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ABSTRACT

A computer simulation has been developed to assess passenger survival
during the post-crash evacuation of a transport category aircraft when fire is
a major threat. The computer code, FIREVAC, computes individual passenger
exit paths and times to exit, taking into account delays and congestion caused
by the inte;:'action among the passengers and changing cabin conditions. Simple
models for the physiological effects of the toxic cabin atmosphere are
included with provision for including more sophisticated models as they become
available. Both wide-body and standard-body aircraft may be simulated.
Passenger characteristics are assigned stochastically from experimentally
derived distrrbutions. Results of simulations of evacuation trials and
hypothetical evacuations under fire conditions are presented.
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SECTION 1
INTRODUCTION

University of Dayton Ressarch Institute (UDRI) scientists hawe dewveloped

a computer model, FIREVAC, to simulate passenger ewacuation from a generic

aircraft, with provision for a post-crash scenario including fire.

Te1

1.2

MODEL OBJECTIVE

The model objective is support for the study of:

1)

2)

3)

The effects of fire-induced toxicants on time required for passenger
- evacuation and, hence, probability of passenger survival;

the effects of aircraft design and saterials on time required for
passenger evacuation (both with and without fire); and

evacuation procedures.

MODEL ORGANIZATION

The model has three logical modules. They are:

1)

C>bin Environment Module (CEM) - The CEM describes a two-
dimenrs_onal cabin environment as a function of time.
Envircnmental factors include cabin configquration (placement of
seats, aisles, doors) and the effects of fire (temperature and
concentrations of toxic gqases). Possible future additions to
this module would provide for a three-~dimensional environment
(the addition of height to the present length and width), as well

as the inclusion of smoke and crash debris.

The present computer code implements the CEM by reading data
files which provide the time-dependent cabin description. These
data files can be either derived from test data or the output of
mathematical models of fire such as MacArthur's (UDRI) DACFIR
model developed for the FAA (see Reference 1),
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2) The Human Factor Module (HFM) - The HFM calculates the physiolo-
gical effects of fire-related toxicants on human escape be-
haviors.

The approach taken is the use of a human t“pbm factor

vhich is used to modify passenger sovement parameters and which
var‘es with the history of cabin conditions. This response fac-
tor is currently calculated using the concept of a "Fractional
Incavacitation Daose”, following the ideas of Sarkos and Crane
(see Raferences 2 and J). The fractional incapacitation dose
represents a passenger's accumulation of toxicants (heat, gases)
as a fraction of the dose required to incapacitate that
passenger. Effects of the separate toxicants considered are
asgumed additive.

3) Passenger Eqress Module (PEM) - The PEM simulates passenger movwe-
ment. Each Passenger is assigned an “"optimal®" (see section 4.2)
exit route through the aircraft confiquration and proceeds along
this route subject to interaction with other passengers and
asbient conditions. Exit routes can be updated to reflect the
chances in the cabin environsent, as relayed from the CEM.
Passenqer movement behavior will change as dictated by the HPFM.
Passenger position is displayed by “snapshots”, graphical ocutput

representing the aircraft interior as a function of time.

Fiqure ! shows the interaction between the three logical modules in
terms of the Jdata flow btetween them. The model is a clock-driven simulation;
that is, at given time increments the cabin environsent, passenger physical
condition, and passenqger positions are updated. Note that the update incre-
ments need not be the same for all phenomena, e.g., passenqger positions can be
calculated more often than the cabin atmosphere is updated. (See Appendix A,

card type A for detailed definition of update time paraseters.)

The next three sections of chis repcrt will examine the three logical
modules in detail.
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CABIN ENVIRONMENT MODULE

As can be seen from Figure 71, the CEM processes two primary data struc-
tures, the cabin configuration and the cabin atmosphere profile. The section
will describe the computer implemsntation of the CEM in terms of the hreakdown
of the primary data structures into their cosponent parts and the processing
functions which operate on those components.

2.1 THE CABIN CONFIGURATION

The cabin configuration model inputs describe the aircraft as a set of
nodes or boxes. These nodes can repressnt sea*s, aisle space, exit doors,
aircraft skin or exit slides. Each node is assumed large enough to hold a
single passenger. Node location is defined with a two dimensional row-column
coordinate system. Typical aircraft configurations are shown in Figures 2 and
3. The numbered nodes represent seats with passengers, e.g., row 2, column 3
is the seating {(initial placesent) assiqment for passenger 1 in both

Figqures.

Nodes are classified according to the type of space they represent
(i.e., seat node, aisle node, etc). Pasgssenger speed is then defined in terms

of the time required to traverse a given node type.

For each distinct node type the model requires the mean and standard
deviation, the maximum and the minimum time of passenger movement through that
node type. Individual passenger node movement times are stochastically
assigned by assuming normal distributions within maximum and minimum (see
section 3). The model has been exercised using time data supplied by
J. Gillespie of the FPAA as described in Reference 4. The test case was a DC-9
evacuation, the data based on a test demonstration with 144 subjects conducted

Auqust 2, 197S.

The values for interior node types (1-3) were not obtained from the DC-9

evacuation. To quote from the above referenced Gillespie report (p.7)
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with Passenger Placement.
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Data on passencer movement within the aircraft are

based uoon tests done at CAMI with sixteen test

subjects one at a time as they rose from their seat,
proceeded to the aisle, and moved down the aisle to

the exit. Therefore, this data does not include any
interference effects between passengers as they move

into the aisles. It has been noted that bottlenecking
occurs at the exit doors in test cases run with the

data. It was impoasible to obtain passenger movement data
inside the aircraft from available evacuation films.

Relevant data in seconds is as follows:

NODE TYPE ; S MAX., MIN. NODE DESéRIP‘l’ION
1 «253 .03 <3 o2 row aisles
2 +.253 .03 «3 2 column aisles
3 «933 106 1.3 «75 seat
4 .96 33 2.0 .5 Type I exit doorway
S 2.33 1.42 7. o7 Type III overwing doorway

(smooth flow)
6 1.54 .0 2.5 .6
7 2.97 .0 4.2 1.1

Type I exit slide
Type III overwing slide
(smooth flow)
8 1.72 .87 5.6 o7 Type III overwing exit door
(erratic flow)
9 2,09 .0 4.0 1.4 Type III overwing exit slide
(erratic flow)
Where x = Mean time through node (sec).
s = Standard deviation of time-through-node distribution (sec).
Max. & Min. = Maximum and minimum times through node (sec) (i.e., we

use a clipped Gaussian distribution.)

Gillespie makes a distinction between smooth and erratic flow for the
overwing exits because passenqers had to be forced by crew members to maintain
reasonable traffic flow to one of the overwing exits. It should be noted that
in our data sets S = 0 for the exit slides (nodes type 6, 7, 9) whereas the
Gillespie data includes the experimental data for standard deviations. Our
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rationale is the assumption that passenger behavior on the exit slides is more
a function of gravity than of those passenger physical characteristics which
determine behavior interior to the cabin.

Also required as input is the msan time to open a door. The data used

were:
Type I exit = 10,4 secs.
Type III owverwing exit - smooth flow = 12,8 secs.
Type III overwing exit-erratic flow = 15,8 sacs.

The model has two variables to describe exit status: IXITPP and IXITRL,
The first of these defines passenger perception of the exit status, i.e.,
whether the passenger believes the exit will be open when the passenger
reaches it and, hence, is a god exit target. The second provides the physi-
cal reality of exit status, i.e., whether a passenger can actually egress
through a given exit. IXITPP is used in the determination of passenger exit
path and IXITRL is used in the simulation of passenger movement (see section
4).

The input variables which comprise the cabin confiquration are listed on

the B and C card types in Appendix A.

2.2 THE CABIN ATMOSPHERE PROFILE

The cabin atmosphere is defined as a set of toxicant values
(temperature, toxic gas concentrations) which are a function of both time and
cabin position. Variation in time is achieved by updating the toxicant values
at set intervals (as defined by an input parameter). Variation as a function
of cabin position is achieved by assuming each cabin node has its own
atmosphere, that is, a complete set of toxicant values is assumed for each

cabin node.

Toxicant values are derived from an input file which represents a
series of sample readings of those values at various cabin locaticns. This
input file can contain experimental data or the output from a mathematical

model of fire. In either case, the input file may not provide the complete
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cabin atmosphere; sample reading times may not coincide with model atmosphere
update times, and there is no guarantee that each cabin node will represent a

sampling location for each (or any) toxicant.

This means the model must expand on the data provided by the atmosphere
input file and approximate whatever values may be missing. Each model
atmosphere update performs a twoestep approximation process. The first step
provides temporal variation, the second spatial variation. This two-step pro=-
cess mirrors the format of the atmosphere input file. Each input file is
organized into data sets, Each data set contains one reading for each toxi-
cant at each of that toxicant's sampling locations. Each reading in a given
data set is assumed to have been taken at the same time, as measured from
clock time = 0 for the model scenario. (Note that clock time = 0 is not
necegsarily the start of passenger movement, See Section 4 for details of

passenger movement).

Data sets are assumed to be in chronological order. At any time during
the simulation (in particular at atmosphere update times) the model is preé
sumed to have read (and stored in memory) two data sets; the first repre-
senting a time less than or equal to the simulation clock time, and the second
greater than that clock time., Variation in time for the sampling point values
is achieved by linear interpolation between appropriate values of the two data
sets, This is the first step of the cabin atmosphere approximation process.
It provides a temporally complete profile of toxicant values at toxicant

sampling locationms.

The next step in the cabin atmosphere approximation process is tc find
values for each toxicant at each cabin node for the given simulation time, We
use a weighted average of some (or all) the sampling points. This method was
chosen for ease of implementation and for‘che generality it offers. It

requires no assumptions as to the locations or r:ber of sampling points,
For a given toxicant:

Let Pi i = 1, n. represent the sampling points

Let P represent a point of interest
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Let Vi represent the toxicant value (temperature, gms con-
centration, etc.) at ’i' The problem is to calculate
a wlue, V, for the point P. Let di represent the
distance from P to 4., (i.e., if P is cabin node

i
- ( - 2
(np.-p) and Pj, (ng » 'p.) then di - \(np np.) +
2172 i i i
(-p - -p ) ) -)

i
If di = 0 for any i then P is a sample point and no approximsation is

required. Othervise, let:

R defines the reqgion of approximation (i.e., if di >R then
Vi does not contribute to V)

and a = 2—-—)- .

Hote that as the distance from P to Pi decreases or increases, the walue
Vi makes a ocorrespondingly lesser or greater contribution to the weighted

average V.

The function, 1/di, used above is not the only choice of weighting fac~
tor, and was selected for simplicity in the absence of any criteria to favor
another choice. Should future experience recommend another function {(as for
instance 1/dj2) the model could easily be changed.

Note in the abowe if there is only one sampling point, Pi’ within the
region of approximation, then V = Vi. In this instance we have merely taken
the value of the closest point. If P is on a line between two points Pi and
Pj and those are the only two points within the region of approximation, then

the abovwe is equivalent %o linear interpol;tion.

We currently have two sets of cabin atmosphere data. The first of these

is derived from FAA C-133 Fire tests as described in reference (see

10
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Reference 2) (see Fig. 4). e have used this data to provide an atmosphere
for wide-body simulations (specifically in a Boeing 767). Unfortunately, this
data is given for only a single sampling location. More complete data is
awilable from a series of NASA fire tests (see Reference 5). This data was
used to provide multiple sawmpling ocoint data for both tesperatures and Gases.
Fig. SA shows the test configuration with data collection points and Pig. 5B

show, the corresponding model sampling point locations for a DC-9 cabin con-
fiquration.

11
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FAA C-133 Fire Tests (Sarkos, 1982)
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SECTION 3
THE HUMAN FACTOR MODULE .

As fiqure ! shows, an HPM input is the toxicant data of the CEM, and the
HFM output is tise required for passenger sovesent, as degraded by the effects
of those toxicants. The CEM produces an atmosphere for each node in the
aircraft. At given time intervals (as determined by an input parameter) the
HFM examines each passenger, updating his human response factor with respect
to the toxicants present in the node he currently occupies. That human
response factor is then used to modify his speed by altering both the time
required to travel through all node types and his reaction time - the time
required to notice a target node is wacant. (See saction 4 for the details of
node-to-node sovement).

3.1 THE FRACTIONAL INCAPACITATION DOSE

The human response factor, HB' is related to F_., the concept of a frac-

tional incapacitation dose (see References 2 and 3) by:

As explained by Sarkos et. al. (Reference 2), the FD concept is a hypothetical
human survival model whose purpose is to assess the relative importance of

each cabin fire hazard:

The survival model described ... is hypothetical. Its main
purpose is to provide a means of predicting the time-of-
incapacitation within a fire enclosure, based on msasurements
of elevated temperature and toxic gases concentrations which
change, in some cases substantially, with time. Thus, it is a
tool for reducing a fairly large number of somewhat abstract
measurements into a single, cogent parameter: time-of-
incapacitation or the hypothetical time at which an individual
can no longer escape from a fire environment. How well the
model relates to actual escape potential is unknown and,
realistically, cannot be determined. It is known that segments
of the model are deficient for lack of available information.
For example, no data exists on the effect of irritant qases
{({e.g., HCL, HF) on acute human escape potential. (FAA has
sponsored new research at Southwest Research Institute to
determine “"the threshold concentration for escape impairment by
irritant qases (HCL and acrolein, initially) using a nonhuman
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primate model and a relevant behavioral task that can be
extrapolated to man.”) Thus, the HCL and HF incapacitation

doses utilized in the model are simply based upon extrapolation
from threshold limit values (TLV's) for an 8-hour work

environment, Confidence in the model is greater for the prediction
of the relative escape time between tests on different material
systems than on the prediction of absolute escape times.

(From Reference 2, pp. 5-7)

The chief virtues of the F, concept from the point of view of ur model

1) The fact that it does reduce a large number of abstract
measurements into a single parameter, and, hence, one that
can be easily applied to passenger behaviors; and

2) The fact that it allows for the cumulative gffects of the
atmosphere, thus allowing the passenger's short-term toxicant

exposure history to affect his probability of survival.

The UDRI implementation of the F, concept makes the assumption that Fp

yields not only the time to incapacitation, but also a measure of partial

impairment, e.g., Fp = 0 => no impairment, Fp = 1 => complete incapacitation,

Fp = .5 => 50% incapacitation, i.e., passenger speed is decreased by a factor

of 2.

The present computer implementation defines FD as:

M i,n

+ 2 c
; D. a n
i i

Fy(t) = L
where:
FD(t) = the Fractional Incapacitation Dose accumulated at time t

At = the time increment (in minutes) for the nth interval
(not necessarily the same for all n)

N = the number of time increments to time, t

N
e, t= § 2t
=

n=1 "
n.
T, = the temperature (°C) at time t = | o
k=1

16
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8 L.
Qo = 4,1 x 10 statistically derived proportionality constant (see
Reference 2)

Di = the incapacitation dose of the ith constituent (ppm, sec)

i n T the concentration at the i constituent (ppm)
’

The constituents currently under conside:ation are:

co Di = 1,44 x 106 {(ppmesec)
HF D. = 6.84 x 107 .

i 5
HCL D, = 1.44 x 10 .
HCN D, = 2.88 x 107 .

Note that the abowe egquation assumes that all effects are additive. If an
individual could simultaneously absorb the incapacitiation dose of two dif-
ferent toxicants the equation would give him an FD equal to 2; however, the
computer implementation of the equation imposes an upper limit of 1 on any
individual's FD.
Note, furthermore, that this form of F, does not take into account

individual passengers' respiration rates or body masses. Also, there is no
consideration of oxygen deprivation or the physiological and/or psycholoqical

effects of smoke. Future model enhancement should provide for further

deterioration of passencer speed due to the blinding effects of dense smoke.

3.2 MODIFICATION OF PASSENGER BEHAVIOR

At oresent, passenger speed (defined as time to move throuch a node) is
initially assidned stochasticallv, using a set of random Gaussian deviates.
For each passenacer P, his speed of movement is determined by first randomly
selecting a value Zp from a standard normal distribution (mean 0, standard

deviation 1). Each node type, n, has its associated X, and Sn, the mean and
standard deviation or the time required to move through that node (as defined

by the CEM). Then t; , (the time required for the pth passenger to move
through the n,p node) is initially:

t =X +2 S8 , if tmin < X + 2 S < tmax
n— n pn=-— n

17
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and if:
X, + 255y < tRin, then t; , = wmin,

Xy + ZpSp > tmax, then tp , = tmax,

where:

tain, is the minimum time allowed for movament through a type n
node and tmaxp is the maximum such time. This restriction on the
range of tn.p is required to avoid the aberrations which could
arise from blindly fitting a continucus normal distribution to
experimental data (e.g., If X = 2.33, S_ = 1.42, then Z, = -2
would give t = ,51 without a minimum range restriction,
whereas, tain, = .7 results in t, p = .7 and avoids negative time

of movement).

The initial values for tpn,p are assigned under the assumption that Fp = 0 and,
hence, Ry = 1. At each HFM update interval, the values for tn,p and each
passenger's reaction time are divided by Ry, Hence, when Fp = O,tp,p is
unchanged; vwhen Fp = 1, tp p is infinite and the passenger is unable to move.

18
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SECTION 4
PASSENGER EGRESS MODEL

The PEM completes the cycle of module interaction illustrated by
Fiqure 1. It accepts data on cabin conditions from the CEM and data on
passenger beshavior from the HFM, uses that data to simlate passenger move-
ment, and returns passenger position data to both the CEM and the HFM as well
as oroducing the model's graphical and summary outputs.

The simulation of passenger movement assumes that at any given time each
passenqer has a known exit path, a sequence of nodes beginning with the
passenqer's current position and terminating with an exit. Each passenger is
examined each update of the PEM to determine whether that passenger satisfies

the criteria for movement into the next node of his exit path.

4.1 PASSENGER MOVEMENT CRITERIA

For each PEM update for each passenger, p, the simulation logic requires

variables:

T = current time according to simulation running clock

M. = row, column location of node currently occupied by p
in
Nt = row, column location of p's target node (next node in p's exit
o
path)
T = time N was vacated (i.e., simulation clock time at which the
empty to

last passenger to occupy Nto left)

T = time required for p to move though N (sec'<)
in in

Tto - time required for p to move through Nto (sec’s)

T 2 time of p's last move (clock time)
lastmove

REACT = time required bv p to notice that N . .
to is empty (sec's)

S'I'J\'I‘USn = the passenger number of the current occupant of node n,

e.g., STATUS = D, STATUSn = 0 if node n is empty,

N1'.n
i.e., o will be unable to move unless STATUS = Q,
to

19
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Passenger p is considered to have had enough time to move when:
1) T = Tyagemove 2 (1/2) Tjnq + (1/2) Teqs and

This technique assumes movement is from the center of the node currently
occupied to the center of the target node. Condition (2) provides a simula-

tion of reaction time delay.

As a result, the model shows passengers in a tightly packed queuve noving
in a shuffling fashion, where movement is jerky and the movement of a given
passenger is dependent on that of passengers in front of him, Passengers in
less crowded gquarters are modeled as accelerating to their speed of movement
and maintaining that speed. This is because in that case, target nodes have
few passengers in them as blockers and, hence, condition (2) is met virtually

every time condition (1) is met.

Both the time required to move through nodes and REACT are modified in
the HFM by the human response factor. At present, REACT is an input parameter
and a single value is assumed initially for all passengers. Given experimen-
tal dava, this single value could be replaced by a mean, standard deviation,
maximum and minimum as with passenger node times. The REACT parameter also
requires further study to determine proper values for the simulation of panic
situations, in which passengers would probably be pushing and shoving, and
hence, packed more densely in their exit queues than would be the case in an

orderly evacuation.

When passenger p has an empty target node, N,,, and is found to have
enough time to move, the nodes adjacent to N,, are examined for other conten-
ders, other passengers who also meet the above given criteria for movement
into N,, at the current simulation clock time. If any other contenders are
found, priority is given to the passenger who has been waiting longest for the
given target node. This procedure >ould easily be replaced in the computer
imp_ementation if another priority scheme is found to yield a more realistic
simulation, Other possible decision procedures which have been considered

are:
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1) Speed - fastest passenger has right-of-way;

2) Size - biggest passenger has right-of-way:

3) "Chivalry" - male passengers allow female pasiengers right-of-way:;

4) “Parental agressiveness" - passenqgers identified as carrying small
children have right-of-way; and

S) Random draw.

In terms of the simulation objectives, the priority scheme used is not
as important as such model parameters as passenger speed or REACT, because
the priority scheme has more effect on which passengers escape than it does on

how many escape.

4.2 PASSENGER EXIT PATHS

The assumption is made that at any time in the simulation, each
passenger is following a set path to eqress, rather than looking ahead only
one move at a time. In order to have the passenger’'s movement respond to
cabin conditions, these set exit paths are updated periodically. In order for
such updates to make sense, the choice-of-path is dynamic; it reflects

changing conditions as reported by the CEM.

The model's exit cath algorithm allows for determination of an "optimal®
route from a passenger's present node position to the closest exit perceived
as open by that passenger. The path is optimal in the sense that the
algorithm calculates a "distance” from the passenger to all possible exits and
chooses the closest one (as defined by that "distance”). The algorithm's
flexibility lies in the number of ways in which it is possible to measure the
desirability of a path; at present, the time of movement from one node to the
next; and the difficulty (or impossibility) of moving through blocked nodes

is considered.

The exit route is selected by viewing the aircraft as a digraph
(directed graph). The node centers are graph vertices and the paths from one
node to the next are viewed as edges. Finding the exit path is, thus, the
problem of finding the shortest path from a specified vertex (passenger's pre-

sent position) to avother specified vertex (open exit).

<l
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The algorithm used is due to Dijkstra (see for example Reference 6) and
makes use of the length, di,j (or distance or weight) of the directed edge
from vertex i to vertex j. This length or distance will determins the desira-
bility of moving from one node to another and can be defined in a number of

ways. The only restrictions, the algorithm places on the definition of

di,j are:
di'jlo vi,j
di;i = 0 vi

dj,j = = if there is no edge (or path) from i to j

The current model implementation defines the metric di,j for each
passenger, p, in terms of that passenger's node movement times., The presence
of other passengers in nodes along a potential exit path is considered a
possible impediment and affects di,j by adding a term designed to represent

the delay created by waiting for those passengers to move,
The form used is:

d.

i,3 = (1/2) 7T; + (1/2) Tj,p + Tj,b

i,p

where:
Ti,p = time required for passenger p to move through node i

T.

i,p ™ time required for passenger p to move through node j

0 if there is no passenger in node j
Tj'b time required for the blocking passenger (the passenger in
node j) to move through node j.

A sample calculation is shown in Figure 6. In both cases a and b
passenger 1 is determining his closest exit. Nodes Al - A6 represent aisle
nodes, through which passenger 1 can move in ,25 sec.; nodes S1 - $S6 represent
seat nodes, through which the passenger can move in .9 sec., and nodes E1 and
E2 represent exits (of the same type), with 1,0 sec. as required time of move-~
ment, In case a, passenger 1 is assumed alone in the portion of the aircraft
represented., The digraph representation shown is labeled with the values for

d between each at the nodes represented. As shown, the closest exit to
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Alrcraft configuration Digraph representation
with passenger 1 in AS

whose movement times are: Here !'s exit path to
E1 AS A2 Al B! has
through S. (seat node) = .3 sec. distance 1.375
A. (aisle node) = .25 sec ,
E. (exit node) = 1.0 sec Exit path to 12

AS A2 A3 M =2 has
distance 1.375%

(a) Single Passenger Case s4 A6 S5 S6

If a passenger, 2, is added in node Al with novement times
through S. = 1.0 sec
A. = .3 sec
E. = 1.5 sec, then the apparent distance (from 1's
perspective) from A2 to Al
changes as shown below.

ORIGINAL PAGE 1S

Hence 1's exit path to El
now has distance 1.425 OF POOR QUAUTY

whereas the distance to E2

is unchanged.
.625 i\% .55 .25 .25 .625
r' 4‘ . ———
Al A2 A3 A4 E2 El A A2 A3 A4 E2
‘ .25
.575 .575 9
ST NASA S2 | s3 PUNEL @} —— e
' ’ ST AS S2 33
sa | a6} ss| s6 .25
. .575 o .575 .9
sS4 A6 S5 S6

(b) Two Passenger Case

LEGEND: = passenger !

= passenger 2

OO

Figqure 6., Illustration of Exit Path Distance Calculations.
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passenger ! is E1 and his exit path is ASA2A1E1. In case b, a second, slower
passenger is added in node Al. This changes passenger 1's perception of the
distance from A2 to Al by .3 seconds -~ the time required for 2 to travel
through node A'. Now passenger | bslieves E2 is the closest exit, and his
exit path is ASA2A3ALE2.

The current method for choosing a path is, of course, not perfect.
Measurine of the effect of impediments by adding other passengers' lines of
travel was chosen for its simplicity and will not, in general, provide an
optimal distribution of passengers among available exits. The ratiorile
berind using the blocking passen.ar's time of movement as a time delay is
based on the assumption that the passenger under consideration will have to
wait for the blocking passenger to move. This assumption is most valid when
the blocking passenger is close to, and slower than, the passenger under con-
sideration. If the blocking passenger is far enocugh away or fast enough, the
other passenger may naver get close enough to him to have to wait for him. On
the other hand, it can be argued that if a passenger sees another passenger in
his path, he will view this as presenting a delay.

More importantly, at present, the choice of path does not account for
any avuidance of fire or fire-related toxicants, Note that the algorithm does
not require that di,j be symetric, i.e., that di,j = dj,i' This means that
aovement towards the fire could be discouraged and movement away from the fire
encouraged. Future wversions of the computer program should include some con-
sideration of the temperature difference between nodes. More anclysis is
required to find the best way to do this. At present, the metric is
time-based; the concept of distance is considered in terms of the time the
passenger believes is required to cover the distance to each unit, While it
is easy to put a numerical factor into the computer code to alter di.j as a
function of the temperature in nodes i and j, it is not trivial to determine
what realistic values for that numerical factor should be. Similarly, a fac-
tor for confusion as a result of either smoke or panic or both can easily be
inserted into the computer, but, again, determining an appropriate factor is

not trivial,
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Efficient use of the exit path algorithm requires methods to determine
how often exit paths should be updated. It would he possible to perform upda-~-
tes after avery passenge: move or other changs in the cabin environsen<=, but
this would qreatly increase model run time. At present, there are two mecha-
nisms for driving exit path updates. The first is an input parameter !{see
card type A, Appendix A) which specifies a constant time interva. between exit
path updates for all passengers. Usually, if the interval between updates is
short, significant alterations of exit path occur for only a ssall minority of
the bassengers on any given update. This means a lot of computer time is used
recomputing paths which have not changed. To solve this problem, a second
method for updating exit paths is provided. This consists of identifying cer-
tain nodes in the aircraft configuration as decision nodes. When a passenger
moves into one of chese nodes his exit vath is recomputed. Decision nodes are
places where a passenqar has a choice of ways to 9o, €.g., row and column

aisle intersections. {(See card type B in Appendix A for input descriptions).
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SECTION 5
CONCLUSION

The UDRI FIREVAC does not represent a finished product. There are two
brcad areas of activity required .before the model can be depended upon to
fulfill its stated objective. These areas can be described as model valida-
tion and model feature refinement. The model validation work is the more
important of the two:; in fact, it is probable that the pursuit of the model

validation will suggest the direction of model refinements.

S.1 MODEL VALIDATION

Software testing activities have the dual goals of model verification
and validation. We consider wverification to be the process whereby the com-
puter code is verified to faithfully implement the mathematical mcdel of the
simglation, i.2., where we insure the code is doing what we thought we told it
to do. We regari validation as the process whereby we insure that the model
produces an acceptable approximation of the real world behaviors it is
intended to simulate. In this framework, model development is viewed as a
building process in which we continually attempt to improve our approximation
of the real world behaviors, expand upon the number and kinds of behaviors

similated, or both.

The present wversion of FIREVAC has undergone considerable werification
testing, but wery little validation testing. The orimary reason for this is
lack of data. Cominsky (see Reference 7) presents a data hase resulting from
a review of impact survivable oost crash fire accidents. In only a few of
these is there any data relating to egress rates, and in none ot them is there
any breakdown of speeds of movement with respects to features of the aircraft
confiquration other than exit chosen. As described in Section 2, even the
CAMI tests do not provide adequate data on speed of movement within the czbin.
The situation with regard to data on how various toxicants combine to degrade
passenger movement is even worse. A realistic validation scheme for the
FIREVAC model must first concentrate on validating the egress simulation in

the absence of fire. We must attempt to obtain data for such validation from
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manufacturers' certification tests, by analysing videotapes and vhatever other
sources of information are available. The FIREVAC model was purposely
designed to be heavily dependent upon input parameters which describe
passenger movesent, Hith enough data, we should be able to adjust these para-
meters to abtain a “good" evacuation simulation, vhere “"good"™ is defined as

replicating eqress rates from emergency evacuation tests.

The problem of validating the post crash fire scenario is such more
involved. First, analysis of such accidents does not lend itself to classifi-
cation. Each accident has so many unique features that a generic class of
parameter descriptions cannot be formulated, i.e., each accident must be
treated as a special case, Extant descriptions of fire spread, cabin debris,
passenger conditions, etc. are. inadequate. PFurthermore, the model's human
response factor and Fp concentrations are only crude representations of toxi-
cant effects. Even so, the msodel can provide a relative measure of hazard for

different post fire crash scenarios.

5.2 MODEL FEATURE REFINEMENTS

At present, we envision refinements and the inclusion of additional
capabilities in each of the model's three modules. Activities under con-

sideration include:
CEM

1) Smoke could be included as a function of both time and cabin
position,

2) Fire scenario input needs refining. This could include the ana-
lysis of data from the NASA Houston fire tests (see Reference 5)
to refine the approximation of cabin atmosphere data for all
cabin nodes from the test data, and exploring the possibilicy of
using more sophisticated fire models to produce input. We should
note that the techniques of sophisticated fire models (e.qg.,
Notre Dame‘'s UNDSAFE) which are PDE (partial differential

equation) solvers, require amounts of computer time and space
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which preclude trying to incorporate those techniques in our
model, We see the development of sets of “representative
situations” from test data and/or PDE models as our best alter-

native,

Inclusion of crash-related cabin debris could be included.

The Fb calculation outlined in Section 3.1 could be augmented

considering each passenger's body mass and respiration rate,

This would result in:

where FD(t) is the fractional incapacitation dose at time t, (=)

T is the ambient gas temperature (C)

«61

is an empirical constant (Crane) (c3 -sec)

o

o

is the passenger response factor (-)

is the body mass in gm

K PO

v is the respiration rate in ml/sec

Q o

i is the incapacitation dose in PPM ml/gm.

The Fb calculation could be replaced with the concept of a short
term lethal limit. Passenger incapacitation would be assumed
instantaneous upon absorption of a specified lethal dose of any

toxicant.

Replace an additive FD with the maximum fractional incapacitation

dose of the individual toxicants as absorbed at time t.

We need to obtain and evaluate data from emergency evacuation
tests and use the results to better define passenger speed para-

meters.

28
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2) We have to improve the choice of exit path process. This
includes altering the distance function to reflect the presence
of fire and smoke as well as incorporating some sort of confusion
factor due to manic. Also required is refinement of the exit
path update criteria; when should a passenger change his mind

about choice of exit?

3) ue need to consider the imposition of delays caused by panic or

confusion.

4) The possibility of a change in contender priority logic (as

discussed in Section 4.1) maybe desirable.

Model improvements such as those listed abowe should be given priority
as a function of their oromise for support towards the model objective. The
model objective itself should be refined to determine how the model is to be

used, and what the specific purposes of exercising the model are.
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The FIREVAC model requires several different types of input data and
produces a variety of cutputs., In the interests of modular structure the com=-
puter program has been designed to read from, and write to, different logical
units. Each logical unit is associated with a VAX 11/780 file, and each VAX
file can be considered to contain a distinct type of input or output data.
Figure ? shows a sample VAX command file, a list of the steps required to run
FIREVAC on a VAX. The procedure illustrated in Figure 7 assumes that an
executable version of the FORTRAN code is in memory (in this case that version
is called FIRESND). It further assumes that the required input files are
available. The input files are assigned to the FORTRAN input device numbers
11-16 (FORO11 - FORQ16). The specific variable formats for each file are
included below. Briefly, the input files are:

1) A control file, assigned to FORO11,
The control file contains model control parameters such as model

cycle time updates. See Table 1 below.

2) An aircraft configuration file, assigned to FOR0O12.
This file contains the physical description of the aircraft with
definitions of each node (e.g., seat, aisle, etc.). See Table 2

below.

3) A passenger position file, assigned to FORO13.
This file defines the number of passengers and their initial loca=-

tions. See Table 3 below.

4) An aircraft atmosphere file, assigned to FQRO14,
This file contains the cabin atmosphere profile. This file is
required even if the simulation is to be run without an atmosphere.
The model requires the number of toxicants and toxicant sampling
points = which would be set to 0 in the no atmosphere case. See
Table 4 below,
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$! Input Files:
SASSIGN DATA: CTRL180A. DAT FORO1iI ! DC9——SERIES 180 case.
SASSIGN DATA: ACI1800WCL. DAT FORO12 ! FIRESND. atmosphere.

SASSION DATA: PASS180. DAT FORO13
SASSIGCN DATA: H14A. DAT - FORO14
SASSION OROVE: PHYSINDAT. DAT FORO19
SASSICN DATA: CDEV. DAT FORO16
$! Qutput Files:

SASSICN PATH180. QUT FOROQ1
SASSIGN SNAP180. QUT FORO22
SASSICN ATMOS180. OUT FOROQ3
SASSIGN PLOT180. QUT FORO24
SASSIGN SUMRY180. OUT FORORQY
SRUN FIRESND

Figure 7. VAX Command File to Run the FIREVAC Simulation.
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Racord

A-2

A-3

Vaviable
Name

181187

B8INEND

IDELTA

18NPTH

1ATHDY

1DTEPD

CONTROL FILE

TABLE 1

INPUT DATA DESCRIPTION

o» READ IN SUBROUTINE CNTRIN

Integer

Integer

Integer

Integay

Integer

1-6

1-6

16

F6. 0

16

16

16

16

——

millifisec

aillisec

millisac

Dascription

{from FOROLI) un

Passenger agress simuviation
start Sime. Used to iInitialiae
TOFLM . Passenger time of last
movement.

Bilmulation end time. Maximum
allowable cloch time.

Clock update incresment. Usually
set to 10 (.01 sec.e) as this is
an order of sagnitude smaller
than the fastast passenger move-
aent times.

Time intarval between ocutput
snapshots.

Time intarval betwesn atmosphere
update calls. Thae aircraft
atmosphere is assumad constant
boatuwean updates. Bheuld be set
to a value greater than the
axpoacted simulation teraination
i¢ no tive-related atmospheric
alfects are being simuliated.

Time interva) bstwean passenger
condition (HFM) updates. Uhould alse
ba aat S0 a value greater than

the sapactad simulation

termination tise for the no-

firas (no atmosphere) scenarioe.

ALVND ¥0O0d 40
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TABLE 1

CONTINUED

16

16 oillisec
Fé6 O secs.
T2A -

Debugging paramster. Used to
print atmospheric effacts on the
JPBDEOth passenger. .If no such
output ie desired, should be set
to O.

Time interval bstwsen passenger
exit path uvpdates. Harning--
Shis parameter has a largs
sftact on program run time.

Initial passenger reaction time
This velue is degradead for each
passenger as cabin conditions
dictate.

Run description of current
simviation.

ALNVNd ¥00d 30
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TABLE 2
AIRCRAFT CONFIGURATION FILE

Variable .
Record Name Type Cols. Format Units Description
#8 READ IN BUBROUTINE ACIN (from FORO12) e»

B-1 1acrvyp Char 1-10 10A1 - Alrcraft typs

8-2 MHIDE inteper 1-3 13 - Length of aircraft (in
number of nodes).

NLONO Integer 4-6 13 - Width of asircraft (in

number of nodes).

8-3 JCNDX Integer 1-3 13 -~ Column numbers in which
aisles asre located.
Last entry = O.

B-4 TRNDX integer 1-3 13 Row numbers Iin which
aisles are located
Last entry = O

B-5 {One type B-Y card should be read in ¢for each of the MUIDE s MLONO

aircraft nodes f.e¢ . NR should vary from | to NLONO as NC varles
from 1 to MWIDE. )

NR Integer 7-9 [ §¢] - Row number of current node
NC Inteqer 12-14 13 - Columan number of current node.

NTYPE Integer 17-18 12 - Current node’s specific node type:

= row aislse
col alsle
seat
exit, type A
exit, type A DN
slide. type A
= slide. type A DM
8 = skin/exterior
NTYYPE goes into NDETVYP(NR.NC)

NI WRN -

o
3t
2 r
QO T
cC
2R
3d
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TABLE 2

CONTINUED

NCS Integer 21-22 12

NUSINDE Integer 6-8 13 -~
XBARC IN¢) Real t-7 F7.4 -
G(IN) Reatl 9-13 F7. 8

THAXCIN) Real 17-23 F7.4

THINCINY Real 29-3) FI1. 4 -~
NDECPY Inteper 1-3 13 -

(A B-9 record is vaad Por 2ach decision point
IDECPT Integer 1-3 | 3¢ ] -~
ENDECPT)
JOECPT Iintepur 46 12 -

{MDECIT)

Current noda’‘s general nade class:
= alsle

seat

skin

sxtarior

snit

6 = slide

NCB goes into NCABE INR.NC)

o=

Numbar aof nods types in
thiv simulation.

CIN=1, NUMNDE )}

Aversge spasd of passengers
traveling through node.
CIN=1, NUMNDE )

Sample standard devistion
for nade.

CIN=1., NUMNDE ?

Maxisum speed through nade.
LIN=1, NUMNDE )

Hinuaus specd through node.

Number of decision points
{NDECPT) )

Aow laocation of decinian

point.

Column Jocation of decision
point.

400d 40
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Record

Varias!e
Name

NEXTTS

TABLE 2

CONTINUED

Cols. Format

#n READ IN 9 '‘BROUTINE EXITIN

Integer

1-2 12

Description

(fvom FOROIZ) #»

Number of wuits in the
aircratt.

(Une type C-2 card should be read in for each exit (I=1.NEXITS)!

LOCRX (1)
Loccxdn)

IX1TPPL])

TOPEN(I)

Integer
Integer

Integer

Real

1-3 13
46 13
7-9 13

12-18 F7. 3

Row locetion of exit.
Column location of exit.
Note that this valus should be
elther MROTXT or LEFTXT
Passenger perception of
exit status: O = open,
1 = closed.
Time 4t takes for exit to
be opened.

ALIVNDd ¥00d 40
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TABLE 3
PASSENGER POSITION FILE

variable
Nane

Record Type Cols. Foraut Units Description

os READ IN BUBROUTINE PABBIN (from FOROLI) e

Char 1-10 10A} - Atrcrals type
Note that this shauld match

record B-1 of the alrcraft
information fPile

D-1 IACTIYP

Nushe: of passengers §n

D-2 NP AS Integer 1-3 13
the aircraft for this
sisvlistion
D-3 1PASS Integer -3 19 - Passenger nuaber
NR Integer 3-7 13 - Inftial row lecation of
passenger
NC Integer 9-11 13 - Initial columsn location ef
passenger.

Note that these values showld
probably indicate a seat location
as described on card type B-D
1.0. NEDIYPINR.NC) = J

ALITVNO ¥00d 40
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TABLE 4
AIRCRAFT ATMOSPHERE FILE

vVariertle

Name Type Cols Format Units Description
se READ IN SUBROUTINE ATHBIN (from FOROLA) es

NGASES integur 1-4 14 - Nusber af gases to be considered

by Shis simuiation
(€2 and E~ cards are repoatad for each uf the 10 geses)

NAMOAS(], 1G) Char 1-10 10AY - Name of sach gas
Note that order of gases
specifiod muet ramain consistent
with She aorder used to input gas
concontration values below.
(1=4, 10)

QABIDCLIQ) Real F13. & PPMenec incapacisation dose constants
(PPMOBEC) for each gos

NYEMPT Integer 1-4 14 - Nusber of temperature sampling
points.

(An E-9 card is repeatad for each of the 10 gases )

NGASP (1) Integer 9-64 4 - Numsber of sampling points
essociated with each
fndividual gas.

INARE Char 120 20A1 Description of data comment
Used to delimit values fer

different torjcants in the

atmosphere profile Input tile

TSN D Real 1-10 F10.0 secs Time coordinate for all eld

temporature and gas concen-
tration values
Bhould be <= B8INST.

ALTVNO ¥0Od 40
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TABLE 4
CONTINUED

(E-B thru E-10 cards are required only 1¢ NTEMNP(D0) .

INAME CHAR 1-20 20A1 -

Description of duta comment
used to distinguish temperature
values in the data tile

(Card type E-9 is repeated until all tamperasture sempling points
are input. (1=5, NTEMPT) Data for 4 dats points is assumed on

each card-—1.e., format is 4(14,14,F10 0))

1THPT L) Integer 1-4 14 -
19-82
J37-40
35-38

JTHPT L) Insteger 2-0 14 -
23-2¢
41-44
39-462

THPOLD(I) Real ?-10 F10. 0 deg. s C
27-3¢6
45-94
&3-73

RADTHP Real 1-10 Fi10.0 node®

Row coordinate of each
temporature sampling poins.

Column coordinate of sach
temperature sampling point

Old (for purposes of lineasr
interpolation) temperature at
IPTSh sampling point.

Radius of influence for
temperature values (units length
® nade length or width)

(E~1l Shru E-13 carde ore repeated for eech of the 10 gases. )

INAME Char 1-20 20A1 -

Description of data comment, used
to distinguish value for different
gases in the data file.  This
description is usually the name

of the gas. Note that ovreer in
which gas information is input
aust remain consistent

# Unit = node length or width) 4 e, sach node {1, assumed to be » unit sgquare

ALITVND ¥00d 40
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TABLE 4
CONTINUED

(Card type F 12 19 repeated until all campling for 10th gos are
described Deta for 4 data points is assumed on each cord—-

I @, format s (14,14,.F10 0) )

1GAHP ! Integer 1-4 14
(21 PRI

JOABP | Integer 58 14
(IP1.10)

QABIN D Real 9-18 FI10 0

(IR, 1)

rrn

(IPT=1, NGABPT(10)) 10=), NOABES)

Row coordinate of I1Pth concentration
saspling point for 10¢th pgas
(IPT=(,NOABPT(10)) 10=1, NOABES)

Col coordinate of IPth concentration
sampling point for 10¢h gae
(IPT=1,NOASIO(10)) J0=1,NOABES)

0Old (Per purposes of lineer
interpolation) concentration

of 1th gas at IPTEh sampling

poins.

{NOTE. Old temperature and gas concentration values are read in with
location of sampling points New valuss are sesumed to be st same

csampling pojnts (n same order. )

RADOAH(1Q) Inteper 1-10 Fi10 0

® Unit > nnde length or width: | e,

Radiuse of Influence §¢ 10¢h gas

each node te assumed to be & unit square

$1 39vd TYNIDRID
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TABLE 4
CONTINUED

Variable

[PPPERRN [ - - - L e

Type Cols Format Unite Dascription

#8 READ IN BUBROUTINE ATHBAD (from FORO14) ae

(F--1 thru F-6 type carde are repested for each time (temperature.
gas concentration) where the last time should be greater than or
equal to anticipated vun termination ¢4 v.)

Char 1--20 20A14 - Oescription of data comment

Real 1-10 Fl10. 0 sece. Time coordinate for all ’‘new’
temparature and gas roncentration
valuss.

(F-3 and F-4 type cards are required only 4F NTEMWPT > 0. )

Char 1-20 Q0A18 - Description of data comment
THPNEW(T) Real 1-10 ©6F10.0 deg. C (I=], NTEMPT)

11-20 New velue for Ith item temparature
21-30 sampling poins. Order of values
31-40 should be the same as in THPOLD
41-30

M -460

41-70

7)-00

(F-5 and F-& type cards are repeated for each of the 10 gases and
ate Tequived only 1F NOABEB >. There should be one F-0 type card
for wach gas far which NOASBPT(IQ) > 0. Tha F-8 card shouvld be
followed by as many F-6 cards as are required to provide values
for all sampling pointn )

Char -0 2041 - Description of data comment

ALTYNO ¥0Od 40
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TABLE 4
CONTINUED

GARNEW Real 1-10 ©F10 0
a(er. 1a) 13--20
21-30
3140
41-20
91- 460
61-70
71-80

*PPH = parts per million

PPHe

CIPT=1, NOABPT (10} 1G=1, NOADES)
New value for 10th gas concen-
tration for IPTCh sampling point
Ordar of valuss should he same
as in gas old

ALITVND ¥00d 40
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ORIGINAL PAGE IS
OF POOR QUALITY

S) A passenger description file assigned to FORO1S.
At present this file is not used, It is intended to provide
detailed passenger descriptions (e.g., sex, age, body mass, respira-

tion rate) as model features requiring such data are implemented.

8) A file of Gaussian deviates assigned to FORO16.

This file provides a normal distribution of passenger charac-
teristics (speed) for the present model implementation. See Table S
below.

Model output files are:

1) Passenger movement details, assigned to FORO21.
This file is intended primarily for debugging purposes. It lists
every passenger move on a node-to-node basis. Debugging switches in
the model can be set to greatly expand this file, giving exit path
information or examining the results of individual subroutine

calls.

2) Snapshot output; assigned to FCRO22.
Thas is the graphical representation of the aircraft interior and

passenger positions (see Figures 8 to 16 of Appendix B)

3) Atmosphere output, assigned to FOR023.
This 1s a record of the cabin's interior atmosphere. Here again, the
volume (and amount of detail) can be controlled by debugging

switches.

4) ?D vs time plot Jdata, assigned to FOR0O24.
Provides a set Of data points with time as the abscissa, and the
fractional incapacitation Jose of a selected passenger as ordinate,

This output can be used o Jenerate a plot of ?D vs time.

%) Simulation summary oSutput, assigned to FOR(015.
This Jives the time of evacuation for each passenger, the number of
passengers evacuated through each exit and last passenger's time out

for each exit., 3ee Figure '7 in Appendix B.

14
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TABLE 5
GAUSSIAN DEVIATES FILES

Variahle
Record Name Type Cols Format Units Description
#% READ IN BUBROVIINE INDSPC (from FOROIS&) #e
(U1 Cards are vropeated until NDEV Qaussian deviates have been
read in. At present NDEV = 250 )

Q-1 R REAL -2 $(F12 0) - Qaussian deviates
13-24
2% 34
37-44
49-40

ALNVND ¥OO0d 10
£ 20Vd YNIORIO



APPENDIX B ORIGINAL PAGE IS

OF POOR QUALITY
SAMPLE OUTPUT

This appendix contains a comparison of a no fire scenario with a fire
scenario. The airplane cnnsidere\d was a DC-9 5180, For the fire scenario the
atmosphere data used was taken from test case 24 of reference 5. This output
is not intended as a prediction of actual evacuation, but is provided solely
to illustrate typical model output. Figures 8 to 16 show passenger placement
for both scenarios at 20 second intervals. Figure 17 shows a comparison the

summary outputs for both cases., The exit numbering scheme used is shown in

Figure 8.
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Exit #1

Exit 43
Exit #5

Exit #7

Figure 8.

Initial passenger placement

in both Fire and No Fire
Scenarios.
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Figure 9,

Passenger placement at
t = 20 seconds

No Fire Scenario.
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Figure 10.

Passenger placement at
t = 20 seconds

Fire Scenario.
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Figure 12.

Passenger placement at
t = 40 seconds

Fire Scenario.
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Fiqure 13.

Passenger place..ent at
t = € seconds

No Fire 3cenario.
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Figure 15.

Passenger placement at
t = 30 seconds

No Fire Scenario.
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1 48 63. 603 SEC. S _
2 2 63. 462 SEC. S ORIGINAL PAGE IS
7 a3 93. 845 SEC. S OF POOR QUALITY
10 19 30. 124 SEC. S

SIMULATION START= O MILLISECONDS DELTA T= 30 MILLISECONDS
ACCELERATION FACTOR= Q. 330 )
DC-9 S180

DC? S—180 FIREDND COMPLETE ATMOS (IATMDT=IDTSPD=S SEC. 9)

(a) Fire Scenario (Atmusphere and Human Factor Updates Every 5 seconds).

EXIT NG.OUT TOTAL TIME
1 46 63.823 SEC. S
2 39 64.023 SEC. S
7 76 83. 433 SEC. S
10 17 &4. 140 SEC. S
SIMULATION START= O MILLISECONDS DELTA T= SO MILLISECONDS

ACCELERATION FACTOR= 0. 230
DC-9 S180
DC? S-180 FIRES No Atmos. ([ATMDT=9's/IDTSPD=?’‘s/IXITUP=100000)

{b) No Fire Scenario.

-
/

Comparison of Exit Times Between a Fire and No-fire
Scenario.

Figure i



APPENDIX C ORIGINAL PAGE IS
MODEL SUBROUTINES OF POOR QUALITY

This appendix provides the details of the model's subroutine structure,
The model is first divided into its specific procesr~es and then each process
is in turn broken down into its components until the model is described in

terms of its individual FORTRAN subroutines.
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ORIGINAL PAGE IS
OF POOR QUALITY

FIREVAC VERSION 5 PROCESSES

Atmosphere Update

Exit Path Update

Clock and Configuration Update

Human Reaction Factor Update

Input/Initialization

Passenger Movement

Snapshot

Calculates cabin atmosphere from input
atmosphere profile.

Determines "optimal” exit path for a given
passenger.,

. Keeps running sumulation clock controls.

CEM and HFM updates,

Calculates human reaction factor and
adjusts passenger speeds.

Reeds in required aircraft and passenger
data. Sets initial values for the model's

dynamic variables.

Simulates passenger movement from seated
position to exit.

Produces graphical output showing cabin
interior and passenger positicn.



ACIN

ADJCNT

ATMSIN

ATMSUP

ATMSRD

CLKUP
CNFGUP

CNTRIN

CONTND

EXITIN

EXTSIM
INDSPC

INTRAPA

ISTNBL

ORIGINAL PAGE IS
OF POOR QUALITY

FIREVAC VERSION 5 SUBROUTINES

Aircraft input routine reads aircraft configuration data, type,
width, length aisle locations, etc.

Finds all nodes which are adjacent to a given node and which can
be occupied by a passenger.

Atmosphere input/initialization routine. Reads in profile of
atmospheric conditions and initializes other atmosphere related
variables..

Updates the atmospheric conditions inside the aircraft for a given
time. Used first to set initial cabin atmosphere parameters then

called during the sumulation to update them. Calculates toxicant

concentrations to reach node in the aircraft cabin..

Reads one "new” set of toxicant concentrations from atmosphere
input profile,

Clock update routine, Updates simulation clock.

Confiquration update routine., Updates the condition of the
aircraft.

Simulation control data input routine: start time, update times,
etc.

Finds all possible contenders (passengers wanting to move into) a
given node.

Exit information input routines, reads number of exits, locations
whether exit is open or closed, and time to open exit, etc.

Controls cycle between PEM, CEM, and HFM,

Individual Specification. Reads a set of Gaussian deviates and
uses them to calculate each passenger's speed through each node

type.
Linearly interpolates between "old and "new” toxicant values from
the atmosphere input profile. The interpolation is on time depen-

dent sampling point temperatures and gas concentrations, Spatial
approximations are handled by subroutine WGTAVE,

Is target node blocked? Routine decides whether a passenger's
tarqget node (next in exit path) is blocked.
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METRIC

MOVE
NUMXIT

PASSIN
PHYSIN

PPOSUP

PRTYMV

SNAP

SPDCHG

SPEED

SUMRY
TRCRTE
TTOMOV

WGTAVE

XITPATH

ORIGINAL PAGE iS
OF POOR QUALITY

FIREVAC VERSION S5 SUBROUTINES (Continued)

Measures "distance" between two nodes, for use in exit path
calculaticns.

Move routine moves the passenger into target - ode.

Service function which returns a value of zero if a given node is
not an exit, and otherwise returns the exit number.

Passenger input routine reads initial (seat) passengers locations.

Initialize passenger physical characteristics (at present only
sets F, = 0 for all passengers).

Passenger position update passengers who are able to move at pre=-
sent clock time will be advanced along their exit paths.

Priority Move. Determines which of the contenders for a given
node has priority. Present criterion is longest waiting time,

Snapshot routine generates a rough presentation of the columns and
rows to give a snapshot of where each passenger is located in the
aircraft at a given time.

Uses human reaction factor to adjust passenger speed through node
types for a given passenger.

Updates the fractional effective dose, and then calculates a speed
factor for that passenger.

Summary routine prints summary of exit output data.
Traces the path to the nearest exit for a given passenger.

Time to move? Routine decides whether enough time has elapsed
since last passenger move, to allow passenger to move again.

Uses sample point data of the input atmosphere profile to calcu-
late a weighted average value for a given toxicant and a given
node.

Finds optimal paths to open exits for a given passenger.
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