user may

enter as many as 100 pairs of data. After the last palr of data has been

entered, an end of file mark (UNIVAC: @EOF) should be entered.

CARD: (YES OR NO) - NORMALIZED OUTPUT

If desired, the fire energy generation rates may be printed in normalized

form, Q(t)/Q{1).
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The following example will clarify the data input required for a multi-

exponential fire:

Assume that the growth of a fire in some typical fuel assembly has the

following characteristics:

Fire ignition source is 10 kW (e.g., fire in a wastepaper basket).

Fire grows exponentially from 10 kW to 400 kW with an expomential growth

factor of 0.025/s (i.e., the fire doubles in power output every 27.7 s).

Fire grows exponentially from 400 kW.to 3000 kW with an exponential

growth factor of 0.010/s (a doubling time of 69.3 s).

Fire continues to grow exponentially from 3000 kW to an unknown peak
value with an exponential growth factar of 0.005/s {(a doubling time

of 138.6 s).

Assume further, that for whatever reason the environment which develops
within the fire enclosure will never be of interest beyond the first 1200 s

following ignition.

Then the Fire Data: Energy Generation Rate set of inputs should appear as

foliows (for a UNIVAC computer):



CARD:1

CARD:1200
CARD:10,,0.025
CARD:400.,0,010
CARD:3000.,0.005
CARD: QEOF

CARD: YES - NORMALIZED OUTPUT
and the program will compute Q{t) according to

10 exp{0.025¢t}, 0 < t < 1l47.6

aCe) = { 400 exp{0.010[t-147.61}, 147.6

| A

t < 349.1

3000 expl{0.05[t-349.11}, 349.1 <

A
(al

where t is in seconds. Note that the segment end-points at 147.6 s and 349.1 s
ware not aentered as input data. Rather, the program itself computeé these times
from the requirement that the three axponential segments form a3 continuous

‘energy generation rate curve.

Linear Segmented Curve

1f a linearly segmented fire growth curve is selected (FIRE = 2), then the

following input entries will be required.

CARD:TAULIM, HCOMB

TAULIM ~ the maximum time for which the fire enviornment will be simulated.
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HCOMB - the effective heat of combustion, in kilojoules per kilogram, of
the fuel asgsembly. This multiplier is used to convert input data
in cthe form of fuel assembly mass loss rate (kilograms per second)
to energy generation rate, in kW, If the input data to be degcribed

below is given directly in kW, then HCOMB = 1.0,

CARD: Q¢

0P - the initial energy generation rate of the fire,

CARD(S):TAUQ(T),Q(I)
TAUQ(T) - the value of time, in seconds, at the end of the Ith segment
of the energy generatiou rate curve (or mass loss rate curve,
if HCOMB # 1.0).
Q(I)‘- the value of the energy generation rate, in kW, at the end of the
Ith segment of the energy generation rate curve (or, the value
of the mass loss rate, in kilograms per second, at the end of the

Ith segment of the mass loss rate curve, if HCOMB £ 1.0).

Each data point should be entered on a separate card or line at a computer
terminal. In total, there will be NSEGQ data points entered. The uysar may
enter as many as 100 data points. The value of TAUQ(NSEGQ) should be greater
than or equal to TAULIM. After the last data poiat has been entared, tvpe an

and of file mark (UNIVAC:@EQF},.
CARD: (YES OR NO) - NORMALIZED OQUTPUT

If desired, the fire energy generation rates may be printed in normalized

form, Q{t)/Q@.
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2.7 Firg Data: Detectable Product of Combustion Generation Rate

No input should appear in this set if there were no entries for CNDS in
the Detection Criteria set. Under such a circumstance, the user should now
go directly to the next set of inputs, Fire Data: Hazardous Product of
Combustion Generationm Rate.

Provided that there is at least one entry for CNDS in the Detection -
Criteria set, the first card in this set will establish how the fira's detectable
product of combustion generation rate, 6(t), will be modeled, and what subsequent
input data will be required, The variable PRODD may be assigned an integer of
1, 2, or 3. Two types of product generation rate models, requiring different
forms of ipput data have been includad in the computer program. A third available
location (PRODD = 3) has been left so that a user cam add another product gener-

ation rate model subroutine, if desired.

The product generation rate, &(t), is specified in units of u_ per second,
where v, is 3 dimensional unit which is appropriate for the particular combusticn
product being generated. For example, if R is taken as mass in grams, then
é(c) must be described in dimensions of grams (of product) per second; if . is
taken as number of particles, then é(t) must be described in units of number of

particles (of product) per second; etc.

The choica of the units u, will have direct impact on the dimensionality
of the computed upper layer product concentratiom, M(t)., As discussed
earlier, the program computed M{(t) in units of u_ per gram of bulk upper layer

mixtura. Thus, if u. is in gramsg, and C(t) is in grams per second, than M{t)
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will be computed in units of grams (of detectable combustion product)} per gram
of bulk upper layer mixture; if u, is in number of particles, and é(t) i3 in
number of particles per second, then M(t) will be computed in units of number
of particles {(of detectable combustion product} per gram of bulk upper layer

mixture; etc.

CARD:PRODD(PRODD = 1, 2, or 3}
PRODD = 1, detectable product generation rate is directly proportional
to the energy generation rate through a fixed constant, BETAD,
i.e., C(t) = BETAD » Q(t).
PRODD = 2, a product generation rate curve made up of NSEGPD continuous

linear segments. The curve would be defined by

PRD@ at t = 0}

PRD(1) at t = TAUPRD(1),
C(t) =(.

PRD(NSEGPD) at t = TAUPRD(NSEGPD)
with linear interpolation between the above NSEGPD + 1 data
points. As described below, PRD® and the NSEGPD pair of
values TAUPRD(1l), PRD(1); TAUPRD(2), PRD(2); ....;

TAUPRD{NSEGPD), PRD(NSEGPD) are supplied as input.

PRODD = 3, not used (space left available for a user developed sub-

routine describing the product generation rate).
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Constant Proportionality:

1f a fixed constant of proportiomality for the product generation rate

is selected (PRODD = 1), then a value for BETAD must be provided as follows:

CARD:BETAD
BETAD - a constant of proportionality between the detactable product of
combustion gemeration rate and the energy generation rate, i.e.,
é(t) = BETAD -+ é(t). BETAD is entered in units of u, per second

per kW.

Linear Segmented Curve:
1f a linear segmentad product gemeration rate is selected (PRODD = 2},

then the following input entries will be required:

CARD:PRD®
PRD® - the inirial detectable product generation rate in units of u, per

second.

CARD(S) : TAUPRD(I), PRD{(I)
TAUPRD(I) - the value of time, in saconds, at the end of the Ith
segment of the detectable product generation rate curve.
PRD(1) - the valua of the product of combustion generation rate, in
units of u, per second, at the end of the Ith segment of the

product gemeration rate curve.
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Each data point should be entered on a separate card qr line at a computer
terminal. In tetal, there will be NSEGPD data points entered. The user may
enter as many as 100 data points. The value of TAUPRD(NSEGPD) should be
greater than ar equal to TAULIM. After the last data point has been entered,

type an end of file mark (UNIVAC: GEOF).
2.8 Fire Data: Hazardous Product of Combustion Generation Rate

Input data deseribing a hazardous product of combustion generation rate

curve must be included in cthis set.

The first card in the set will establish how the fire's hazardous product
generation rate, é(t), will be modeled, and what subsequent input data will be
required. The varlable PRODH may be assigned an integer of 1, 2, or 3. Two
types of product generation rate models, requiring different forms of input
data have been included in the computer program. A third locatien (PRODH = 3)
has been left so that a2 user can add another product generaticn rate model sub-

routine, if desired.

The question of the units of C({t) has been addressed above in the
Initial discussion of Section 2.7 on the Detectable Product card set. That
discussion is also relevant to the Hazardous Product dimensionality, and it

should be revisited and applied in the present context.

CARD:PRODH(PRODH = 1, 2, or 3)
PRODH = 1, hazardous product generation rate is direecly proportional
te the energy generacionm rate through a fixed constant, BETAH,

3 .

i.e., C{t) = BETaH + Q(t,.
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PRODH =

FRODH =

-+

2, a product generation rate curve made up of NSEGPH continuous

linear segments. The curve would be defined by

PRE@ at t = 0;
PRH(1) at t = TAUPRH(1),
ety =.

L]

+

PRH(NSEGPH) at t = TAUPRH(NSEGPH).

with linear interpolation between the above NSEGPH + 1 data
points. As described below, PRHP and the NSEGPH pailr of
values TAUPRH(1), PRH(l); TAUPRH(2), PRH(2); ....:

TAUPRH (NSEGPH), PRH(NSEGPH) are supplied as input.

3, not used (space left available for a user devaeloped subroutine

describing the product generatiom rate).

Constant Proportionality

If a fixed constant of proportiomality for the product gemeratlon rate is

salactad (PRODH =

CARD:BETAH

1), them a value for BETAH must be provided as follows:

BETAH - a constant of proportionality becween the hazardous product of

combustion generation rate and the energy generation rate, i.e.,

&(t)

= BETAH + Q(t). BETAH is entered in units of u_ per second

per kW.
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If adequate quantitative information on hazardous product generation
rate is unavailable, then the user may prefer to eliminate its consideration
from the definitions of hazard criteria. This would most readily be accomplished
by séecifying PRODH = 1, and BETAH = Q (i.e., the fire's hazardous preduct
generation rate is specified to be zero, and the program computes a zaro upper
layer hazardous product concentration at every instant of time). As recommended
at the end of Section 2.4, this default specificarion would be implemented

together with an arbitrary positive value for CNHS.

Linear Segmented Curve:

If a linear sapmented product generation rate is selected (PRODE = 2),

then the following input entries will be required:

CARD : PRE(
PRHP - the inirial hazardous product generatiom rate in units of u, per

second.

CARD(S) : TAUPRH(I), PRH(I)
TAUPRH(I) - the value of time, in seconds, at the end of the Ith

segment of the hazardous product generation rate curve.

PRH(1) -~ the value of the product of combustion generation rate, in
units of uC per second, at the end of the Ith segment cf the

product generation rate curve,



The data points should be entered one at a time, There should be a total
of NSEGPH data points, up to 100, An end of file mark (UNIVAC: @EOF) should

follow the last data point.

3. DATA INPUT EXAMPLES

The following examples should aid in developing an understanding of what
data is required by the program and how to enter this data into the Tunstream,
The arrangement of input data will be described for both interactive and batch
use. In the interactive examples, words spelled with all capital letters
indicate information printed at a computar terminal by the computer program.
The user's response is proceeded by "ENTER:" and will always be in lower case
letters and underlined. The batch input data will be listed as it would appear
on a group of data cards. For each example, the interactive mode data input
will be described first. This will be followed by the batch mode data, and, .
finally, the computer generated results will be presented. (These examples

are from the National Bureau of Srandards UNIVAC 1100/80 computer.)

In the interactive mode, "Pause” statements have been used at salected
places to temporarily auspend printing of the computer generated results.
This will enable the user to examine the results more carefully and make notes
if desired. In order to contlnue program exacution, the user must type a

carriage returm.

3.1 Example 1 - A Constant Size Fire

This example will deal with a problem of estimating the ASET from a room
with a fire of constant energy release rate. This ctvpe of example 1s useful
since many potentially threatening fires tend to release emergy at an approxi-

mately constant rate for a significant time subsequent to ignitiom.
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The problem is to estimate the ASET under the following fire scenaric:

A fire due to a gasoline spill in a 8.9 ft2 {0.83 mz) dike is initiated
on the floor of a room of height 10 fr (3.0 m) and area 10,000 ft2 {929 mz).
The rate of the fire's energy release per unit area of spill is approximately
constant at 140 BTU{'(ft2 s) (1.8 wamz) [6] for a total energy release rate of

1250 BIU/s (1320 kW).

On account of the fact that occupants are likely to be awake and alert it
is assumed that the fire is detected immediately after ignition. Put another
way, detection is assumed to cccur when the rate-of-temperature rige, RRDSPF,

is zero.

The fire is assumed to be away from the walls, and the room has a relatively
smooth ceiling. Based on remarks in section 2.2, the fraction of energy release
instantaneously lost to the bounding surfaces of the room and its contents, ALAMC,
is taken £o ba 0.6. Also, the fracrtion of the energy release instantaneously

lost by radiation from the combustion zone, ALAMR, is taken to be 0,35,

The elevation of evelevel will be taken as 4 ft (1.2 m). When the interface
is above this height it is assumed taat hazard will occur 1f and when the upper
layer temperature rises to 361.4°F (18300). Once the interface has dropped
below the 4 ft (1.2 m) elevation it is assumed that onset of hazard will occur
if and when the upper layer temperature reaches 240°F (llSOC), or if and when
the upper layer oxygen mass fraction is depleted from the oxygen mass fraction
at ambient conditioms (0.23 gO per g of ambient air) to 0.18 go per g of upper

layer mixture. Thus, depleted oxvgen iz raken to be the hazardous product of
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d
combustion, the unit v, is taken to be grams of depleted oxygen, gdepleted 02'

and the hazardous concentration is taken to be 0.05 Ziepleted 0 per g

2 upper

which corresponds to CNHS = 0,05.

Based on the work of Huggett [7], the rate at which oxygen is depleted in
fires is approximately proportional to thae fire's energy release rate according

o

= [0,076 Byeplated O /(kWs}1Q

c
depleted 02 2

The input data required to describe the above depleted oxygen generation rate
are PRODE = 1 and BETAH = 0.076.

Note that in this example, detection does not occur as a result of a
detectable product of combustion. Accordingly, it will not be necessary to

enter input data which describe the generation of a detecrable product.

Finally, it is assumed that Available Safe Egress Times in excess of
30 minutes are of mo particular interest, and the fire conditions will not be

modeled beyoad this time.

Interactive Data Input:

WILL DATA BE ENTERED INTERACTIVELY (Y/N)?
ENTER: yes

PROGRAM WILL BE EXECUTED IN THE INTERACTIVE MODE.

INSTRUCTIONS

32




TO ENTER DATA: TYPE REQUESTED VALUE OR VALUES (MULTIPLE VALbES
SEPARATED BY A COMMA CR BLANK), THEN PRESS CARRIAGE RETURN.

ENTER A RUN TITLE, UP TQO 80 CHARACTERS LONG.

ENTER: constant fire, q = 1320 kW

ENTER CODE NUMBER OF THE DESIRED FORM OF OUTPUT:
TYPE 1 FOR SUMMARY OUTPUT, 132 CHARACTERS PER LINE
2 FOR SUMMARY QUTPUT, 80 CHARACTERS PER LINE
3 FOR FULL OUTPUT, 132 CHARACTERS PER LINE
4 FOR FULL OUTPUT, 30 CHARACTERS PER LINE
ENTER: 2
SUMMARY QUTPUT, 80 CHARACTERS PER LINE HAS BEEN SELECTED.
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER: 1. LAMDA R,
2. LAMDA C,
3. EYELEVEL HEIGHT, IN FEET, AND
4. FIRE HEIGHT, IN FEET.
DC YOU NEED MCRE INFORMATION (Y/N)?
ENTER: no
ENTER THE REQUESTED VALUES.

ENTER: .33, .6, 4,, 0.0

LAMDA R = , 35000
LAMDA C = 60000
EYELEVEL HEIGHT = 4.0000
FIRE HEIGHT = (.0000

IS THIS CORRECT (Y/N)?

ENTER: yes
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DATA WILL BE ENTERED IN THE FOLLOWING ORDER:
I. DETECTION CRITERIA IV. FIRE DATA
1I. HAZARD CRITERIA V. PRODUCTS OF COMBUSTION DATA

III. ROOM SIZES

I. DETECTION CRITERIA
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F (DETECTION).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO DETECTION BY RATE OF RISE.
ENTER: @eof
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEOUS DETECTION.)
TYPE AN END OF FILE (UNIVAC: G@EOF) TO MOVE TO DETECTION BY CONCENIRATION.
ENTER: 0.0
0.0000 (INSTANTANEOUS DETECTION)
1S THIS CORRECT (Y/N)?
ENTER: Yyes
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEQOUS DETECTION.)
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO DETECTION BY CONCENTRATION.
ENTER: @eof
ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,
IN PRODUCT UNITS/GRAM OF BULK GAS (DETECTION).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD CRITERIA DATA INPUT.

ENTER: (eof
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II. HAZARD CRITERIA

ENTER A SMOEKE LAYFR TEMPERATURE, IN DEGREES F
{INTERFACE ABOVE SPECTIFIEDR EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD
BY LAYER TEMPERATURE WHEN INTERFACE BELOW EYELEVEL.
ENTER: 361.4

361.40
I3 THIS CORRECT (Y/N)?
ENTER: yes
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
{INTERFACE ABOVE SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END COF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD
BY LAYER TEMPERATURE WHEN INTERFACE BELOW EYELEVEL.
ENTER: (eof
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE BELOW SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD BY POC CONCENTRATION.

ENTER: 240.0

240.00
IS THIS CORRECT (Y¥/N)?
ENTER: ves
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE BELOW SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD RY POC CONCENTRATION.

ENTER: @eof
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ENTER A CONCENTRATION OF A PRODUCT OF COHﬁUSTION,
IN PRODUCT UNITS/GRAM OF BULK GAS (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO ROOM SIZE DATA INPUT.
ENTER: 0.05
5.0000-02
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,
IN PRODUCT UNITS/GRAH OF BULK GAS (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO ROOM SIZE DATA INPUT.

ENTER: Q@eof

ITI. ROOM SIZE DATA

ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT AREA INPUT.
ENTER: 10.0
10.000
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT AREA INPUT,
ENTER: @Qeof
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF EILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
ENTER: 11000.

11000.
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IS THIS CORRECT (Y/N)?
ENTER: no
ENTER THE CORRECT VALUE(S).
ENTER: 10000.
10000,
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.

ENTER: @eof

IV. TIRE DATA
SELECT THE REPRESENTATIVE FORM OF FIRE ENERGY GENERATION.
TYPE 1 FOR AN EXPONENTIAL FIRE GROWTH CURVE.
Z FOR DIGITAL DATA INPUT.
ENTER: 2
DIGITAL DATA INPUT HAS BEEN SELECTED.
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER: 1. THE MAXIMUM TIME, IN SECONDS, FOR WHICH THE FIRE WILL BE MODELED,
AND

2. THE HEAT OF COMBUSTION, IN KJ/KG.
ENTER: 1800.0, 1.0

MAXIMUM TIME = 1800.0

HEAT OF COMBUSTION = 1.0000
IS THIS CORRECT (Y/N)?
ENTER: yes
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ENTER THE INITTAL ENERGY GENERATION RATE.
ENTER: 1320.0
Qf = . 1320404
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER THE REST OF THE DIGITAL DATA POINTS ONE AT A TIME.
EACH DATA POINT SHOULD CONSIST OF A TIME, IN SECONDS,
AND A CORRESPONDING ENERGY GENERATION RATE.
WHEN ALL HAVE BEEN ENTERED, TYPE AN END OF FILE (UNIVAC: @EOF) .

ENTER: 1800.0, 1320.0

ENTER: Qeof
TAUQ(1) = 1800.0 Q(l) = .1320+04
ARE THESE DATA POINTS CORRECT (Y/N)?
ENTER: yes
DO YOU WANT FIRE ENERGY GENERATION RATE DATA
PRESENTED IN NORMALIZED FORM, Q(T)/Q® (¥/N)?
ENTER: no
v.1 DETECTABLE PRODUCT OF COMBUSTION DATA
SINCE THERE WERE NO DETECTABLE CONCENTRATIONS SPECIFLED,
DATA DESCRIEING THE GENERATION OF A DETECTABLE PRODUCT
OF COMBUSTION WILL NOT BE REQUIRED.
V.2 HAZARDOUS PRODUCT OF COMBUSTION DATA
SELECT THE REPRESENTATIVE FORM OF PRODUCT GENERATION RATE.
TYPE 1 FOR A METHOD USING A CONSTANT OF PROPORTIONALITY.
2 FOR DIGITAL DATA INPUT.
ENTER: 1

A METHOD USING A CONSTANT OF PROPORTIONALITY HAS BEEN SELECTED.
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IS THIS CORRECT (Y/N)?

ENTER: yes
ENTER BETAH,

IN PRODUCT UNITS PER SEC PER XW OF FIRE GENERATION RATE.
PRODUCT GENERATION RATE = BETAH X ENERGY GENERATION RATE
ENTER: 0.076

7.6000-02
IS THIS CORRECT (Y/N)?

ENTER: yes

Batch Data Input:

The data required to solve the problem will now be shown in batch form.
Each line of data represents either a computer punch card or a line of data
typed at a computer terminal in batch mode. The extended form of outpur (132
characters/line) is desired so the write code has been changed to 3. The

first card in a batch data group must contain the words "BATCH DATA".

1. General Data
BATCH DATA
Run title CONSTANT FIRE, Q = 1320 kW
Write code 3
Ar’ A.» eyelevel, fire height .35, .60, 4., 0.0
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Datection Criteria
Layer temperitura

Rate of temperature rise

Concentration
Hazard Criteria

Temperature when interface above eyalevel

Temperature when interface below avelevel

Concentration

Room Characteristics

Height

Area

Fire Data: Energy Generation Rate
Fire type

Maximum time, heat of combustion

40

@EQOF

0.0
@EOF

@ECF

361.4
@EQF

240.0
@EQOF

0.05
@EQF

10.0
@EQF

10000.
@EQF

1800., 1.0



Initial energy generation rate 1320.

Data points 1800,, 1320,
@EQF
Normalized Cutput? NO - NORMALIZED OUTPUT
6. Fire Data: Detectable Product of Combustion Generation Rate

7. Fire Data: Hazardous Product of Combustion Generation Rate

Product generation code 1
Beta, coenstant of proportionalicy 0.076
Results:

The relevant portion of the computer output from the batch run is presented
in Figure 2. These results indicate that for a fire with a constant enersgy
generation rate equal to 1250 BTU/s (1320 kW) in 2 rcom with a 10 ft (3.05 m)
high ceiling and an area of 10,000 ft2 (929.0 mz), the available safe egress
time, assuming immediate detection and alarm, is 191 seconds or about 3.2 minutes.
The onset of hazardous conditicms occurs when the upper layer temperature reaches
361.4°F (183.0°C). At this point, the smoke laver interface has reached a
position £.95 £t (2.12 m) above the floor, the concentration of the (unspecifiad)
detectable product is zero, and the concentration of the hazardous product,
gdepleted 02 per gupper in the present example, is 0.03 (i.e., at the time of
hazard, the mass fractionm of oxygen in the upper layer is 0.23 - 0,03 = 0,20,
which is still large enough for vitiation effects to be considered as negligible).
Notice in Figure 2, that at the time of detection, which immediately follows
ignicion, the concentration of depleted oxygen in the newly forming uﬁper layer

is already nonzero. Thesa upper layer gases have, in fact, come from the fira-

generated plume gases, which are always a socurce of depleted oxygen.
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Using the results of this run, it is possible to determine the available
safe egrecs time if the fire is detectad at some nonzero time subsequent to
ignition. For example, 1f detection occurred 60 seconds after ignition of the
fire, the available safe egress time would be (191-60) seconds = 131 seconds or

about 2.2 minutes.

3.2 Example 2 - A Semi-Universal Growing Fire Hazard

In this example the hazard which develops from a semi-universal growing
fire will be studied. The results of applying several different methods of

detection will be evaluated.

The semi-universal fire is the reasult of a fit of data from free burn
tests on a variety of different types of commodities to a three-segment,
multi-exponential fire growth curve [2]. The fire is initiated from a 10 kw
(9.5 BTU/s) ignitiom source. It grows exponentially at a rate characteristic
of a fire initiated in a polyurethane mattress with bedding (8]. This early
growth rate may also be appropriate for use in characterizing the early growth
of fires in upholstered polyurethane cushioning and large assemblies of
commodities stacked on pallets. The fire growth rate beyond 400 kW (379 BIU/s),
described in two segments, is similar to that observed for fires initiated in
a variety of different types of commodities stacked on pallets [8]. These latter
portions of the semi-universal fire would be representative of fires in large
mercantile, storage, and/or business occupancies. The equations which charac-
terize this semi-universal fire and the associated input data have been described

eariier in Section 2.6 under the subheading: Multi-exponential curve.
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The fire will be assumed to cccur in an occupied 5,000 ft2 {465 mz) nominal
20 £t (6.1 m) high ceiling auditorium outfittad with polyurethane cushicn seats,
Since life safety considerations are likely to be key, the auditorium is assumed
to be occupled and detection by the occupants is assumed to be immediate {(rate-of-

rise at detection is 0.°F/min).

For illustrative purposes, cases of detection when the average upper layer
reaches 135°F (54°C), and detection when the rate of upper layer temperature
rise reaches 15°F/min (8.33°C/min) will also be examined. These cases may be
useful in evaluating the use of thermal sensor detectors for providing property

protection of the auditorium during unoccupied periocds of time.

If the smoke layer interface 1s located more tham 3 ft (0,91 m) from the
floor, hazardous conditions will be assumed to occur when and if the average
upper layer temperature reaches 361°F (183°C). Once the intarface reaches the
3 ft (0.91 m) elevation, the onset of hazardous counditions will be assumed to
accur if the average upper laysr temperature reaches 240°F (115.6°C) or if the
concentration of CC exceeds 2500 parts per million {(ppm) (0.0025 grams of CO
per gram of upper layer mixture), whichever comes first. The CO generation
rate will be taken as proportional to che energy release rate through a constant
of proportionality of 0.007 gCOK(skW). This latter value can be deduced from
{9] for smeldering combustion in polyurethana., TFlaming combustion would likely

result in a smaller censtant of proportionality.

For the moderate span~-to—height aspect ratic of che present auditorium

[assume the span to be approximartely (5000 ftz)UZ 70 fr (22 m), for a span-
to-height ratio of approximately 3.5], it is reasonmable to assume that 75 per-

cent of the total energy release is instantaneously transfered ro the surfaces



of the auditorium and its contents. As in the previous example, the instan-
vaneous radiation loss from the combustion zone i3 assumed to be 35 percent of

the energy ralease.

The ASET's for the above scenario will be determined under the condition

that the fire is located 2 ft (0.6 m) above the floor.

If hazardous conditions are not attained by 20 minutes after ignition,

then the analysis will be terminated.

Interactive Data Input:

WILL DATA BE ENTERED INTERACTIVELY (Y/N)?
ENTER: yes
PROGRAM WILL BE EXECUTED IN THE INTERACTIVE MODE.
INSTRUCTIONS
TO ENTER DATA:; TYPE REQUESTED VALUE OR VALUES (MULTIPLE VALUES
SEPARATED BY A COMMA OR BLANK), THEN PRESS CARRIAGE RETURN.
ENTER A RUN TITLE, UP TO 80 CRARACTERS LONG.
ENTER: multi-exponential fire growth
ENTER CODE NUMBER OF THE DESIRED FORM OF QUTPUT:
TYPE 1 FOR SUMMARY OUTPUT, 132 CHARACTERS PER LINE
2 FOR SUMMARY OUTPUT, 80 CHARACTERS PER LINE
3 FOR FULL QUTPUT, 132 CHARACTERS PER LINE
4 FOR FULL OUTPUT, 80 CHARACTERS PER LINE
ENTER: 2

SUMMARY OUTPUT, 80 CHARACTERS PER LINE HAS BEEN SELECTED.
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IS THIS CORRECT (Y¥/N)?

ENTER: yes

ENTER: 1, LAMDA R,
2. LAMDA C,
3. EYELEVEL HEIGHT, IN FEET, AND
4, FIRE HEIGHT, IN FEET.

DO YOU NEED MORE INFORMATICN (Y/N)?

ENTER: no

ENTER THE REQUESTED VALUES.

ENTER: .35, .75, 3., 2.

LAMDA R =, 35000
LAMDA C = 73000
ZYELEVEL HEIGHT = 3.0000
FIRE HEIGHT = 2,0000

IS THIS CORRECT (Y/N)?
ENTER: yes
DATA WILL BE ENTERED IN THE FOLLOWING ORDER:
I. DETECTION CRITERIA IV. FIRE DATA
I1. HAZARD CRITERIA V. PRODUCTS OF COMBUSTION DATA

III. ROOM STZES

I. DETECTION CRITERIA

ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F (DETECTION).

TYPE AN END OF FILE (UNIVAC: @EOF) TC MOVE TQ DETECTION BY RATE OF RISE.

IS THIS CORRECT (Y/N)?

ENTER: yes
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ENTER A SHOKE LAYER TEMPERATURE, IN DEGREES F (DETECTION).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO DETECTION BY RATE OF RISE.
ENTER: @eof
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEOUS DETECTION.)
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO DETECTION BY CONCENTRATION.
ENTER: 0.0

0.0000 (INSTANTANEOUS DETECTION)
1S THIS CORRECT (Y/N)?
ENTER: yes
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEOUS BETECTION.)
TYPE AN END OF FILE (UNIVAC: QEOF) TO MOVE TO DETECTION BY CONCENTRATION.
ENTER: 13.0

15.000
1S THIS CORRECT (Y/N)?
ENTER: yes
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEOUS DETECTION.) |
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO DETECTION BY CONCENTRATION.
ENTER: @eof
ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,
IN PRODUCT UNITS/GRAM OF BULK GAS (DETECTION).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD CRITERIA DATA INPUT.

ENTER: @eof
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II. HAZARD CRITERIA

ENTER 4 SMOKE LAYER TEMPERATURE, IN DEGREES F,

{ INTERFACE ABQVE SPECIFIED EYELEVEL) (HAZARD) .

TYPE AN END OF FILE (UNIVAC: ®@EOF) TO MOVE TC HAZARD
BY LAYFR TEMPERATURE WHEN INTERFACE BELOW EYELEVEL,

ENTER: 361.4

IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE ABOVE SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD
BY LAYER TEMPERATURE WHEN INTERFACE BELOW EYELEVEL.
ENTER: @gof
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE BELOW SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD BY POC CONCENTRATION.
ENTER: 240.0
240.00
15 THIS CORRECT (Y/N)?
ENTER: yes
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE BELOW SPECIFIED EYELEVEL) (HAZARD),
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD BY POC CONCENTRATION.
ENTER: @eof
ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,
IN PRODUCT UNITS/GRAM OF BULK GAS (HAZARD).

TYPE AN END OF FILE (UNIVAGC: @EOF) TO MOVE TO RQOM SIZE DATA INPUT.
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ENTER: 0.0025
2.5000-03
1S THIS CORRECT (Y/N)?
ENTER: yes
ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,
IN PRODUCT UNITS/GRAM OF BULK GAS (HBAZARD) .
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO ROOM SIZE DATA INPUT.

ENTER: @eof
III. ROOM SIZE DATA

ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT AREA INPUT.
ENTER: gng
20.000
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT AREA INPUT.
ENTER: @eof
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
ENTER: 5000.0
5000.0
18 THIS CORRECT (Y¥/N)?
ENTER: yes

ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.

48



TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.

ENTER: @eof
IV. FIRE DATA

SELECT THE REPRESENTATIVE FORM OF FIRE ENERGY GENERATION.
TYPE 1 FOR AN EXPONENTIAL FIRE GROWTH CURVE,
2 FOR DIGITAL DATA INPUT.
ENTER: 1
AN EXPONENTIAL FIRE GROWTH CURVE HAS BEEN SELECTED.
IS THIS CORRECT (Y/N}?
ENTER: yes
GENERAL FORM: Q=QL EXP{ALPHAET-Tl))
ENTER THE MAXIMUM TIME, IN SECONDS, FOR WHICH THE FIRE WILL BE MODELED.
ENTER: 1200.0
1200.0
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER: 1. THE ENERCY GENERATION RATE (Ql), IN KILOWATTS,
AT THE BEGINNING OF EACH TIME SEGMENT, AND
2. THE ENERGY GENERATION RATE EXPONENTIAL FACTOR (ALPHA),
IN UNITS OF 1/SECOND, FOR THAT TIME SEGMENT.
ENTER ONE PAIR FOR EACH TIME SEGMENT IN THE CURVE.
ENTER THEM ONE AT A TIME.
WHEN ALL HAVE BEEN ENTERED, TYPE AN END OF FILE (UNIVAC: @EOF).
ENTER: 10.0, 0.025

ENTER: 400.0, 0.010

ENTER: 3000.,0, 0.003
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1. Q = 10.0 EXP(,025(T-T1))
2, Q = 400,0 EXP(.010(T-T1))
3. Q = 3000.0 EXP(.005(T-T1))
~ ARE THE EQUATIONS CORRECT (Y/N)?
ENTER: yeg
DO YOU WANT FIRE ENERGY GENERATION RATE DATA
PRESENTED IN NORMALIZED FORM, Q(r)/Q(l) (¥/N)?
ENTER: yes
v.1. DETECTABLE PRODUCT OF COMBUSTION DATA
SINCE THERE WERE NO DETECTABLE CONCENTRATIONS SPECIFIED,
DATA DESCRIBING THE GENERATION OF A DETECTABLE PRODUCT
OF COMBUSTICN WILL NOT BE REQUIRED.
v.2. HAZARDOUS PRODUCT OF COMBUSTION DATA
SELECT THE REPRESENTATIVE FORM OF PRODUCT GENERATION RATIE.
TYPE 1 FOR A METHOD USING A CONSTANT OF PROPORTIONALITY.
2 FOR DIGITAL DATA INPUT.
ENTER: 1
A METHOD USING A CONSTANT OF PROPORTIONALITY HAS BEEN SELECTED.

IS THIS CORRECT (Y/N)?

ENTER: yes
ENTER BETAH,

IX PRODUCT UNITS PER SEC PER KW OF FIRE ENERGY GENERATION RATE.
PRODUCT GENERATION RATE = BETAH X ENERGY GENERATION RATE.
ENTER: 0.007

7.0000-03
IS THIS CORRECT (Y/N)?

ENTER: yes
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Batch Data Input:

The data required to solve the problem will now be shown in batch form,

Each line of data represents either a computer punch card or a line of data typed

at a computer terminal in batch mode.

The axtended form of output (132 characters/

line) is desired so the write code value will be changed te 3. The first card in

a batech data group must contain the words 'BATCH DATA".

1. General Data

Run titla

Write code

Ar’ kc, evelevel, fire height
2. Detection Criteria

Layer temperature

Rate of temperature rise

Concentration

3. Hazard Criteria

Temperature when interface above

eyelavel

Temperature when interface
below eyelevel

Concentration

51

BATCH DATA
MULTI-EXPONENTIAL FIRE GROWTH
3
.35, .75, 3., 2.0

135.0

@EOF

0.0

15.0

BEQF

JEQF

361.4
AEQF

240.0
@EQF

0.0025
2EQF



4. Room Characteristics
Height

Area

S. Fire Data: Energy Generation Rate
Fire type

. Maximum time

Energy generation rates,
exponential factors

Normalized Qutput?

20.0
@EOF

5000.90
@ECF

1200.0

10.0, 0.023
400.0, 0.010
3000.0, 0.005
{EOF

YES - NORMALIZED QUTPUT

6. Fire Data: Detectable Product of Combustion Ceneration Rate
7. Fire Data: Hazardous Product of Combustion Generation Rate
Product generation code 1
Beta, constant of proportionality 0.G07

Results:

The immediate detection (rate of rise is 0,°F/min) portion of the computer

output from the batch run is presented in Figure 3, These results indicate that

for a fire 2 ft (0.6 m) above the floor of a room of ceiling height 20 It (6.1 m) .
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and area 5000 f:z (465 mz), whose rate-of-energy release 1s reasonably described

by the semi-universal fire described earlier, the onset of hazardous conditions
cccurs approximately 523 seconds or 8.7 winutes after ignition. Thus, faor a
case of immediate fire detection and successful alarm, the ASET is also 8.7

minutes.

At the time of onset of hazardous conditions the average upper laver
temperature is 355.5°F (179.7°C), the smoke layer interface is 3 ft (0.91 =)
from the floor, and the average concentration of CO in the upper layer is 0.004
grams of CO per gram of upper layer mixture, Hazardous conditrions are initiated
when the interface reaches the specified 3 ft (0.91 m) height of evelevel on
account of the fact that the upper layer is of untenably high temperature {vis a
vis potential internal and/or extermal burms from ingestion and/or direct skin

contact) at that cime.

If fire detection and alarm is not immediate, but occurs when the upper
layer temperaturs reaches 135°F (57.2°C), then the time of detecrion is 318
seconds and the ASET is reduced to 205 seconds. If detection occurs when the
upper layer rate-of-temperature-rise reaches 15°F/min (8.33°C/min), then the time

of detection is 219 seconds and che ASET is 304 seconds.

3.3 Example 3 - Flashover Potential Due to a Fire in-an Agsembly of Bedding
Combustibles

In this last example the potenrial for room flashover due to a fire confined

Lo a wastepaper basket-(polyurethane) single mattress-~bedding fuel assembly

will be evaluated. An estimate of che energy release rate during the free burn
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of such a grouping of combustibles from ignition and on through fusel depletion
has been obtained from data of Babrauskas {5], and is plotted in Figure 3 of (2].
From ignition to t = 900 seconds this energy release rate history can be approxi-

mated by the following tem pair of points with linear interpolation between them:

Time Energy Release Rate
(s) (kW)
0 2.
70 36.
140 1.
210 27.
290 200,
390 1200,
523 290,
6350 106.
775 55.
500 38.

While a survey of literature by Peacock [10] indicated that an upper layer
temperature criterion for flashover ig typically taken to be in the range of -
1020-1420°F (550-770°C), the present model is not formulated in a manner as to
yield reliable results at temperatures beyond the approximate range 660-840°F
(350-450°C). Accordingly, for the present evaluations a criterion for flashover

potential will be conmservatively set at 750°F (400°C).

The fire described by the above energy releasa rate history will be "placed”
in rooms of ceiling height 8 and 12 ft (2.4 and 3.7 m) and areas ranging from
104--10000 ft2 (9.3 - 929 mz). As in Example 2, ALAMC and ALAMR will be taken as
0.70 and 0.35, respectively. The time of detection will be taken to be the time
of ignition. Onset of hazard will be interpreted as occuring when the potential
for flashover exists, i1.e., when the upper layer temperaturae reaches 750°F (400°C),
no matter what the elevation of the interface. Under these conditions, the ASET
to be computed is to be interpreted as the time from ignicion to the time of

potential flashover.




In a manner similar to that of Example 1, depleted oxygen will be

assigned the role of hazardous combustion product, where its hazardous

concentration will be taken as 0.09 g per g (corresponding
depleted 02 upper

to a tetal oxygen concentration of 0.23 - 0.09 = Q.14 802 per gupper)‘ Also,
eyelevel as well as fire elevation will be taken as 2 ft (0.6 m). TIf the

interface is below the 2 ft (0.6 m) fire elevation, and the oxygen comcentration

is below 0.12-0.14 g per g then the fire will be submerged in a vitiated
2

environment whose oxygen level may not support continued flaming combustion.

upper’

By using the hazardous product criterion in the manner suggested, the calculaticn
would be apprepriately terminated under such circumstances, and the event would
be clearly identified as onset of exrreme vitiation. Indeed, aven if extreme
vitlation does not occur prior to potential flashover, the depleted oxygen
concentration at the time of flashover would be an interesting output of the

calculation.

Interactive Data Input:

WILL DATA BE ENTERED INTERACTIVELY (Y/N)?

ENTER: yes

PROGRAM WILL BE EXECUTED IN THE INTERACTIVE MODE.

TNSTRUCTIONS

TO ENTER DATA: TYPE REQUESTED VALUE OR VALUES (MULTIPLE VALUES
SEPARATED BY A COMMA OR BLANK), THEN PRESS CARRIAGE RETURN.
ENTER A RUN TITLE, UP TO 80 CHARACTERS LONG.

ENTER: flashover potential

ENTER CODE NUMBER OF THE DESIRED FOEM QOF OUTPUT:
TYPE 1 FOR SUMMARY OUTPUT, 132 CHARACTERS PER LINE

2 FOR SUMMARY OUTPUT, 80 CHARACTERS PER LINE
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3 FOR FULL OUTPUT, 132 CHARACTERS PER LINE
4 FOR FULL OUTPUT, 80 CHARACTERS PER LINE
ENTER: 2
SUMMARY OUTPUT, 80 CHARACTERS PER LINE HAS BEEN SELECTED.
1S THIS CORRECT (Y/N)?
ENTER: yes
ENTER: 1. LAMDA R,
2, LAMDA C,
3. EYELEVEL HEIGHT, IN FEET, AND
4, FIRE HEIGHT, IN FEET.
DO YOU NEED MORE INFORMATION (Y/N)?
ENTER: 1o
ENTER THE REQUESTED VALUES

ENTER: .35, .70, 2., 2.

LAMDA R = 35000

LAMDA C = 70000

EYELEVEL HEIGHT = 2.0000

FIRE HEIGHT = 2.0000
1S THIS CORRECT (Y/N)?
ENTER: yes
DATA WILL.BE ENTERED IN THE FOLLOWING ORDER:

I. DETECTION CRITERIA IV. FIRE DATA
TII. HAZARD CRITERIA ¥. PRODUCTS OF COMBUSTION DATA

III, ROOM SIZES
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I. DETECTION CRITERIA

ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F {(DETECTION),
TYPE AN END OF FILE (UNIVAC: @ROF) TC MOVE TO DETECTION BY RATE OF RISE.
ENTER: Qeof
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEQUS DETECTION.)
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO DETECTION BY CONCENTRATION.
ENTER: 0.0

0.0000 (INSTANTANEQUS DETECTION)
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A RATE OF LAYER TEMPERATURE RISE, IN DEGREES F/MIN (DETECTION).
(TYPE 0.0 FOR INSTANTANEOUS DETECTION.)
TYPE AN END OF FILE (UNIVAC: @EQF) TO MOVE TO DETECTION BY CONCENTRATION.
ENTER: Qeof
ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,
. IN PRODUCT UNITS/GRAM OF BULX GAS DETECTION.
TYPE AN END QF FILE (UNIVAC: @EOF} TO MOVE TO HAZARD CRITERIA DATA INPUT.

ENTER: {eof

II. HAZARD CRITERIA

ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE ABOVE SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: ®@EOF) TO MOVE TO HAZARD

BY LAYER TEMPERATURE WHEN INTERFACE BELOW EYELEVEL.



ENTER: 750.0
750.00
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE ABOVE SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD
BY LAYER TEMPERATURE WHEN INTERFACE BELOW EYELEVEL.

ENTER: {eof

ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
| {INTERFACE BELOW SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD BY POC CONCENTRATION.
ENTER: 750.0
750.00
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F
(INTERFACE BELOW SPECIFIED EYELEVEL) (HAZARD).
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO HAZARD BY POC CONCENTRATION,

ENTER: @deof

ENTER A CONCENTRATION QF 4 PRODUCT OF CCMBUSTION,

IN PRODUCT UNITS/GRAM OF BULK GAS (HAZARD).

TYPE AN END OF FILE (UNIVAC: 2EOF) TO MOVE TO ROOM SIZE DATA INPUT.
ENTER: 0.09

9.0000-02
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IS THIS CORRECT (Y/N)?

ENTER: yes

ENTER A CONCENTRATION OF A PRODUCT OF COMBUSTION,

IN PRODUCT UNITS/GRAM OF BULK GAS (HAZARD).

TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO ROOM SIZE DATA INPUT.
ENTER: @eof

III. ROOM SIZE DATA

ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT ARFA INPUT.
ENTER: 8.0
8.0000
IS THIS CORRECT (Y/W)?
ENTER: yes
ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT AREA INPUT.
ENTER: 12.0
12.000
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT CEILING HEIGHT, IN FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO COMPARTMENT ARFA INPUT.
ENTER: (@eof
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET,
TYPE AN END OF FILE (UNIVAC: @EQOF} TO MOVE TO FIRE DATA INPUT
ENTER: 100.0

100.00



IS THIS
ENTER:

ENTER A
TYPE AN

ENTER:

IS THIS
ENTER:

ENTER A
TYPE AN

ENTER:

IS THIS
ENTER:

ENTER A
TYPE AN

ENTER:

1S THIS
ENTER:

ENTER A
TYPE AN

ENTER:

15 THIS
ENTER:
ENTER A

TYPE AN

CORRECT (Y/N)?

yes

COMPARTMENT FLOOR ARFA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT,

120.0

120.00

CORRECT (Y/N)?

m

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
200.0

200.00

CORRECT (Y/N)?

Le_g_

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @ECF) TO MOVE TO FIRE DATA INPUT.

250.0

250.00

CORRECT (Y¥/N)?

y_gé

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
300.0

300.00

CORRECT (Y¥/N)?

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
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ENTER:

IS THIS

ENTER:

ENTER A

TYPE AN

ENTER:

IS THIS

ENTER:

ENTER A

TYPE AN

ENTER:

IS THIS

ENTER:

ENIER A

TYPE AN

ENTER:

Is THIS

ENTER:

ENTER A

TYPE AN

ENTER:

IS THIS

400.0

400,00

CORRECT (Y/N)?

s .

COMPARTMENT FLOOR AREA, IN SQUARE FEET,

END OF FILE (UNIVAG: @EOF) TO MOVE TO FIRE DATA INPUT.
590.0

500.00

CORRECT (Y/N)?

}E

COMPARTMENT FLOOR ARFA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOQF) TO MOVE TO FIRE DATA INPUT.
600,90

600.00

CORRECT (Y/N)?

XEE.

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EQOF) TO MOVE TO FIRE DATs INPUT.

800.0

800.00

CORRECT (Y/N)?

_V_Ei

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TC FIRE DATA INPUT.
1000.0

1006.0

CORRECT (Y/N}?
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ENTER: yes
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @ECF) TO MOVE TO FIRE DATA INPUT.
ENTER: 1200.0
1200.0
IS THIS CORRECT (Y/N}?
ENTER: yes
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
ENTER: 2000.0
2000.0
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
ENTER: 3000.0
3000.0
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
ENTER: 4000.0
4000.0
is THIS CORRECT (Y/N)?
ENTER: yes
ENTER A COMPARTMENT FLOOR AREA, IN SQUARE FEET.
TYPE AN END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
ENTER: 5000.0
5000.0
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I5 THIS

ENTER:

ENTER A

TYPE AN

ENTER:

I35 THIS

ENTER:

ENTER A

TYPE AN

ENTER:

I5 THIS

ENTER:

ENTER A

TYPE AN

ENTER:

IS THIS

ENTER:

ENTER A

TYPE AN

ENTER:

CORRECT (Y/N)?

m

COMPARTMENT FLOOR AREA, IN SQUARE FEET.
END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
6000.0

6000.0

CORRECT (Y/N)?

yes

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.
8000.0

8000.0

CORRECT (Y/N}?

}L%_i

COMPARTMENT FLOOR AREA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EQF) TO MOVE TO FIRE DATA INPUT.
10000.0

10000.

CORRECT (Y/N)?

E_g_

COMPARTMENT FLOOR ARFA, IN SQUARE FEET.

END OF FILE (UNIVAC: @EOF) TO MOVE TO FIRE DATA INPUT.

Reof

IV. FTIRE DATA

SELECT THE REPRESENTATIVE FORM OF FIRE ENERGY GENERATION.

TYPE 1 FOR AN EXPONENTIAL FIRE GROWTH CURVE.

2 FOR DIGITAL DATA INPUT.
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ENTER: 2
DIGITAL DATA INPUT HAS BEEN SELECTED.
IS THIS CORRECT (Y/N)?

. ENTER: yes

ENTER: 1. THE MAXIMUM TIME, IN SECONDS, FOR WHICH THE FIRE WILL BE MODELED,

AND
2. THE HEAT OF COMBUSTION, IN KI/KG.
ENTER: 900.0, 1.0
MAXIMUM TIME = 900.0
HEAT OF COMBUSTION = 1.000
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER THE INITIAL ENERGY GENERATION RATE.
ENTER: 2.0 |
Q9 = .2000+01
IS THIS CORRECT (Y/N)?
ENTER: yes
ENTER THE REST OF THE DIGITAL DATA POINTS ONE AT A TIME.
EACH DATA POINT SHOULD CONSIST OF A TIME, IN SECONDS, AND
A CORRESPONDING ENERGY GENERATION RATE.
WHEN ALL HAVE BEEN ENTERED, TYPE AN END OF FILE (UNIVAC: @EOF).
ENTER:

ENTER: 140., 1.4

ENTER: 210., 27.
ENTER: 290., 200,

ENTER: 390., 1200,

ENTER:

325., 290,

ENTER: 630., 106.

ENTER:- 775., 33.
ENTER: 900., 38.
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ENTER: @eof

TAUQ(1) = 70.0 Q1) = .3600+02
TAUQ(2) = 140.0 Q(2) = .1400+01
TAUQ(3) = 210.0Q Q(3) = .2706+02
TAUQ(4) = 290.0 Q(4) = ,2000+03
) TAUQ(5) = 390.0 Q{5) = .1200+04
TAUQ{6) = 525.0 Q(6} = .2900+03
TAUQ(7)} = 650.0 Q(7) = ,1060+03
TAUQ(8) = 775.0 Q(8) = ,5300402
TAUQ(9) = 900.0 Q(9) = .3800+02

ARE THESE DATA POINTS CORRECT (Y/N)?
ENTER: yes
DO YOU WANT FIRE ENERGY GENERATION RATE DATA
PRESENTED IN NORMALIZED FORM, Q(T)/Q# (Y/N)?
ENTER: no
V.1. DETECTABLE PRODUCT OF COMBUSTION DATA
SINCE THERE WERE NO DETECTABLE CONCENTRATIONS SPECIFIED,
DATA DESCRIBING THE GENERATION OF A DETECTABLE PRODUCT
OF COMBUSTION WILL NOT BE REQUIRED.
V.2. HAZARDOUS PRODUCT OF COMBUSTION DATA
SELECT THE REPRESENTATIVE FORM OF PRODUCT GENERATION RATE.
TYPE 1 FOR A METHOD USING A CONSTANT OF PROPORTIONALITY.
2 FOR DIGITAL DATA INPUT.
ENTER: 1
A METHOD USING A CONSTANT OF PROPORTIONALITY HAS BEEN SELECTED.
IS THIS CORRECT (Y/N)?
ENTER: yes

ENTER BETAH,
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IN PRODUCT UNITS PER SEC PER KW OF FIRE ENERGY GENERATION RATE.
PRODUCT GENERATION RATE = BETAH X ENERGY GENERATION RATE

ENTER: 0.076

7.6000-02
15 THIS CORRECT (Y/N)?

ENTER: yes

Batch Data Input:

The data required to solve the problem will now be shown in batech form.
Each line of data represents either a computer punch card or a line of data
typed at a computer terminal in batch mode. The extended form of output 1s
not desired in this example, so the write code value will be 1. The firsc

card in a batch data group should contain the words YWBATCH DATA",

1. General Data
BATCH DATA
Run tirle FLASHOVER POTENTIAL
Write code 1
lr' Ac, eyelevel, fire height .35, .70, 2., 2.

2. Detection Criteria

Layaer temperature @EQF

Rate of temperature rise 0.0
@EOF

Concentration REQF
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3. Hazard Criteria
Temperature when interface above eyelevel 750.0

@EOF

Temperature when interface below eveleval 750,0

@EOF

Concentration 0.09

@REQF

4. Room Characteristics
Height 8.0
12.0

@EQF

Area 100.
120,
200.
250,
300.
400,
500,
600,
800.
1000,
1200.
2000.
3000.
4000,

5000,
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5, Fire Data: Energy Generation Rate

Fire type

Maximum time, heat of combustiom

Initial energy generation rate

Data points

Normalized Qutput?

6000,
8000.
10000.

@EQF

900., 1.0
2.0

70., 36.
140., 1.4
210., 27.
290., 200.
390., 1200.
525., 290.
650., 106,
775., S5.
900., 38.

ZEOF

NO - NORMALIZED OUTPUT

6. Fire Data: Detectable Product of Combustion Generation Rate

7. TPire Data: Hazardous Praduct of Combustion Generation Rate

Product generation code

Beta, constant of proportionmality
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Results:

The relevant portion of the computer output from the batech rum is
presented in Figure 4. The results from this have been plotted in Figure 5.
There, the time to reach potential flashover [730°F (400°C)] is plocrted
against room area for the two room heights considered. From this figure it
is possible to reach the following conclusions: For a fire coufined to the

subject fuel assembly:

{a) Fléshover is not likely to take place in 8 ft (2.4 m) high rooms
of area larger than 2000 ft2 (136 mz) or in 12 ft (3.7 m) high
rooms of area largEf than 800 ft%lﬂ7é mz); for rooms of smaller
area the times of potential flashover can be identified from the

plots.

{b) At the time of potential flashover the oxygen concentraticn of
the envircomment which surrounds the combusticn zone is always
large enough (approximately 0.14) so that extinction on account

of oxygen vitiation may still not have occured.
4, TFUTURE EFFORTS

As indicated by the example calculations of the last section, the ASET
computer program should prove useful as a tool for providing practical estimates
of enclosure fire enviromments, in general, and of Available Safe Egress Time=,

in particular,
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The present ASET computer program ig intended to represemt an initial,
rather than a final, stage of development. Indeed, by measure of the numbers
and general interaest of users which are attracted to it, the more successful
this computer program proves to be, the more likely it 1s that advanced
versions will be developed. In this regsrd, future ASET computer programs
would incorporate more detailed and more extensive mathematical simulations
of the essential features of enclosure fire phenomena. Advanced compuler
programs would also provide a capability for invoking more sophisticated
criteria forldetec:ion and onset of hazard, criteria which wera not constrained
to one, or even a few discrete environment descriptor end-points. Finally,
it is evident that future ASET programs could be significantly improved in
terms of the method of inputing data and of retrieving computer generated

results. The potential for adding these last types of improvements is ¢clearly

constrained only by decisions on priorities in distributing available resources.

In short, the future of the ASET computer program concept is strongly

dependent on the nature of user feedback, which is heartily encouraged.
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APPENDIX A: PROGRAM DESCRIPTION

Ganeral Comments

This computer program was written in ASCII Fortran (FTN) for the Univac
1100/80 computer located at the National Bureau of Standards. This program may
alsoc be used on any computer with an ANSI FORTRAN compiler. It contains about
2300 source program statements and can be run on almost any digital computer of
adequate capacity. The program does not require any UNIVAC or other computer
specific subroutines. Output may be in aither 80 characters per lime or 132

characters per line format.

A program listing is provided in Appendix B. The main program and

subroutines are described below,

MAIN Program

The MAIN program reads the required inmput data and governs the overall
execution of the program. Statements in this part of the program allow it
to be run in either the interactive or batch mode. When in the interactive
mode, error checks have been provided to ensure that the data is entered

corractly.

A "COMPUTED GO TO" statement in this part of the program allows the
user to select any one cf three representative forms of fire energy generation
rate. Only two models have been provided; the user may add a third, if
desired. In the first fire simulation model the energy generation rate is

simulated by joined, exponentially growing curve segments, The number of
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segments and the specific equations for each segment are deduced from user-
supplied input data. In the second fire simulatlion model the energy generation
rate is simulated by joined, linear curve segments, where, again, the number
of segments and the linear interpolation between segment endpoints are

deduced from user-supplied data.

Another "COMPUTED GO TO" statement allows the user to describe the
generation of a detectable product of combustion in one of three ways. One
method uses a constant of proportionality te relate the products of combustion
generation rate to the energy generatioh rate. Another method uses linear
interpolation between user supplied data points to describe the generation
rate history of some detectable product of combustion. Again, the user may

-+

add some other model of detactable product of combustion generation, if desired.

A third "COMPUTED GO TO" statement allows the user to choose one of three
ways to describe the generation of a hazardous product of combusticn. The
choices are the same as those used to describe the generation of a detectable

product of combustion.

For each detection mode, the room sizes are evaluated for hazard occurrence.
A maximm of twenty room ceiling heights and thirty compartment areas may be
specified for each run of the program, As many as ten values may be used for
each detection or hazard mode. Any combination of detection modes, hazard
criteria, and room sizes may be used. It is not necessary to use all detecticn

modes, hazard criteria, and room sizes, but at least one of each must be specified.
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EXFIRE Subroutine

If the multi-exponential growth option is selected in MAIN, then this
routine which 1s called one time, takes the input data and computes the
tnitial times for each of the exponentially growing curve segments of the
energy generatiom rate curve. In particular, the curve segments satisfy
é = éi exp[Ki+1(t—ci)] for 1 > 1, and this routine finds all T, from uger-
supplied éi and Ki+1' Having done this, the routine then provides a printout
which explicitly describes the mulci-exponential growth algorithm ultimately

*

used to compute Q.

FUNQ Subroutine

Thia subroutine calculates the energy generation rate ac amy given time.
This routine is referenced by the SUBAINT and SUBF subroutines. It is
currantly divided into two parts. If the user wishes to develop another model

of energy genmeration, then a third part may be added to this subroutine.

The first part of this subroutine uses the multi-exponential fire growth

curve to compute energy generation rates. The other part computes energy

generation rates using linear interpolation between digital data points.

FUNPRD Subroutine

This routine calculates the generatiom rate of some detectable product
of combustion at any given tima. This subroutine has also been divided into

two parts. A third model of the generation of a detectable product of
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combustion may be added by the user.

One part of FUNPRD uses a constant of proportionality, relating product
of combustion generation rate to energy generatien rate, to calculate
detectable product of combustion generation rates. The other usas linear
interpolacion between digital data points to compute the detectable product

of combustion generation rates,

FUNPRH Subroutine

This routine calculates the generation rate of some hazardous product
of combustion at any given time. It is exactly the same as the FUNPRD sub-

routine.

SUBAINT Subroutine

This routine sets up the aumerical integration necessary for obtaining
the swmoke layer ipnterface position as it drops from the ceiling. It also
sets up the integrations required to compute the history of the average upper
layer temperature, detectable product of combustion concentration, and
hazardous product of combustion concentration. The integrations are done
in specified time intervals. Regults from these integrations are checked
against detecticon and hazard criteria to determine when detection and hazard
occur. If detection or hazard cccurs within a time interval, linear inter-
polation is used to obtain the time and fire environment characteristics

at detection or hazard.
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Finally, this subroutine will priat the times of detection and hazard,
the firs environment characteristics at detection and hazard, and the safe
available egress time. If desired, it will print a history of these charac-

tersitics as the fire grows.

INTGR Subroutine

This subroutine is called by the SUBAINT subroutine to integrate the

differential equations describing the smoke layer interface elevation, average

upper layer temperature, detectable product of combustion concentration, and
hazardous product of combustion concentration over a given time step size.
It will segment the specifié& atep size Ag-neceaaary to obtain specified
accuracy in the integration. 1f coavergence has not been cbtalned after the
original step size has been subdivided by a facter of 100, an error message

ig printed, the integration is terminated, and program execution cont inues

with the next fire scenario,

SUBF Subroutine

This routine contains the differential equations which describe the
development of the smoke layer interface elevarion, the average upper layer
temperature, the concentration of a detectable product of combustion, and
the concentration of a hazardous product of combustion. It is required by

the INTGR subroutine.
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This subroutine has been divided into four parts. Each part consists
of the four equations in forms appropriate for use during a certain time
pericd. All but the first of these periods have been defined in terms of
the location of the smoke layer interface. "IF" statements are used to

determine which set of equations is appropriate ar any given time.

The first part of this subroutine handles the special case at time
equal to O when the fire is initiated. After the fire has been ignited and
until such time as the smoke layer interface reaches the height of the fire,
the general forms of the equations are used to determine interface elevation,
layer temperature, and combustion product concentrations. Once the smoke layer
interface reaches the height of the fire, the plume entrainment part of each
equation may be eliminated. A third set of equations has been provided to
handle this condition. When the smoke layer interface reaches the floor, the

last set of equations is used.

INPUT Subroutine

When in the interactive mode, this subroutine is called by the MAIN
program. It asks the user to confirm input values. 1If the value is incorrect,
it solicits a new value. This routine 1s used to check almost all input values.
It does not check the digital data input or some other values checked by the

MAIN program.

INPUT2 Subroutine

When in the interactive mode, this subroutine is called by the MAIN program.
It asks the user to confirm input values. If the value is incorrect, it solicits
a new value. This routine is used to check the digital data point input (fire
and product of combustion).
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APPENDIX B: PROGRAM LISTING
MAIN PROGRAM .

CtS#*&#tﬂl:tti##**‘****.‘*t******itt‘tt*“t#tt"'#‘t*#*St**t#*‘l‘*tt***
C##‘ll#l#*¥¥t*¥#*$¥#t¥tttt#‘###*tttt‘ttt*t"t#*I****#t*!##tt#*##ltt!ttt

Cx x
cx CALCULATING AVAILABLE SAPE BEGRESS TIME (ASET) *
Cx *

C**#t#ﬂttti**##*t#ttt#*##*#*t.****t*###*ﬁ!tt*tt#i#*#*#*3*‘***#*‘!*‘#'##
C****###!tt#*#**‘*ttttt*###‘#*tt*#‘**t##‘*‘8“*****‘###t****#t*#*!ﬂtt*t

cx *
Cx WRITTEN 8Y LEONARD Y. COOPER AND *
e DAVID wW. STROUP *
C* *
Cx CENTER FOR FIRE RESEZEARCH [
C* NATIONAL ENGINEERING LABORATGRY *
Cx NATIONAL BURZAU OF STANODARDS »
Cx UeSe DEPARTMENT OF CUMMERCE ]
cx WASHINGTON, D.Ca 20234 *
Ce *®
Ctt*t#*t#*t#tt!tt##t##‘###‘i*######**‘attt**i##‘*ttt****#‘*#tttl:tttttt
o -
C* PROGRAM DOCUMENTAT IONTI =
(ot *
C* NBSIR 82-2578 *
c* CALCULATING AVAILABLE SAFE EGRESS TIME (ASET}) =~ E
L= A COMPUTER PROGRAM AND USER'S GUIDE ®
Ch *
Ctt###ttt*t#*#t###!t3******‘#*tﬂ'lit**itttt‘t.*t#t####t‘ttt**#t#*#l!tti
£x =
cx REVISED SEPTEMBER 13, 1982 ®
Cx *

C*#*tttttt*tt#!!*ttttt***:tt!tt*#tttt*ttt*tt*#tt#attttttttt*tttttlttt##
Cttt#t:ttlttt#t##tttttt**###t*!tttttt*##!t#!ttt*t#t#l#tttttttt*#tttt:tt
<

€ THIS 1S EGRESS*ASET.MAIN. IT REQUIRES EGRESS*ASETL.EXFIRE

C AND EGRESSS*ASET.SUBAINT

C
c*t*tt#t*ti*t**tttt##tﬁtttttt‘lttttttttt#l#tt*ttttt##tttttttttttltttttt
=

C NOTATION

\~
C*##*#ﬂtttt*t*##*#*.*t##“##*ttt*t*‘#tt*t'l****tt##lt*‘tt*t##tt"tt#t##

BETAD CONSTANT OF PROPORTIONALITY BETWEEN DETECTABLE PROOUCT
GENERATION RATE AND ENERGY GENERATION RATE .
SPECIFICALLY DEFINED ASZ

PRODUCT GENERATION RATE = BETAD ¢ ENERGY GENERATION RATE

¢ AKAP({N) ENERGY GENERATION RATE EXPONENTIAL FACTOR IN THE NTH TIME

< SEGMENT ¢ READ IN AND USED 7D CHARACTERIZE THE MULTI-EXPONEN-
C TIAL ENERGY GENERATION RATE HISTORY.

C ALAMC THE FRACTION OF ENERGY GENERATION RATE INSTANTANEQUSLY LOST TO
C THE ROUNDING SURFACES GF THE ROOM AND ITS CONTENTS.

C ALAMR THE FRACTION OF ENERGY GENERATION RATZ INSTANTANEOQUSLY LOST 8y
< RADIATION FROM THE COMBUSTION ZONE AND THE PLUME.,

C AWF ARGUMENT = HF{K)

C ASF ARGUMENT = SF(M)

C ASM ARGUMENT = SM{(M)

c

C

C

c

c

<
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MAIN PROGRAM
oR

(PRODUCT GENERATION RATE / PRDO) = (BETAD * Q0/PRDO)
*(ENERGY GENERATION RATE / Q0)

USED WHEN PRODD=L.
READ IN DIMENSIONS OF PRODUCT UNITS/(SECEKW).

BETAH CONSTANT OF PROPORTIONALITY BETYWEEN HAZARDOUS PRODUCT
GENERATION RATE AND ENZRGY GENERATION RATE.
SPECIFICALLY DEFINED AS:

‘PRODUCT GENERATION RATE = BSETAM * ENERGY GENERATION RATE
]

(PRODUCT GENERATION RATE / PRHO) = (BETAM ® QO/PRHO)
#(ENERGY GENZRATION RATE / QO)

USED wWHEN PRDDH=] .
READ IN DIMENSIONS OF PRODUCT UNITS/(SEC*KW) .

C1 DIMENSIONLESS GROUP.
c2 DIMENSIONLESS GROUP.
c3ap DIMENSIONLESS GROUP.,
C3H CIMENSIONLESS GROUP,

CNDSP DIMENSIONLESS SPECIFIED DETECTABLE PRODUCT CONCENTRATION
CORRESPONDING TO CNDS(IY.

CNHAZS SPECIFIED HAZARDOUS PRODUCT CONCENTRATION CORREISPONDING TO
A PARTICULAR CNHS{L)s IN UNITS OF AMOUNT OF PRODUCT PER UNIT
MASS OF BULK GAS.

CNDS(I) SPECIFIED DETECTABLE PRODUCT CONCENTRATION. UNITS CF AMOUNT
COF PRODUCT PER UNIT MASS OF BULK GAS.

CNHS(L)} SPECIFIED HAZARDOUS PRODUCT CONCENTRATION. UNITS OF AMOUNT
OF PRODUCT PER UNIT MASS OF BULK GAS.

OELTA THE HEIGHT OF THE FIRE ABOVE THE FLOOR IN FEET.

DELYAM THE HEIGHT OF THE FIRE ABOVE THE FLOOR IN METERS.

DPHI DPHI/DTAU GENERATED IN SUBF DURING COURSE OF INTEGRATICON.

DPHIDS DIMENSIONLESS RATE OF TEMP RISE COURRESPONDING TO RRDSPE(1).

DPRDOTO DPROD/DTAU AT TIME TAU=0. (DETECTABLE PRODUCT)

DPRHTO OPRM/DTAU AT TIME TAU=O. (MAZARDQUS PRODUCT)

DQDTO DQ/70TAU AT TIME TAU=O,

FIRE INOICATES THE REPRESENTATIVE FORM OF ENERGY GENERATION RATE FOR
THE PARTICULAR COMPUTER RUN; WHEN FIRE=ls MULTI-EXPONENTIAL
FIRE GROWTH CURVE. WHEN FIRE=2, DIGITAL DATA INPUT. WHEN
FIRE=3, SOME OTHER ANALYTIC FIRE GROWTH FUNCTION {NONE
PRESENTLY INCORPORATED INTO THE PROGRAM),.

FLAG INDICATOR OF WHICH DETECTION METHOD IS UNDER CONSIOERATION.
WHEN FLAG=l+ DETECTION BY PODC CONCENTRATION.
WHEN FLAG22, DETECTION BY UPPER LAYER TEMPERATURE.
WHEN FLAG=3, DETECTION BY RATE OF TEMPERATURE Rlse,
THE VALUE OF FLAG IS ASSIGNED BY THE PROGRAM, THE VALUE.
1+ 2, OR 3, IT RECEIVES 1S DEPENDENT ON THE INPUT VALUES
OF NCND« NTMDs AND NRRD.

HCOMB THE HEAT OF COMBUSTION (IN KJ/KG)} USED TO CONVERT C1GITAL
DATAs COATAIN}s INPUT AS MASS LOSS RATES TO ENERGY RELEASE
RATES. IF QOATA(N) ARE INPUT DIRECTLY AS ENERGY RELEASE RATZS

HF(I) COMPAARTMENT CEILING HELIGHT IN FEET.

HM(1) COMPARTMENT CEILING REIGHT IN METERS.
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IDETH

IDETR

IDETT

INTER

LINTER

LNORM

NEND
NCNH
NDET

NH
NORM

NPTSP
NPT SO
NRRD

NS
NSEGPD

NSEGPH
NSZGQ
NSEGMIL
NT MD

NTMHU

NTMHL

PHIDSP
PHMIHSU

PHIHSL

MAIN PROGRAM

INDICATOR OF WHETHER OR NOT DETECTION 8Y CONCENTRATION
1S TO BE CONSIDERED IN SUBROUTINE AINT.
1¥ 1DETH=O0O, DETECTION BY CONCENTRATION wilLL BE
CONSIDERED. _
1F 10ETH=1, DETECTION BY CONCENTRATION wILL NOT BE
CONSIDERED.
THE VALUE, 1 OR 0. OF JDETH IS ASSIGNED BY THE PROGRAM
BASED ON THE PRESENT VALUE Of FLAG. IDETH IS A
VARIABLE.,
ANALOGOUS TO IDETH ®OR DETECTION 8Y RATE OF TEMPERATURE
RISE OF UPPER LAYER.,
ANALOGOUS TD 1DETH FOR DETECTION 8y UPPER LAYER TEMP.
INDICATOR OF WHETHER INTERACTIVE DR BATCH MODE 1S BEING USED.
IF INTER=YES., INTERACTIVE MQDE.
IF INTER=NDOe. SATCH MODE,
LOGICAL EGUIVALENT TO INTER.
1IF LINTER=TRUE. INTERACTIVE MODE.
IF LINTER=FALSE. BATCH MODE.
LOGICAL EQUIVALENT TO NURM.
IF LNORM=TRUE, NORMALIZED OUTPUT.
IF LNORM=FALSE., DO NOT NORMALIZE OQUTPUT.
THE NUMBER OF CASES OF DETECTION BY CONCENTRATION.
THE NUMBER OF HAZAROOUS PROODUCT CONCENTRATIONS CONSIDEREZD.
UPPER BOQUND OF A DO LOOP. NDET IS SET BQUAL TO THE NUMBER
OF CASES OF DETECTION BY THE SPECIFIC MEANS OF DETECTION OF
INTEREST. I.E., THE PROGRAM GDZS THROUGH NCND FIRST (IF
NCND IS NOT EQUAL TD 0)s SETTING NOETSNCND AND GOING
THROUGH ALL CASES OF DETECTION B8Y CONCEMTRATICON. THE
NUMBER OF CASES OF DETECTION BY UPPER LAYER TEMPERATURE,
NTMD, 1S GONE THROUGH SECOND AND NRRD THIRD.
THE NUMBER OF ROOM HEIGHTS TO BE CONSICERED.
INDICATOR OF WHETHER OR NOT FIRE DATA OUTPUT SHOULD BE
NORMALIZED.
IF NORM=YES, NORMALIZED OUTPUT.
1IF NORM=2NO, DO NOT NORMALIZE OUTPUT.
THE NUMBER OF (TIME,PRUDUCT) DIGITAL DATA POINTS TC B8E INPUT
WHEN WORKING WITH DIGITAL DATA.
THE NUMBER OF ( TIME,ENERGY GENERATION RATE) DIGITAL DATA POINTS
TO BE INPUT WHEN WORKING WITH DIGITAL DATA.
THE NUMBER OF CASES FOR DETECTION SY RATE OF TEMPERATURE
RISE OF THE UPPER LAYER.
THE NUMBER GF ROOM AREAS TO BE CONSIDERED.
USED WHEN PRODD=2. NUMBER OF SEGMENTS OF THE PRCOOUCT GENERATION
RATE HISTORY (DETECTABLE PRODUCTY.
USED WHEN PROOH=Z2, NUMBER OF SEGMENTS OF THE PRODUCT GENERATION
RATE HIASTORY (HAZARDOUS PRCDUCT}.
USED WHEN FIRE =1 DR 2. THE NUMBER OF SEGMENTS OF THE ENERGY
GENERATION RATE HISTORY.
THE NUMBER OF SEGMENTS MINUS 1. TalBuee NBSEGQ-1l.
THE .NUMBER OF CASES FOR DETECTION B8Y TEMP OF THE LAYER.
THE NUMBER OF SPECIFIED HAZARDQUS LAYER TEMPERATURES TO
BE CONSIDERED WHEN INTEREFACE IS ABOVE IBTEYC.
THE NUMBER DOF SPECIFIED HAZAROQDUS LAYER TEMPEZRATURES TO
AE CONSIDERED WHEN INTERFACE IS BELOwWw IETEYE.
DIMENSIONLESS DETECTION TEMPERATURE CORRESPONDING TO TMOSPF( ).
DIMENS IONLESS HAZARDOUS TEMPERATURE CORRESPONDING TO
TMHSUF(I).
DIMENSIONLESS HAZARDOUS TEMPERATURE CORRESPONDING TO
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MAIN PROGRAM

TMHSLE(I Y.

PRDINY IF PRUDD =2 (LINZAR INTERPOLATION BETWEEN DATA POINTS):

AT INPUT, THE PRD(N) ARE READ IN AS PRODUCT GENERATION
RATES 1IN PRODUCT UNITS PER SECOND AT THE END OF SEGMENT N.
THIS VECTOR IS NORMALIZED 3Y CIVIDING EACH COMPONENT

BY PRDOe HERE N=lseees NSEGPD, (DETECTABLE PRODUCT)

PRH{N) IF PRODH =2 (LINEAR INTERPOLATION BETWEEN DATA POINTS):

AT INPUT, THE PRHIN) ARE READ IN AS PRODUCT GENERATION
RATES IN PRODUCT UNITS PER SECOND AT THE END OF SEGMENT N,
THIS VECTOR IS NORMALIZED aY DIVIODING EACH COMPONENT

BY PRHO+s HERE NElsqess NSEGPHs (MAZARDOUS PRODUCT)

FRODD INCICATES THE REPRESENTITIVE FORM OF DETECTABLE COMBUSTION
PRUCUCT GENERATION RATE FOR THE PARTICULAR COMPUTER RUN. WHEN
PRODD=! PRODUCT GENERATION RATE 1% DIRZCTLY PROPORTIONAL
TO ENERGY GENERATION RATE THROUGH A FIXED CONSTANT OF PROPOR~-
TIONALITY, BETADe WHEN PRODD=2, DIGITAL DATA FOR PRODUCT
GENERATION WITH LINEAR [NTERPOLATION 1S SUPPLIED. WHEN
PRODD=3,s SOME ANALYTIC GENERATION 1S PRESCRISED (NONE PRESENTLY
AVAILABLE),

PRODH INRDICATES THE REPRESENTITIVE PFORM OF HMAZARDOUS COMARUSTION
PRODUCT GENERATION RATE FOR THE PARTICULAR COMPUTER RUN. WHEN
PRODH=] PROOQOUCT GENERATION RATE IS OIRECTLY PROPORTICNAL
TO ENERGY GENERATION RATE THROUGH A FIXED CONSTANT OF PROPOR-
TIONALITY, BETAH. WHEN PRODMH=2 DIGITAL DATA FOR PRODUCT
GENERATION WwWITH LINEAR INTERPOLATICN IS SUPPLIED. WHEN
PROOH=3 SOME ANALYTIC GENERATION IS PRESCRIBED (NONE PRESENTLY
AVAILABLE) .

PROO INITIAL DETECTABLE PRODUCT GENERATION RATE IN PRODUCT UNITS
PER SECOND.

PR HO INITIAL HAZARDOUS PRODUCT GENERATION RATE 1IN PRODUCT UNITS
PER SECUND.

G{N) IF FIRE =2 (LINEAR INTERPOLATION SSETWEEN DATA POINTS)Y?

AT INPUT, THE Q(N) ARE READ IN AS ENERGY GENERATION
RATES IN KW (OR MASS LOSS RATE IFf HCOMB#1.) AT THE END
OF SEGMENT N. THIS VECTOR IS THEN NORMALIZED B8Y DIVID-
ING EACH COMRPONENT 8Y Q% e HERE NELl vaaea s NSEGQ.

IF FIRE =] (EXPONENTIAL INTERPOLATION BETWEESN DATA PCINTS):
AT INPUT: THE Q{(N) ARE IMMEDIATELY READ IN A NORMAL -
1ZED FORM AS ENERGY GENERATION RATES IN KW AT THE END
OF SEGMENT N DIVIDED BY QO« HERE N=Zl, ee¢sNSEGO~1 .

IF NSEGG=1 THEN Q{(M} IS NOT USED.

Qd THE INITIAL POWER OF THE FIRE IN Kw. INPUT FOR
CIGITAL DATA, DETERMINED 8Y PROGRAM FOR MULTI-EXPONENTI AL
CURVE.,

RROSPC(I) SPECIFIED RATE OF TEMPERATURS RISE OF LAYER FOR
DETECTION IN DEGREES ¢ PER MINUTE.

RROSPF(I)} SPECIFIED RATE OF TEMPESRATURE RISE OF LAYER FOR
DETECTION IN DEGREES F PER MINUTE,

SF(I1) ROOM AREA IN SQUARE FEET.

SM{l) RUOM AREA IN SQUARE WMETERS.

TAULIM MAXIMUM TAU FOR WHICH FIRE IS MOOELED QR TAU WHEN FIRE IS 0OJT.
DIMENSIONS IN SECONDS.

TAUPRD(N) TIME IN SECONDS AT THE END OF THE NTH DETECTABLE PROUSUCT
SEGMENT. READ IN FOR LINEAR INTERPOLATION BETWEEN DATA
ROINTS. 1.B.y IF PRODD=z=2,

TAUPRH(N) TIME IN SECONDS AT THE END OF THE NTH HAZARDOUS PRODUCT
SEGMENT. READ IN FOR LINEAR INTERPOLATION BETWESN DAT A
POINTSs 1.Es+ IF PRODH=2.
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TAUGQ(N) TIME IN SECONDS AT THE END OF THE NTH ENERGY SEGMENT. READ
IN FOR LINEAR INTERPOLATION BETWEEN DATA POINTS. I«Bes 1IF
FI1RE=2, COMPUTED FOR EXPONENTIAL INTERPOLATION BETWEEN DATA
POINTS,: IeEe.e IF FIRE=].

TMOSPC(1) SPECIFIED LAYER TEMPERATURE FOR DETECTION IN DEGREES C.

TMOSPR (1) SPECIFIED LAYEFR TEMPERATURE FOR OETECTION IN DEGREES F.

TMHSUS (1) SPECIFIED HAZARDOUS LAYER TEMPERATURE WHEN INTERFACE IS
ABOVE ZETEYE IN DEGREES C.

TMHSUF (1) SPECIFIED HAZARDOUS LAYER TEMPERATURE WHEN INTERFACE IS
ABOVE 2ZETEYE IN DEGREES F.

TMHSLC(I) SPECIFIED HAZARDOUS LAYER TEMPERATURE wHEN INTERFACE IS -
PELOW ZETEYEZ IN DEGREES C. ’

TMHSL®(I) SPECIFIED HAZARDOUS LAYER TEMPERATURE WHEN INTERFACE 1S
BELOW Z2ETEYE IN DEGRZES F.

wRC WRITE/SUPPRESS CCOE
I1F WRC=1, SUMMARY QUTPUT, 132 CHARACTERS PER LINE.

If WRC=2, SUMMARY OUTPUT, 80 CHARACTERS PER LINE.
1 WRC=3, FULL CUTPUT, 132 CHARACTERS PER LINE.
1F wRCs=4, FULL OUTRPUT, 80 CHARACTERS PER LINE.

ZETSYE THE SPECIFIED HEIGHT OF EYELEVEL ABOVE THE FLOOR IN FEET, IF
INTERFACE DROPS SELOW THIS LEVEL THEN THE ONSET OF HAZARDOUS
CONDITIONS wWILL OCCUR wHEN UPPER LAYER TEMPERATURE EXCEEDS
TMHSLF{I}.

ZETO THE INITIAL HEIGHT OF THE INTERFACE FROM THE FLOOR = HF{K)

Z2EYEF THE INPUT SPECIFIED HEIGHT (IN FEET) OF EYEBLEVEL FROM THE FLOOR
FOR HAZARD, . :

ZEYEM THE INPUT SPECIFIED HEIGHT (IN METERS) OF EYELEVEL FROM THE
FLOOR FOR HAZARD.

* lttl#‘tt#**#“#‘#‘t#*ttttt‘t‘.*#“‘31!‘***tt‘t.*ll*‘ltl‘ttt*t‘tt*‘t ax

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

INTEGER FIRE.FLAGsWRC,TITLE{20),PRODDPRODH

DIMENSION CNOS(10) +TMDSPE(10) ¢ TMDSPC(10) +CNHS (10) 4HF(20) +HM(20) »
2 SE(30), SM(30) s TMHSUF(10) s TMHSLF(10) . TMHSUC(10]).
3 TMHSLCE(10) . RRDSPF{1 0} +RRDSPC(10)

COMMON NSEGQ. NSEGPDNSEGPH, TAUG(100) »TAUPRD(100)+TAUPRH(100)
2 G(100) « PROC100)+PRH{100) AKAP{100) +C1+C2:C3D+C3H.ZETO0LFIRE
3 PRODD » PRODH ¢LIMITOPHEI s TAUL IM LINTERDELTA,DQOTO.OPRDTO,
4 DPRHTO+ Q0+ LNORM

LOGICAL LINTER.LNORM

CHARACTER YES ,NO+BATCH, INTER.NORM, ICHECK: INFO,LHARTR

EXTERNAL F

DATA YES NOBATCHZYY ! ,'N', '/

WRITE (6.2400)
WRITE (&.2430)
WRITE (&+2400)
WRITE (&.1860)
READ (5,13530) INTER
IF (INTER.EQ.YES)} LINTER=.TRUE,
IF ({INTERJ.EQ.NO)+OR.(INTER.EQ.BATCH)) LINTER=,FALSE.
IF (LINTER)} WRITE (56,2400}
1F (LINTER) WRITE (6,1870)
IF (LINTER) WRITE (08.2400)
IF (LINTER) WRITE (6.151Q)
10 IF (LINTER)} WRITE (6.2400)
I {(LINTER) WRITE (6.1880)
READ (S5.,1520) TITLE
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IF (LINTER) wWRITE (6,2410)

WRITE (6,1570) TIiTLE

IF (.NOT.(LINTER)) GO TO 20

WRITE (6.1940)

READ (5.1530) ICHECK

IF (ICHECK.EQ.ND) GO TO 10
ac IF (LINTER) WRITE (6,2400)

IF (LINTER) WRITE (6,1890)

READ (5+1550,ERR=30) WRC

IF (LINTER) WRITE (8,2410)

IF (WRC.EQ.1) WRITE (6+.1900)

IF {wRC.EQ.2) WwRITE (6.,1910)

IF (WRC,EG.3) WRITE (6.,1920)

IF (WRC.EQ.4) wRITE {(8,1930)

IF C«NOT.(LINTER)) GO TO S50

WRITE (5,1540)

READ (5,1530) ICHECK

IF (ICHECK.ZQ.ND) GO TO 20

GD TD so
20 IF {LINTER) wWRITE (€ 2440)
IF (LINTER) GO TO 20
40 WRITE (6.2450)
SToe 1t
C
C INPUT DATA 1IN ENGLISHM UNITS AND CONVERT SAME TO METRIC UNITS.
C
20 IF (LINTER)Y WRITE (6,2400)

IF (LINTER) WRITE (6,1950)
IF {(+NOT.(LINTER)) GO TO &0
READ (5,1530) INFD
IF (INFQ.EQ.YES) WRITE (6.,1960)
WRITE (&.,1970).
£0 READ (S.*,ERR=7Q) ALAMR , ALAMC o 2EYEF , DELTA
IF (LINTER} wWRITE (5:.2410)
WRITE (6,1540) ALAMRALAMC,2ZEYSF,DELTA
IF (+.NOT.{(LINTER)) &0 TO 80
WRITE (6,1940)
READ (%,1530) ICHECK
IF (ICHECK.EQ.NO} GO TO %0

G0 To 80

70 IF (LINTER) WRITE (6,2440)
IF (LINTER) GO TO S0
GO TO 40

g0 DELTAM=DELTA*0.3048

ZEYEM=ZEYEF*0,.3048
IF (LINTER) WRITE (&,2400)
[F {LINTER) WRITE (6,19380)
1F (L INTER} wWwRITE (6,2400)
IF (LINTER) wRITE (6,19%90)
IF {(LINTER) WYRITE (&.2400)
I=1 :
NTMD=Q
%0 IF (LINTER) WRITE (6.2000)
READ (S:#%,ERR=100,ENDa1]10) TMDSPF(1)
IF (LINTER) WRITE {6,2410)
WRITE (6e%) THDSPF(I)
IEND=Q
IF (LINTER) CALL INPUT (TMDSPF {1},1END)
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100

110

120

130

140

150

10

170

180

2
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1E (1ENC.£0.999) GO TO 110
NTMDENTMD4+1

THDSPC(IIIITHDSPFII)-3Z-!1103

I=1+1

1F (LINTER) WRITE (6.2410)
GO TO S0

1F (L INTER) WRITE (8.2440)
1F (LINTER) GO TO $0

GO TO 40

I=1

NRRD=Q

1 (LINTER) WRITE (62400}
1f (LINTER) WRLITE (6,2010)
READ (%.%,ERR=(30.,END=140)
1IF (L INTER) WRITE (6.2410}
WRITE (&.%) RRDSPF(I1)

IF ((RRDSPF(I!.GT.-O-OOOI)-AND.(RRDSPF(I!

WRITE (6,2020)
IEND=0

f# (LINTER) CALL INPUT (RROSPF (1) IEND)

IF (1END.2Q.999) GO TA 140
NRRO=sNRAD+1
RROSPC(1)=RROSPF{1)/1.8
In]+1

I® (LINTER) WRITE (6.2410)
G0 TGO 120 )

I (LINTER) WRITE (6.2440)
1¢ (LINTER) G0 TO 120

GO TO 40

I=1

NCND=0

1F (LINTER)} WRITE (6,2400}

{F (LINTER) WRITE (6,2030)
REAL (5~‘qERR-IOOoEND=170)
1F (LINTER) WRITE {6:,2410)
WRITE (&%) CNDS( 1)

I1END=O

1F (LINTER) CALL INPUT (CNDS(I}e

It (IEND.EQ.999) GO TO 170
NCND=NCND+1

Ixl+1

1Ff (LINTER) WRITE (5.,2413)
GO TO 1%0

1F (LINTER) WRITE (6,2440)
1F (LINTER) GO TO 150

GO TO 40

1F (LINTER) WRITE (&,2400)
1F (LINTER) WRITE (6.2040)
I=1

NTMMUsO

1F¥ (LINTER) WRITE (8,2400)
1F (LINTER) WRITE {(6+2050)
READ (B5,%,ERR=190.END=200)
I® (LINTEZR) WRITE (6+2410}
WRITE (65.*) TMHSUFP{(I)
1ZNMD=0

t® (L INTER) CALL INPUT (TMHSUF (1) . 1END)

I (1END.EQ.999) GO TO 200

RROSPF(TI)

CNDS{I)

TMHSUF (1)

84

IEND )

»LTe0.0001))



MAIN PROGRAM

NTMHUSNTMMU+1
TMHSUC(I,S(THHSUF(!)-32-)/108
I=1+1
if {LINTER) WRITE (8,2410)
GD TO 180
159 iF (LINTER) WRITE {6:2440)
IF (LINTER) GO TO 180
GO TD 40
200 I=g
NTMHL =0
IF (LINTER) WRITE (6,2400)
jnpilied T ILINTER) wRITE (6:2060)
READ (S+*,ERR=220.END=230) TMHSLF(I)
IF (LINTER) WRITE (&.2410)
WRITE (6.%) TMHSLF(I)
1END=Q
IF (LINTER) CALL INPUT (TMHSLF{I),IEND)
IF (1END.EQ.999) GO TO 230
NTMHL sNTMHL+]
TMHSLC(!)’(THHSLF(IJ-SZo)/l.B
I=1+1
IF (LINTER) WRITE (6+2410;
G0 TO 219
220 IF (LINTER) WRITE {6,2440)
IF {(LINTER) GO TO 210
GO TO a0
230 Iz1
NCNHM=0
IF (LINTER) WRITE {6,2a00)
240 I (LINTER) WRITE (65,2070}
READ (S,%,ERR=2%0,8END=2&0) CNHS{I)
IF (LINTER) WRITE (5,2410)}
WRIT® (6,2} CNHS(I)
IEND=0
IF (LINTER} CALL INPUT (CNHS{1).,IEND)
IF (IEND.EQ.999) GO TO 260
NCNH=NCNM+1
Ialsel
IF (LINTER) WRITE {642410)
GO0 TO 240
250 IF (LINTER) WRITE (6.2440)
IF (LINTER) GO TO 240
GO TD 40
260 IF (LINTER) WRITE (8,2400)
IF (LINTER) WRITE (6:2080)
IF (LINTER) WRITE (642400)
I=1
NH=O
270 IF (LINTER) WRITE (6.,2090)
READ (5.*.5RR=230.ENO=290! HF{1}
IF {LINTER} WRITE (5+2810)
WRITE (6.%) HF(]I)
IEND=Q
IF (LINTER) CALL INPUT (HF{1),IEND)
IF (IEND.EQ.999) GO TO 290
NH=NM+1
I=I+]
IF (LINTER) WRITE (6424810)

85



MAIN PROGRAM

GO TO 279
280 tr (LINTER) WRITE (6.2440)
1¢ (LINTER) G0 TQ 270
GO TO a0
290 00 310 15=1.NH
DO 300 JS=1.NH
i1F (HFt!S!.LE.HF{JS)i G¢Q TO 300
IF {18.GE.J8) GR TO 300
TSTOREsHF(1S)
HELIS)IsHE(JS)
HE( JS)=TSTORE
100 CONTINUE
210 CONT INUE
DO 320 IMml.NH
229 HH‘IH!:HF(IH)#O.SO&!
I=1
NS =0
1F (L INTER) YRITE (&6.2400)
330 1® (LINTER) WRITE (66,2100}
READ (s.t.gnn-34o.enoszsoi s*(1)
I* (L INTER) WRITE (6+2410)
WRITE (8.%) SF(I)
1END=O
IF (LINTER)} CALL INPUT (SFE({I).IEND)}
1F (1=ND.EQ.399) G0 TO 3%Q
NSanNS+1
I1sl+i .
1F (L INTER) WRITE (5,2410)
60 TO 330
240 1F (L INTER} WRITE (6,24840)
1* (LINTER} GO TO 230
G2 TO &0
50 oa 370 18al NS
0O 340 JS5=1.NS
1F {SFIIS).L!-SFIJSJ) G To 360
IF (15.GE.J8) GO TQ 260
TSTOREsSKE(1S)
SF{ 18)=SFLIS)
SF(JS)=TSTORE

250 CONT INUE
oy iv) CONT INUE
0O 380 IM=1.NS
380 SH(IM)ISF(IH}!0.0929
<

¢ THIS SECTION INPUTS DATA FOR FIRE ENERGY GENERATICON RATE.
<
1{F (LINTEZR) WRITE (&,2600)
I* (LINTER) WRITE (&+2110)
IF (LINTER) WRITE (&,24001}
g0 e {(LINTER) WRITE (6.2120)
READ (2,1580,ERR=400) FIRE
1® (L INTER) WRITE (8,2410)
tE (FIRE.EQ.1) WRITE (642130}
1F (FIRE,EQ.2) WRITE (5,2140)
IF («NOT. (LINTERY) GO TO 410
WRITE (8,1940)
READ (S.1%30) ICHECK
1F (1CHECK.EQ.NO) GO Te 390
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GO TO 410
400 IF (LINTER) WRITE (6,2840)
IF {(LINTER) GO TO 2390
GO TO 40
410 GU TO (420,500.590), FIRE
C
C INPUT DATA FOR MULTI-EXPONENTI AL FIRE GROWTH CURVE,
<
420 IF (LINTER) wRITE (G6.2410)
IF (LINTER) WRITE {(6:.2150)
READ (S.*,ERR=430) TAULIM
I (LINTER) WwRITE {(6,2410)
WRITE (6¢%) TAULIM
IF (LINTER) CALL INPUT (TAULINM,0)
IF (LINTER) WRITE (642410)
IF (LINTER) wRITE (6,2160)
GO TD 4a0
430 IF {LINTER) WRITE (5.2440)
IF (LINTER) GO TO 420

GO TO 40

44.0 N=x]

450 KREAD (S+*ERR=460,END=470) QIN) JAKAP [ N)
NEN+1
GD TO a%p

460 IF (LINTER) WRITE (6:2440)
IF (LINTER) GO TO as0-
GO TO a0
470 NSEGQmN={
ITYPE=x}
IF (LINTER) WRITE (6,2410)
WRITE (&,2170) (N'O(ND-AKAP(NI-N=I-NSEGQI
IF (LINTER) CALL INPUT2 (AKAP,QsITYPE)
Qo=GQ(1)
NSEGM ] =NSEGQ—1
DO 480 N=1 ,NSEGM)
Q{N)=Q(N+1)/Q0
480 CONT INUE
DIDTO=AKAP{1)
490 IF (LINTER) WRITE (8,2180)
READ (£,1530) NORM
IF (NCRMJ.EQ.YES) LNORM= ,TRUE,
IF (NDRM.EQINB, LNQH"E.F‘LSE.
IF (LNORM) WRITE (86:2190)
IF (+NOT.{LNORM)) wRITE {6:2200)
IF (+NOT.(LINTER))} GO TO 600
WRITE (6,1940)
READ (5.1530) ICHECK
IF (ICHECK.EQ.NO3 GO TO 490
&0 TD &00
c .
C INPUT THE vALUE OF TAUG AND Q AT EACH DIGITAL DATA
C SEGMENT, NSEGQ.
<
%00 IF (LINTER) WRITE (5.2410)
IF (LINTER) wRITE (642219)
READ (5+*,2RR=2%10) TAULIM, HCOMB
IF (LINTER) wRITE (6s2010)
WRITE (6.2220) TAUL IMs HCOMB
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IF (<NCT.{LINTER)) GO TO 520
WRITE (6:1940)

READ (5418300 ICHECK

I® {ICHECK.EQ.NOQ)} GO TO 500
GO TO 520

IF (LINTER) WRITE (8,2440)

1* (LINTER} G0 TO 500

GO TO 40

IF (LINTER) WRITE (6+2410)

1F (LINTER) WRITE (86,2230}
READ (S+%,TRR=%30)} Q0

IF (LINTER) WRITE (6+2410)
WRITE (&.,2240) QO

IF (LINTER) CALL INPUT (Q0.0}
1F (LINTER)} WRITE (6,2410)

1F (LINTER) WRITE (5.,2250)

GO TD 540

1® (LINTER) WRITE (6.2440)

IF (LINTER} GO TO S20

GO TO 40

N=1

READ (5 *+ERR=S80.END=S70) TAUGIN) s G(N)
N=N+1

GO TO 550

IF (LINTER) WRITE (6,2440)

IF (LINTER} GO TO SS0

GO TO 40

NSEGa=N-1

1TYPE=22

1F (LINTER) WRITE (56,2410}
WRITE (6,1730) (NsTAUGIN) sN,GINIoN=1,NSEGQ)
1€ (LINTER) CALL INPUT2 (TAUQ. Q. ITYPE)
1F (LINTER) WRITE (&,2260)
READ (Z2,1530) NORM

1F ‘NURH.EQ.VES, LNOR"'-?RL’EO
iF (NGRH.EG.NO) LNO““’.F‘LSE-
IF (LNORM) WRITE (6+421%0)

IF (.NOT.(LNORM}) WRITE (6.,2200)
IF (LNOT.(LINTER)} GO TO 600
WRITE (6,1940)

READ (5.+1530) ICHECK

IF (ICHECK.EQ.NQ) GO TGO 580
G0 TO 800

¢ ENERGY GENERATION RATE GIVEN BY ANALYTIC FUNCTION

=
990

<

¢ TH1S SECTICN INPUTS DATA

<
€00

€10

WRITE (&6,1600)
1F (LINTER) GG TO 330
sToP 2

1F (LINTER) WRITE (6,2400)

IF (LINTZR) WRITE (6.2270)

1# (LINTERY WRITE (6,2400)

IF (NCND.EQe0) WRITE (6.,2380)
IF (NCNDJ.EQ.0) GO TO 650

IF (LINTER) WRITE (6.,2250)
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READ (5+15%0+ERAR=®620) PRODD
IF (LINTER) WRITE (85,2410)
IF (PRODD.EQ.1) WRITE (56,2290)
1 (PRODD.EG.2) WRITE (&.2300)
IF (+NOTS(LINTER)) GO TO 630
WRITE (&+.1940)
READ (5.1530) ICHECK
IF (ICHECK.EQeND) GO TO 610
GD TO &30
&20 IF (LINTER) wRITE (6:2440)
IF (LINTER) GO TO &10
wd iJ a0
€30 G0 TO (840,8670.730), PROOD
C
C INPUT BETAD FOR DETECTABLE PRODUCT GENERATION RATE
C PROPORTIONAL TO ENERGY RELEASE,
c
€49 IF (LINTER) WRITE (6,2410)
IF fLINTER) WRITE {6:2310)
READ (S3,*,ERR=660) BETAD
IF (LINTER) wRITE (6:2410)
WRITE (&+.%) BETAD
IF (LINTER) CALL INPUT {BETAD,0Q)
£50 IF (NCND.EQ.0) BETAD=0.0
If (NCND.EQ.0)} PRODD=1
GO0 TO 740
€60 IF (LINTER) WRITE {5842340)
IF (LINTER) GD TO 640
GO TO a9
c
C INPUT THE VALUE OF TAUPRD AND PRD AT THE END OF EACHM DIGITAL
C DATA SEGMENT, NSEGPD.
C
€70 IF {(LINTER) WRITE (4.24109)
IF (LINTER) WRITE {6§4,2340)
RZAD (%.#*,2RR=680) PRDO
IF {(LINTER) WRITE (6.2410)
WRITE {(&.%) PRDO
IFf (LINTER) CALL INPUT ({PRDO,0)
IF (LINTER) WRITE (5,2410)
IF {LINTER) WRITE (5,2350)
GO TO és0
&80 IF (LINTER) WRITE (6.2440)
IF {(LINTER) GO TO &70

GO TO 40

€50 N= 1

700 READ (S+%,ERR=ET10,END=T720) TAUPRD(N) yPRD(N)
NzM4+1
GO TQ 700

710 IF {(LINTER) WRITE (&5:2440)
If (LINTER) GO TO 700
G0 TO a9
20 NSEGRDEMN=—1
ITYPEX3
IF {(LINTER) WRITE (6,24810)
WRITE {6,1710) (NO?AUPRD‘N"N.PRD(N’I~=10NSEGPD)
IF (LINTER) CALL INPUT2 {TAUPRD,.PRD, ITYPE)
GO TO 7a0
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c
¢ DETECTAGLE PRODUCT GENERATION RATE GIVEN BY ANALYTIC FUNCTION
<

T WRITE (6416601}
IF (LINTZR) GO TO 600

STORP 3
c
C THIS SECTION INPUTS DATA FOR HA2ARDOUS PRODUCT GENERATION RATE.
=

740 IF (LINTER) WRITE (6+2400)
IF (LINTER) WRITE (6.2330)
1€ (LINTER) WRITE (6,2400)
750 IF (LINTER) WRITE (6.,2280)
READ (8,1550,ERR=760) PROOH
1f (LINTER) WRITE {6,2410}
1# (PRODH.EQ.1) WRITE (8.:2290)
IF (PRCDOH.EQ.2) WRITE (64+2300)
IF ¢ +NOT.{LINTER)} GO TO 770
WRITE (8,1940)}
READ (S,1530) ICHECK
{F (1CHECK.BQ.NO) GO TO 7350
GO TO T70
760 IF (LINTER) WRITE (6.,2440)
1F (LINTER) GO TD 750
GO TO &0
770 GO TO (780.,800,8680)., PROOH
¢
¢ INPUT BETAM FOR HAZAROOUS PRODUCT GENERATION RATE
¢ PROPORTIONAL TO ENERGY RELEASE. .
C
780 IF (LINTER) WRITE (6.,2410}
1F (LINTER) WRITE (6,2320)
READ (5.%,ERR=790) BETAH
1" (LINTER) WRITE (6.:2810)
WRITE (8.%) BETAH
I1F (LINTER) CALL INPUT (BETAH,0)
GO To 870
750 1F (LINTER) WRITE (6.2440)
IF (LINTER) GO TO 780
GO TO 40
c
¢ INPUT THE VALUZ OF TAUPRH AND PRH AT THE END OF EACH DIGITAL
C DATA SEGMENT. NSEGPH.
<
£00 1F (LINTER) WRITE (6,2410)
I1F (LINTER) WRITE (6.23890)
READ (S¢*.ERR=810} PRHO
IF (LINTER) WRITE (&6.2410)
WRITE (S.%) PRHO
IF (LINTER) CALL INPUT {PRHO+0)
1F (LINTER) WRITE (6.2410)
1F (LINTER) WRITE (6.2370)
GO TO 820
B1 0 IF (LINTER) WRITE (&8,2440)
IFf (LINTER) GO TO 800
GO TO 40
e20 N=1
20 READ (S.*,ERRmA40+END=SS0) TAUPRH(N) +»PRH( N}
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€S5o

geo

E90

500
$10

520

530

%40

$S0

MAIN PROGRAM

NaN+1

GO To B30

IF (LINTER) wRITE (8.2440)

IF (LINTER) GO TO 830

GO TO 40

NSEGPMaN=1

ITYPExs

IF (LINTER) WwRITE (5,2810)

WRITE (&,1720) (NoTAUPRH(N)-N.PRH(N]oNll.NSEGPH)
IF (LINTER) CALL INPYT2 {TAUPRH.PRH, ITYPE)
GO TO B70

C HAZARDOUS PRODUCT GENERATION RATE ANALYTIC FUNCTION
c
8

WRITE (6.,1860)

IF (LINTER) 50 TO 740

STOP &

IF (LINTER) WYRITE (s5.23¢0)

IF (LINTER) READ {5s1530) CHARTR

I {(lRC.EQ-ZJ.DR.(HRC.!Q.dI) GO TO 1050

WRITE (8.1%50) TITLE

IF (FIRE.®Q,2) GD TO sag

WRITE (£,1580) TAULIM, QO

IF (LINTER) WRITE (8,23%0)

IF (LINTER) READ (541530) CHARTR

CALL EXFIRE

G0 TO 930

WRITE (8,1610) TAULIM, QO ,HCOMB

IF (LINTER) WRITE (&4,2390)

IF (LINTER) READ (5:1530) CHARTR

DO 890 N=1 .,NSEGAH
WRITE (4,1730) N+ TAUQIN) «N.GQ(N)
CONT InUE

1IF (Q0.GT.0.0) GO TO 910

00 9900 Ne=1.NSEGQ
IF (QIN)eGT.0.0) Q0=Q(N)/100.0
IF (QO.GT.0.0) GO TQ 910
CONTINUE

QO=Q0 *HCOMB

DO 920 N=1.NSEGQ
Q(N)=Q(N11HCDHE/OO

DQDTOi(Q(Il—I-)/TAUQ(I)

IF (LINTE2R) WRITE (6&,2390)

IF (LINTER) READ (3,1530) CHARTR

WRITE (&,1740) ALAMR,ALAHC.DELTA-DELTAM

IF {(NCHND +EQa0,0} PRDO=0.0

IF (NCND.Z2Q,0,.0) OPADTO=0,0

IF (NCND.EQ.0) GO TG 990

IF (PﬂﬂDp.EG.Zl GO TO sa0

WRITE (6+1620) BETAD

PRCO=BETAD®QD

DPROTC=DQDTS

0 TO 999

WRITE (6,1670) PRD O

00 w50 N=1 ,NSEGPD
WRITE (6,1710) N-TAUPRD(N)-N.PRD(N)
CONTINUE

1F (PRDO-GT.O.DI GO TD 970
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S&0
s$70
1.1

S50

1000

1010

1020

1030
1040

1050

1060

1079

1080
1090

1100

1119

MAIN PROGRAM

o0 9690 N=1 :NSEGPD
IF (PRO{N)}.GT+0.0} PROO=PRO(N) /1000
1F (PRDO+GT.0.0) GO ™ 270
CONTINUE

D0 980 N=lNSEGPD
PRO(N)=PRD(N} /PRDO

DPRDTOI(PRD(Nl-!o)ITAUPRD[I)

1* (LINTER) WRITE (5.2390}

1F (LINTER) READ (%5,1530) CHARTR

IF (PRODH.EQ.,2) GO TO 1000

WRITE (6,15630) BETAM

PRDO=BETAN®C0

DERHTO=0QDTO

G0 TC 1230

WRITE (5+1680) PRHO

50 1010 N=1.NSEGPH
WRITE (6.1720) N.TAUPRH(N).N-PRH(N)
CONTINUE

IF (PRH0.GT.0.0) 635 TO 1030

DO 1020 N=1 NSEGPH
1F (PRH{N)<GT«0.0) PRHOSPRAH(N}Z100.0
IF (PRHO.GT.0.0) GO TO t030
CONT INUE

00 1040 N=1,NSEGPH
PRH{N)=PRH{N) /PRHO

DPHHTOI{PRH(I1-io,fTAUPRH(ll

GO TO 1230

WRITE (&,1570) TITLE

1F {FIRE.EQ.2) GO TO 1060

WRITE (&.+1590) TAULIM, QO

IF (LINTER) WRITE (6.2350)

1F (L INTER) READ (S¢1530) CHARTR

CALL EXFIRE

Go TO 1110

WRITE (6.1610) TAULIM, QO +HCOMB

IF (LINTER) WRITE (6.,2390)

1F (LINTER} READ (5,1530) CHARTR

DO 1070 N=1.NSEGG
wRITE (6+1730) Ny TAUGINY «N+Q(N}
CONTINUE

IF (Q0.GT.0+0} 6O TO0 1090

00 1080 N»1.NSEGA
IF (Q(N)GT<0.0} ao=Q{N}/100.0
1F (Q0.GT+0.0) GO TO 1090
CONTINUE

QO =G0 *HMCOMB

DO 1100 N=1+NSEGOQ
Q{N)I=Q{N)SHCCMS/Q0

DODTOﬂ{O(l!—loIITAUQ{1)

1F (LINTER) WRITE (8,2390)

1Ff (L INTER) READ ({5+1530) CHARTR

WRITE (641750) ALAMR.ALAMC.DELTA.DELTAM

IF (NCNDJ.EG.0) PRDO=D.0

1F (NCND.Z0.0) DPRDTO=0.0

IF (NCND.EQ.0) GO TO 1170

" {F (PRCDD.EQ.2) GO T 1120

WRITE (6:1640) BETAD
PRDO=EETAD®*QO
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DPRDTO=DQOTO
GD TO 1170

1120 WRITE (8,1890) PRDOQ
00 1130 N=1,NSEGPD

WRITE (8,1710) NcTAUPRD(N!.N.ﬂHD(N}

1130 CONTINUE
IF (PRDO.GT.0.0) GO TO 11%0
DO 1140 N=1,NSEGPD

IF {(PRO(IN)«GTe0.0) PROC®PRDIN) /100.0

IF (PRDO.GT.04.0) GO TO 11%0

1140 CONT INUE
11350 DO 11840 N=l.NSEGPD
11649 PHD(N)*PRﬂ(N)/PRDO

DPRDTOI(PRD{I)-!.l/TAUPRD(l)
1170 IF (LINTER) WRITE (6,2390)

IF (LINTER) READ (S.1530) CHARTR

IF (PRODM.ZQ,.2) GO To 1teo0
WRITE (64+1850) BsETAH
PRHO=BETAH*Q(
DPRHTO=DQDTO
GO To 1230

1180 wRiITE (6+1700) PRMO
00 1190 N=1,NSEGPM

WRITE (8.,1720) NeTAUPRH(N)

1190 CONT INUE
Ir (PRH0«GT.0.0) ¢O TQ 1210
DO 1200 N=1,NSEGPH

sNsPRH( N}

IF (PRH(N).GT.0.0) PRHO=PRH{N}/100.0

IF (PRHO.GT.0.0) GO TO 1210

1200 CONTINUE
1210 po 1220 N=1.NSEGPH
1220 PRH(NJ=PRH(N)/PRHD

DFHHTOI(PRH(I)—I-’/TAUPRH(I)
1230 IF (LINTER) WRITE (6,2390)

IF (LINTER) READ (541530) CHARTR

IF (NCKND.EQ.0) GO TO 12490
NDETaNCND
FLAG=]
GQ TO 1280
1280 1f (NTMD.EQ.0) GO TO 1259
NDET=NTMD
FLAG=2
GO TO 1260
1250 IF (NRRD.EQ.0) ao TO 1500
MODET=NRRD
FLAG=3
C
C G0 THROUGH NOET VALUES oF SPECLIF
€ UNDER CUNSIDERATIDN.
C .
1260 Do tago I=1,NDET
C

C GO THROUGH NTMHU VALUES OF MINIMUM TEMPERAT
C HAZARDODUS DUE TO RADIATION EVEN WHEN INTERF

C
00 14830 JE L NTMHU
C

IC uUPPER | AveR DETECTION METHGD

URES WHICH MAKE UPDER LAYER
ACE IS ABOVE ZEYEF,

C GU THROUGH NTMHL VALUES oF MINIMUM TEMPERATURES WHICH MAKE uPpgR
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C LAYER HAZARDOUS DUE TO DIRECT BURNS OR INHMALING OF HOT GASES (l.E.»
¢ WHEN INTERFACE 135 pELOW ZEYEF) .
<
DD 1470 Nas1 o NTMHL
et THROUGH NCNH VALUES OF PRODUCT CONCENTRATIONS WHICH MAKE UPPER
LAYER HAZARCCUS WHEN INTERFACE IS pELOW ZEYEF.

Ao b

Do 14860 L=l o NCNH

PRINT CRITERIA FOR DETECTION ANO HAZARD»

ANl

IF ((URC-EO.Z).DR-('RC-EO.‘)l G0 TO 1300
GO TO (1270'1230312901- FLAG
1270 WRITE (6.+1560) TITLE
WRITE (6.17601-CNDS(I!oZ!YEFoZEYEH-TMHSUF(Jl-
2 TMHSUC(J)aZEYEF.ZEYEM.TMHSLF!N).TMHSLC(NIo
3 CNHS (L)
GO TO 1340
1280 WRITE (641560} TITLE
WRITE (6.1780) THDSPF(I)-TMDSPC(I)-ZEYEF-Z!YEM
2 _ oTMHSUF(JIoTMHSUC(Jl.ZEY!F.ZEYEM.THHSLF(NI.
3 TMHELCIN) +CNHS(L)
GO TO 1340
1290 WRITE (8,1560) TITLE
WRITE (&,1800} RRDS’F(I‘cRRDSPC{IIcZEYEF.ZEYEM
e oTMHSUF(J’oTMHSUC(JIoZEYEFvZEYEN;THHSLF(H)-'
3 TMHSLCIN) s CNHS (L)
GO TO 1340
1300 6o YO (1310.1320.1330)o FLAG
1310 WRITE (8.1570) TITLE
WRITE (641770} CNQS(I}'ZEY!F;ZEYEM.TMHSUF(J)o
2 THHSUC(J)oZEYEFvZEY!M.TMHSLF{NI:TMHSLC(NIo
3 CNHSIL)
GO TO 1340
1320 WRITE (86,1570} TITLE
WRITE (6+1790) TMDSPF(I)oTMDSPC(IloZEYEF.ZEYEM
2 -THHSUF(J).THHSUC(JIoZEYEF.ZEYEH.TMHSLF(N)o
3 TMHSLC{N) +CNHS (L)
GO TO 1340
1230 WRITE (6,15T0) TITLE
WRITE (5.1810) RRDSFF(I!.HRDSPC(IIoZEYEF'ZEYEM
2 vTMHSUF(JI.TMHSUC(J)GZSYEFoZEY!M'TMHSLFtNIs
3 TMHSLCTN) +CNHSIL)

¢ GO THROUGH NH vALUES OF COMPARTMENT HEIGHTS.

1340 1F (LINTER} WRITE {6,2390)
1F (LINTER) READ (3,1530) CHARTR
o0 1450 K=1leMNH
1F ("RC.:Q.I'-QR.('RC.EQ.3}!

2 WRITE (641820} HE{K) +HM(K]}
i1F ((LINTER).AND.(URC.EQ-I))
2 WRITE (6,2390)
1fF ((LINTER).AND.(VRC-EQ.&))
2 READ (5.1530) CHARTR

IF (WRC.EQ.1) WRITE (56,1580} TITLE
e ((lRC-!GoII-AND-(LNDRM))
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2 WRITE (5,1840)
I (fWRCSEQ.1).AND. (.NOT.(LNORM) ;)
2 WRITE (6.1850)

<
c SEY DIMENSTONLESS INITIAL VALUES AND HAZARD CRITERIA PARAMETERS
€ FOR FILLING PROBLEM,

C
GO Ta (1350.1360.13701- FLAG
1350 CNDSPZCNDS( 1)
G0 TO 1380
1360 PHIDSP-(TMDSPF(IJ+¢&O.l/530.
G0 To 12380
1370 DPH!DSS(RRDSPF(I)IBIBO0.0}
1380 ZETEYE=ZEYEF
ZETO=HF(K)~DELTA
PHIHSU-(THHSUF(JJ+460.11530.
PHIHSL-(THHSLF(NI+¢60.)/530.
CNHAZS=CNHS(LJ
IDETH=]
IOETT=}
ICETR=]
LIMIT=0
[
¢ 60 THROUGH ALL INPUT COMPARTMENT AREAS,
C

OO0 1440 M=i,.N§
IF ((HRC-EQ-Z].OR-(URC-EO-‘]}

2 WRITE (&8,1820) HF(K) yHM(K)
1F ‘(WQC-EQOE,OOQ-"RC-BQQB’-UR.
2 ‘URC-!Q.‘-’,
3 WRITE (6.1830) SF‘M,.SH(M)
IrF (‘-NDT.:LINTER’]oDR.("RCOEQ-l))
2 GO TO 1390

WRITE (6.23%0)
READ (55,1530} CHARTR
1390 Cll(l.-AL!MCI*O.lO?O*QDISF(HI
CZ:O-ZIO*((32./(.0?35*.24*530-*1.054
brxe(1./3,))
*((llo-ALAHR)*QOl
X 1e/3.))/8F (M)
CJD=0.0£943*PPDO/SF(MJ
C3H30o029¢3*°RHOISF(M!
GO 1O (1400-1410-1420). FLAG
1400 IDETH=0
G0 TO 1430
1410 IDETT=0
G0 TO 1430
1420 IDETR=0
14 30 ASF=8F{m)
. ASMaSM( M)
AHF =2HF (K )

LT ]

C
C CALL SUBROUTINE AINT Te
C INTEGRATE EQON. FOR INTERFACE POSITION aND COMPUTE TIMES AND PARA=

¢ METERS FCR DETECTION AND HAZARD. PRINT RESULTS AND 6D ON TO THE
C NEXT ROOM AREA,
c

CALL AINT(IDETH-IDETT-IDETR.PHIHSU.
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2 PHIHSL.CNH&ZS.PHIDSP.
3 CNDSPs ZETEYE OPHIDSASF,
& ASMe AMFLWRC. TITLE)}

<

C 1F DIGITAL DATA 15 BEING USED AND IF THE yPPER LIMIT OF THAT DATA
C HAS BEEN REACHED (LIMIT=1). BYPASS THE REMA INING COMPARTMENT

¢ AREAS FOR FEIGHT M AND GO TO THE NEXT COMPARTMENT HEIGHT

c

1440
14850
14860
1470
1480
1490

1500
=

C
1510

1520
1530
1540

1250
1560
1570
1580

1590

1600
16190

18620

1£30

1640

1650

1® (LIMIT.EQ.1) GO TO 1480
CONT INVE
CONTINUVE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
G0 TO (1240,1250+15002 FLAG
WRITE (85,2420}
sTOP 5

FORMAT(® INSTRUCTIONS! /¢ 70 ENTER OATAZ TYPE IN REQUESTED VALUE OR
2 VALUES (MULTLIPLE VALUES® /! SEPARATED BY A COMMA OR BLANKI)» THEN P
3RESS CARRIAGE RETURN. '}

FORMAT (20A4)

FORMAT(AL)
FORMAT(SX«"LAMDA R e 1 ,F5.3/5X+"LAMDA = = ,F5.3/
28X, *EYELEVEL HE IGHT = 1 E7 3/5%"FIRE HEIGHT = ",F7.3)

*ORMAT(I1)

FORMAT (1M1:20X+20A47}

FORMAT(1HE +20A&/) .

FORMAT (1HO,4Xs*THE INTEGRATIONS wiLL NOT BE CARRIZD OUT BEYOND *.
SFS 4009 SECONDS FOLLOWING IGNITION® /78X, *THE FOLLOWING DESCRIBES THE
2 Tiwg HISTORY OF THE MULTI-EXPONENTIAL FIRE GROWTH CURVEL® /75X,
ATQ(TINE=040) = QO = *oFBe2+7 KV /)

FORMAT (1HO+ ¢ THE INTEGRATIONS WiLL NOT BE CARRIZD OUT BEYOND 'yFS5.0
2,% SECONDS®/! FOLLOWING IGNITION.®/? THE TIME HISTORY OF THE MJLTT
3-EXPONENT IAL FIRE GROWTH CURVE:'/&x.'Q(TIME=0.0J=GO='-FB.2.' KW ?)

FORMAT (1HO.'ADD AN ANALYTIC FIRE GROWTH FUNCTION®)

FORMAT (1HO¢3X ¢ THE INTEGRATIONS WILL NOT BE CARRIED OUT BEYOND ‘.
2 F% .0, I SECONDS® /7 FOLLOWING TGNITIONS /73X, ¢ THE FOLLOWING DATA CHAR
JACTERIZE THE HISTORY OF THE FIREL*//

AEX. 1 Q(TIMERQL0) = GO = *oFBe2,° KN vr/
E5X, 1HCOMB = * «E1204//)

FORMAT (¢ OTHE DETECTASLE PRODUCT OF cOMBUSTION GENERATION RATE 1S °
2ROPORT IONAL TO ENERGY GENERATION AATE ACCORDING TO1'//20X%. 'RATE oF
3 PRODUCT GENERATION = (*:1E12.44¢ UNTS PER SECOND PER KW)#RATE OF £
ANERGY GENERATION')

FURMAT( ¢ 0OTHE HAZAROOUS PRODUCT OF COMBUST 1ON GENERATION RATE 1S PR
20PORT IONAL TO ENERGY GENERATION RATE ACCORDING TOP!//20X.« !RATE OF
3PROOUCT GENERATION = (*+E12.4.1 UNTS PER SECOND PER KW)#RATE OF EN
AERGY GENERATION®)

FORMAT (' OTHE DETECTABLE PRODUCT OF COMBUSTION GENERATION RATE IS P
2ROPORTIONAL TO®/¢ ENERGY GENERATION QATE ACCORDING TO3'/' RATE OF
3PRODUCT GENERATION = (1sE12.4¢° UNTS/SEC/KN)#ENERGY GENZRATION RAT
AE?)

FORMAT('OTHE MAZARDOUS PRODUCT OF cOMBUSTION GENERATION RATE 1S PR
20PORTIONAL TO'/¢ ENERGY GENERATION RATE ACCORDING TO1®/' RATE OF P
3RODUCT GENERATION = (*.E12.4.¢ UNTS/SEC/KW) *ENERGY GENERATION RATE
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1660
1670

1680

1690
17¢0

1710
1729
1730
1740

1750

1760

1770

1780

MAIN PROGRAM

4*)
FORMAT (iMO,* ADD AN ANALYTIC PRODUCT GENERATION' )
FORMAT (1HO W 3X, ¢ THE FOLLOWING DATA CHARACTER] ZE THE HISTORY DF¢
2' THE DETECTABLE PRODUCT OF COMBUSTION GENERATION RATE: v /s
38X, P(TIME’0.0)'PO"oElO-#.' UNITS PER SECOND '/7)
FORMAT (1HO0.3X, *THE FOLLOWING DATA CHARACTERIZE THE HISTORY Ge»
2' THE HAZARDOUS PRODUCT orF COMBUSTION GENERATION RATE: ¢ r/
A8X 4 P(TIHEIOoOlipot"Elooﬁg' UNITS PER sEconp Yr7)
FORMAT('0 THe HEISTORY OF THE DETECTABLE PRODUCT OF COMBUST IoN QENE
2RATION RATEIvY //8x .0 P(TIME*O-OIIPOI'.E10-40' UNITS PER SECONDt/ /)
FORMAT('0 TH= HISTORY OF TheE MAZARDQuUS PRODUCT OF COMBUSTION GENER
CATISN RATE:I'//8X, P(TIMEIO.0)=FOI'-EIO-40' UNITS PER SECOND® / /)
FORMAT( 1M *'TAUPRD(*,13,1) = '.FG-D.S!-'PRD('nISo'! = ', B12.4)
FORMAT (1M v'TAUPRM(, 13,4) = 'vF6.0.5Xc'PRH('oIS") = "L,E12.4)

$,FES .3/
SINO'THE FIRE 1s LOCATED ¢,F7.3,' rEeT ( *+F7.3,v METERS) ASOVE TwH
&E FLOCR.!)

FORMAT(1H0.1X, 'FRACTION OF FIRE ENERGY wHICH IS LOST TO wALLS anD
2FLOOR BY RADIATIONS ¢ AND WHICH IS NOT EFFECTIVE IN DRIV ING RLUME
3= Y FS.3/2X, ' FRACTION OF FIRE ENERGY LOST To ALL SURFPACZS = ',r5,3
A/1HO, '"THE FIRE I3 LOCATED *,F7.3,¢ Fper ( *+F7.3,* METERS) ABOVE T
SHE FLOOR,.') '

FORMAT(1HO,' Flgrg DETECTED wHEN DETECTABLE UPPER LaYER PRODUCT caN
2CENTRATION EXCEEDS *vE10.44* UNITS OF MASS PER UNIT MAsSS oF BULL Up
IPER LAYER GAS.t,
42X+ IF LAYER INTERFACE IS MIGHER THAN '1FB8e240 FT (4,Fg,2,1 M) FRr
SOM FLOOR THEN s ,3x,¢ HAZARDOUS CONDITIONS EXIST IF UPPER LAYER TEM
CPERATURE EBXCEEDS 'eFELLl'DEG F (1,F&,1 .1 OEGC)et/2Xs0 IF Lavsa INT
TERFACE IS AT OR BELOw ‘eFEe2et FT (v,FE,2,¢ M) FROM FLOOR THEN /2
BXs ' HAZARDOUS CONDITIONS ExIST 1 UPPER {_AYER TEMPERATURE ExceEzons
SlePF&,t, " DEG & ("FG-IQ' DEG C"/2x.'0ﬂ JPPER LAYER PRODUCT CONCEN
*TRATICON EXCEEDS'+E10444' UNITS OF MASS PER UNIT MASS oF BULK uopiER
1 LAYER GAS.'///)

FORMAT (1MHO,* mIRe DETECTED wHEN DETECTABLE uPPER LaYER PRODUCT CON
2CENTRATION EXCEEDS ' /SX.E10.4, UNITS OF MASS PER UNIT MASS 0OF guLk
3 UPPER LAYER GAS,.t,
42X,"' 1IF LAYER INTERPACE 15 HIGHER THAN *,Fg.2,1 pr (*+F6.2.% M) FR
SOM FLCCR THEN *,2x,+ HAZARDOUS CONDITIONS EXIST IF UPPER LaveR TEM
SFERATURE ExcEmps *+F6als? DEG Fe?/63X 40 (1 ,Fge1, OEGCY* /22X, 1F L4
TYER INTERFACE IS AT OR BELOW ',F&,2,¢ FT ('+F&.2,* M) FROM FLDOR T
SHEN */2x,* HAZARDOUS CONDITIONS EXIST 1f UPPER LAYER TEMPERATURE 3
SXCZECS ',F8.1,% pDEg Fetr/763Xe0( 7 ,Fa.1,+ pOEG CI'/2X4'0R UPPER LaveER
*PRODUCT CONCENTRATION EXCEEDS ' /10X.EQ. 4, UNITS OF MASS PER UNIT M
1ASS OF BULK uepPER LAYER GAS,')

FORMAT (1HO,1X.'FIRE DETECTED wHEN uppegr LAYER TEMPERATURE Is ' LF6
2elv' DEG F (4 ,FE,1,+ DEG C).*/
32Xe' IF LAYER INTERFACE IS HIGHER THAN ',Fa8,2,+ FT (*+sF6.2,' W) FR
40M FLOOR THEN +/2x,1 HAZARDOUS CONDITIONS SXIST IF UPPER LAYER Tom
SPERATURE EXCEEDS PeFGLl tDEG F (2,F6e1 .0 DEGC)e'/2X4' IF LAYER InNT
SERFACE 1S AT OR BELOW '1FB.2, FT (4 ,pg,0, ¢ M) FROM FLOOR THEN 1,2
TXe ' HAZARDOUS CONDITIONS EXIST IF UPPER LAYER TEMPERATURE EXCEEDS
B?.F&.14" DEG ¢ (*+Féals* DEG C)r/2x, toR UPPER LAYER PROOUCT CONCEN
STRATION EXCEEDSY JEQ. 4, UNITS OF MASS PER UNIT MASS OF AauLK UPPER
*LAYER GAS.'///)
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1790

1800

18190

1820

1830
1840

1650

1860
1870
1280
18290

MATN PROGRAM

FORMAT (11041 X, ?FIRE ODETECTED WHEN UPPER LAYER TEMPERATURE 1S " FB
2.1+" DEEC F'f&ax"l'opﬁnlo' DEG Cle'/
32%e? IF LAYER INTERFACE IS HIGHER THAN 1,FGe2y* FT (?2F8a24" M) FR
40M FLOOR THEN t/72X." HAZARDOUS CONDITIONS Ex1sT 1f UPPER LAYER TEM
sPERATURE ExCEEDS " Fhele? DEG F.'/63X"('0Fﬁcll' DEGCYt/2X,' IF LA
AYER INTERFACE 1S AT OR SELOW &2+ FT (1 FGa2: M) FROM FLODOR T
PHEN */72Xe* HAZARDOUS CONDITIONS Ex1sST 1F uPPER LAYER TEMPERATURE €
AXCEEDS t FOels? [»]_£] Fo'/ﬁ3ﬂt'('.'6-!.' DEG Cl*/2X«"OR UPPER LAYER
SPRODUCT CONCENTRATION EXCEEDS./IOK-E9QQ|' UnNiTS OF MASS PER UNIT ™
xA5S OF BULK UPAER LAYER GAS+')

EDORMAT (lﬂoolx"FIRE DETECTED WHEN RATE QF TEMPERATURE RISE OF UPP
2ER LAVYER 15 t gFfa2s? DEG F/MIN (1 ,F5.2.* DEG C/MING L/
AZX.' 1F LAYER INTERFACE 18 HIGHER THAN '"+F&¢2y* FT (*+F8a24! M) FR
AQM ELOOR . THEN 172X e" HAZARDOUS CONDITIONS Ex1sST IF UPPER LAYER TEM
SPERATURE EXCEEDS 1 FOe1s'DEG F (9 +FBals? DEGC)e"72Xy"' IF LAYER INT
S&ERFACE 1S AT OR BELOW 1, F8.2+" FT (1 ,FEa2s " M) FROM FLOOR THEM */72
TX? MAZARDOUS CONMDITIONS ExXIST IF UPPER LAYER TEMPERATURE EXCESDS
B81,F&els? CEG F (" 4FGalelt DEG C)*'/72X+*0R UPPER LAYER PROOUCT CONCEN
STRATION ﬁXCEEOS'OEQOQQ' UNITS OF MASS PER UNIT MASS OF BULK UPPER
s AYER GAS='/77)

FORMAT (IHOiIXt'FIRE DETECTED WHEN RATE 0OF TEMPERATURE RISE OF UPR
2ER LAYER 18 1, F6a2+" DEG E/MIN (P+F6.24" DEG C/MINY.'/
32X+ IF LAYER INTERFACE 13 HIGHER THAN "L F6.2+" FT (P oFE 2" M) rFR
40OM FLOOR THEN 1/72%" HAZARDCGUS CONDITIONS ExX1ST IF UPPER LAYER TZIM
SPERATURE EXCEEDS v FEel "' DEG Fo'/ﬁaxn"'cFﬁol" DEGCII/2X" IF LA
4YER I{NTERFACE 1S AT OR BELDW 1, FBa2s" FT (VeFBa2e! M)} FROM FLOGR T
THEN $/72X." HAZARDOUS CONDITIONS ExX1sT IF UPPER LAYER TEMPERATURE E
B8 XCEEDS 0, F6.12" DEG F-'/63K!'('0F6010' DEG C)1 /72X COR UPPER LAYER
gPRODUCT CONCENTRATION ExCE!DS'!loX.EO.A.' UNITS DF MASS pER UNIT M
sASS QF EBULK JPPER LAYER GAS.')

FORMAT(IM 7771H ,19H HEIGHT OF ROOM 15 +FBe2 o SH ET (1FSe2 »
28H Mle /)

FORMAT(®* AREA g ROOM 1S ', EB, 2" FTHx2 ( V4F8.2s" Mk*2) 4}

FDRHAT(!HO.SIX.'LIYER RATE UF‘-IGK-'DETECTABLE'0191.'INTEHFACE'
2.13Xo‘HlZARDUUS'/QKo'AREA TIME TEMP. THICKNESS RISE"'»
36%.'0/Q0 CONCEN. TIME TEMP . ELEVATION Q/Q0"+ 55X !

&#CONCEN. ﬁVAILhaLE'/IQXv.AT'o?!i'ﬂf'OSXQ'AT'ngu'ﬁT'QQXQ'lf'ing'h
ST'.ax.'AT'.TX.'AT'.BX-'l?'.QX-‘AT'.9!.'!7'.6!.'EGRESS‘/1OX.'DETECT
610N DETECTION DETECTION DETECTION DETECTICN DETECTION HAZARD
THAZARD HAZARD HAZARD HAZARD TIHE'//3X0'FT.*2'|610'S
aEC DEG F'oﬁxi'FT'oﬁxo'DﬁaF/“'ozﬁxn'SEC DEG Bt &X' FT? 230X
9'SEC'/3XO'(“**2"Clsz'lDEG <) (M) (DEGC/M".33X;'(DEG C)
* (M)v72/7)

FDRMAT(!HO.!!X.'LAY!R RATE BF'!l‘x!'DETECThBLE'.19!.'INTERF‘CE'
2113!1'H‘ZARDOUS'/‘XQ'QRE‘ TIME TEMP. THICKNESS RISE"
36X+ Q CONCENS TIME TEMP .« ELEVATION G veSX.!
4CONCEN AVAILABL!'/lGX.'AT'.TX.'AT'.ax.'AT'.QK.'Af'.Gx.'Af'.cx.'n
ST'vGXi'lT'c?!t"T'-8!0"7'.9!9"1"91t'ﬁf'nﬁxo'ﬁGRESS'/lQXO'DETECT
610N DETECTION DETECTION DETECTION DETECT ION DETECTION HAZARD
THAZARD' HAZARD HAZARD HAZARD TlHE'/I:!.'FT*tz'-GX.'S
BEC DEG F'!ﬁxi'FT"QKO'DEGF/M'O7KO'K"|19K0‘5Ec DEG F'abXs!
9FT'.loxq'Ki'.lax.'S!C'IBK-'(utszl'-12x-'(DEG (o ] (M) {DEGC/
M) 433%.*(DEG c) (myr 7/}

FORMAT(Y wiLl DATA BE ENTERED INTERACTIVELY (Y/N) 7%)

FORMAT(? PROGRAM WILL aE EXECUTED IN INTERACTIVE MODE L")

FORMAT(® ENTER A RUN TITLE, WP TO a0 CHARACTERS LONGs*Y)

FORMAT(* ENTER COOE NUMBER OF THE DESIRED FORM or OUTPUT ¢ /33X,
2¢TYPE 1 FOR SUMMARY QUTPUT, 132 CHARACTERS pER LINE'/
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1500
1510
1920
1930

1940
1950

1980

1970
1980

1990
2000

2010

2020 .

2030

2040
2080

2060

20790

2080

2080

z100

2110
2120

MAIN PROGRAM

3 8X.'2 FOR SUMMARY QuUTAUT,. 80 CHARACTERS PER LINEY,
4 B8X,'3 FOR FULL QUTPUT, 132 CHARACTZRS PER LINEs,
S 8Xs "4 FOR FPYLL QUTPUT, a0 CHARACTERS PER LINEY)

FORMAT(* SUMMARY oUTPUT, 132 CHARACTERS PER LINE HAS BEEN SEL=cTED
2e')

FORMAT(* SUMMARY QUTPUT,. 80 CHARACTERS PER LINE HAS BEEN SELECTED.,
2v)

FORMAT(" FPULL CUTPUT, 132 CHARACTERS pPER LINE HAS BEEN SELECTED.!)

FORMAT(* FULL QUTPUT. a0 CHARACTERS PER LINE HAS BEEN SELECTED.?)

FORMAT(/10X,'15s THIS CORRECT (Y/7N) 70y

FORMAT(* ENTER: 1 LAMDA Re'/8X,4%2, LAMDA C,'/8x,13, EYELEVEL MHEIG
2HT, IM FEET. ANDY 78X, 4, FIRE HEIGHT, IN FEET 1,

3' Do YQU NEED MORE INFORMATION {Y7N) 2v)

FORMAT('Q 2w LAMOA R - THE FRACTION OF THE ENERGY GENERATION RATE
2 INSTANTANEOUSLY LEt AN tat'.ll!;'LOST BY RADIATION FROM THE coMB
SUSTION ZONE AND PLU"E-'.Gﬁ-'**"/'- xxs LAMDA C - THE FRACTION OF
4THE ENERGY GENERATION RATE LOST 10 The L T RN *X%? L 11X, *BOUND
SING SURFACES OF THE ROOM AND ITS CDNTENTS-'claxa'#ttlI
- *%%x SYE)| EvE HEIGHT = THE SPECIFIED CHARACTEBRISTIC HEIGHT: IN F
7TEET, (Om ukt s ttl'.lQX-'!YELEV!L FROM THE FLOOR.'-ZTX-'***'/
ar *2% FIRE HEIGHT = THE HEIGHMT. IN FEET: OF THE SASE OF THE FIRE

FABOVE AR/ 2mwr 18X, ' THE FLOOR. " 148X, " #sxe)

FORMAT(?! >>ENTER THE REQUESTED VALUES.<K!)

FORMAT(* OATA wiLL BE ENTERED IN THE FOLLOWING ORDER: /v 1. DETE
2TION CRITERIA IVe FIRE OATAt/? Il. MAZARD CRITERIA v

3+« PRODUCTS aF COMBUSTION DATA' /¢ ITI. ROOM SIZESe)

FORMAT(E&X.'I.,DETECTIGN CRITERIA")

FORMAT(' ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES F (DETRCTION)
2°'7' TYPE AN END OF FILE (UNIVAC: 2EQF) TO MOVE TO DETECTION BY RA
3TE OF RISE.')

FORMAT(* ENTER A RATE ©F LAYER TEMPERATURE RISE., IN DEGREES F/MIN
2(DETECTIONI.'/TX.'ti*(TYPE 0.0 FOR INSTANTANEOUS DETECTION, Jdxxt /v
3 TYPE AN END OF FILE (UNIVAC: 2EOF)} TO MOVE TO DETECTION BY CONCEN
ATRATION.*)

FDRHAT(3X.'ttt!NSTANTANEOU5 PETECTICN=x=%v )

FORMAT(' ENTER A CONCENTRATION OF 4 PRODUCT OF COMBUSTIAON,*/¢ N P
2RODUCT UNITS/GRAM OF BULK GAS (DETECTION) o' /7 TYPE AN END OF FILE
3 (UNIVAC: DEOF) TO MOVE TO HAZARD CRITERIA DATA INPUT .7

FORMAT(26X.%11. HAZARD CRITERIA')

FORMAT(' ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES Ft sy (INTE
2RFACE AEBOVE SPECIFIED EYSLEVEL) (HAZARD) .* /' TYPZ AN END OF FILE
J{UNIVAC: DEOF) TO MOVE TO MAZARD*'/* BY LAYER TEMPERATURE, WHEN INT
AERFACE RELOW EYELEVEL,. ")

FORMAT (' ENTER A SMOKE LAYER TEMPERATURE, IN DEGREES Fe /1 (INTE
2RFACE pEL_OW SPECIFIED ETYELEVEL) (MAZARD) +'/* TYPE AN END OF FIlLE
3(UNIVAC: pEOF) TO MOVE TO HAZARD BY pPac CONCENTRATION,? )

FORMAT(* ENTER A CONCENTRATION OF A PRODUCT DF COMBUSTION. '/t [N p -
2RODUCT UNITS/GRAM OF BULK GAS (HAZARD).*/' TvypE AN END OF FIlLE (U
SNIVAC: ZEDF) To MOVE TO ROOM sizE CATA INPUT.')

FORMAT(2&xX,*111, ROOM SIZE DATA')

FORMAT(' ENTER A COMPARTMENT CEILING HEIGHTs IN FEET.#/¢ TYPE AN
2END OF FILE (UNIVAC: pEDF) TO MOVE TQO COMPARTMENT AREA INPUT.!)

FORMAT(®" ENTER A COMPARTMENT FLDOR AREA:s IN SQUARE FESET.' /! Tre:s
2AN END OF FILE (UNIVAC: dEOF) TO MOVE TO FIRE OATA INPUT .}

FORMAT(29X, 1y, FIRE DATA®)

FORMAT(* sELECT THE REPRESENTATIVE FORM OF FIRE ENERGY GENERATION
2RATE.'/4x,
3'TYPE 1 FOR AN EXPONENTIAL FIRE GROWTH CURVE,',
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2130
2140
& D9

2160

2170
21 80

2190
2200
2210
2220
2230

2240
2250

2260

2270
2280

2290

2200

2310

2320

£230
23a0
23%0

2360
2370

2360

MAIN PROGRAM

4 GXs'2 FOR DIGITAL DATA INPUT «*)
FORMAT(' AN EXPONENTIAL FIRE GROWTH CURVE HAS BEEN SELECTED.)
FORMATI?® DIGITAL DATA INPUT HAS BEEN SELECTED.?)

FORMATC! GENERAL FORMI Q = Q1 * EXP(ALPH&(T-Tl!I'/
s¢ ENTER THE MAXIMUM TIME. IN SECONDS+ FOR WHICH THE FIRE WILL BE M
200ELEC')

FORMAT (' ENTER: 1. THE ENERGY GENZRATION RATE (Q1)s 1IN KILOWATTS
20 711X«*AT THE BEGINNING OF EACH TIME SEGMENTs AND'/
38X+"2e THE ENERGY GENERATION RATE !XPUNENT:‘L FACTOR (ALPHA’O'/!‘X
a,'1IN UNITS OF 1 7SECONDs FCR THAT TIME SEGMENT 1 //
5¢ ENTER ONE PAIR FOR EACH TIME SEGMENT IN THE CURVE,' /" ENTER THEM
£ oun AT A TIMNE.* /Y wHEN ALL HAVE BEEN ENTERED « TYPE AN END DOF FILE
7 (UNIVACE DEQOF) W)

FORMAT(sx.Ia.'I a= 1, FBa2e" !KP('QFT.‘i'(T'Tl!)'/'

FORMATL? Do You WANT FIRE ENERGY GENER‘T‘GN RATE DATA'/! PRESEN
27ED IN NORMAL I ZED ®ORM. a(T)Z7a1)y (Y/N) ?')

FORMAT(? THE FIRE DATA OUTPUT wiLL BE NORMALIZED. "}

FORMAT(' THE FIRE DATA QUTPUT WILL NOT BE NORMALL1ZEDs '}

FORMATI(? ENTER: 1l THE MAX IMUM TIME, IN SECONDS FoR WHICH THE FIR
2 wiLL BE ﬂODﬁLED"Ille'&ND'/BXQ'Zo THE HEAT OF cOMBUSTIONs IN KJ
3/NKG)

FQRHAT(ﬁX.'HKXIHU“ TIME = 'OFS-OISXo'HEAT OF CoMBUSTION = 'y
2F1 24}

FORMAT(* ENTER THE INITIAL ENERGY GENERATION RATE.")

FURM‘T(S!.'QO = V,F8.2) -

FORMAT(' ENTER THE REST OF THE DIGITAL DATA POINTS ONE AT A TIME.
2t7% EACH DATA PAOINT SHOULD CONSIST QF A TIME. 1IN SECONDS ' /! AND A
3 CUﬂRESPGNDING ENERGY GENERATION RATE. 2/ WHEN ALL HAVE BEEN ENTER
4ED+ TYPE AN END OF FILE (UNIVACS DEOF). ')

FORMAT(" Do YOU WANT FIRE ENERGY SENERAT ION RATE DATA'/? PRESEN
2TED 1IN NORMAL S ZED FORM. a(T)700 (Y/N} 7'}

EORMAT(20Xs*Vaeln DETECTABLE PRODUCT OF COMBUSTION DATA')

EORMAT(? SELECT THE REPRESENTATIVE FORM OF PRODUCT GENERAT ION RATE
247 75X
3'TYPE 1 FOR A METHOD JSING A CONSTANT oF PROPURTIQNALITY (BETA) ./
4a10Xe 2 FOR DIGITAL DATA INPUT?)

FORMAT(* A ME THOD USING A CONSTANT oF pﬂOPQRTIUHhLITY HAS BEEN SEL
ZECTED»")

FORMAT(' DIGITAL DATA INPUT HAS BEEN SELECTED ")

FORMAT(® ENTER BETAD.* /" IN PRODUCT UN1TS PER SEC PER KW oF FIRE E
2NERGY GENERAT I1ON RAT!.'lsx,'PRODUCT GENERATIDN RATE = BETAD * EMNER
3GY GENERATION RATE.?®)

FORMAT(?® ENTER BETAHL /" IN PROOUVCT UNITS PER SEC PER KW OoF FIRE E
ZNE RGY GENERATION ﬂATEo'/SX"PRODUCT GENERATION RATE = BETAH = ZNER
AGY GENERATION RATE.")

FORMAT(QOX.'V-Z. HAZARDOUS pPROOUCT OF COMBUSTION DATAY)

FORMATL? ENTER THE INITIAL DET!CT&BLE PRADUCT GENERATION RATE . 1)

FORMATL?® ENTER THE REST OF THE DISITAL DATA POINTS ONZ AT A TIMEZ.
2¢t7v EACH DATA POINT SMOULD CONSYI ST oE A TIME. iIN SECONDS AND' /¢ A
3 CORRESPUNDING DETECTABLE PRODUCT GENERATION RATE.' /! WHEN ALl HAV
AE BEEN ENTERED . TYRE AN END OF FILE {UNIVACY ROF}.*)

FORMATL* ENTER THE INITIAL HAZARDOUS pRODOVUCT GENERATION RATE.")

FORMATI(? ENTER THE RESY OF THE DIGITAL OATA POINTS ODONE AT A TIME.
20/ EACH DATA POINT SHTULD CONSIST af A TIME. IN SECONDS. ANDY /7' A
3 CURRESPONDING HAZARDQUS PRODUCT GENERATION RATE.*/? WHEN ALL HAVE
4 BEEN ENTERED» TYPE AN ZND OF FILE (UNIVACS BEDF )Y+ ')

FUHNAT(QXQ"*. SINCE THERE WERE NO D!TECTRBLE CONC!NTRATIONS SPECIT
2FIED. AEEI 74X o VESS DATA DESCRIBING THE GENERATION OF A DETECT&BLE
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2390
2400

24132

Z420Q
2430

2440
2450

3 PRODUCT
4T ewnt)
FORMAT(*Q

FORMAT('0Q
Zakrrdebk

MAIN PROGRAM )

FXXT/4X s tukx OF COMBUSTION WwWILL NOT BE REGUIRED,*

PRESS CARRIAGE RETURN TO CONTINUE, )

v23X,

#‘3.t#t**#t‘l*##*##*tt#‘tt AL L L EL R D T T T T YT I P ey &k

*EERERRTY )

FCRMAT('0Q

[-8
FORMAT('0
FORMAT (¢

2% TIME

4';*‘!/!
FORMAT(*
FORMAT(®

END

*xx%> PROGRAM EXECUTION COMPLETED <&kt )

*EE THIS PROGRAM WILL CALCULATE THE AVAILABLE SAFE EGRES
FEEE/Y Kk FROM A ROOM. o 4BX s '8%%9 /¢ Skt , 63X, Sannt s
3! #*x COCUMENTATION! NOSIR 82-2578 &Y LEGONARD Y. COOPER ANG'

XX ,IINLTOAVIO We STROUPY s 15X, tusst )
==2=> INCORRECT INPUT = TRY AGAIN <m=mx=¢)
==zx=> INPUT ERROR ~ RUN TERMINATED <xzxz=zt)
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SUBROUTINE EXFIRE

s TT8 15 FOGRESS*ASET.EXFIRE

<

f***t#*tttt***t#tt***#tt‘###l*.**‘##‘*#**t*tt**i#‘l#*#*t*##*tt#lt'ttttt

2N aNaNaXel

™

fal ol

AN

10

20

40

manan

0

THIS SURROUTINE USES THE APPROPRIATE INPUT DATA TO CHARACTERIZE

THE MULYI-EXPONENTIAL FIRE GROWTM CURVE FOR USE

IN FUNG BY COMPUTING THE TAUGIN) FRCOM THE AKAP(N) AND THE Q(N).

THE SUBROUTINE ALSO PRINTS A DESCRIPTION OF THE ENERGY

GENERATION RATE HISTORY.
ttt*t*t****tt#Ittt*#t#t‘tttttlttt*#ttltttt*tttttt::tsttt*tt**I#ttttttt

SUBROUTINE EXFIRE
tt**t::*t::ttttttt:sssatttttttt::*t:*tttt::ttatt*:ttttt::at::tt#**

COMMON NSEGG-NSEGPD.NSEGPH.TAUQ(100)oT!UPRD(lOOloTAUPRH(lOOl.
2 0(100)'PRD(100).PHH(IOOIoAKAPKIOO)-CloCZoCBDoCSHoZETD-FIRE.
3 FRODD-PROOH.LIMIT.DPHI'ThULIHcLINTER.QELTAoDOOTO.DPRDTO'
4 DPRHTO +» Q0+ LNCRM

LDOGICAL LINTERsLNOAM

1IF («NOT.(LNORM)} GO TO 50

THIS SECTIGN CALGULATES TAUQ(N) FOR NORMALIZED FIRE DATA.

IF (NSEGC.GT.1) GO TO 10
WRITE (6¢100) AKAP(1)
RETURN
NSEGM1=NSEGQ-1
TAUG(1)=ALOG(A(1)) 7AKAP( 1)
1IF (NSEGG.GT.2) GO TO 20
WRITE (6,110) AKAP(1)},TAUQ{1)+Q(1)
WRITE (6120} Q1) AKAP(2) . TAUQ(1},TAUG(L1}+Q(Y)
RETURN
DO 30 N=2.,NSEGMI
TAUQ(N)'ALOG(G(N!/Q(N—I]}/AK&P(N)+TAUQ(N-£)
CONTINUE
WRITE (€+110) AKAP(1).TAUGQ(1).Q(1}
NSEGM2=hSEGQ-2
DO 40 N=1 .NSEGM2
WRITE (6,130} O(N)-AKAP(N+1).T!UQ(N).TAUG(N)-TAUG(N+!I-Q(N).Q
2 {N+1)
CONTINUE
WRITE (&+120) O(NSEGHIIo!KAP(NSEGQloTAUQ(NSﬁGMI)'TAUQ(NSEGMI}-Q(NS
2 EGML)
RETURN

THIS SECTION CALCULATES TAUQ(N) FOR UN=NORMALIZED FIRE DATA.

1Ff (NSEGQ.GT.1) GO TO &0

WRITE (6+140) GO+AKAP(1)

RETURN

NSEGMI=NSEGQ—1

TAUQ( 1 )=ALDGI (1)) 7AKAP{ 1)

IF [NSEGQ.GT.2) GO TO 70

wal=Q(1)=a0

WRITE (5,150) QO+AKAP(1),.TAUQ(1)+,Q0.Wa1l
WRITE {(&.160) WQ1 ¢ AKAP(2) . TAUQ(1 3. TAUQ(1) swal
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T0

8o

50

100

i1 0

120

130

140
180
160

170

3

SUBROUTINE EXFIRE

RETURN
DO 80 N=Z2.NSEGM1
TAUG(N”‘LUG(Q(N)/Q(N—I"/AKAP(N’*T&UQ(N-I’
CONTINUE
wail=Q(1}1%Q0
WRITE (64+150) QO+AKAP{1)TAUGI1) +Q0.NQ1L
NSEGM2=NSEGO—-2
DO SO N=1 +NSEGM2
WONEGQG{(N}=Q0
WON1=QIN+1)%30
WRITE (&6,170) 'QN"KAP[N+ll'T‘UQ(NIQTlUQ(N,tT‘UQ(N+1’1NQNOWQN
2 I §
CONT INUE
WOL=sQ (NSEGML )
WRITE {&+4180) UQLU‘KAP(NSEGQ’uTlUQ(NSEG"l)oThUQ(NSEGMllOUQL
RETURN

FORMAT (1HO,5X,'0/Q0 = EXP(V'sFSady' & TIMESSEC) 1IF 0«0 € TINE/SECY
2)

FORMAT{1HO.5X,'QrQQ = P1 QX+ 'EXP{? FS5.4,' = (YIME/SEC) ) /v IF D
20 € TIME/SEC < "+F6elst, THAT ISe 1IF 0,3X4%1.0 < Q/00 < P F5,0)

FORMAT(IHMO¢SX e *Q/C0 = ¢ ,F6,0," = EXP(" oFS5e44* x (TIME/SEC - *eFGa.l
2o )17 IF ',F8.1,." ¢ TIME/SEC?.9X+"y THAT IS, IF Y4F 6.0+ € Q/Q0O!"
3)

FORMAT(1HOSX+'Q/Q0 = *,F8,0."' =% EXP(!'+FS.4,' x (TIME/SEC - "oFGal
2!'1"/‘ IF 'vFﬁ.lt' < TIMEISEC < 'apﬁoln't THAT IS. 1F 'QFQ-Oo' <
Q700 £ Y,F65.0)

FORMAT(1IHO+SX+'0 = ",F§,0,' = EXP(!' yFSedy? & TIME) IF 0.0 < TIME")

FORMAT(1HO+SX4'Q = ' ,F&. 04" = EXP(*sFS5.4,4" ® (TIME)) '/ IF 0.0 < T
2IME < " FBals "y THAT IS. IF '4F6+04' € Q <€ ", F8,.0)

FORMAT(LHO+SX s %0 = VY,FE,0."' x EXP(14FS5.4,' = (TIME =~ ViF&asle') Yo/
2' IF t,F86.14? <€ TIMET ,9Xe", THAT IS IF Y ,FE8,04+* < Q%)

FORMAT(IHO.,SX+'Q = *,FE.0," * EXPU " sFSut " % (TIME = " yFSelat) Y1/
2' IF ',Féele' € TIME < 'eF8ala®s THAT ISy IF 2,F8.0.:"' < 0O £ "WF6,.,0

END
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SUBROQUTINE PFUNQ

C TH1® 18 ECGRFSSEASET.FUNQ
C
CHARAREERRKAFFAARALERTRES NS R RAEB LR RXXEARBXREF SO AR XK AEER A K AE R TR RS XRXER
C THIS IS FUNGe IT COMPUTESS
<
< QDQO(T) = ENERGY GENERATION RATE AT TIME TAU=T / Q0
CEERAFBRAEEXRAXNBRESEUSRAAEX XX EXAR RSB ERXBEXREXER ARSI XX AR XXX S REXERS XXX
C

FUNCTION QDQO (T)

C
[ prpprenprenprgngranpa e T YT IS R E 2L P L B EE A A 2 At R 2 e E L L L L LAl b
<

INTEGER FIRE
COMMON NSEGG:NSEGPD+NSEGPH,TAUG(100)+TAUPRD(100),TAUPRH{100).,
2 QC(100) PRO{100) «PRH(100)yAKAP(100)+C14C2+C3D4C3HLZETOLFIRE,
3 PRODD s PRODH s LIMIT OPHI+ TAULIM,L INTERJOELTA.DGDTO . DPROTO,
- OPRHTO s Q0+« LNORM
LOGICAL LINTERJLNORM
GO TO (10+80+90)s FIRE
<
¢ THE FOLLOWING SEGMENT OF FPUNQ 1S USED TD COMPUTE QDGO(T) FUR A
€ MULTI-EXPCNENTIAL FIRE GROWTH CURVE.

<
10 IF (T.EC.0e) QDQO=1,
IF (T.EG.0.) RETURN
IF (NSEGG.EQ.1) GO TO 20
IF (T.GE.TAUG(1)} GO TD 30
20 QOGO=EXP{AKAP( 1)%*T)
RETURN
20 1IF (NSEGG.EQ.2) GO TO S0
NSEGM2=NSEGQ=2
00 40 Nm14NSEGM2
IF (TGE.TAUQ(N+1)}) GD TO 40
QDCO=QIN) EXP{AKAP{N+1 )} % (T-TAUQ(N) )
RETURN
40 CONTINUE
20 ODQO=Q (NSEGA=1 } *EXPC(AKAP (NSEGQ )« (T=TAUQ(NSEGQA—1 1))
RETURN
<

¢ THE FOLLOWING SEGMENT OF FUNQ 1S5 USED TO COMPUTE QoQo(T) FOR DIGITAL
C DATA AND LINEAR INTERPOLATION.

C
€0 1IF (T.EBu.0.) QDQO0O=1.
IF (TaEBGa0s4) RETURN
IF (T.GT.TAUG(1)) GO TO 70
ADAo=a(1)=({a(1)=1.)/TAVG(1) )= (TAUQ(1)~T)
RETURN
70 DO 80 Nx=1,.NSEGQ
IF {T«GT.TAUGINY) GC TO B0
ODQQSQ(NJ-((Q(N)-O(N-!IJI(TAUQ(N)-TQUG(N-II!)*(TAUQ(N)-?)
RETURN
20 CONTINUE
S0 RETURN

END
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SUBROUTINE FUNPRD

€ THIS IS FCRESS*ASET(FUNPRD
<
CEFTEXXEIX A B ERB AN EA LR LA SR FPAREE RS S X RI RN AR EEEBNEREE KBRS R TS EXREXETRE R
C TH1S 1S FUNPRD. 1T COMPUTES
<
c PROPRO(T) = PRODUCT GENZRATION RATE AT TIME TAU=T /PRDO
bithtddhid b i bbb bbbt bl Sl LIl SRS LT I T2 T T Y
<

FUNCTION PRDPRO (T)

C
C *tttttt#####*ttt*tt!‘*‘#**tt**t*##t*******"I*t*t**t‘ttt#**t#t#!tt
<

INTEGER PRODD
COMMCN NSEGO.NSEGPD.NSEGPH.T!UQ(1003-TAUPRD(100)-7AUPRH(100}'
2 0(1003vFRD(lOOloPRH{IOO)oAKAP(IOO];CloCZ-C3DoC3HoZ!TO-FIRE.
3 FRDDD.PROQH.LIMIT.DPHI-ThULIM.LINTER.DELTA;DQDTD.DPRDTO-
4 DPRHTC « Q0+ LNORM
EXTERNAL QDQO
LOGICAL LINTER,LNORM
GO TO (10,20+,50), PRODD
C
C THE FOLLOWING SEGMENT OF FUNPRD IS USED TO COMPUTZ PRIPRO(T) FDR A
C CASE WHERE THERE 1S A CONSTANT OF PROPORTIONALITY BETWEEN PRODUCT
C GENERATION RATE AND ENERGY GENERATION RATE. THIS CONSTANT. BETAD,
C 1S DEFINED aAS

<
C PRODUCT GENZRATION RATE = BETAD = (ENERGY GENZRATION RATE).
<
C IN THIS CASE, PRODD=1.
C
i0 PRDOPRO=2QDQOI(T)
RETURN
<

C THE FOLLOWING SEGMENT OF FUNPRD 1S USED TO COMPUTE PRDPRO(T) FOR A
C CASE WHERE PRODUCT GENERATION RATE IS GIVEN BY LINEAR INTERPOLATION
C BETWEEN DIGITAL DATA POINTS. IN THIS CASE PRODO=2.

C
20 IF tT-EG-O.’ PRDPRO=1,
IF (TW.EQW0e) RETURN
IF (T.GT.TAUPRD(1)) GO TC 30
PRDFROIPRD(!I-((PRD(l)-!.’/TAUPRD(l))*(fAUPRD(l,-T)
RETURN
20 DO 40 Nx=1.NSEGED
IF (T.GT.TAUPRDIN})} GO TO 40
PFDPROSPRD(Nl-((QRD(NI-PHD(N-I)II(TAUPRD(NJ-TAUPRD(N*IJ)}*(TA
2 UPRD{N)=T}
RETURN
40 CONTINUE
£0 RETURN
END
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SUBROUTINE FUNPRH

¢ THIE 13 EGRESS*ASET,.FUNPRH
c
CERE AP RE KX et EEIELT LTS EL LD L L b bt bt REESHEE
€ THIS IS FUNPRH. 1T COMPUTES
c
[ o PRMPRO(T) = PRODUCT CENERATION RATE AT TINE TAUaT /JPRHO
C***#‘#.t***#**#**‘**“‘*t#‘#“‘*#*‘##*-‘tt‘*#t‘ *t‘*tt‘##t‘**#-ﬁ##‘*ttt L 1 3
<
FUNCTION PRHRPRO (T}
c
< ‘t#‘t##““‘*“‘*"#*#*3*****“.*‘**‘##'I***‘t#**‘t't## REFREhk kR
Cc
INTEGER PRODH
COMMON NS!GG.NSEGPO-HSEGPH.TAUO(100)aTAUPRD(lOOIoTAUPRH(IOO!'
2 0(1003oPRDllOO)oPRH(lOOloAKhP(lOOloClsCZeCED.C3H¢ZETO.FIHE.
3 PRODD'PRDDH-LIHIT.DPHI-TAULIMoL!NT!RvDELTAoDQDTO-DPRDTO-
& DPRHTD + G0+ LNORM
EXTERNAL QDQO
LOGICAL LINTER JLNORM
GO TO (10+20+50), PRODH

THE FOLLOWING SEGMENT OF FUNPRH 1S USED TO COMPUTE PRHPRO(T) FOR A
CASE WHERE THERE IS5 A CONSTANT OF PROPORTIONALITY BETWEEN PRODUCT

GENERATION RATE AND ENERGY GENERATION RATE. THIS CONSTANT+ BETAM,
1S OEFINED AS

PRODUCT GENERATION RATE = BETAH * (ENERGY GENERATION RATE) .

IN THIS CASE, PROOH=1,.

rAADODANRNDDOHO

0 PRHPRO=QDGO(T)

PETURN
<
C THE FOLLOWING SEGMENT OF FUNPRH 18 USED TO COMPUTE PRMPRO(T) FOR A
C CASE WHERE FRODUCT GENERATION RATE 1S GIVEN BY LINEAR INTERPOLATION
¢ BETWEEN DIGITAL DATA POINTS. IN THIS CASE PRODH=2,

<
20 IF (T80es04) PRHPRO= ]
IF (T«EQeDo) RETURN
1F (T«GT«TAUPRH{1)) GO Ya 30
PﬂHPROIPRH(Il-‘(pRH‘l’-la}/T‘UpRH(I"*(T“UPRH(li'T,
RETURN
20 DO 40 Nzl .NSEGPH
I® (T+GT.TAUPRHI(N)}) GO TO 40
PRH”RO'PRH(N}-((PRH(N)-PRH(N-I,l/(?‘UPRH(Nl-TAUPRH(N-I"’*(TA
2 UPRHINI=-T)
HETURN
40 CONT INUVE
=0 RETURN
END
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SUBROUTINE SUBAINT

C THIS IS EGRESS*ASET.SUBAINT. IT REQUIRES EGRESS*ASET.SUBF AND INTGR.

<

c**::*tt:::ttttttttt:t:t:tnttttttt*ttt*:t*s:s:#*tttttt:ttt::ttttaz:::tt
THIS SUBROUTINE SETS UP THME NUMERICAL INTEGRATION FOR UBTAINING THE
INTERFACE POSITION AS IT DROPS FROM THE CEILING. THE H15%TORY OF
TEMPERATURE AND PRODUCT CONCENTRATION IN THE UPPER LAYER ARE ALSOD
COMPUTED, THE INTEGRATION 1S DONE IN SPECIFIED TIME INTERVALS. AFTER
EACH INTERVAL. CRITERIA FOR DETECTION AND HAZARD ARE EVALUATED. LINEAR
INTERPOLATION WITHIN THESE INTERVALS ARS USED TO OBTAIN TIME AMND
PARAMETER VALUES FOR DETECTION AND HAZARDe
C#t##t#tt*att#tttttttttttttttt#*ttttt*ttt!#**ttttttt###t*ttttttt*##tttt

c

C
-
c
<
<
C

<
C
<
o
<
<
<
c
C
o
C
C
C
C
C
=
C
C
C
9
C
C
L
C
C
<
<
C
<
C
C
C
C
4
C
<
C
o
c
C
o
c
o
C
C

NOTATION

EXRERRE #**tt*itttt***tt#**tt*t*l###***Ititt FAEEFXEEESEB AR LS FEERRES X &k

AQDQO
CNDETD
CNDETH
CNDSP

CNHAZD
CNHAZH
CND

CNH

CNHTST
CNDO
CND1
CND2
CNHQ
CNH1
CNH2
DELTA
DEL.TAM
OPHI

OPHID

OPHIDS

DPHIO
PP HIL
DPHIZ
D2DETF
OZDETM
bDZF
DZM

HF
ITMEGS
PHIDET
PHIDS»
PHIHAZ
PHIHSU

G700 AT END OF TIME STEP,

DETECTABLE PRODUCT CONCENTRATION AT TIME OF DETECTION,
HAZARDOUS PRODUCT CONCENTRATION AT TIME OF CETECTIDON,
DIMENSIONLESS SPECIFIED DETECTABLE PRODUCT CONCENTRATICON

FOR DETECTION,

ODETECTABLE PRODUCT CONCENTRATION AT TIME OF HAZARD.

HAZAROOUS PRODUCT CONCENTRATION AT TIME OF HAZARD .

DETECTABLE PRODUCT CONCENTRATION OF URP=R LAYER AT END OF TIME
STEP.

MAZARDOUS PRODUCT CONCENTRATION OF UPPER LAYER AT END OF TIMgZ
STEP.

A TEST VALUE FOR HAZARDOUS CONCENTRATI ONe

INITIAL DETECTABLE PRODUCT CONCENTRATION OF UPPER LAYER,

INITIAL HAZARDOUS PRODUCT CONCENTRATION OF URPER LAYER.

THE HEIGHT OF THE FIRE ABOVE THE FLOCR IN FEET .

THE HEIGHT OF THE FIRE ABROVE THE FLOOR IN METERS .
DIMENSIONLESS RATE OF TEMPERATURE RISE OF UPPER LAYER,
OPHI/DTAU, GENERATED IN SUBF DURING THE COURSE QF THE INTEGRA=-
TION.

DIMENSIONLESS RATE OF TEMPERATURE RISE OF UPPER LAYER AT

TIME OF DETECTION.

DIMENSIONLESS RATE OF TEMPERATURE R1ISE OF UPPZR LAYER FOR
CETECTION SPECIFIED.

INITIAL DIMENSIONLESS RATE aF TEMPERATURE RISZ OF UPPER LAYER,

UPFER LAYER THICKNESS AT TIME OF CETECTION IN FEZT,

UPPER LAYER THICKNESS AT TIME OF DETECTION IN METERS.

UPPER LAYER THICKNESS AFTER EACH TIME INTERVAL IN FEET.

UPPER LAYER THICKNESS AFTER EACH TIME INTERVAL IN METERS.
HEIGHT OF COMPARTMENT UNDER CONSIDERATON IN FEET,

TIME AVAILABLE FCR SAFE EGRESSs IN SECONDS.

DIMENSIONLESS UPPER LAYER TEMP AT TIME OF OETSCTION.
DIMENSIONLESS UPPER LAYER TEMP FOR DETECTION B3PECIFIED.
DIMENSIONLESS UPPER LAYER TEMP AT TIME GF HAZARD.
DIMENSIONLESS SPECIFIED UPPER LAYER TEMPERATURE WHEN INTERFACE
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<
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anonon

PHIHSL

AITST
PHIO
PHIL
PHi2
GODETQO
GHAZGO
RRC

[r3-2al I ol

RROETF

RARF

TAUDET
TAUMAZ
TAUL
TAUZ
TAUTSC
TAUTSP
TAUTST
TIMOS
TIMHS
T™C
TMDETC
TMDETF
THMF
TMHAZC
TMrAZF
5F

SM
UAQD QO
UaoToa
UQHZDA
ZETDET
ZETEYE
2ZETHAZ
ZHAZF
ZHAZM
zF

ZM

21

z2

SUBROUTINE SUBAINT -
1S5 ABOVE ZETEYE.

DIMENSIONLESS SPECIFIED UPPER LAYER TEMPERATURE wHEN INTERFACE
15 BELOW ZETEYE.

A TEZST VALUE FOR PHI.

INITIAL UPPER LAYER TEMPERATURE .

0 AT THE TIME Of DETECTION 7/ Q9

Q AT THE TIME OF HAZARD / Qo

RATE OF TEMPERATURE RISE OF UPPER LAYER IN DEGREES C PER
MINUTE AT END OF TIME STEP.

asTe OF TEMP RISE OF UPPER LAYER AT TIME DF DETECTION IN
DEGREES C PER MINUTE. '

RATE OF TEMP RISE OF UPPER LAYER AT TIME OF DETECTION IN
DEGREES * PER MINUTE.

AATE OF TEMPERATURES RISE OF UPPER LAYER IN DEGRESS F PER
MINUTE AT END OF TIME STEP.

DIMENSIONLESS TIME AT TIME OF DETECTION.

DIMENSIDONLESS TIME AT TIME OF HAZARD.

DIMENSIONLESS TIME AT LOWER LIMIT OF INTEGRATIUN.
DIMENSIONLESS TIME AT UPPRER LIMIT OF INTEGRATION.

A TEST VALUZ FOR TAU.

A TEST VALUE FOR TAU.

A TEST VALUE FOR TAU.

TIME REQUIRED FOR DETECTION IN S=CONDS.

TIME TO REACH HAZARD 1IN SECONDS.

LAYER TEMPERATURE AT ENO BF TIME STEP IN DEGREES C.
UPPER LAYER TEMP AT TIME oF OETECTION IN DEGREES Ca
UPPER LAYER TEMP AT TIME OF DETECTION 1IN DEGREES Fo
LAYER TEMPERATURE AT END OF TIME STEP IN DEGREES F.
UPPER LAYSR TEMP AT TIME OF HAZARD IN DEGREES C.

UPPER LAYZER TEMP AT TIME OF HAZARD IN DEGREES Fo
COMPARTMENT AREA UNDER CONSIODERATION IN SQUARE FEET.
CCOMPARTMENT AREA UNDER CONSIDERATION IN SQUARE METERS .

G AT END OF TIME STEP,.

0 AT THE TIME OF DETECTION.

Q AT THE TIME OF HAZARD.

DIMENSIONLESS LAYER INTERFACE SLEVATION AT TIME OF DETECTION.
D IMENS IONLESS ELEVATION oF EYELEVEL.,

DIMENSIONLESS LAYER INTERFACE ELEVATION AT TIME OF HAZARO.
LAYER INTERFACE ELEVATION AT TIME OF HAZARD IN FEET.
LAYER INTERFACE FLEVATION AT TIME OF HAZARD IN METERS.
LAYER ELEVATION AT END OF TIME STEP IN FEET o

LAYZR ELEVATION AT END OF TIME STEP IN METERS.

*******#t**t*‘ttl‘.tt#‘tt*****#*‘****#*lt*t#‘*tt*tt*“tl'tt#‘ttt**‘#tt

SUBROUTINE AINT (IDETHQIDETT.IDETR'PHIHSU;PHIHSL.CNHAZS.PHIDSP;

2

CNDSP.ZﬁTEY!-DPHIDSOSFQSHoHFo'RC'TITLE)

*##*t#t#t*###‘tt**##tﬂl*t####l‘***#t‘8'####33**##t#tt*#*#ltttt#ttt

INTEGER FIRZ, WRC. TITLE (20) « PRODO » PRODH
DIMENSION Y(4) . .wB(20)
COMMON NSEGO'NSEGPDQNSEGPH.TAUO(IOOI-TAUPRD(IOO)oT!UPRH(lOOl-

G(IDO!cPRD(lUOioPRH(lOO)cAKAP(lOOi9C1¢C2oC3DoC3H-ZETO-FIRE.
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<

nNnan

10

C

C IF IDE2TT=},

C
20

<

C CETECTION 1S BY RATE OF TEMPERAT
C OCCUR AT TIME=0.?

C
20

c

C SINCE HF>ZETEYE AT THIS INITIAL TIME

& W

COMPUTE INITIAL LAYER TEMPERATURE, INITIAL RATE OF LAYER
TEMPERATURE RISE,

2

IF IDETH=1, DETECTION BY POC CONC

SUBROUTINE SuBA INT

FRODD;FRODH-LIHIT.D’HIQTAULIMoLINT!R.D!LTA-DODTUoDPRDTOc

DPRHTO « Q0+ LNORM

EXTERNAL F

EXTERNAL QDGO

LOGICAL LINTER,LNORM
CHARACTER CHARTR

AND INITIAL CONCENTRATIONS.

PHIO=1o/(1--Cl/(Cl*CZ*(ZETO**(5-!3.lIll

DPHIOIIC1/C2)¢(l-/ﬁc)*(2.*00070-5-*(—C1-C2*(ZETO*‘(E

*R{B./3.)}

CNDO=C3D/(C2+ ( ZETOS* (8. /3.}))
CNHO=C3H/(C2*( ZETOR%(5,./3,)))

CONSIOERATION.

iF (IDETH-EQ.)) GO TO 29
IF (CNDOL.LT.CNDSP) GO TO 40

IDETH=]
ZETDETxHF
TAUDET=0.
CNDETD=CNDO
CNDETH=CNHO
DeHID=0PHNIO
PHIDET=PHIO
GO TO a0

IF (IDETT«GT40) GO TO 30
IF (PHIOT.PHIDSP) GO TC 40

IDETTY =1
GO TC 10

IF (DPHIO.LT.DPHIDS) CO TO a0

IDETR=1
GQ TO 10

URE RISE AND IDETR=0,

ENTRATION 15 NOT UNDER

C ATURE. DOES HAZARD DCCUR AT TIME=0.7

C
40

IF (PHIO.LT.PHIHSUY) GO TO S0

TAURAZ=0.
ZETHA Z=pHF
CNHAZO=CNDO
CNHA Z HxCNHO
PHIHA2=BKI0
TAUDET=0,
ZETDET=HF
CNDETDO=CNDO
CNDET meCNHO
DPHID=0PH10
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DETELTION BY LAYER TEMPERATURS IS5 NOT UNOSR CONSIDERATION

POES DETECTION

+ HAZARD CAN ONLY BE BY TEMPZR-



aannon

<

SUBROUTINE SUBAINT

PHIDET=PHIO
GD TO 2390

Y(1)=ZET0
Y{z)=PHID
Y{3)=CNDO
Y{4)aCNKHD
DPHI=DPAHID
17 ((WRC.£Qs1) ¢0OR4(WRC
IF (WRC.ZG.3) WwRITE (6
IF (WRC.EQ.4) WRITE (6
1F ((WRC+EQs3 ) aAND o (LN
1F ((WRC.EQed) «AND+ (LN

INITIALIZE VARIASBLES FOR INTEGRATION.

+2Q+2)) GO YD 60
«280) TITLE

+290) TITLE

ORM}) WRITE (&6.:360)
ORM)) WRITE (86,380}

I1F ((WRC.EQ«3) +AND{,NOT s (LNORM}D) WRITE (6.370)
IF ((UHC-EQ.Q)oAND-(.NBT.(LNORMll) WRITE (64330)

DZ2F2mF={Y{1)1+DELTA)
DZMmDZF*0 +3048
TMF=(Y({2)%530,0)~4860.0
TMC={TMF~32,.001/1.8
AGDOO=ADAO{TAVZ)
JAQDQO=AQDQO®Q0
RRF=sOPHI®31800.0
RRC=RRF/1.8
ZFav {1 )1+DELTA

ZM=(Y (1 14DELTA)*D,.3048
CND=Y(3)

CNH=Y{4&)
ITAUZ=IFIX{TAVU2)

IF ((WRCJEQe3) +ANDLLN

2

iF (('RC-!Q-‘).AND.(LN
2
1F (('RCQEQQ3,-ANDQ(0N

2
3

iF {(ﬂPCQEQo"nﬁNDo‘oN

2
3

ORM)) WRITE (56.,400) tThUZ.KGDQO.DZFQDZH.ZF-
ZH.THFOT“CQRRFORRCUCNDOCNH
ORM}) WRITE (65+410) ITAUZ +TMF .RRF,DZF+2IF,
AQDQOtCND.CNH.TMC.RRCoDZH'ZN
OT-(LNORM})}) WRITE (6.400) 1TAU2,.UAQDQOOZF,
DZM.ZF;ZM.TMF.TMC-RRFgRRC-CND.
CHNH
OT.(LNOQRM)})) WRITE (5+410) ITAUZs TMF RRF0ZF
oZFcUAQDQO.CNDQCNHoTHC'RRCC
DZMaZM

C INCREMENT TIME STEP AND CONTINUE .

<

£0

TAUlI=TAU2
TAUZ=TAUZ+S.
IF (((FI1E-!D-2).AND-(

TAU2.GT.TAUQINSEGQ) } }«ORs

2((PRODO.EQ.E)oANDo(TAUZ-GT.TAUﬂHD(NSEGPD!)l-ORo

3((PRODP.EQe2) s AND. (TAV

2.6T. TAUPRH(NSEGPH})}) GO 70 250

IF (TAU2.GT.TAULIM) GO TO 260

21=r{1)+DELTA
Z11I=Y(1)
PHIlI=Y(2)
CND1mY{3)
CNHI=Y (&)
DELTH=0.5
DPHII=DPHI
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SUBROUTINE SUBAINT

€ CALL INTGR TO PERFDRM THE INTEGRATION FROM TAU1 TO TAU2.

C

<

C

CALL INTGR (F,TAU

IF (IER.LT«32) GO

C THERE IS AN ERROR IN
C RETURN TO MAIN.

<

1o

(a2 o W W T s WY

L N3
Q

$0

2
2
2
3

2
3

WRITE (&,330)
RETURN

22I=y(1}
Z2=Y(1)+DELTA
PHI2=aY(2)
CND2=Y({3)
CNHZ=Y(4)
DPHIZ=DPKHY

IF ((WRC.EQ.1) .0OR
CIF=HF-22
DZIM=D2F+0,3048
TMFx( PHIZ2Z%*S30,0)~
TMC={TMF=32,0}/1.
AQDQO=GDAO(TAU2)
UAQDGO=AGDQY®Q0
RRFzDPHIZ®*31800.0
RRC=RRF/1 .8

IF=x2D
ZMuZF#0,3048
CND=CND2
CNH=CNM2
ITAUZ=IFIXITAUZ)
1F {{NRC.EQ.3) AN

IF ({WRC.ZQ.4) AN

IrF ({WRC.EQe3) +AN

1F {(WRC.EQ.& ). AN

I.TAUZ.DELTH"'Y.'B‘IER’
TO 70

THE INTEGRATION, WRITE ERROR MESSAGE AND

»{WRC.EQ.23) GO TO 80

4603.0
a

D+ (LNORM)) WRITE (6.,400) ITAU2,AQDQC0ZF,DZM, 2F,
z“'TMF’?MCURRFQRRC!CND.CNH
Do {LNDRM)) WRITE (&.410) ITAU2.TMF,RRF,DZF. 27,
AQDQOC+CND yCNH s TMC 4 RRC s DZ My ZM
DeloNOT.(LNORM))) WRITE (6,400) ITAU2,UAGDGO 4+D2F,
' DZIMeZF e ZMsTME s TMC s RRE ¢ RRC s CND o
CNH
De(oNOTe(LNORM) )} WRITE (6.410) ITAU2, TMF,RRF, DZF
OZFIU‘QDQODCNDOCNHQTMCCRRCODZM
»ZM

IF DETECTION DCCURED BEFQRE THE LAST TIME INTERVAL THEN WILL PASS FROM
HERE TO 120 WITH NO CHANGES. IF DETECTION DID NOT DCCUR BEFQRE THE

LAST
VAL «
TERS

TIME INTERVAL TH
IF S0+ THEN FLAG
AT TFHE TIME OF D

1F (IDETH.GTOO, G
1F {CND2ALT.CNOSP

EN CHECK 1P DETECTION OCCURED IN LAST TIME INTER-
THIS FACT (EuGes SET IDETT=1). COMPUTE PARAMZ-
ETECTION AND GO YO 120.

G TO 100
) G0 TD 120

TAUDETITAUI+(TAUZ-TAU1)*(CNDSP-CNDll/(CNDa—CNDl)

IDETH=1
ZETOET=214(22-21)
CNDETO=CNDLI+( CND2

*(TAUDET—TAU!l/(TAUE-TAUI)
-CNDII*(TAUDET-TAUL)/(T&UZ-TAUI)

CNDETH!CNH1+(CNH2—CNH1l*(TAUDET-TAUl)/(TAUZ-TAUI)
PHIDET=PHII¢{PH12—PHII3*(TAUDET-TAU1)/(TAUZ-TAUI)
- DPHID=DPHIL1 +({DPH?

GO To 120

Z*DPHII)l(TAUDET-TAUI)/{TAUE—TAUI)

1i1



SUBROUTINE SUBAINT

100 1Ff (IDETT.GT.0) GO TO 110
IF (PHIZ.LT.PHIDSP) GO TO 120
TAUDETITh01+(TAU2-TAUI)t(PHIDSP—PHIlII(PHIZ-FHII)
IDETT=]
GO TO 0O

110 1F (IDETR.GT.0) GO TO 120
1 (OPHI2.LT.DPHIDS) GO TO 120
TAUDETIT&U!+(TAU2-TIUI)*(DPHIDS-DPHIII/(DPH!Z*Dpﬂtli

IOETR=]

Gh T0 90
C
C DID HAZARD OCCUR DURING THE LAST TIME INTERVAL?
<

120 IF (Z22.LT.ZETEYE) GO TO 140
IF (PHI2.GE.PHIHSU) GO TO 130

G0 TO &0

130 TAUHAZITAUl+{TlU2-TAU1l*(PHIHSU—PHII)/(PHIZ-PHIII
G0 TO 200

140 I¥ (Z1.GE.ZETEYE) GO TO 150
GD TO 1680

DID HWAZARD OCCUR B8Y HIGH LAYER TEMPERATURE WITHIN THE TIME INTERVAL
BEFORE 2<ZETEYE? TO ANSWER THIS. COMPUTE TIME WHEN Zs=ZETEYE., COMPUTE
THE TEMPERATURE AT THIS TINME, AND SEE IF THIS TEMPERATURE 1S GREATER
THAM PHITST.

- nobhn

50 TAUTSTSTA01+(TAU2*TAU1)*(ZETEYE-ZI)/(Z!-ZII
PHITSTIPH11+(PHIZ-PHII)*(TAU?ST-TAUIi/(fhuz-TAUll
1IF (PrITST.GE.PHIHSY) GO TO 130

DI1D HAZARCOUS CONCENTRATION EXIST PRIOR TO DR AT THE TIME THAT THE
INTERFACE® REACHED ZETEYE? TO ANSWER, COMAUTE THE CONCENTRATION,
CNHTSTs AT TIME TAUTST WHEN THE INTERFACE REACHES ZETEYE, AND COMPARE
17T .TO CNHAZS .

Ananhn

CNH?STICNHl#(CNﬂz-CNHI)*(TAUTST-TAU!)/(TAUZ—T!U!I
iF ((CNFTST-LT-CNHAZS]cANDi(PHITST-LToPHIHSL!I GO TD 180
TAUHAZ=TAUTST :
GO TD 200

150 IF (CNH2.GE.CNHAZS) GO TO 1890
IF (PFI2.LT.PHIHSL) GO TO &0

170 TAUHAZITAUI+(TAUZ-TAUI!t(PHIHSL—PH!ll/(PHIE-ﬂHII}
60 TO 200

180 IF (PHI2.LT.PHIHSL) GC TO 190

c

¢ COMPUTE TIME WHEN CN=CNHAZS. COMPUTE TIME WwHEN PHIsPHIHSL. wHICHEVER

C TIMZ I8 SHALLER 1S TAUMAZ,.

<
TAU?SC=TAU1+(TAUZ—TAU!I!(CNHAZS-CNHI)/(CNHZ-CNHI)
TlUTSP’TAUl+lTAUZ-TAUl]t(PHIHSL—PHIIII(PHIZ-PHIII
IF (TAUTSC.LE.TAUTSP)} GO TO 190
GO TO 170

180 TlUH&ZITAUl+(TAU2-TlUl’*(CNHQZS-CNHI}/(CNHE-CNHI)

200 PHIH&ZSPH11+(PHIZ-PHIIl*(TAUHAZ—TAJIl/(TAUZ-TAUl}
ZETHAZ=ZI+(22-211'(TAUHAZ-TAUI3/{TAU2—TAU1)
CNHAZDICNDl+(CNDZ-CNDI)*tTAUHAZ—TAUI)/(TAU2—TAUII
CNHAZHICNH1+{CNH2-CNH1)*(TAUHAZ-T&Ul)/(TAU2—TAUll
DPHIHIDPHI!+(DPHIZ-DPHII)‘(TAUHAZ-TAUlII(TAUZ-TAUI)

T17 .
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210

C

SUBROUTINE SUBAINT

HAZARD DID CCCUR IN THE LAST TIME INTERVAL. DID DETECTION OCCUR IN THE
LAST OR ANY PREVIOUS TIME INTERVAL? IF NOT. THEN ASSUME DETECTION
EVENT TC OCCUR AT THE TIME OF THE ONSET OF HAZARD. AND APPROPRIATELY
SET THE DETECTION PARAMETERS.

iIF I({IDETHoEQoll-AND.(IDETT-EQ.I)l.AND-[IDETR.EQ.l)) &0 To 210
G0 TO 220

IF (TAUHAZ.T.TAUDET) GO TO 220

GD TO 23¢

TAUDET=TAUHAZ

PHIDET=PHIHAZ

ZIZTOET=ZETHAZ

CNDETC=CNHAZD

CNDETH=CNHAZH
DPHID-DPHII+(DPHIZ*DPHIIlt(TAUDET-TAUll/(TAU2-TAU1)

C CHANGE DIMENSIONLESS RESULTS CORRESPONDING TO THE QETECTICN AND
C ONSET OF HAZARD EVENTS TO DIMENSIONAL VALUES AND PRINT THEM ouT.

c
230

<

TMOETFePHIDET*530,~460,
TMOETC= (TMDETF~32.)/1.8
TMHAZF-PHIHAZ*SSO.-QGO.
TMHAZC®R (TMHAZF=32,.)/1. 48
RRDETFzDOHID®31800.,0
RRDETC2RADETF /1.8
TIMDS=TAUDET
TIMHS=TAUMAZ
QDETCO=QDQO(TAUDET)
GHAZOQ=QDQO{ TAURAZY
UQDTDQ=QOETDA *Q0
UQHZDA=dHAZDG* QD
ZDETF=ZETDET
Z2O0ETM=ZDETE=X0. 3048
C20ETF=MF-ZETODET
DZDETM=DZORTE #0,3048
IHAZF=2ETHAZ
ZHAZMEZHAZF®O . 3040
DZRAZF=mF=2ETHAZ
DZHAZM=DZHAZFE %0 ,3048
RRHAZF=DCPHIM®31800.0
RRHAZCERRHAZE /1 .8
ITIMDS=IFIX(TIMOS)
ITIMHSSIFIX{TIMHNS)
ITMEGS=1TIMHS=ITIMDS

C WRITE RESULTS FOR THE COMPARTMENT REIGHT AND AREA UNDZR CONSIDERATION.

C

IF ((!HC-EQ.E’oGR-('RﬁoEQ.4I) &3 TO 240

IF (WRC.EQe3) WRITE (6.280) TITLE

IF ((WRC.EQ.3) cAND.(LNORM} ) WRITE (65,420}

IF ({HRC.EQ-B).AND-(.NDT-(LNORM)!3 WRITE (5.,430) :

IF (LNORM) WRITE (6,310) SFQITIMDS'TMDETF.DZDETF.RRDETF-QDETDG-
CNDETD.ITIHHS.TMHAZFuZHAZF.QHAZDQoCNHAZH;ITMEGS.SH-
THDETC-DZDETMqRRDETC-TMHAZC-ZHAZM

IF (+4NOT.{L.NORM)) WRITE (6.310) SF+ITIMDS + TMOETF +D2DETF « RROETF,

UODTDQ.CNDETD.ITIHHS:TMHAZF.lHAZFoUGHZDQ-CNHAZH
sITHEGS-SH-TMOETC-DZDETM.RRDETCoTMHAZC.ZHAZM
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2&0

240
290
00
3l0

220

230

240

3590

260

ITo

.0

SUBROUTINE SUBAINT

IF (LINTER) WRITE (6.460)
IF (L INTER) READ (S5,300) CHARTR
RETURN

WRITE (&.,290) TITLE

1F (LNORM) WRITE (56.+440)

IF (+NOUT.(LNORM}) WRITE (6.+450)

WRITE (6:470)

IF (LNOAM) WRITE (8,320) ITIMOSTMDETFDZDETF,2DETF,RROETF ,QDETDQ,

2 CNDETO+CNDETHs TMDETC»DZDETMIZDETM, RROETC
IF (JNOT.(LNORM)}) WRITE (&6.320) ITIMDS . TMDETF DZDETF . 2DETF RROETF »
2 UODTDG.CNDETD.CNDETH.TMDETC.DZDQTH;ZD!TM.RHDETC

WRITE (6+480)
1F (LNORM) WRITE (6.320) ITIMHS +TMHAZF sDZHAZF » ZHA ZFy RRHAZF . QHAZDQ

2 CNHAZD<«CNHAZMs TMHA ZC +D2ZHAZMe ZHAZM » RRHAZC
IF ( «NOT.{LNORM)) WRITE (6,320) ITIMHS s THMHAZF s DIHAZF s ZHAZF +RRHAZF,
2 UGHZDQ.CNHAZD'CNHAZHQTMHAZCoDZHAZMoZHlZHoRRHAZC

WRITE (6,490) ITMEGS

1" (LINTER) WRITE (6,440)

IF (LINTER) READ (5,300} CHARTR
RETURN

WRITE (6.350)

G0 TO 270

WRITE (6.340)

LIMIT=1

IF (LINTER) WRITE (&,460)

IF (LINTER) READ (S5.,300) CHARTR
RETURN

FORMAT (1H1.20X.20A4/)

FORMAT(1IH1.20AA/)

FORMAT{AL)

FDRMAT(!HO.!K.FG.O.SX'IS.3(3X.F7.2}.ax.Fe.2.3x.59-4.3!.15.2(3X.F7.
22103XOF302'3x|!9-‘13XlIs’lxv'("FBOZO'"t9XQ'1'9F7.20"'|1!1'('v'7
Je2e') (0 oFTa23? ) a32X 0 ("4FT:2.7) (*+FT7=2:%0'7)

FDRM!T(IHOiIs.‘{2!;'7-2)lzx'FB-ZUZ(szElﬂosif7xi'('0F7-20"('0F702
2"}"oFT.?."('oF?ozl',',)

FORMAT (2aH PROBLEM IN INTEGRATION 1ER GT 327)

FORMAT (1HMO+3X, TmeTHE TIMEZ TAULIM HAS BEEN EXC
2EEDED.*/' CONTINUE ¥ITH THE NEXT COMPARTMENT HEIGHT OR SPECIFIEZD ¢
B/5X, 'CETECTION CRITERIA—"'}

FORMAT (LHO.3X,'=—THE UPPER LIMIT OF THE DIGITAL DATA HAS BEEN EXC
IEBOED ./ CONTINUE WITH THE NEXT COMPARTMENT HEIGHT OR SPECIFIED '
B/8XVOETECTION CRITERIAs==?)

FUﬁH‘T(lfQolx"fIHE'OSXO‘QIGO‘07XO'L‘YER THICKNESS INTERFACEZ EL
2EVATION LAYER TEMPERATURE'«7X+'RATE OF RISE*, 10X, "CONCENTRATION®
r (SECS)'.l9x.'£FT!'.6x.'(H)'.ax.'(FTi'.ex.'(Mi'-7x-'(F)'.6xu'IC)

A . 9X, P{F/MIN) (C/MIN) DETECTABLE HAZARDOUS'/1H +111Xe*POC?,8X
S,7P0C")
FORMAT(1HO 11X *TIME? 4 8Xs* Q *+»7X.'LAYER THICKNESS INTERFACE EL

2EVATION LAYER TEMPERATURE® +7 X, 'RATE OF RISE* 10X, "CONCENTRATION?
3/t (SECl"BKi'K"o9!."?7)'06ﬁ;'(“)'.BX.'(FT)'.ﬁx.'(“"-GXQ'(F)'OG

4X e Y(CI' XL LF/MINY (C/MIN) DETECTABLE HAZARDOQUS'/1H ell1Xa'P
SOCT«8X.*POC*)

FORMAT(1HO.1TXs 'RATE OF LAYER LAYER! 413X ' OETECTASBLE HAZAROGU
28 /2% *TIME TEMP o R1SE THICKNESS ELEVAT. Q/Q0Y s TX.'POC?
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400
41 0

420

4320

440

450

440
470
480
490

SUBROUTINZ SUBAINT

348X, "POCY/SEX s "CONCEN, CONCEN.* /72X, 'SEC DEG » DEGF/M

AGFT s 7Xs'FT'/9X. 'L DEG C) (DEGC/M) (M) (M)}
FOAMAT(IHO17X4"RATE OF LAYER LAYER"® 4 13X, "DETECTABLZ MAZARDDY

2S5 /2X 4 'TIME TEMP, RI sE THICKNESS ELEVAT. Q@ *,Tx,'PRC?
3+8Xs *POC*/SBX s *CONCEN, CONCENL. ' /2X,*SEC DEG F DEGF/M

AFT P o 7X+'FT* 48X+ 'KW* 79X, (DEG C) (DEGC/ M) (M) (M)v)
FDRMAT(IHOoIS-SX:F&.2.4(SX1FT-2-2X.P7.2)053059.4.2Xo59o4/)
FQRMAT(IHO-IX-IS.4(2!.F7.2)oZXoFBoZ-Z(EX.EQ-QIIBX'Q('("F?-Z.'}'/l
2)

FORMAT(1HO0«31X, 'LAYER RATE ﬂF'¢!4X.'DETECTABLE'-19!.'!NTERFACE'
?-13X. "HMAZARDOUS? /4 X, YAREA TIME TEMP, THICKNESS RISE",
36X.*QrQ0 CONCEN. TIME TEMP, ELEVATION Q/7Q0%,5x,»*

4CONCENS AVAILAELE'/I‘X.'AT'.TK-'AT'08X1'57'09K1'AT'.BKo'AT'oQK-'A
57'13x"AT'QTX1'lT'vBX."T'|9x.'AT'.?X.'lT'QGKQ'EGHESS'IIOXQ'DETECT
SION DETECTION DETECTION DETECTION DETECTION PETEICTION HAZARD
THAZARD HAZARD HAZ ARD HMAZARD TIHS'ffaxu'FT*tZ'-bxo's
8EC DEG F'.QXQ'FT'QGXQ'DEGF/M'.ZBXU‘SEC DEG F' 48X 4'FT*,30x,
9'55C'/3X*'(H‘*2)'.12!0'(DEG C) (M) (DEGC/M) ¥ 433X, (DEG )
= (MY vr27)

FORMAT(1HO+31X, '"LAYER RATE DF'CI‘Xt'DETECTABLE'![?!.'INTERFACE'
2.133.'HAZARDUUS'/‘X:‘AREA TIME TEMP, THICKNESS RISE',
JéX."' @ CONCEN. TIing TEMP, ELEVATION Q *uSX
ACONCEN, AVAILABLE'IIQX.'AT'o?X.'ﬁT'.Bx.'Af'.9x.'AT'.BX.'AT'.QX.'A
ST"BXO'AT'.TXQ'AT"BXn'AT'ngx"AT'ugx"AT'1§XQ'EGRESS'IIOX-'DETECT
6I0ON DETECTION DETECTION OETECTION DETECTION OETECTION HAZARD

THAZARD HAZARD HAZARD HAZARD TIME'//3X.'FTI#2'.6X-'5
BEC PEG F"5XQ'FT‘.61.'DEGF/“'o?Xn‘Kﬂ'oIQXt'SEC DEG Fr, 6%,
QFT'QIDXQ'K"ul!xo'SEC'/3XQ'fH**Z]'llZXo'(DEG | (M) {DEGC/
*M)} ' 33XV (DEG C) (MY 7))

FORMAT(1HO,8X 4 tLAYER LAYER INTER.s RATE OF ' v 12X s DETECTABLE
2 HAZARCOUS*/2X,. *TIME TEMP, THICKNESS ELEVAT. RISE'*.8Xx,'Qrao+,
37!.'POC‘.QX.'PDC'/SX.'SEC D8G F FT* o 7X, 'FT DEGF/MY 1aXx,?
ACONCEN, CONCEN.'/8X, " (DEG () (M) X (M} (DEGC/M) )

FORMAT (1HO .8X  'LAYER LAYER INTERe RATE OF* 412X+ "DETECTARBLE
2 HAZAROOUSY 72X, ' TIME TEMP, THICKNESS ELEVAT. RISE?*.&X.,* g =+,
37Xo'PQC'.?X*'PUC'/3X.'$EC DEG F FT? 47X, 'FT DEGF /MY 5%, 1k
4% 46X, "CONCEN. CONCENL ' /8X, " (DEG ) (MY 8N 0 (M) (DEGC./- M)
57}

FORMAT{'OPRESS CARRIAGE RETURN TO CONTINUZ )

FORMAT (' ®#&xDETECTION CHARACTERISTICS®*x%1)

FORMAT(* *x*®HAZARD CHARACTERISTICS®xx2r)

FORMAT({®' sxxxSAFE AVAILABLE EGRESS TIME = '+I5.' SECONDS®®&x1)

END
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SUBROUTINE INTGR

c T418 1S EGRESS®ASET. INTGR. 1T REQUIRES EGRESS®ASET . SUBF.

<
c:stxt#tt*#tttt##ttt##St*tt#tt‘t#t*tt##:ttt#tttt*!*#t**!t*tttttttttt*tt
¢ TH1S SUBROUTINE WILL INTEGRATE THE EQUATIONS FOR COMPUTING THE

¢ INTERFACE POSITICN AS IT DROPS FROM THE CEILINGs THE HISTORY OF THE

¢ AVERAGE UPPER LAYER TEMPERATURE s AND THE HISTORY OF THE PRODUCTS OF

¢ COMBUST1ON CONCENTRATIONS IN THE UPPER LAYER.
Ctttttt##*!#t#ttttt#’ttttlltt#ttttttt.tttt#ttttttttttt!ttt*stt*#ttttttt

C .

SUBRCUTINE INTGR (Fo‘vB'HoNoXO.iKoIER!

c
< ##t*t#“‘#t#‘*###‘i*t*ﬁt*‘i##!ttl“*ﬁ**l‘**t#SS'*‘##“*‘*#I‘*##‘**
<

DIMENSION wK(1)eX0(1)}
INTEGER ZXR
LOGICAL LD!LH.LI.LJ
CATA ES/ «SE=&/
1ER=0
1F (A=—B) 30,10.,30
10 Do 20 I=m1:N
X0(I)=0.0
20 CONTINUE
RETURN
20 INLIEN+N
IN2=INL+N
HM IN®O « 01 2ABS{ H)
LH= ¢ TRUE «
LI=«TRUE,.
LI=.TRUE.
H‘SIGN(‘QS(H’.B‘&)
xX= A
40 xS=X
Do %0 J=l.N
IWKOEN+D
NK(I'KO)QKO(J,
20 CONTINUE
40 HS =M
OD=zX4+H=8
LD=.TRUE.
IF (-NOT-((HQGToOQO-ANUUDoGEOO00’coﬂO(H-LTOG-OGﬁNDoD.LE-OQOJ}) [cn]
270 70
H=B=-X
LI=.FALSE.,
70 H3=x/3.
po 210 Z¥R=1.58
CALL F (XQsXeWK] .
po 170 I=1l+N i ”
D=H3®wWK( 1)
IWKO =N+ 1
IWKLI=INL+I
[WK2=IN2+1
60 TO (50090010001109120’o ZXR
g0 T=D
we{ TwKl)=sD
GO TO 130
%0 TIOQSS(DQUK‘I'KI’)
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100

120

130

140

150

160
170
180
190

200
<10

220

230

e n

SUBROUTINE INTGR

GO TO 130

T-E.*D

WKl IwK2)=T

T=.3?5¢{T+UK(IUKIJ)

GO0 T 130

TawK(IWK] } ¢4 %D

WK(IwKl)=T

T-lost(T-HK(IUKZ)I

G0 TO 130

T oS (D+WK(TWK]})

D=AES(T+T—1.5*(O+IK!INKZ!))

XO0(I )=wK{tWwKO}+T

IF (ZXR.NE.5) GO TO 170

R=ABS(x0(1))

Tags

IF (ReGE«1.E=3) TuR*ES

IF (D-LT.T.DR.(-NDT.LH]I G0 TC 160

LI’.TRUE.

L=, FALSE,

HEH/2,

IF (ABSIHI.GE . HMIN) GO TO 140

H=SIGNC(LlsoeH) RHMIN

LH'.F‘.LSE-

DO 1%0 J=1,N
IWKQO=Ne
X0CJ)=wK({ TwKQ)
CONTINUE

X=X 5

GO TO &g

IF (D+GE.0.0312%s7T) LD=.FALSE,

CONTINUE

#] ‘1800210119092001210l0 ZXR

XX +#H3

GO TO 210

X=X40,5xH3
GO TO 210

XuX+0, SxH

CONTINUE

IF (.NOT,
Ha2 , xp

LH=,TRUE.
LJ=ITPUE.

(LD.AND.LI.AND.LJ)} GO TO 22¢

IF (LI) GO TO a0

H=a=HS

IF (L®.ORJLO) RETURN

IBER=33
WRITE (&-
RETURN

FORMAT( *
2)

END

2390)

WARNING CONVERGENCE WAS NOT OBTAINED IN INTGR SUBROUTINE
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SUBROUTINE SUBF

¢ THIS IS EGRESS*ASET.SUBF. 1T 1S REGUIRED BY INTGR.
<
C**‘*"****‘*‘*‘**“'*‘.*“*“‘*****‘*..*"“"'***-“‘***‘**3'******t**t
C THIS 1S USED IN INTGR INTEGRATING ROUTINE,
¢ THUS OX/DTaE(X(T)»T)
C“'****‘*****‘*“‘t*“.‘**"**"**‘*.‘*#‘.t#*"“‘*“*“**‘***"*.****
<
SUBROUTINE & (X0, T+ XP)
<C
C ‘3'****“*"*‘*‘***‘*‘*#.**“"***‘*“‘“"'*‘**“"***‘**‘.****‘**
¢
COMMON HSEGOQNSEGPD'NSEGPHQTAUQ(100’oTAUPRO(IDO).TAUPRH(IOO)o
2 0(100).PHD(IOO"PRH(lﬂOloAKAP(!OO’-CloCZ'C3DoC3H.ZETOqFIR!-
3 PHUDD.PRUDHQLIMIT;DPHIoTlULIH.LINTERiDELTchQDTDvDPRDTO-
& OPRHTO « Q0+ LNORM
DIMENSION X0(&):XPLA)
EXTERNAL GDQO
EXTERNAL PRDPRO
EXTERNAL PRMPRO
LOGICAL LINTERLNORM
1F (T+GT.0.0) GO TO 10
XP{I)I-Cl-czt‘ZETO**(SoI3c)l
XP(Z)I(C1/C21*(l-/&.l*(Z-‘QGDTO-ﬁo*XP(1]]/(2570.*(8-/3-’)
XP(3)l((SO*CI*CJD,/(OQ*CZ*(ZETQ**(8013Il))*{l.#(BQ*ZETO*DPHDTOII(S
Zo*CI"ZETO#DQDTO/(5-‘Cl'*CZ*(ZETD?‘(S./J-)’/Cl)
XP(‘)'((ﬁc*CltcaHl/(6-'C2‘(ZETO**(B-/3))’)'(1o*(J-‘ZETO*DPRHTO)/(S
2-*C1)-ZETO‘DQDTOI(S-*CI)*C2‘(ZETO**(5-/3.”/C1]
GO0 TO 40
10 iF (XO{1)LE.OD) GO TO 20
XP(1)==C1%Q0Q0(T}
thxlzxptll-czt(aoootfl:tt1./3.1)*(:0(1)**(5-/3.1)
XP(2}=(X0(2’**201*(CI*QOQO(T)+(Io-(lo/KO(2?1!*!9(1’)/(ZETQ*XO(1,,
XP(3,330(21*‘C30‘PRbPR0lT}-KO(3I#C2*(QDGO(T'**(I-/30)"‘XO(IJ‘*(So
2/3.1]1/(2570-!0(1)’
KP(4iIXO(zi*(CSH*PRHPRO(TI*KO(“*CZ*(QDQO(TI**(l-/3.)1¥(!0(1)**(5.
2/3.))1/‘ZETO‘XO(1},
GO TO 40
20 IF (X0(1).LE.~DELTA) G0 TO 30
xXP (1 )==C12QDAG(T)
XP(Z)‘(XO(Z’*CI*ODGU‘??i/(ZETO-KD(l)l
XP(3)'{!0(2'*C3D‘PRDPQO{T)l/(ZETO-KO(l))
XP(Q}S(10(2'*C3H¥PRHFRO(71)/(ZgTo—KD(l])
G0 TO 490
30 XxP(11=0.0
XP(Z]’(IO(ZI*CI*QDQO(T)ll(ZETOéDELTAI
IP(3)*{X°(23*C3D*PRDPQO(T!i/(ZETO#DELTA)
XP(“'(!O(Z)'CJH*PRHPRO(T))/(ZETDQDELTA’
40 DAMI=XP{2])
RETURN
END
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SUBROUTINE INPUT

£ THTR I8 EGRESSRASET.,INPUT
c
Ldeanakok s ok el deskoel o dle i ol o e ok ok Sl o e e e e ok FREFREE TR R FEEEEREE RS R R ET RN R E R R R & *k
C THIS IS AN ERROR CHECKING ROUTINE. IT CHECKS THE INPUT DATA TO
C INSURE TrAT 1T IS CORREBCT.
CERAEXXXTRRAEXIEERRE L F A AN X ABRRERE ERARARER SR EEEEE ER RS R R RS R Rr kR R L kN
<
SUBROUTINE INPUT {(VARIBL.IEND)
o
C HRE% ‘*******t‘"‘*‘*‘*********‘t“**‘*** b 2 E 2 T RS EY T Y IR
C
COMMON NSEGQoNSEGPD;NSEGFH.TAUG(100)oTAUPRD(lOOI.TAUPRH(IOOll
0(100)vPHD(lQO)|pRH(100’1lKAP(100)oCItCZcC3DoC3H.ZETD;FIRE.
PﬂODD!DRUDH!LIMITQDPHIvTlULIM.LINTERvDELTAODQDTOvDPRDTol
OPRHTO + Q0+ LNORM
LOGICAL LINTER:LNORM
CHARACTER L+ICHECK
DATA L/7'Y*/
10 WRITE {(€&,50)
READ (5.:80) ICHECK
IF (ICHECK.ZAd.L) RETURN
WRITE (&.70)

> Un

20 READ (S.*,ERRA=40.END=30) VARIBL
WRITE (6+%) VARIBL
GC TO 10
0 IEND=999
RETURN
40 WRITE (6,80)
GO Te 2c¢
C
C
s0 FORMAT(* IS THIS CORRECT (Y/N} 71)
€0 FORMATIAL)
70 FORMAT{® ENTER THE CORRECT VALUZ(S).')
£0 FORMAT(* ====> INCORRECT INPUT = TRY AGAIN Cz=x=!)
c
END
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SUBROUTINE INPUT2

¢ THIS 1S EGRESSSASET .INPUT2
c
CHARRRRESEREFN SRR ERERRAITRE SRR RR SRR Pt T T TT T T LTI S22 2 2 2 L
C THIS 1S AN ERROR CHECKING ROUTINE. IT CHECKS THE DATA POINTY
¢ INPUT TO INSURE THAT IT 18 CORRECT.
CHEARELREEXRERIBRPESXBRRFUEX KA ST E IS SEEELRRENARESRESEEEE KA AL RS RAARR R R
C
SUBROUTINE INPUTZ (TAUVARIRATVARJITYPE)
C
¢ CEERERABEERFEATAEA RS S KRR X BB SRR AR REXXRRZXBES SR K ARTEEUE KK
<
COMMON NSEGO-NS!GPDaNSEGPH.TAUG(100)oThUﬂHD(lOOl-TAUPRH(lOO}o
2 G(IOOD.PRD{lOOI.PRH(lOO’.AK!P(IOO)vC!’CZoCSDoczﬂoZETO-FIRE’
3 FRODD.PRUDH.LIMIT.DFHI-TAULIH-LINT!R;D!LTA;DGDTOqDPRDTO.
& DPRHTO+ Q0 LNORM
LOGICAL LINTER.LNORM
DEMENSION TAUVARI[ 100} RATVAR(100)
CHARACTER L .ICHECK
DATA L/77YY/
| 3¢ IF (ITYPE.EQ.1) WRITE (&en0)
IF (ITYPEWNE.1) WRITE {8+50)
READ (S.60) ICHECK
IF (I1CHECK.EQ.L) RETURN
1F (ITYPE.EG.1) WRITE (6.70)
IF (I1TYPEJNE.1) WRITE (&+80)
20 IF (ITYPE.EQ.1) READ (Ss*,ERR=30) N, RATVARIN) +TAUVAR{N)
IF (ITYPEJNE.Ll}) READ (S¢%,ERR=30) Ne TAUVAR{N} s RATVAR(N)
17 (ITYPE.EQ.1} WRITE (6,901} (NoRATVAR(NI|TAUVAR(N!.NII-NSEGQJ
IF (ITYPE.EG.2) WRITE {5:120) (NqTAUVAR(N)9NuﬂATVAR(N!1NsloNSEGO)
IF (ITYPE.EQ.3) WRITE (5,100) (NoTAUVAR(NI¢NoRATVAR(N).N’I-NSEGPD]
1F (JTYPE.EQ.4) WRITE (6.119) (NoTAUVAR(NJ.N.RATVAR(N)-NIIoNSEGPH)

GO TO 10
20 WRITE (&6,130)
GO TO 20
C
<
40 FORMAT(' ARZ THE EQUATIONS CORRECT (Y/N} ?%)
£0 FORMAT(?' ARE THE DATA POINTS CORRECT (Y/NY ")
€0 FORMAT{ AL}
70 FORMAT(? ENTER THE NUMBER OF AN INCORRECT EQUATIUN, THE CORRECT RA
2T=.t/" AND THE CORRECT EXPONENTIAL EACTOR. ')
20 FORMAT(* ENTER THE NUMBER OF AN INCORRECT DATA POINT, THE CORRECT
2TIME,.'7* AND THE CORRECT RATE.')
S0 FORMAT(SXI3:9) G = #,FB8.2,° EXP(? 4 FT28.(T=T13)'/)

100 FORMAT(IF +°TAURRD(*:13,+') = S EBCrSX'PRO(YI3.%) = T,E12.4)
110 FORMAT(LH +*'TAUPRH{*+1I3,") = € F8.09SX'PRH(" 23347 ) = ?4E12.4)
120 FORMAT (1H «*TAUQ("+I3.%) = ? e FB,0s5Xs?G(0,13.%) = "4EL1Z2.4)
130 FORMAT(? ===m=> INCORRECT INPUT — TRY AGAIN Cam=x?)

END
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