
AD—A 036 055 FEDERAL AVIATION ADMINISTRATION OKLAHOMA CITY ORLA AE——ETC FIG 1/3p EMERGENCY EVACUATION COMPUTER SIMULATION — PROGRAM DESCRIPTION ——ETC (U)
OCT 76 .J GILLESPIE

UNCLASSIFIED FAA—216—76A It

1
~HI 

_

_ _ _ _ _ _ _

_ _ _ _ _  

___ UI

_  

_
_  • __  

__N l

__ 
_ _  •_ II I

_ UI U



• I i ~~~~~L l 2~I u I ~ —

_ _ _  ~~L r ~~U—

I i  .

111111.25 IIM~
•4 Ill II !



- —

~~~~~~~ ~~~~~~~~~~ 
~~~~~~~~~~~~~ J~.L~~~~I ~~~~~~

~~port No. FM-216-76A ‘; ,) 2~~~
EMERGENCY EVACUATION COMPUTE R

SIMULATION - PROGRAM DESCRIPTION

4 AND USER’S GUIDE

c~ JAtW S GILLESPIE

K

Document is available to the public through the
National. Technical Information Service ,

Springfield, Virginia 22151

Prepared by

DEPAR~~~NT OF TRANSPORTATION
FEDERAL AVIATION AZ*4INISTRP&TION

FM AEW~NAUTICAL CENTER -‘I’~Engineering and Manufact~iring srazi~c
Oklahoma City, Oklahoma 73125 ~~ ØØ

) CCPY AYA [A~j E To Dnfj rxJEsNgr 
‘ /PFJMIT FWJ LLGIDL PRUOUCTII

—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _  
~~—-—-w, .--. —------ -.- -- —-—---- ~ - -~~

r —
~ 
..- - - - y-, ....,. *-. .. ..--.- .1.a aa - -~:S.- ”~ 

-t ~~~~•—t w~~ a. -— S.. — -.— .— .—.. - — - -

It
NOTICE

The contents of this report re flect the views of the Engineering and Manu-
facturing Branch which is responsible for the facts and the accuracy of the
data presented herein. The contents do not necessarily reflect the official
views or policy of the Department of Transportation , Federal Aviation
Administration or flight Standards Service. This report does not constitute
a standard, specification , or regulation.
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INTRGDUCTION

High cost. and injuries to test subj ects durin g emergency evacuation
demonstrations have 1.d to the development of computer simulation models of
ea.rg.ncy evacua tions with a long-r ang, goal of eventually replacing the
certific ation demonstrations. Besides the obvious advantages of low cost
and no hi.~~ n injury, a computer model can be used to simulate a wide range
of emergencies rather than those done under the restrictive criteria estal —
lishad for a certifica tion demonstration .

An emergency evacuation computer model described in Reference 1 has
been develop ed by FAA Aeronautical Center personnel . This computer program
is based on the assumption that the door ii a bottleneck and passen.~er move-
ment in the interior of the aircraft is not considered except as a queue at
the exit door. The computer model in Reference 1 i. written in GPSS. The
present computer model is written in FORTRAN and traces a passenger from his
seat to the exit he selects during evacuation. Separate programe have been
developed for wide and narrow body aircraft.

NODEL DESCRIPTION

AI~~RAFT INTERIOR R PRESENTATION - The interior of the aircraft is treated as
a matrix of I, J values that tdentify passenger seating, aisle, and exit
locations. A general representation of wide and narrow body aircraft is
shown in figures 1 and 2. The I denotes row n~~~er and the J denotes columo
nurber. Thus, I — 1, J — 1 represent. the seat of the upper left hand pa.-
senger in figures 1. and 2. Figures 1 and 2 show input parameters, which
will be discussed in detail in the program input section , that allow the
program user to specify the neating arrangement end passenger assigned to a
particular exit. Further flexibility i. added to the model by allowing the
user to identify empty seats in the aircraft . In the narrow body program
the user can identify seats in exit rows that are co~~~n in overwing exits.

EXIT PA~ 1 TIME ~ )MPONENTS - Referring to figures 1 and 2, in evacuating a
passenger must get out of his seat and move through b o s  where seats are
present, move through aisle boxes, and then move through boxes which may or
may not contain seat., to reach the exit door. Let be the tim. required
for a passenger to move through a box without seats and T2 the time required
for - a passenger to move through a box with seats.

As a passeng er noves toward the exit door he may encounter a delay due
to a line at the door. Thu delay will be dependent on the movement of the
passenger, in front of him and the door opening time . Let T3 be the time
required for door opening and exit .quipment deployment.

When a door exit is free , the passenge r goes through the door and down
a slide or off a wing to re ach the ground. Let P4 be th . time required for
a passenger to go through the exit door and P5 the time required for a
passenger to reach the ground.

1
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The total evacuation time of a passenger can be represented as a func- ~. -

tion of T1, T~ T3, T4, and P5. First the individual time components must be
determin.~ ana then be combined in a suitable manner to determine passenger
evacuatio n time. The computer programs have been written to accept time com-
ponent input for each open exit. All times except P3 are passenger related .

DETE~ IINATICN OF EXIT PATH TIMES - The same mathematical model is used for
all five time components. Each passenger is given a unique T1, T2, P4 and
T~. Each open exit is given a unique P3. For each time co.ponenL evacua-
tion test data suitable to that segment of the evacuation path are required .
The mean, standard deviation, minimum, and maximum component times are required
for a group of passengers or exit doors as program input. A g~~~a function
i. fitted to this data by the Method of Moments (2). From the g a a  function
a table of probability versus time is generated . A random probability be-
tween 0 and 1 is then determined . Th. random probabilit y is then used to
generate a time from the table of probability versus time.

Facto rs influencing the time components are :

1. T~ - aisle width, aircra f t  attitude, aisle blockage, visibility ,
passenger physica l condition

2. - seat configuration , seat belt remova l time, aircraft attitude,
passenge r physical condition

3. P3 - door and equipment conf iguration , passenger or crew-’e”~ber
opening door

4. P4 - door configuration, crew effort

5. P5 - type of path followed to ground , passenger physical condition .

This list is not necessarily complete. Passenger mental attitude i. certainly
an important factor . A systematic small scale test program will probably be
required to generate suitable input data for the se funct ions. The factor s
cited above must be considered in obtainin g ranges of data.

Because the data used to generate the time components are statistical , provi-
sion is made in the program to allow the user to generate a desired number
of emergency evacuations. Averag e data obtained from a series of runs is
probabl y more representativ e of evacuation tests. Generall y , similar evacua-
tion tests will produce different results.

CALCULATION OF EVACUATION TIME - Consider the movement of the first passen-
ger to a given open exit door . Referring to figures 1 and 2 , the passenger
time to the door (TD) is:

TD~~~ Nl . T l + N 2 . T 2 1

2
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where N1 number of boxes without seats passenger must move through
to reac h exit

N2 number of boxes with seats passenger must move through to
reach exit

Upon reaching the door the passenger is either delayed by the time it
• takes the door to open or he goes through the door . The time spent inside

the aircraft 
~~~ 

is take n as the greater of P3 or TD• The tota l evacuation
time (T) is:

P P A + P 4 + P 5 2

If the re is no delay, the second passenger to exit reache s the door in
the time determined from equation 1 • Note that N1, T1, N2, and P2 are dif-
ferent for the second passenger . If the second passenger is delayed , his
time to the door is given by:

3

where TA and P4 are values for the first passenger prec eding him. The Tafor the second passenger is taken as the greater TD computed by equations
1 and 3. The total evacuation time for the second passenger is given by
equation 2 using P4 and T~ appropr iate to the second passenger . For each

4 passenger , TA is used to 1~eep a record of the delays encountered by that
passenger or is the time determined by equation 1 depending on which is
greater. Equation 2 is used to compute evacuation time for each passenger .
Thus, the door may not necessarily be a bottleneck throu ghout the evacuation
process in this computer model.

INITIAL PASSENGER EXIT SELECTION - T~~ options are available in the computer
programs . In the first option, a passenger evacuate s throu gh the nearest
open exit. The nearest exit is determined by counti ng the total number of
boxes the passenger must move through to reach each open exit and selecting
the exit with the smallest total of boxes. In the second option , passengers
assigned to a given exit must evacuate through it if it is open . Passengers
assigned to blocked exits evacuate through the nearest open exit in both
options. The second option has been included in the computer model because
passengers may not necessarily evacuate through the exit nearest them. This
gives the program user some flexibility in selecting an exit for a passenger
if thi s ha. been observed in evacuation tests. In both opt ions , the passe n-
ger exit selection is an initial one and passengers at the ends of lines of
exits with long evacuation times are redistributed to exits with shorter
evacuation times . The redistribution is based on exit flow rates determined
from the initial passenger exit selection .

UPPER DECX WIDE BODY MODEL - Since wide body aircraft may have upper or
lower decks in addition to the main deck , provision has been add ed in the
wide body program to handle this situation . The upper deck model is shown

4’ in figure 3. It consists of a passenger seating configuration with one

3

- - .~~~--~~-- •—--~~~~~~~~~~~~~— -~~~~~~~~~~~~ -- ~~~~ -~ —~~~~ - - -~~~~~~~— - -~~~~~~~ -. - ~~~~ - -~~ - - - - -,- -~ - -~~



F - ---—
~~~~~~~

--•
~~~~

-
~~ 

--‘~~~~
-—- 

~~~~~~~~~~~~~~~~~ 

‘~

aisle only , a stai rcase to the main deck , and on. exit to the outside. By
using I, J notation, the location of the stair case and exit may be varied.
It should be noted that the same I , J values can be used for upper and main
deck passen gers since the program handles the decks separately. The program
user can assign any combination of passengers to the exit to the outside and
staircase. For passengers assigned to the staircase , the user must also
select their escape exit on the main deck . The escape path and time segmen ts
for passengers exiting directly are han dled the same as lower deck exits
using Use segment data appropriate to the upper deck exit. However , for
passengers using the staircase , a new model is needed.

The time it takes a passenger to move to the sta ir entrance is similar
to equation 1 using P1 and P2 appropriate to the upper deck and the boxes a
passenger must move through to reach the stair entrance • A new time function

~6 must be defined for passenger movement on the staircase • Thi. function is
th. same mathematicall y as the five time functions previously discussed.
Upon reachin g the main deck a passenger moves through a nurber of boxes to
reach the exit. This time segment is P2 appropriate to the main deck exit
times the n~.mber of boxes the passen ger moves through. The passenger tine
to the exit is thus composed of his Use to the staircase entrance , time on
the staircase , and Use from staircase to exit door.

PASSENGER EXIT REDISTRIBUTION - The aircraft exits moat be numbered as shown
in figure 4 in order for the exit redistribution logic to work prop erly .
After the initial evacuation , the exit with the greatest evacuation time is
determined. Passengers at the end of this exit line are redistributed to
another exit in the following manner:

1. The exit with the shortest evacuation time in the vicinit y of the
exit with the longest time is determined.

2. Vicinity of an exit is defined as any exit one exit away on either
side of the aircraft. For example, referring to figure 4, exits
in the vicinity of exit 1 are exits 2 , 3 , and 4. EXits in the
vicinity of exit 3 are exits 1, 2 , 4 , 5 and 6.

3. Th. flow rates for the longest exit time and shortest exit tine in
the vicinity are computed by:

- T3 )/NL

Rs (T3 P3 )/N8

where R1~ — flow rate for exit with longest tine —

- flow rate for exit with shortest time

- longest evacuation tine

4
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— exit preparation time for exit with longest time
L

P3 — exit prep aration time for exit with shortest time
S

- shortest evacuation time

NL - n~~~er of passengers evacuating through exit with
longest time

N5 - number of passengers evacuatin g through exit with
shortest time

4 • The following values are determined by:

T
~v 

— 
~
TL + T5 ) /2 6

ANL = 
~~ 

- TAV)/R.~ 
7

ANs - (T~v - Ts)/Rs 8

It should be noted that ANL and ANs are truncated to integer values
in the computer program. The smallest of ANL and Ails is taken as
the net change in passengers between exits (AN) .

5 • The evacuation time for the longest time exit is reduce d by AN .
and the total amount of passengers is re duced by AN.

6. The evacuation time for the shortest time exit is increased by
AN . R5 and the total amount of passen gers is increased by AN.

The same procedure is again repeated re ducin g evacuation time and pas-
sengers for the exit now having the greatest evacuation tine • The procedure
i. repeate d until AN~ or AN equals 0. Experience to date indicates that a
maximum of five iterations ~s required.

P~ )GRAM DESCRIPTION

Both wide and narrow body progra me use the same names for subroutines.
The wide body pro gram has one more subroutine (UDECK) than the narrow body
program. The main program and subroutine ~fll contain slightly dif ferent
logic between the two programs . A complete FORTRAN listing of the wide body
program is given in Appendix I. A listing of the siam pro gram and subroutine
PAIN for the narrow body program is given in Appendix II. A description of
each subrout ine is given below:

5
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1. Main program - The main program reads in all the input da ta . It
- determines initial passenger exit se1ec~ion using two options de-

scribed in the paragraph entitled INITIAL PASSENGER EXIT SELECTION.
Th. main program calls subroutines GAMY , PATH, and OP TIM.

2 • Subroutine GAMY - This subroutine is called by the main program.
It acts as a controlling program to establish the ga~~~ function
f .t  to input tine segment data. It returns tables of time versus
probability to the main program. Subroutine GAMY calls subroutine
CDTR.

3. Subroutine CDTR - This subroutine is called by subroutine GAMY. It
computes tables of tine versus probability based on a ga~~~ function
fit and returns them to GAMY. $ub~routine CDTR calls subroutines
NDTR and DLGAM.

4. Subroutine NDTR - This subroutine is called by subroutine CDTR. It
is used by subroutine CDTR in the calculation of tables of prob-
ability versus tine.

5. Subroutine DLGAM - This subroutine is called by subroutine CDTR. It
computes the double precision natural logarithm of the ganina func-
tion and is used by subroutine CDTR in the calculation of tables of
probability versus tine. 

- 

-

6. Subroutine PATH - This subroutine is called by the main program. It
calculates the evacuation time for each individual passenger as de-
scribed in the paragraph entitled CALCULATION OF EVACUATION TIME.
Subroutine PATH calls subroutines RANDU and LININ.

7. Subroutine RANDU - This subroutine is called by subroutine PATH .
It generates a random probability between 0 and 1 for each passenger
and open exit door which is re turned to subroutine PATH .

8. Subrout ine LININ - This subroutine is called by subroutine PATH . It
uses the random probability generated by subroutine RANDU to linearly
interpolate the tables of probability versus tine generated by sub-
routine GAMY. It returns times T1, T2 , P3 , T4 , and P5 to subroutine
PATH .

9. Subroutine OPTIM - This subroutine is called by the main program .
It changes the exit route of certa in passengers as described in the
paragraph entitled PASSENGER EXIT REDISTRIBUTION.

10. Subroutine UDECK - This subroutine is only in the wide body program.
It is called by the main prog ram if the aircraft -has an upper deck.
This subroutine simulates evacuation from an upper or lower deck
using th. procedure described in the paragraph entitled upper deck
wide body model .

6 H -
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PROGRAM XNPUT

WIDE BODY PROGRAM

CARD A FORMAT (415)

INPUT CARD COLUMN -

QUANTITY NUMBERS DESCRIPTION

NNUN 1—5 No. of simulation s desired

NEXIT 6-10 No. ~of main deck aircra ft exits < 10

NOPT 11—15 - — 0 Passenge r evacuates through
nearest open exit

— 1 Passenger evacuates through
assigned exit

(See paragraph entitled initial
passenger exit selection)

NDECK 
- 

16-20 = 0 No upper or lower deck

= 1. Upper or lower deck

7
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CARDS B FORMAT (915)

These cards must be repeated NEXIT t imes. The cards must be in the exit
number order shown in F igure 4. The airc raft seats must be numbered for each
exit as shown in Figure 1.

INPUT CARD COLUMN
QUANTITY NUMBERS DESCRIPTION

IROWE 1-5 Exit row No. (See Figure 1)

NRF 6—10 First row No. of passenger seats
assigned to exit (See Figure 1)

NRL 11-15 Last row No. of passenger seats
assigned to exit (See Figure 1)

NCOL1 16-20 Column number of passenger seats near-
est aisle assigned to left side exit .
Lowest column number of passenger seats
assigned to right side exit (See Figure
1)

NCOL2 21-25 Last column number of passenger seats
assigned to left side exit. Column
number of passenger seats nearest aisle
assigned to right side exit (See
Figure 1)

NSIDE 26—30 = 0 Left side exit

= 1 Right side exit

NCOL3 31—3 5 Last column number of passenger seats
assigned to right side exit (See
Figure 1)

NOPEN 36-40 = 0 Exit is open

= 1 Exit is closed

NENP 41-45 No. of empty passenger seats in exit
section.

8 
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CARDS C FORMAT (1615)

- 
The I , J values of empty seats are input 8 pairs to a card . If there are
more than 8 empty seats to an exit continue on the next card . A new card

- must be started for each exit with empty seats. Do not input any card s for
exits where ND4P — 0.

INPUT CARD COLUMN
QUANTI TY NUMBERS DESCRIPTION

IV 1-5, 11-15, 21, I or row number of empty seat in
25, . . .  section

JV 6—10 , 16—20 , J or column number of empty seat in
26—30, . . .  section

~ 4: ~

L

( I- 
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CARDS D FORMAT (5? 10.0)

Five sets of cards are input for each open exit following the order of
Figure 4.

CARD Dl

INPUT CARD COLUMN
QUANTITY NUMBERS DESCRIPTION

xMNl 1—10 Mean value of tine data for time P1.

SD1 11—20 Standard deviation of time data for
time Ti.

xiii 2 1-30 Maximum value of time data for time Ti.

XINT1 31-40 Table interval . No. of points in tine
versus probability table is XU1/XINT1.
No. of points < 50.

4 1-50 Minimum value of tine data for time P1.

CARD D2

XMN2 1-10 I’h~’aii value of tine data for time P2.

SD2 11-20 Standard deviation of time data for
time T2.

XU2 21-30 Maximum value of time data for time P2 .

XINT2 31-40 Table interval • No • of points in tine
versus probability table is xU2/XINT2.
No. of points < 50.

,a~2 4 1-50 Minimum value of tine data for time P2.

CARD D3

XMN 3 1-10 Mean value of tine data for time P3 .

SD3 11-20 Standard deviation of time data for
time P3.

xU3 21-30 Maximum value of time data for time T3.

10
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INPUT CARD COLUMN

— QUANTITY NUMBEI~ DESCRIPTION

CARD D3 (Q~ntinusd)

XINP3 31-40 Table interval . No. of points in time
versus probability table ii XU3/XINT3.
No. of points < 50.

41-50 Minimum value of time data for tine T3.

CARD D4

1-10 Mean value of time data for tine P4.

SD4 11-20 Standard deviation of time data for
time P 4.

XU4 21-30 Maximum value of time data for time P 4.

XINP4 31-40 Table interval . No • of points in tine
versus probability table is XU4/XINT4.
No. of points C SO.

41-50 Minimum value of time data for time P4.

a-RD

1-10 Mean value of time data for time P5.

SD5 11-20 Standard deviation of time data for
tims t5.

XU5 2 1-30 Maximum value of time data for time P5 •

• XINTS 31-40 Table interval . No • of points in time
versus probability table is XU5/XIN rS.
No. of poin ts C 50.

41—50 Minimum value of time data for time PS.

11



CARDS E

Input only if NDEC 1( = 1.

CARD El FORMAT (715)

INPUT CARD COLUMN
QUANTITY NUMBERS DESCRIPTION

IROWE 1-5 Exit row No. (See Figure 3)

NRF 6-10 First row of passengers in upper deck
(See Figure 3)

NRL 11-15 Last row of passengers in upp er deck
(See Figure 3)

NCOL1 16—20 Column No. of seats on left of aisle
(See Figure 3)

NCOL2 21-25 Largest column No. of seats in upper
deck (See Figure 3)

NOPEN 26—30 — 0 Upper deck exit open

— 1 Upper deck exit closed

NEMP 31-35 No. of empty seats in upper deck

CARD E2 FORMAT (715)

IU 1-5 Row No. of entrance to staircase in
upper deck

JU 6-10 Column No. of entrance to staircase in
upper deck

IL 11-15 Row No. of staircase exit on main deck

JL 16-20 Column No. of staircase exit on main
deck

NOUT 21-25 Exit No. on main deck that upper deck
passengers evacuate through

NNOUT 26-30 No. of passengers on upper deck that
use staircase

NUOUT 31-35 No. of passengers on upper deck that use
upper deck exit

12
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CARD 53 FORMAT ( 1615)

The I ,J values of passengers that use the upper deck exit are input eight
pairs to a card. If there are more than eight passengers assigned to the

:1 upper deck exit continue on the next card . Do not input if NUOUT = 0 .

INPUT CARD COLUMN
QUANTITY NUMBERS DESCRIPTION

IUD 1—5 , 11—15 , I or row number of passenger assigned
21—25 , ... to upper deck exit

JUD 6—10, 16—20 , J or column number of passenger
26—30 , ... assigne d to upper deck exit

CARD E4 FORMAT (1615)

The I,J values of empty seats are input eight pairs to a card . If there are
more than eight empty seats in the upper deck continue on the next card .
Do not input if MEN? — 0.

IV 1-5, 11-15 , I or row rnmber of empty seat in upper
21—25 , ... deck

JV 6—10 , 16-20 , J or column number of empty seat in
26—30 , ... upper deck

CARDS ES FORMAT (5F].O.O ) - 
-

CARD 55.1.

~O U  1-10 Mean value of tine data for time Ti

SD1 11—20 Standard deviation of time data for
- 

tine Ti

- Xiii. 21-30 - Maximum value of tine data for time Ti 
-

XINT1 31-40 Table interval. No. of poin ts in time
- versus probabili ty table is XUI/XINT1.

No. of poin ts < 50.

nIl 41-50 Minimum Value of time data for time Ti -

13
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CARD 25. 2

INPUT CARD COLUMN ~
‘ ‘

QUANTITY NUMBERS DESCRIPTION

xilN2 - 1-10 Mean value of time data for time P2 on
upper deck

SD2 11-20 Standard deviation of time data for
time P2

XU2 2 1-30 Maximum value of time data for tine P2

XINT2 31—40 Table interval . No. of points in time
versus probability table is XU2/XINT2 .
No. of points < 50.

41-50 Minimum value of time data for time P2

Do not input cards 25. 3—5.5  if NOPEN — 1.

CARD E5.3

11*13 1-10 Mean ‘value of tine data for time P3 of
upper deck exit

SD3 11-20 Standard deviation of time data for
time P3

XTJ3 2 1-30 Maximum value of time data for time T3

XINT3 3 1-40 Table interval . No. of points in tiu~versus probability table is XU3/XINT3 .
No. of points -C 50.

41-50 Minimum value of time data for time P3 -

CARD -E5.4

XMN4 1-10 Mean value of time data for time T4 of
upper deck

SD4 11-20 Standard deviation of time data for
time T4

xu4 21-30 Ma ximum value of time data for time P4

XINT4 31-40 Table interval . No. of points in time
versus probability table is XTJ4/XINT4.
No. of points < 50.

4 1-50 Minimum value of time data for tine P4
14
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CARD 25.5

INPUT CARD COLUMN
Q~~NTITY - NUMBERS DESCRIPTION

11*15 1-10 Mean value of time data for time PS of
upper deck

SD5 11-20 Standard deviation of tine data for
time PS

XU5 2 1-30 Maximum value of time data for tine - PS

XINTS 31-40 Table interval . No. of poin ts in time
versus probability table is XUS/XINTS .
No. of points < 50.

41-50 Minimum value of time data for time PS

CARD 25.6

11*16 1-10 Mean value of time data for time P5 of
staircase

t SD6 11-20 Standard deviation of time data for
tin. P6

XU6 21-30 Maximum value of Us. data for time P6

XIWZ6 3 1-40 Table inte rval . No. of points in time
versus probability table is XU6/XINPS.
No. of points < 50.

n6 4 1-50 Minimum value of time data for time P6

( 1
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PROGRAM INPUT

NARR~~ BODY PROGRAM

CARD A FORMAT (415)

INPUT CARD COLUMN •

QUANTITY NUMBERS DESCRIPTION

NRDN 1-5 No. of simulations desired

NEXIT 6-10 No. of aircraft exits ‘ 10

NOPT 11-15 = 0 Passenger evacuates through
nearest open exit

— 1 Pa ssenger evacu ate s through
assigned exit

(See paragraph entitled initial
passenger exit select ion)

16—20 Column number of aisle (S.. F igure 2)

~ 
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CARDS B FORMAT (815) 
-

These cards must be r.p.atsd HEXIT times . The cards must be in the exit -

number order sh. wn in Figure 4. The aircraft seats must be numbered for each
exit as shown in Figur. 2.

INPUT CARD COWMN -
-

QUANTITY NUMBERS DESCRIPTION

IROWE 1—5 Exit row No. (See Figure 2)

NRF 6-10 First row No. of passenge r seats -

assigned to exit (See Figure 2)

NRL 11—15 Last row No. of passenger seats
assigned to exit (See F igur e 2)

NCOL1 16—20 Column number of passenger seats near-
est aisle assigned to left side exit.
Last column number of passenger seats
assigned to r ight side exit (See -

Figure 2)

NSIDE 21—25 — 0 Left side exit -

— 1 Right side exit -

NSE*T 26-30 0 No seats in exit row

— l  Seats in exit row -

NOPEN 31-35 — 0 Exit is open

— 1 Exit is closed

NRMP 41—45 No. of empty passenger seats in exit -

sect ion -

- 

( i
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CAPISC

(Same as Wide Body Program)

1•
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CAPDS D

(Seas as Wide Body Program)
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SAN?LE CASE INPU.T -:

WIDE BODY PROGRAM - Assume an evacuation test has occurred on the hypotheti-
ccl wide body configuration shown in Figure 5. The numbers in the seats
indicate the exit that passengers used in the test. Since we wish to dupli— ;- 

-

cats the test option 1 will be used in th. program. For the purpose of this
sampl. case , we will do only one run although a number such as ten might be
bette r if we wished to actually compare test and program data. For card A:

NRUN — 1 NEXIT - 6 NOPT — 1 NDECK — 0

We wish now to assign the passengers who used exit 1 to that exit. For
card Dl:

IROWE — 3 NRF — 1 NRL — 9 NCOL1 = 3

NCOL1 — 12 NSIDE — 0 
- 
NCOL 3 (blank) NOPEN — 0

NE24P — 21 —

The only quantity that needs explanation is NDIP — 21, which is the
number of empty seats. Since we have assigned the passengers on the right
side of the aircraft to a left hand exit , the program logic cannot determine
where the right hand aisle is. However, if we make column 9 empty, we will
have simulated an aisle. This totals eight empty seats since row 3 is
assumed empty by program logic since it is a row exit. For row 8 we wish to
ignore any passengers who use an t .it different tram 1. The number using
exit 3 is 5. Similarly for row 9 the number using exit 3 is 8. This gives
a total of 21 empty seats for exit 1.

Although no passengers are assigned to exit 2 , program logic requires
input values. We will input one empty seat for exit 2. For card 82:

IROWE — 3 NRF — 1 NRL = 1 NCOL1 = 7

NCOL2 — 7 NSIDE - 1 NCOL3 = 7 NOPEN = 1

NEMP 1

We will later specify 1 empty seat in row 1, column 7 for exit 2.

For exit 3, card 83:

IROWE = 14 NRF — 8 NRL = 20 NCOL1 = 3

NCOL2 = 12 NSIDE — 0 NCOL3 (blank ) NOPEN = 0

NEMP=28

HEMP — 28 is composed of 12 seats for the right hand aisle. 5 seats for
row 8, 2 seats for row 9, 2 seats for row 19, and 7 seats for row 20.

20 
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For exit 4 , card 84:

IR~~~E — 1 4  N R F - l O  NRL 1O N C O L 1 — 7

NCOL2 — 7 NSIDE — 1 NCOL3 — 7 NOPEN - 3.

HEMP 1

We will late r specify I empty seat in row 10, column 7 for exit 4.

For exit 5, card 85:

IROWE — 25 NRF — 19 NRL — 30 NCOL1 — 3NCOL2 — 12 NSIDE — 0 NCOL3 (Blank) NOPEN — 0

HEMP — 22

NEMP — 22 is composed of 11 seats for the right hand aisle , 8 seats
for row 19, and 3 seats for row 20.

For exit 6, card 86:

IROWE = 25 N R Y = 2 0  N R L = 2 0  N C O L 1 =7

NCOL2 7 NSIDE 1 NCOL3 7 NOPEN 1

HEMP 1

We will later specify 1 empty seat in row 20, column 7 for exit 6.

For exit 1, HEMP — 21. There are 3 cards Cl:

I V — l , 2, 4, 5 , 6, 7, 8, 9 J V = 9 ,  9, 9 , 9 , 9 , 9 , 9 , 9

I V — 8 ,  8, 8, 8, 8, 9, 9, 9 J V = l ,  5 , 8 , 11, 1 2 , 1, 2 , 5

IV — 9 , 9, 9,9 , 9 ~3 V = 6 , 7, 8, l1, l2

For exit 2, HEMP — 1. There is 1 card C2:

I V — l  J V = 7

For exit 3, HEMP — 28. There are 4 cards C3:

~~~~~~~~~~~~~~~~ 9, 10, 11, 12,13 , 15, 16 JV = 9 , 9, 9, 9, 9, 9,9, 9 
—

IV — 17 , 18 , 19, 20, 8 , 8 , 8, 8 ~V = 9 , 9 , 9 , 9 , 2 , 3 , 6, 7

21
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IV — 8 , 9, 9, 19, 19, 20, 20 , 20 JV — 10, 3, 10, 6, 10, 1, 2, 6

Iv — 20, 20, 20, 20 JV — 7 , 8, 11, 12

For exit 4 , N E M P — l .  There is l card C4 :

I V —l O  J V — 7

For exit 5 , HEMP — 22. There are 3 cards CS:

IV — 19, 20, 21, 22, 23, 24, 26, 27 Jv = 9, 9, 9, 9, 9, 9, 9, 9

XV — 28, 29, 30, 19, 19, 19, 19, 19 JV — 9, 9, 9, 1, 2 , 3, 5 , 7

IV — 19, 19, 19, 20, 20, 20 JV = 8 , 11, 12, 3 , 5, 10

For exit 6, HEMP — 1. There is 1 card C6:

I V — 2 0  J V — 7

Assume that the following data have been obtained for each exit from
the evacuation test or from similar small scale tests. Note that input are
required only for each open exit. All times are in seconds.

EXIT 1
STANDARD

MEAN DEVIATION MAX IMUM MINIMUM

Ti .6 .6 3. .3

T2 1. 1. 4. .5

T3 8. 4 .. 2. 18. 6. -

T4 .75 .5 2. .5

P5 3. 1. 5. 1.

EXIT 3

STANDARD
MEAN DEVIATION MAXIMUM MINIMUM

Ti .6 .6 3. .3

T2 1. 1. 4. 
- 

.5

T3 8. 2. 18. 6.

22 
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I
EXIT 3 (~~nt ’d.)

STANDARD
MEAN DEVIATION MAXIMUM MINI*M

T4 .75 .5 2. .5

P5 4.5 2. 7. 1.5

EXIT 5

STANDARD
MEAN DEVIATION MAXIMUM MINIMUM -

Ti .6 .6 3. .3

T2 1. 1. 4. .5

T3 8. 2. 18. 6.

T4 .75 .5 2. .5

P5 3. 1. 5. 1.

Let us use the following intervals for the time tables for each exit:

EXI T 1 .1, .1. 1., .1, .2
EXIT 3 .1, .1, 1., .1, .5
EXI T 5 .1, .1, l ,  .1, .2

For cards Dl:

~O~N l — .6 SD1 — .6 X U l — 3 .  XINT1 — .1 XL1 = .3

XMN2— l .  SD1—l . XU2 4. XINT2 = .l ~a.2 — .5

30213 — 8. SD3— 2. XU3 — 18. XINT3 1. 3 a , 3— 6 .

XMN4 — .75 SD4 — .5 X U 4 — 2 .  XINT4 .1 XL4 — .5

XNN5 — 3. SD5—1. X U 5 — 5 .  XINTS — .2 3a~s — i.

For cards D2:

30011 .6 SD1 — .6 XUl~~~.3 XINT1 .l 3a~1 — .3

xP212 — .l SD2—1. XU 2— 4 .  XINT2 — .l XL2 — .5

XMN3 8 .  SD3— 2. XU3~~~18. XINT3 — 1. ,a ,3— 6.

XMN4 . .75 S~~~— .5 X U 4 = 2 .  XXNT4 — .l 3a4 — .5

X M N 5 — 4 . 5  S D 5 — 2 .  X U 5 . 7 .  XINT5 — .5 X L 5 — l .5
23 
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For cards D3 :

XMN1 — .6 SD1 = .6 XU1 — 3. XINT1 — .1 3~~l .3

XMN2 — 3.. SD2 — 1. XU2 — 4. XINT2 — .1 3~~2 .5

30213 — 8. SD3 = 2 .  XU3 — 18. X I N T 3 — i .  ~~3— 6 .

XMN4 .75 SD4 = .5 X U 4 — 2 .  XINT4 — .l

X M N 5 = 3 .  S D 5 = 1 .  X U 5 — 5 .  XINP 5 — .2 X L 5 = l .

A copy of the FORTRAN coding sheet for this case is shown in Figure 6.

UPPER DEQ~ OPTION - Assume now that we wish to add an upper deck to the
wide body case previously discussed. Assume that the upper deck configura-
tion is given by Figure 3. Let us assign the eight passengers at the rear
of the upper deck to the upper deck exit and the remaining eight passengers
to the staircase. When they reach the main deck they will be assigned to
exit No. 1 to evacuate through. Card A must be changed. Cards E are then
inserted after cards D for the main deck.

— For card A:

NRUN — 1 NEXI T — 6 NOPT — 1 NDECK — 1

For card El:

— 6 NRP — 2 NRL = 5 NCOL 1 — 2 NCOL2 — S

N O P E N — O  NEMP O

Assume the staircase is at I — 3, J — 6 on the main deck. For card
E2:

lu — 1 JU — 3 IL — 3 31, - 6 NOUT — 1

NNOUT — 8 NUOUT 8

For card E3 :

IUD — 4, 4 , 4 , 4 , 5 , 5 , 5 , 5

JUD — 1, 2 , 4 , 5 , 1, 2 , 4 , 5

Since HEMP — 0, there is no card 84.

Assume the following data has been obtained from evacuation tests

24
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UPPER DECK EXIT

STANDARD
MEAN DEVIATION MAXIMUM MINIMtfl4

Ti .6 .6 3. .3

• ‘12 1. 1. 4. .5

T3 12. 4. 20. 6.

‘14 1.5 .5 4. .75

P5 5. 1. 10. 2.

STAflWASE

P6 4. 1. 8. 1.

Let us use the following intervals for the time tables : .1, .1, .2 , .2 , .5 , .2

For cards ES:

XMN1 — .6 SD1 — .6 X U l — 3 .  XINT1 — .1 XL]. — .3

30242 — 1. SD2— l. X U 2 — 4 .  XINT2 — .l XL2 — .5

XMN3 — 12. SD3— 4. XU3 20. X I N T 3 — 2 .  XL3 — 6.

XMN4 1.5 SD4 — .5 X U 4 .4 .  XINT4 .2 XL4 — .75

X M N 5 — 5 .  SD5 1. X U 5 — l O .  XINTS — .S ,a~5 — 2 .

3 0 2 4 6 — 4 .  S D 6 — 1 .  X U 6 — 8 .  XINP6 — .2 XL6 = l.

The FORTRAN coding for this case is shown in Figure 6 after the coding
for the main deck only case .

NARROW BODY PROGRAM - Assume we wish to simulate an emerg ency evacuation in
the narrow body aircraft shown in Figure 7. In this case we will let pas-
.engsr. evacuate through the nearest open sxit. Seating assignment to an
exit is not i~~ortant except that all the seats in the aircraft must be
assigned to exits.

Let us simulate ten evacuations.

For car d As

NRUN — 10 NEXIT — 8 NOP T — 0 JEMP = 4

25
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Let us assign the first class passengers to exits 1 and 2. For card
$1:

IROW E — 1  N R P — 2  N R L — 8  N C O L 1 — 3

NSIDE — 0 NSEAT — 0 NOPEN — 0 HEMP — 7

HEMP — 7 will be used to delete passengers in column 1 thus simulating the
first class seating .

For card 32:

IROW! - 1 1IRF - 2 NRL - 8 NCOL1 - 6

NSI DE—1 N S E A T — 0  NO PEN—1 N D I P — 0

It is not necessary to delete any passengers on this side of the aircraft
since program logic will take columns 5 and 6 only because WCOL1 - 6 • For
th. left side exit NOOL1 — 3 aM the program logic will take columns 1, 2 ,
and 3 • If NCOL1 - 2 had been input there would have been a mi atch with
the aisle column which is input as JEM P — 4.

For card 33:

I~~~ E — 1 2  N R F — 9  N R L — 1 4  N C O L 1 —3

NSIDE — 0 NSEAT — 1 NOPEN — 1 HEM P 0

Notice there are seats in the exit row for this exit so NSE&T — 1.

For card 34:

IRONE - 12 NA? 9 MEL — 14 NCOL1 — 7

NSIDE - 1 NSEAT — 1 NOPEN - 0 HEM P — 0

For card 85:

I R O W E — i S  N R P — l 5  N R L — 2 0  N C O L 1 — 3

NSID E - 0  N S E A T — l  NOPEN—l NEM P— 0

For card 86:

IRCW E — i 5  N A P — i s  N R L — 2 0  N C O L 1 — 7

NSI D E — 1  NSEAT— l NOPEN—0 NE M P— 0

(
26
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For card 37:

I R O W E — 2 7  M A r — 2 1  N R L — 2 6  N C O L 1 — 3

N S I D E - 0  NS EAT- 0  N O P E N — 0  N E M P - 0

For card 38:

IROWE— 27 N R F — 2 1  N R L — 2 6 N C O L 1— 7

N S I D E — i  NSE A T - 0  NOP !N-1 NEMP O

For card Cl:

I V — 2 ,  3 , 4 , 5, 6, 7 , 8 W — 1 ,  1, 1, 1 , 1, 1, 1

There are no more C cards .

Assume that the following data are available from previou s testing .
There ar e four sets of this data , one set for each open exit. All t imes
are in seconds.

EXIT 1

STANDARD
MEAN DEVIATION MAXIMUM MINIMUM

Ti .6 .6 3. .3

P2 1. 1. 4. .5

P3 10. 2. 20. 6.

T4 1. 1. 3. .5

T5 2.5 1. 4. 1.

EXIT 4

STANDARD
MEAN DEVIATION MAX IMUM MINIMUM

Ti .6 .6 3. .3

P2 1. 1. 4. .5

T3 6. 2. 12. 6.

T4 1.5 1.5 4. .5

27 
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EXIT 4 Cont ’d. (
~ )

STANDARD
MEAN DEVIATION MAXIMUM MINIMUM

PS 4. 1. 6. 3.

EXIT 6

STANDARD
MEAN DEVIATION MAXIMUM MINIMUM

Ti .6 .6 3. .3

P2 1. 1. 4. .5

P3 6. 2. 12. 6.

P4 1.5 1.5 4. .5

P5 4. 1. 6. 3.

EXI T 7

STANDARD
~• MEAN DEVIATION MAXIMUM MINIMUM

Ti .6 .6 3. .3

P2 1. 1. 4. .5

P3 10. 2. 20. 6.

• 14 1. 1. 3. .5

PS 2.5 1. 4. 1.

Let us use the following intervals for the time tables for each exit:

EXIT 1 .1, .1, 2. ,  .1, .2

EXI T 3 .1, .1, 1., .1, .2

EXIT 6 .1, .1 , 1., .1, .2

EXIT 7 .1, .1, 2. ,  .1, .2

28
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For cards Dl:

3021l — .6 SD1 — .6 XU1 — 3. XINT1 — .1 XL1 — .3

XMN2 L. S D 2 — 1 .  X U 2 — 4 .  XINT2 — .1 XL2 — .5

30243 — 10. S D 3. 2 .  XU3 — 20. X I N T 3 — 2 .  3 0 3 — 6 .

3 0 2 1 4 — 1 .  S D 4 — 1 .  XU 4— 3 . XIN 14 •1 X L 4 — .5

x n N 5 — 2 . 5  S D 5 — l .  X u 5 — 4 .  XINTS — .2 305 — 1.

For cards D2;

30241 .6 SDl = .6 XU1 — 3. XINT1 — .] XL l — .3

30212 — 1 .  S D 2 — l .  3 0 3 2 — 4 .  XINT2 — .l ~a 2 — .5

0213 6. SD3 — 2. *13 — 12. X X N T 3 — l .  XL3 — 6.

3 0 2 1 4 — 1 . 5  S D 4 — l . 5  X U 4 — 4 .  x1NT4— .l XL4 — .5

30215 — 4 .  SD5 1. * 1 5— 6 .  XINPS — .2 305 — 3.

For cards D3:

3Q211= .6 SD1 — .6 XU1 — 3. XINT2 — .1 XL1 — .3

10242—1.  S D 2 — 1 .  3 0 3 2 — 4 .  XINT2 — .1 XL2 — .5

10213 — 6. SD3 — 2. XU3—12. XINT3 — l. 30,3 — 6.

10244— 1.5 S D4 = l . 5  XU4— 4. XINT4 — .l XL4— .5

FOr cards 14:

BDl — .6 x u l — 3 .  XINT1 — .l XLl — .3

XNN2— l. $ 0 2 — i .  3 0 7 2 — 4 .  XINT2 — .l XL2 — .5

10213 — 1 0 .  S D 3 — 2 .  3033 — 20. X I N T 3 — 2 . 30,3 — 6.

10244.1. 5 1 4— 1 .  3 0 3 4 — 3 .  XINT4 — .1 xL4 — .5

10245.2 .5  5 05 — 1 .  XU5 4. XINPS — .2 X I S — i .

A copy of the FORTRAN coding sheet for this case is shown in Figure 8.

29 
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PROGRAM OUTPUT

A copy of the program output for the wide body sauçle case with upper
deck is shown in Figure 9. The firs t page of output consists of a print out
of the input aircraft configuration da ta in the same format as the input.
This allows the user an easy che ck to make sure input data is correct. The
aircraft configuration data are followed by the time segment input data.
The exit appropriate to the time data is identifie d in the last column of
this output. Next are the input data for the uppe r deck if this option is
used in the program.

The first output consists of a list of passengers identifying seat row ,
seat column , exit assigned, and exit out. For each passenger his time to
the exit door , door delay time , and evacuation time are given. By co rçaring
time to the exit door and door delay time the user can determine if a bottle-
neck is occurring at the door. If time to the exit door is greater than door

• delay time for any passenger , this indicates that the door is not always a
bottleneck. A new page is started for each exit that is used in the evacua-
tion. The first exit listed is the upper deck exit if the upper deck option
is used. This exit nuzrber is set equal to NEXIP + 1. This , passengers on
the upper deck that use a main deck exit may be identi fied by looking for
NEXIT + 1 in their exit assigned column . The remaining exit data is in the
order of main deck exit nuirbers .

The next page of output starts out with a suimeazy of the total nun**r of
passenge rs that used an exit, the total evacuation time for that exit, and

• the exit’s nunber for the initial evacuati on. Passengers are then re distrib-
uted to exits with shorter lines and the next line of output indicates where
passengers were taken from and where they went. The new passenger totals and
evacuation times for all the exits are then listed. This is repeated until
logic is not able to redistribute any more passengers between exits.

The narrow body program has the same output as the wide body program
except there is no upper deck output for the narrow body program. A copy of
the program output for one of the ten simulations of the narrow body eançle
case is shown in Figure 10. All times are in seconds in these programe. The
CPU time for five evacuations is approximately one minute on the 1124 370/155
for this case. CPU time has ran ged up to 90 minutes for 100 evacuations of a
389 passenger wide body aircra -~t.
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SUI44ARY

Mathematical models for wide and narrow body aircraft emergency evacua-
tions have been developed . Fortran computer programs have been developed
from the mathematical models. Several cases have been run using all program
options producing reasonable results for the wide and narrow body programs.
The pr ograms require evacuation path time segment input data . Some small
scale testing will be required to generate a valid range of appropriate time
segment input data . Correlation between full scale evacuation tests and
pr ogram output should then be performed to prov ide program validation.
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tICOII NC OL 2
I I NC OL3

NC OL 11 1. tI C OL 2 4
3 = 1 2 3 4 5 6 7 b 9 10 11 12 -

~~~~ :~I = 1 NRF x x x x x x x x x x

2 x x x A x x x x A x x x

3 x x x I x x x x I x x x

4 x x x S x x x x S x x x

5 x x x I x x x x L x x x

6 E X IT E E E X IT

7 x x x x x x x x x x

8 x x ,~ x x x x x x )~

9 x x x x x x x x x x

10 NRL x x x x x x x ,c x x

~ r
I
x denotes initi a l location of p assen ger

Fig. 1 - Wide body jet model
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NC OL 1 NC OL 1

I 3EMP

3 =  1 2 3 4 5 6 7
a — — — — — — 

___
~~~~.

• 1 = 1  NRF x x x x x x

2 x x x x x x

3 x x x x x 
—

4 x x x A x x x— — — — — — -5 EXIT x x x I x x x EXIT IROW E

6 x x x S x x x— — — — — — —7 x x x I x x x— — — — — — —
8 x x x E x x x

9 NRL x x x x x x

x de no tes in i t ial  l oc a t i o n o f p ass e nger

Fig. 2 - Narrow body model
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NC OL 1 NCOL 2

I TO MAIN DECK

NRF 

= 

2

3 ~ 
I 

~
— — -4 - — —

4 X X L X X

NRI 5 x x E x x

H OWE 6 EXIT

x Den ot es Pass eng er

Fig. 3 - Upper deck model
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FRONT OF
A I R C R A F T

1 EXIT 2

3 E X I T  4

5 EXIT 6

7 E X I T  8

9 E X I T  10

Fig. 4 - Exit nun~ ering sequence
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______________ __________ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  -

1 2 3 4 5 6 7 8 9 10 11 12

1 1 1 1 1 1 1 1 1 1  1

2 1 1 1 1 1  1 1 1 1 1

3 EXIT 1 EXIT 2
OPE N — CLOSED

4 1 1 1 1 1 1 1 1 1 1

5 1. 1 1 1 1 1 1 1 1 1

6 1 1 1  1 1  1 1 1 1  1

7 1 1 1 1 1 1  1 1 1  1

8 3 1 1 
— 

3 1 1 3 A 1 3 3

9 3 3 1  A 3 3 3 3 1 1  3 3

10 3 3 3 1 3 3 3 3  S 3 3 3

11 3 3 3  S 3 3 3 3  L 3 3 3

12 3 3 3 L 3 3  3 3  E 3 3 3  

13 3 3 3  E 3 3 3 3  3 3 3
S

14 EXIT 3 EXIT 4
OPEN CLOSED

15 3 3 3 3 3 3 3 3 3 3 

16 3 3 3 3 3 3 3 3 3 3 2
— — — — — — — — —— — —

17 3 3 3 3 3 3 3 3 3 3

18 3 3 3 3 3 3 3 3 3 3

19 L L L_ ~~~~~~~~~~~~~~~~~~
LL_

~~~~~~~~~~LL
20 5 5 3 3 5 5 5 3 5 5

21 5 5 5 5 5  5 5 5 5 5

22 5 5 5 5 5 5 5 5 5 5

23 5 5 5  5 5 5 5  5 5 5

2: EXITS T EXIT 6
OPEN CLOSED

26 5 5 5 5 5 5 5 5 5 5

27 5 5 5 5 5 5 5 5 5 5

28 5 5 5 5 5 5 5 5 5 5

29 5 5 5  5 5 5 5  5 5 5

30 5 5 5 5 5 5 5 5 5 5 

_ _ _  _ _ _ _ _ _ _ _
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 2 3 4 5 6 7

1 EXIT 1 x x x x EXIT 2
OPEN CLOSED

2 x x x x

3 x x x x

4 - 
x x x x

5 x x x x

6 x x x x

7 x x x x

8 x x A x x

9 x x x I x x x

10 x x x 5 x x x

11 x x x I x x x

EXIT 3 EXIT 4
X X X E K X K OPEN U

____ _____ ____ ____ _____ _____ _____

EXIT 5 EXIT 615 CLOSED K K K X X OPEN .8

____ _____ _____ ____ _____ ____ _____

18 x x x x x x N

19 x x x x x x

20 x x x x x x

21 x x x x x x

22 x x x x x x

23 x x x x x x

24 x x x x x x

25 x x x x x x

26 x x x x x x

27 EX IT 7 EXIT 8
OPEN ____ _____ _____ ____ _____ ____ _____ CLOSED

x Denotes Passenger

I 
____
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