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EMERGENCY ESCAPE OF
HANDICAPPED AIR TRAVELERS

INTRODUCTION

The increasing mobility of handicapped individuals has created a growing
recognition of the problems they encounter in traveling. In air travel ,
there is a need for equitable and consistent treatment of these passengers
without compromise of safety for all passengers. The Federal Aviation Act
of 1958 states that “no air carrier . . . shall . . . subject any particular
person . . . to any unjust discrimination or any undue or unreasonable
prejudice or disadvantage in any respect whatsoever,” but that “any air
carrier is authorized to refuse transportation to a passenger . . - when, in
the opinion of the air carrier , such transportation would or might be
inimical to safety of f l ight .”

In 1962 the Air Traffic Conference of America (ATCA) submitted to the
Civil Aeronautics Board (CAB ) its criteria for the transportation of
handicapped passengers.2 These criteria outlined the types of passengers and
cargo that were acceptable for air transport and established standards to
expedite the transport of certain handicapped individuals and to disqualify
from travel by air those who could not care for themselves. These criteria
were accepted and approved by the CAB in Order E—19154, December 31 , 1962.

A reevaluation was stimulated by complaints from both handicapped
m div !t 1~~ and organizations representing them. The complaints involved
most irriers and alleged inequitable and unjust treatment.

28, 1972, a letter from the CAB to the Secretary of Transportation

~ed the nonuniform interpretation and application of rules governing
• .. ~ar riage of physically handicapped persons and the absence of definitive

safety standards. In response to this letter, the Federal Aviation
Administration (FAA) recommended that action be initiated to promulgate
regulations relating to:

a. Defining the types of physically disabled passengers who could
travel by air without undue impairment of overall passenger safety .

b. The number of unaccompanied nonambulatory passengers that could be
accommodated safely on an aircraft.

c. Emergency evacuation provisions for handicapped passengers.

d. Provisions for medication or continual assistance during flight.

e. Personal oxygen supplies required by the traveler .

In late 1972, personnel from the FAA Flight Standards Service and the
Office of Aviation Medicine met to establish procedures for implementing
those recommendations and formulated a requirement for an emergency evacuation
test program to obtain data on evacuation problems associated with handicapped 
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t r . V F l e r s  . C i v i l  Ae ’ome dical  ~l1s t i t u te  (CAN ! and F l i ght  ~~t andards  p e r s o n n e l
me t In M ar ch  1973 to  d e v e lop  t h ~ 1 cst p r u g r . i r ~i.

~!ETHO1 ) AN!) RESULTS

The t es t  f a c i l i t y  used in t l 1 k~~~rV  ~t u d i es was the e v a c u a t i o n  s i m u l a t o r  at
CAN !. This simulator consists of a C—124 fuselage section , 12 ft wide and
77 f t  l o n g ,  mounted on a h y d r a u l i c a l l y  c on t r o l l e d  p l a t f o r m  ( F i g u r e  1) .

Figure  1. The evacua t ion  s i m ul ar ~~: p o s i t i o n e d
~it a 16—ft floor—leve l h e i g h t , s i n h i ] - l r to a

wide—bod y—transport height in a wheels—down ,
level condition.

The simulator can lift the fuselage up to 1E~ ft , ; i~~ch up to 20° fore or
aft , and roll up to 200 right or loft , or combi ni- th~~ c r vornents (Figure 2).

The interior of the simulator provides a six—abr oi st tourist—class
seating configuration with a 15—in—wide center ~isle. Tho seating capacity
and width approximate those of a B—727 tourist—class cabin (Figure 3). Th.~
left rear exit , 32 in wide and 72 in high , is reached through a cross aiale
33 in wide. In addition to this exit , the simulator has a floor—level door
exit (24 in wide and 48 in high) and two overwin 1; hatch exits (20 in wide
and 3~ in high) shown in Figure 4. Inflatable slides used in the studies
included a 23—ft—long, 3—ft—wide sing ic —lane slide ; a 24—ft—long, 7’)—ft— wide
double—l ane slide ; and a 28—ft—lU—in—long, 8—ft—wide double—lane slide. The
slides were inflated before the test and attached to the cabin floor by a
-i r t h— fr/door clip system . Safety nets were placed under the slides.

Subjects were recruited from several sources. Nonhandicapped subjects
w o r f -  FAA emp lr rv ec~ or were hired through the University of Oklahoma Office of 
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Research  A d m i n i s t r a t i o n .  Most h a n d i c ap p e d  sub jec t s  were r e c r u i t e d  tli rou ~’ li
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Figure 2. The evacuation simulator positioned

12° nose down and in a 120 left roll as in
an emergency landing with nose gear and

left main ge~ r failure .

ft
Figure 3. Seating c o nf i g u r a t i o n

of the evacuat ion si~n u la t o r .
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Figure 4. Overwing exit with normal stepdown
distance to the wing surface.

Testing was conducted under good visual conditions for the safety of
the subjects and to allow observations for time and motion anal — jes.

For reasons of safety, handicapped subjects did not usually participate
in group evacuations or tests in which escape slides were employed . Only one
paraplegic subject , included in a passenger load of 30, was allowed to en ter
the passenger flow.

In most group tests, nonhandicapped subjects simulated various handicaps;
e.g., whole body (arthritis, etc.), upper limb and lower limb impairment.
Anthropomorphic dummies were used to simulate nonambulatory passengers.

~ Individual Handicap Evaluation. Each subject was inte—~viewed before
— testing to establish the extent of the handicap and to lessen any possible

• - ~ anxiety on the part of the subject. The experimental tasks were described
to the subject and the purpose for the studies was explained with emphasis on
performing as quickly as possible to simulate an emergency escape. During
these tests , the subject moved from one of three designated seat locations to
a specific exit. The three seat locations (Figure 5) presented different
escape paths , dis tances , and aisle!accessway restrictions . Rest periods were
provided when necessary.

Seat 1 (Figure 5) was the aisle seat of the left rear exit row. The
subject sat with his seatbelt fastened and his arms en the armrests. On
signal , the subject released the seatbelt and moved a distance of 4 ft 9 in
to the door , touching the door to complete the test.

4
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SCAL E: I / 8- l  OvERwING ~~ EXiT

QELfti~ñ ~~~~~~~~46 x 8OL ____~— 1
7

1 ISeat I Escape Route Seat 2 Escape Route Seat 3 Escape Route
(This seat is 4 ’ 91 ( This seat is 29 2 C This seat is i3 3

1

F from the aft left from the at t left from the oft left over
ex i t . )  ex i t . )  wing ex i t . )

Figure 5. Escape routes from three seat
locations in the evacuation simulator.

During these tests, it was noted that subjects with hemiplegia or severe
cerebral palsy and only one functioning arm needed seat backs to support them
while standing . Since the occupant of Seat 1 was in the exit accessway upon
standing and the forward seat backs were beyond normal reach, these subjects
had difficulty in standing .

Paraplegics lowered themselves to the floor while holding the armrest,
or merely fell to the floor, and then crawled to the exit. Had the test
continued onto an escape slide, these subjects would have been required to
turn around to avoid entering the slide headfirst. Other subjects used the
armrests to stand and then moved directly to the exit. Results of these
tests are shown in Table 1.

• Seat 2 (Figure 5) is a right window seat, 29 ft 2 in from the left rear
exit. The Seat 2 escape route included a 5—ft distance from the window seat
to the aisle and provided a seat row clearance of 12 in with a 34—in seat—
pitch configuration. Once in the aisle, the subject moved 18 ft down the
center aisle, turned to the exit accessway , then moved 6 ft to the exit.
This route represents the longest distance to an exit in modern transport
aircraft. Times to complete this escape route are shown in Table 2.

Most participants used the forward seat backs f or support. Some subjects
- - 

• with lower limb impairments used the armrests to turn around and provide
support as they moved into and down the aisle. Paraplegics usually approached
the exit by holding the armrests and easing themselves to the floor between
sea ts, then pushing themselves backward toward the exit with their arms. One
female and one male paraplegic subject did not complete the Seat 2 escape
route. The male paraplegic , because of his size (210 ib), found that he must
move sideways down the aisle. He became exhausted after moving past three
rows of seats. In one trial a 220—lb , 21—yr—old female subject walked on
her knees, holding onto the armrests, and averaged 1.01 ft/s. In her second
trial she moved on her hands and knees in the aisle between armrests at a
rate of 1.67 ft/s. This subject normally used crutches but found them awkward
and difficult to use in the cabin aisle. A 53—yr—old male subject who had a
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loss of neu romuscu la r  c o n t r o l  in b e t h  ‘.- - - - I n  I we C i -  I e~’ I r i -  .-s • w i  I ~~~~ l C C I I I

ilown the  a i s l e  by holding to ~~e t  t ba~ ks atid C - h  ieve 1 & rat t- - -. I’ -

Lsi ng I l lS  crutches , he a t t a i l i C .- I t a r i t e  t l.~~’ ft/s. A ‘t — ~~~t —  II ~L C I •  ~~I I~ I i -  I

wa lked  u p r i ght w i t h  the a id  of s~ - I t  Lic ks at r ite or 2. . - ~ / s  I r .~~ I~ d
h e ~~w a r I  in the  a is le  at  a r i t e  of 2 . 0 1  H / s .  b l i n d  ~- . i i i ’je t s  j iiIh it . d I f l i t

lit -v used the i n t e r r u p t e d  seat spi i ngs t o t ‘.- 1 1 when is - V had ri 1 i.-’ d .- x I t
accessways  whi le  moving down the -~ i sle . t-w n.nlt- a poll t e count rig -r
remember ing numbers of seat  rows to  exi ts. lw Ii~- i C p I t - y  i ~oil ~~

- t$ . ~~ i 1  I , . / t l

on t h e i r  r i gh t  sides , had d i f f i c u l t y  Lu r niflp, ri~~I it m t .  the- • - i t  I L L ~~~~-~~~~ i~~~.

One could  not make the t u r n  when seat  hack  s u p p o r t  ~n h i s  l ’ .- t t  i .!. ) O i )  ~~i - i •
became out  of reach , but  he t e l  t tha t he ~- i ~ i i  I d  have t u r n e d  to the  l e f t  - - i t  her

hemip legics s ta ted  they could move b t - t~~er sideway s when their good legs were
toward the d i rec t ion  of movement .  F s t i r  ni ent~i I 1 v  impaired subjects became
d i s t r a c t e d  by ob jec ts  and f r i e n d s  in the  c a b i n , •r  co u l d  not remember
instructions , and thus had difficult y comp ]&-t it ~ tb ’. t i - s t  - I ) r u -  0 1 t t s - - -

:; subjects traveled halfway to the e xit , then sat down as though t h e  t . - .-~t w e - r i
completed. Obese subjects generall y moved It i e - - ’.-pt ah le rat e— . Ther- w.-r.
three instances in which the seathel t buckl e was covered l ,v  h l ’~i j n i1 I i t
folds. Statements from five obese subjects indic a t ed th at t I ’ . -  ~ e i t  spa& e
between armrests wedged them into the seat and added t the e~ t o rt re~ L~ red
to stand ; thus , some obese passengers may have to be licl ped out 0 1 t fi ’ .-ir
seats in an emergency . These subjects had little d i t t i c u l t v  mov irc down t li ’ .
aisle but were delayed getting into the aisle from window s e - i ts ; t h e y  used
approximatel y 43 percent of the total time moving to the C i S 1 C , a ,list - in - ’ .
that comprises only 17 percent of the escape routc.

Comparative tests were accomplished with the subjects seated in the
aisle seat of the sPat row containing Seat 2, the window seat. In general ,
subjects sitting in the window seat took 50 percent more time to reach the
exit than did those sitting in the aisle seat (Table 3). Paralytic subjects
demonstrated the greatest delay .

The times of all handicapped subjects who moved from Seat 2 to the left
rear exit are shown in Figure 6. For the data in this figure , an individual

~ I normally requiring a wheelchair was considered nonambulatory and all others
were considered ambulatory .

Table 4 shows the rate of movemen t along the straight 18—ft aisle. Data

• 
from unimpaired subjects are included for comparison.

The Seat 3 location (1~igure 5) required subjects to move across the
cabin to an overwing exit one row forward and on the opposite side of the
fuselage . This route was used to obtain data for movement between seats.
Subjects moved a distance of 13 ft 3 in , of which 10 ft 10 in was in seat
rows. Results of these tests are shown in Table 5.

The subjects again used armrests and seat backs to assist their movement.
Subjects who could stand upright moved sideways in the seat rows . Hemiplegics
found it difficult to move in the direction of the paralyzed side. Parapleg ics
lowered themselves to the floor and then moved between the seat rows.
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Figure 6. Total times for 126 handicapped subjects to
reach the aft left exit from the Seat 2 posi tion

over a 29—ft 2—in distance . Solid circles represent
ambulatory subjects who usually move with or

without aids. Open circles represent nonambulatory
subjects who usually require wheelchairs for mobility.
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TABLE 4. Rate of Movement Through the Aisle

- 
Average Rate

Iliiipairment or Number of Movement
- - 

~: iuse of Impairment of Subjects (ft/s) (ft/s) 
- -

Neurological

Blindness 21 3.29 0.60 —

- 
Deafness 5 4.65 1.49 — 8.21
Mental Deficiency 21 3.68 1.29 — 8.37

Neuromuscular

- Cerebral Palsy 7 1.59 0.42 — 5.49
Old Age 10 3.59 1.30 — 5.27
Parapleg ia and

Quadriplegia 20 1.58 0.70 — 4J~
Hemiplegia 14 1.00 0.20 — 2.6~
Muscular Dystrophy ,

Multiple Sclerosis,
- and Polio 7 2.42 0.78 — 7 . 2 9

- 
Orthopedic

I Arthritis 5 3.02 2.28 — 4.29
Arm Cast 2 6.25 5.60 — 6.89
Lower Leg Cast and

Amputee 3 2.38 1.89 — 2.95
Congenital Birth
Defects 5 2.81 1.40 — 4.65

Other

- 

Obesity 9 3.91 1.89 — 8 . 3 7
- 

I 
Unimpaired 24 8.01 3.00 — 10.05
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Tests were also conducted to evaluate the effects of aircraft floor slope
simulating a nose gear and right main gear failure (a floor awle 0)  ~~0 

fl i S I

down and 50 right roll). Subjects moved unassisted I ron Se~l t 2 ~~l. t i . -  : - ~~
— - rear exit while the fuselage was thus oriented. These rates o) m o vem e n t  r *-

compared to rates in the level condition in Table 6. Subject. with the
highest rate of movement in the level condition showed the greatest decrement
in performance when the floor was sloped. Two subjects repeated the test with
the fuselage oriented in the 50 left roll and ~~0 nose down po-~i t i o n  w i t h  no
apparent effect on mobility due to roll direction . Iwo unimpaired sil ~~~- - t s
showed no differences between level and slope conditions.

TABLE 6. Effect of Floor Slope on Movement in the Cabin

Average Rate of Movement
( f t / s )  

- —

Flat 50 Nose Down
Subject Handicap and Level 5° Right Roll

1 Amputee 2.29 2.48
2 Mental Deficiency 1.29 1.16
3 Obesity 2.45 2.32
4 Mental Deficiency 3.93 2.28
S Obesity 4.09 2.90
6 Blind 3.17 2.75
7 Multiple Sclerosis L86 1.82
8 Mental Deficiency 5.00 3.79
9 Cerebral Palsy 4.93 4.27

4 10 Blind 4.35 353
11. Birth Defect 4.65 3.13
12 Mental Deficiency 3.15 2.77
13 Mental Deficiency 3.94 2.63
14 Mental Deficiency 3.30 2.85

• 15 Mental Deficiency 3.36 1.84
16 Mental Deficiency 2.94 2.46
17 Paraplegia 1.47 1.67
18 Paraplegia 1.54 1.85
19 Paraplegia 2.18 2.77
20 Paraplegia 2.01 2.12
21 Paraplegia 0.84 0.61

The Seat 2 exit route was also used in tests to evaluate the effect of
vision impairment on movement in the cabin. Each participant in these tests
was led to the exit before being seated for the test. The results of these
tests are shown in Table 7. Blind subjects moved faster than blindfolded
sighted individuals in these tests. A 71—yr—old subject 4ncluded in the
blind group could not remember instructions and required 47 s to accomplish
the task. Individuals with vision of less than 20/200 who could distinguish
forms and objects In a well—lighted cabin moved approximately 33 percent
faster than their totally blind colleagues. However , these subjects stated
that their movement would be further impaired under dim lighting conditions.

13
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TABLE 7. Effe~-t of Vision Impairment on Movement Within the Cabin

Number Mean Times Rates of Movement
Subject of Subjects (s) (ft/s)

Vision less than
20/200 7 9.73 4.26

Tota l ly  bl ind 14 14 .24  2 .82

Sighted persons with
blindfolds 22 16.17 2.26

Sighted persons
without blindfolds 22 6.00 7.87

Subjective Comments. A survey was made of the 126 handicapped subjects
in this study to obtain information on each subject ’s disability, f l ight
experience, preferred method of assistance , aids normally used , and suggestions
for improvement of air travel for handicapped passengers. The results of this
survey are shown in Appendix D.

Assistance to Handicapped Passengers. Assisting handicapped passengers
in an aircraft cabin is difficult because of space limitations generated by
the seat configurations. Fixed armrests , restrictive seat pitch (distance
between similar points on seats), and restrictive aisle widths made assistance
difficult and interfered with movement . Passenger congestion also interfered
with those assisting handicapped subjects. Assistance in operating the seat—
belt was necessary for most handicapped subjects , especially those who lacked
strength or muscular coordination .

Deaf subjects required visual demonstration or written notes describing
what they were expected to do. These subjects followed the directions of
test personnel and the actions of fellow subjects in responding to test
requirements. It should be noted that although some deaf passengers could
read lips, they missed oral announcements unless they knew to expect them.

Some elderly subjects, particularly those easily confused and those
lacking mental retention ability, required additional instruction. During
some tests , these subjects required continual direction ; otherwise , they
walked past exits or did not complete the task. They were easily distracted ,
and their short attention span caused them to forget the assigned task.

Assisting passengers with partial or total paralysis in one side of the
body presented a special problem. The aisle did not provide enough space for
an assistant to help directly from the side , and leading these subjects from
the front only slightly improved movement rates. Assistance from the subject ’s
good side was more effective because the subject could use a functional arm for
suppor t , but sideways movement down the aisle was slower than forward movement.
Carrying would have been necessary to move severely afflicted subjects at an

14
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acceptable rate in a survival situation . When a handicapped subject had some
func tion in his afflic ted side , assistance did not improve his rate of
movement.

Assistance to parapleg ic subjects depended prima rily on their wei ght and
size and on the physical ability of the assistant. Paraplegic subjects were
concerned about receiving injury to the lower half of their bodies because of
complications of healing . Therefore , plans to handle , car r y ,  or move para-
plegics included an awareness not to drop , bump , dr ag, or otherwise cause
exposure to bruising . Female paraplegics generally exhibited less arm strength
than males in moving themselves in the cabin . Lifting subjects directly by the
arms may dislocate the upper arms of medium to heavy individuals. Thus, when
the assistant was physically able , a “child carry” (cradled in outstretched
arms) proved effective and caused less discomfort. An assistant to a 150—lb
female paraplegic read ily carried her in two trials by using this method over
the Seat 2 exit route. A 124—lb male paraplegic subject was carried by five
different male passengers in five group evacuation tests, all by the piggyback
method——their own choice——with no instructions on type of carry to use. Once
on the back of an assistant , the subjec t placed his arms around the assistant ’s
neck or shoulders. All assistants were able to move down the aisle to the exit
at an acceptable rate . Another male parap legic subjec t, weighing 175 ib, was
pulled along the floor on a blanket by an assistant with the subject leaning on
his side to clear the narrow aisle (Figure 7). The assistant wore shoes with
leather soles and rubber heels and slipped occasionally but moved steadily and
at an acceptable rate over the distance of four seat rows.

I

~~~~~

f .

Figure 7. A paraplegic test subject being assisted down the
aisle with the aid of a blanket.
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Dummies simul ;iting nonambulatory passengers were carried by two methods.
fl i t -  Ii r . 4 1  rs- (Itli red two assistants , one holding the upper torso with his hands
‘-“ -~~-r t ) & -  in ns and locked over the chest , positioning the back of the dummy ’s
. Ioulj rs t i t i  the  a s s i s t a n t ’s chest , w i t h  the o ther  assis tant  carry ing the legs .
If only one assistant was available , he could carry the upper torso in the same
m a n ne r  and  walk backward . Use of this method could result in a delay at the
i~x i t  while the subject is turned around for a feetfirst entry onto an evacua—
n on slide . This problem was avoided when the subject was carried with his
feet toward the exit direction. Time was saved in a headfirst carry when the
lead assistant continued past the exit accessway until the assistant carrying
the legs could enter the accessway . This was practical only when other
j-asseng .~rs had already evacuated , so that congestion did not interfere with
t h e pro css. During the tests , ~hree dummies were placed on the slide head-
first since their assistants had not been instructed to do otherwise . In an
ac tua l  emergency, such action would likely prove hazardous.

The second method required three assistar’ts to hold the dummy in their
arms above the seat backs while they moved sideways down the aisle. In this
manner , the assistants were able to move a 200—lb dummy down the aisle at an
acceptable rate.

Cerebral palsy victims vary in degree of mobility limitations . Total or
partial inability to coordinate muscular movements limits many of them to a
slow , unsteady walk. Chronic muscular contractions were present in the test
subjects of this category , and their limbs resisted bending during assistance.
Walktng was difficult because their balance was easily upset and the stress of
the test environment tended to reduce their ability to concentrate on muscular
coordina tion. Leading these subjects with a gentle pull in the upward
d i r ec t i on  improved rates of movement up to 30 percent. Five of the eight
c e r e b ral  palsy subjects , who normally used wheelchairs, moved less than 1 ft/s ,
a r i t e  i nadequa t e  for  emergency a i rc raf t  evacuations.

Table 8 l ists times and rates for  the handicapped subjects  who were
assisted over the Seat 2 exit route. The subjects were led either by the arm
f rom the  f r o n t  or wi th  the assistant’s a rms around the subject ’s waist ,

~ moving s ideways.  In one t r ia l , the assistant placed the good ri ght arm of the
s u b j e c t  over his ri ght  shoulder and moved a severely a f f l i c t e d  hemiplegic
along the a is le  in a modif ied p iggyback carry . This method was not successful
because the assistant ’s legs interfered with the subject’s movement. Two
sub jec t s , a hemip legic and an amputee with a leg prosthesis, moved slower with
ass i s t ance  than without  assistance. These subjects stated tha t  they took
shorter steps while being assisted for fear of losing their balance. They
a t t a i n e d  the i r  best rates moving unassisted and using seat back support .

Group Evacuations. Seating of handicapped passengers in a normal
passenger  popula t ion  will result in , at most , an occasional minor inconvenience
to other passengers during ordinary f l igh ts .  If , however , circumstances deem
th~ t the passenger cabin must be speedily evacuated , placement of tht handi-
capped passengers becomes important . Information for the study of seat
location was drawn from three test series : using an actual handicapped
passenger in a passenger population of 24, using simulated handicapped
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passengers (two or three dummies) in a passenger population of 23, and using
simula ted hand icapped passengers (eight dummies) in a passenger population
o t  50.

Tests With a Paraplegic Subject. The test subject for this series was a
12-~-lb , 19—yr—old male paraplegic who , though dependen t on a wheelchair f or
general mob ility , could move without it and , in fact, seldom used his chair
at home. Six tests were conducted. The seating location for the handicapped
subject in each of the six tests is shown in Figure 8. For these tests , an
assistant was seated to the right or left of the handicapped passenger. The
following times are the total evacuation times for all 24 passengers on eac h
of the six test runs :

Total Evacuation
• Test No. Time (s)

1 24.92
- - 2 26.84

3 21.32
4 22.14
5 22.20
6 25.05

In the first test the assistant was able to position the paraplegic
subject on his back before the rest of the passengers could begin to move
through the exit and was, therefore, able to stay with the flow. In the
second test the back—carry position was difficult to assume ; this resulted in
a temporary obstruction of the exit and a 6—s delay in evacuation . The 10—s
door—opening delay on the third test allowed ample time for the assistant to
lift and position the paraplegic before passenger flow began and thus avoid
delay .  On the four th  test , the assistant never comfortably positioned the
parap legic subject on his back. This caused him (and also those behind him)

~ to lag behind the main passenger flow enough to delay both his own evacuation
and that of several other passengers. The fifth test duplicated the f i r s t
except that learning improved the total test time . No difficulty occurred in
lifting or moving the paraplegic passenger.

C R E W

ROW I 2 3 ~~~ 6 7 8 9 10 FWD-*

L~fi~~,_J k~]~ Ei
Figure 8. Handicapped seat positions and use by test number for

evacuation tests involving a paraplegic male. S in seat
indicates normal subject. Arabic numeral in seat indicates

paraplegic location and test sequence.
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Ho- f i C i C i  t e s t  4 - s - ac -  unique :~nnsn g the Si:-: ( 4 ’ i  ~ - - ‘ r C I O C C O  t i l e  p : l r ; _ I i ) : s -~ - i C

C-C - CS ~ill -w~ C to I±V 3CI I) Itt  t h e  cab ji- 5- L I l i t a s s i s t .  - a -  o . IICZ O S It l ) f l 4 . i -

Ii m use 4 - I C  the a~ i-. I s - - so tha t  a l c er f i r s t  scoot W aS  p C I-i s ble - Al t I i - ) C 1~~l C his
movements were q u i ck , ho fei I b e h i n d  when t r i  if I C  real I y began to c o v s  and
de l ayed t hose ~ehfnd  hint about 4 s. The obv ious  e l f o r t  to avo id o v e r r un n i n g
t h e  parapleg ic undo-abt edly was a m a j o r  reason t h - t t h e  t o t a l  d e l a y  was more
than 2 s.

One observation from the first five tests i: t h a t  b e t t e r  e v a c u a t i - n  t ime s
generally resulted when the handicapped passenger and his assist - m t  werc-
se ats - s-i far from the exit.

‘lests With Totally Incapacitated Subjects. ‘these tests w~- re designed to
study the effects on passenger flow time that would be inposed by tota ly
incapacitated passengers. In Test 1 , two dummies , simu1 i t i i i ~ handicapped
passengers , were placed in opposing aisle seats (5C and SD) near the s - -~ t t

(Figure 9). In Test 2, two dummies were placed in the SeatS most distant from
the exit ( 1OA and 1OF) (Fi gure 10). In Test 3 , three  dummies were used; tw~-
were placed as in Test 2 and one was located in a midcah in  a i s l e  seat (71) )
(Figure 11). A passenger mix of 16 males and 7 females (15 to 54 y r of age)
made up the unimpaired subjects.

The sequence of events for each test was:

a. The cabin attendant gave a preflight briefing and checked seatbelts.

b. A delay was scheduled before each emergency evacuation to d i s c o t - r a ~te
anticipated moves by subjects.

r. During the “preemergency delay” the cabin attendant instructed the
subje cts who were to serve as assistan ts.

d. An alarm bell and a f lash  bulb were used to initiate the evacuation
and the cabin attendant announced the evacuation.

e. A 10—s delay at the doorway was imposed to simulate s - h O C  C -’ n i n i  and
slide inflation times (these were ground—leve l tests and the e:-:it has-i no i~s’or

I closure).

In the first test , dummy seating positions were in the exit area. The
man assisting the 105—lb dummy from Seat SD skillfully worked into the f low of
passengers without delay (Figure 12). Evacuation of t iis -- OO--l b dummy from
‘ eat 5C was more difficult and a delay of about s resul~~c i . Passengers who
evacuated j u s t  before  the dummy pairs took an a~ c ra g e  of l . A s per passenger
and , if this same tempo had preva iled , the total pass-inger complement would
have taken about 32.3 S to leave the cabin. A rate of 1 6 1  passoncers per
second established by the remaining passengers , however , greCltlv improved the
total time (30.23 s). The increased passenge r flow ~as attributable to the
fl ight attendant , who issued more vigorous and excited commands during the
last portion of the evacuation .
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A B c FWD D E F
ROW — — —I —

10 
M24 M42

23 _J 22

1
/

Repre s en ts Sex and Age

F47 M u  MI S  M2 3
16 l 2I—..~~ 

4 20 2 1

Chronol ogical Ex i t  Sequence

M 2 3 P22 M24 M22
8 IS 13 10 1 I I I S

M 33 M24 
~E—I 5~--~ 

M30

17 14 A isle 19

F5I F54 FI9 P37 M25 P24
6 

~ ~ 2 8 9

5 
— 

~ Mc~~1 
I FemoI~ 

M49 
—

6 Dummy I Dumm ; 
~

EX I T  E X I T  ROUTE

I Door Size : 32N W x 72 ” H

I
Fi gure 9. Seat locations near the exit indicate the

200—lb male dummy and a 105—lb female dummy
in the passenger load .
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A B c F W D  D E F

Male J M24 M42 
~emaIe

Dummy 22 
— 

2 1 Dummy

/ 
Represents  Se x and Age

9 ~~~~iMh1 1 M I S  M23 M23

I8J~j~~4.~~~~~ 9 19 20

Chronological Exi t  Sequence

8 
M23 P22 M26 M24 M22

16 15 23 12 13

M33 M24 1~— s ~
_
~ M30

I I  6 A i s le 10

6 
P5 1 F54 Fi9  [ j ~~~~5JF24

5
M~~~~~~

J

I - 
EXIT  4/ EXIT ROUTE

-
~ Door Size: 32’ W x 72

Figure 10. Thu 200—lb male dumm y and 105—lb female
dummy are located away f r o m the exit

in the passenge r group .
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A B c F W D  D E F

ROW 
Male 1M24 1 M42~~emale

Dummy 22 L__ _ 21 Dummy

-‘ ~~RePrese nts Sex and Age
- - F47 M I l  I M I S  M23 M23

18 ~~~~~~~ 13 19 20

Chronological  ExIt  Sequence

M23 F22 M261 M24 M22
8 15 12 23 1  I I  I T

M33 M24 
~~~~~~~~~~~~~~~~~~ 

—

16 10 A is le  1Dummy 
~ —

F51 P54 P19 1~W ~~6 
7 6 I [ 3 5 8

ft ~_1~E) 1I~2L
EXIT EX I T  R O U T E

Door Size: 32 TM W x 72 H  - -

Figure 11. Seat locations for a female and two male
dummies are shown for the third test of the series

evaluating the effects of seat location
on total evacuation time .
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Figure 12. Male passengers assisting the male and
female “incapacitated passengers” from their seats

located near the exit to evaluate effects on
total evacuation time .

Placing the dummies at the farthest point from the exit , the extreme end
of the passenger population , as in Test 2, allowed the cabin attendant to
establish a good evacuation flow imine diatel~

- . The total evacuation took only
25.04 s. The flow rate dropped from 1.82 passengers per second to 0 .76
passenger per second dur ing  the e v a c u a t i o n  of the  dummies .  There was l i t t l e
delay in this test because most  passengers were not detained by the action
required to move the dummies and because those passengers  moving the dummies
had ample time to position them for transport while the forword line of

~~~: passengers was leaving the aircraft.

The effect of seat location for handicapped passengers on evacuation time
is shown in Figure 13. Seventeen passengers were clear of the exit in the
first 20 s of Test 2, but only six passengers (including two dummies) exited
in the same time of Test 1. This delay, in the s--an y phase of an evacuation ,
would be c r i t i ca l  if the t o t a l  t ime a v a i l a b l e  fo r  an evacuation were limited
because of f ire , toxic smoke , etc.

The third test placed an additional dummy midway in the cabin (Figure 14)
to demonstrate the delay , if any , imposed on those passengers forward of that
point. The first passengers were delayed at  the exit for 5.8 s (compared to
10 s for the other two t e s t s ) .  A c o m p a r i s o n  of ‘lest  3 with Test 2 (Figure 15)
shows similarity after the evacuation of the first male dummy .

Tests to Evaluate the Effect oL (ro ~jped Handicapped Passengers. Two
tests were conducted to eva luate the effects of grouped handicapped passenger
seating on evacuation. Eight anthropomorp hic dummies were placed among
42 able—bodied test subjects in a manner so as to simulate a group of
nonambulatory passengers. These I-tab le t s were previousl y experienced in
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Tw o mal es c ar ry i ng male dummy — z ~~ 0 
0

20 
Male carr ying female dum mY~~~~

I- - 
- - - - 0 Male carryin g

- 
- - - 

~~~~~ ma le dumr nyW 5 -  - .  - 
-

‘

- 

~~~~~~~~ - - - 
- : - - - ‘ Male carrying

Test No. 2 - 
- C-Te st No I female dummy

0 I “ I ,  ~~ - 1  I J

0 5 10 15 20 25 30

TIME IN SECONDS
Figure 13. Comparat ive evacuation t es t s  wi th  two incapacitated

passengers seated near the exit (Test 1) and two seated
away from the exit (Test 2). Note the difference in numbers

evacuated at the end of 20 s.

~ ~j ,Z’
~
. 

~~~~
- r 1 ’P~~~P~’W~~~~-’--L

-

. 
l~~~

Figure 14. Passengers seated for the third test.
A 200—lb  male dummy was placed midway in the
passenger group in addition to the male and

female dummies located forward.
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25
Tw o ma les carryi ng male dummy

Male ca r r y i ng  female dummy — _~~~

~~~20~~
w 4’(9 4’
Z 4’W 1 5 - 4’(1) 4’
Cl) C

C
C

1 0 -  14’

o 0 ‘
~~ — Maie carrying f i rs t

0 ma le dummy
0 S

ILl 5 -  0
Test 0 5

No. 3 0 • Test No. 2

0 10 1• I I

0 5 10 5 20 25 30

TIME IN SECONDS
Figure b. Comparacive evacuation tests with two

incapacitated passengers seated away from the
exit (Tests 2 and 3) but with an additional
incapaci ta ted passenger seated in a center

aisle seat (Test 3) .

evacuation tes ts .  In the f i r s t  test , the group of dummies was seated away
from the exit (Figure 16). In the second test the group was seated near the
exit  (Fi gure 17). A 32—in—wide by 72—in—high exit with a pre—positioned two—
lane inflatable slide was used for these tests. A 10—s test delay at the exit
was imposed at the beginning of the test to simulate the activation time of
the ex it door and slide . A cabin a t t endant  stationed at the exit maintained
control of passenger flow and instructed male subjects to assist in moving the
dummies.

The tota l  evacuation time fo r  the f i r s t  test  was 77 s , equivalent to an
average rate of 0.62 passenger per second for 48 passengers;  two d ummies were
l e f t  aboard. One of the dummies left aboard (b E) was abandoned by the
subject on its right (1OF), who then helped to evacuate the dummy in the aisle
seat (1OD) of that row. A male subject seated behind the exit , in Seat 3E,
moved all the way forward to help with the dummy in Seat 1OD . Two male
subjects in Seats 5A and 5C climbed forward over the seat backs on the left
side of the cabin to assist a dummy in Seat 9B.

The total evacuation time for the second test was 86 s for 50 passengers ,
equivalent to an average rate of 0.58 passenger per second . All dummies were
removed on this test.
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Tried to i ft  Dummy I. gave  up  and helpe d
w i t h  Dummy 4~
A B C D E\ F

R O W  
Dummy Dummy Dummies [Dummy

1 
Dum~~ ~~0 sj 6 ~~~2e

d
re I ~ L,’i I

~~~~~~~oba ndon ed ,~~~~~-_l__----v 
~ 1 I

Dummy Dummy ,~ Dummy D ummy
-
‘ ( 8 ( 3  7 1 2 (

FWD

8 H I T I
[H  

_ _

6 
_ _ _ _  

[ I _I

1’ ~ ~t 1EF~ L I I
- ~~ Cl imbed over sea ts  In rows 6

through 9 to assist Dummy 8.
E X I T

ROU T E Moved forward over seats by a isle , when
a flow delay ex ts f e d . to asstst Dummy 4.

-

T Li TI~1
l- ’ i~~ :rr 1 .  Eig ht dummies seated at the extreme end of

the evacuOtion line to demonstrate the effects of
I- :roClp ed sea t ing  of handicapped  passengers  on

the evacuation flow .
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A B c F W D  D E F
ROW

10 I I I I
I I I  I l l

8 
_ _  I I I

V I I I  H I
6 
_ _ _  I I I

5 Dumm
~
DlHrI I [

~~~~~ umrnYDurnmY

EXIT E X I T  R O J T E

3 Demmy Dumm~
1 6  4 1

2 bumm~
j I~~

1
~
m3
~ I

--I I I I I I 1
Figure 17. Location of dummies in tests to evaluate the

e f f e c ts of tota l ly  hand icapped passengers on
evacuation flow rates.
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I 15 s - spit t e d that tot - i l II s tin t ’s ta r both tests would have been
s i m i lar  i t ’ a l l  d , u u n i e s  I id 1 s t  rs-~uii ~‘t -J i n  l i t - I l  m l  t e s t ;  however , the
i ’v,lc tat io n pattern s dui - in~ ho t i - s t s  Wt ’ t i ’  s l y 1  l i s -- an t l y  d i f f e r e n t  ( F i g u r e  18) .
in tite i t - s t  test in W il i c t s-IUlTimieS -fore I Oct i  t e d  f a r  f r o m  the ex i t
33 pass s -’ n c. 4 r s 0’ ii:  t t t ed it t I t s - - I i t t  t -~ ~ . ll-iwe ve I , in  the  second tes t , in
which  s -i t t t : t , j  s - - h -  W O t ’s- l o c a t  ‘d i- - i  the e x it , on l y  n i t s - ’  p a s s en g e r s  had e v a c u a t e d
the etil i i i  at  t i e t t I ins - ’

-~~~5O - 86 sec

~
°4O - e lqh th ro ~ ornor ~~~~~~~~~~

eight anthropomorphic

I
l:: 

10 20 

to exit 

9
1
0

TIM E (s e c )

F i~~ i r c  18. Compar i son  of two evacuat ions  including ei ght
incapaci tated passengers (dummies) in each test.

in fes t ‘~ the incapacit ated are sea ted  away from the
ex it and i i  Test 5 they are seated near the exi t  to

d e m o n s t r a t e  th e  effects of handicapped seating
s-a t he eva -u i  ion f l o w .

Effect of E x i t  Configuration on Evacuation. T h i r t y — f o u r  tests  were
conducted in t h i s  ser ies .  Seventeen t es t s  utilized a 32—in—wide , 72— in—high
f l o o r — I s - - v - I e x i t  w i t h  a p r c in f l a t e d  sl ide o r i en ted  390 down from the
horizontal. The remaining 17 tests used a 20—in—wide , 36— in—high “overwing”
exit with an inside step—up of 20 in and an outside stepdown of 27 in.
A pprox i t: -t el y 50 subjects were used on each test. Since this test phase
required almost 1 ,700 subject exposures , it was impractical to obtain naive
s u b j e c t s  f o r  each test. Two sets of 50 s u b j e c t s  were used , one for the

• I 1O(’~~ l~ \’Cb exit tests and one for the overwing exit tests. To reduce the
effect of sub l s-’ct learning by espr ’ricnce , two tests were conducted with each
e:- lt s- - t- n f ig ’ i r i~ ion prior to t i -  actual data tests. The remaining 15 tests in
- i s -- l i C X i t  ( ‘ - ) r f t gu ra t ion ta-ri - divided into three handicap categories , each

28
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conta in ing  f ive tes ts .  The f i r s t  test  in each category was a contr ol It-n t ,
conducted without handicapped s u b j e c t s  to p rov ide  an i n d i c a t i o n  uf tlt ’
relative importance of the learning experience .

Each series of tests involving handicapped subjects began with two
simulated handicapped sub jec t s  among the test  population of 50 subjects.
This number (two) was increased by two for each succeeding test , so that each
handicap category contained data on evacuations with two , four , six , and
eight handicapped subjects. When a handicapped subject replaced an unitnpohe-J
subjec t, the unimpaired subject withdrew from the test so that the test
population remained constant. A designated seating pattern (Figure 19) was
established for the handicapped subjects and remained consistent in all tests.
Totally handicapped subjects were represented by anthropomorphic dummies .
Other handicapped subjects were simulated by experienced research personnel.
The handicaps represented in each category and their seat positions are l is t  c- I
in Table 9.

ROW O 1 2 3 4 5  ~~~~ L
L~~I R~~I~~IJ~~~

Figure 19. Simulated handicapped seat positions
and sequence of use.

Data from these tests are shown in Tables 10 and 11. The times shown on
these tables include a delay of 10 s imposed after test initiation to

~ simulate opening the exit. In general , evacuation times increased as the
number of handicapped subjects was increased. This increase is most
significant in the totally handicapped ca tegory ,  is less significant in the

~ lower limb and partial immobility category,  and is least s ign i f i can t  in the
upper limb and sensory handicap category .

DISCUSSION

These experiments , while lacking some of the effects of genuine
emergencies , represent the optima l performance to be expected of h a n d i c a p p e d
passengers. In these tests most of the severely handicapped sublects_ — t I ocs--
having l i t t le  or no use of thei r  lower limbs and those requi r ing  a b s o l u t e
concentration for movement——gave efforts that appeared to represent tliei’-
maximum potential. Unfortunately , many of the nonhandicapped subjects did not
provide such absolute commitment.

Anthropomorphic dummies resemble the totally incapacitated subject s in
their inability to look after themselves or aid in any assistance rend ered
them, but they were more difficult to handle than living subjects. Assi stants
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TABLE 9. Handicaps , by Category, and Their Seat Positions

Handicap Category Subject Characteristics Seat Location(s)

Total  Incapaci ta tion  110— lb dummy 1

170—lb dummy 5

200-lb dummies (6) 2,3,4,
6,7, and 8

Lower Limb and Partial Full—leg cast 1

Immobility
General arthritis 2

Single hip restriction 3

Full—leg cast (both legs) 5

Single foot or ankle casts and 8

Muscle atrophy 7

Upper Limb or Visual Bl ind 1 and 8

Single arm cast/sling 2 and 3

Shoulder brace/sling 4

Back brace 5

Shoulder brace (sir~~le) 6

Neck bra ce 7
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handl ing  the dummies were concerned about their own efforts and possible
injury rather than gentle treatment of the dummies. As a consequence ,
although the evacua t ion  time s are representa t ive, handl ing techniques would
have been different in many cases.

- 
-‘ The case in which two dummies were not evacuated could be attributed to

the lollowing factors:

a. The size , age , and general health of the would—be assistants were
not conducive to the task.

b . The would—be assistants were unable to reach the dummies.

c. The area was cleared of unimpaired passengers before all dummies
were accounted for.

d. Most passengers in the rear of the cabin were unaware of the
situation in the forward part of the cabin .

e. The narrowness of the seat aisles and main aisle restricted
assistance.

With regard to the subsequent test in which all dummies were evacuated :

a. Subjects were concerned about leaving the dummies in the previous
test.

b. Efforts by the assistants were observed by other subjects who were
prompted to help where needed .

c. The cabin attendant was in the immediate area of the dummies and

~ asked the assis tants  to help.

d. The distance to the exit was much shorter ; thus, less effort was
required of the assistants.

The test results indicate that the time delays in evacuations did not
always increase in proport ion to the d i f f i cu l t i e s  encountered in a specific
test. This data scatter is commonly observed in aircraft evacuation tests
and can be attributed to the following factors:

a. Each subject or group of subjects differs in degree of aggressiveness
and commitment to test requirements both in initial attitudes and with the
boredom of repetition.

b. Small groups behave differently in unusual, stressful situations.

c . Each disabled person deals with his disability in his own way .
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s-I. the r &-s tr i s - tion ~‘rt-s - -- o;it ed by sirs - itt!;it ~ d ‘ s - t o t s  ails - i s- r a; ~b , s - t b ItC s-~, ’ I I ;
t i ’ s -  -10 t o O t S , s-’os-tld ol ten he neutralized by 01 fo rt s of t h ’  5 -r , .S I ;Ct- I I I

Los -  C ) t & - s - o S t )~ h s - 1 l & t~~ t ht si’ tIeVli ~~ ’ W 5 . ’ I ! i Js - i t~ 04 0 1 5 4  t ! o C  ~ : s -’ C !  

o . A s s i s tan c e  t e c l i n i ciu e s  improved  wi  ru prat t i s - - s- -

f. Assistants became tired or hors-’ ! as the tests continued .

g. Sub jest s simulating handicapped passengers adapted to ~he i- ion s - i t  i o n .

E f f e c t s  of e x i t  t y p e s  on the movemecit of handicapped p- !ssL-npers at C (ci i

s - v i . l e s - i t , particularly for nonambulatory passengers.

Althoug h the test data indicate that the ‘l’ype Iii exit i s - ;  b e t t er  for
evacuating nonambulatory passengers from the cabin , tile tests did tio t i n c l u d
t hu- problems of moving from the wing to the ground , an action that could
f u r t h e r  i n j u r e  a n o n a m b u l a t o ry  p a s s e n g e r .  More t ime was cons imed in properl y
o r i e n t in g  the totally incapacitated passengers for movement on the biide t 1i:;~
in simply depositing these passengers through the smaller exit and ‘fl~~ .j Lbs
wi j i , in some tests , handicapped passengers stayed in the se.i~ row until
passi’tlcrs --rs in the main aisle encouraged them to move . As si-s-tance for these
‘iindita pped passengers was not mandatory but was most effective in making
rillirn um support available and in discouraging the shoving tendencies of other
p ts - ; sc’t~gers . Exit type had no appreciable difference in total group s - ’~acuation
t ines when simulated upper limb and sen— orv handicappes-l sub je t- ws- ’rs -- L€- at ’s - d .
ii- ’wev s- - r , an increase in evacuation time randing from Q c ,  to 2.1 s ocr
ii .! i t ional handicapped person was noted . In s - i i viduals w i t  1 s i m u l i t  l o  I ‘s-s-er
limb handicaps increased total evacuat i- s-~ t i m - c  by ci range of 2.2 to 4.4 s
‘er person through the floor—leve l exit. The -- s-tep—up and ste 1s-- ls - s -U s- fe-’t t urc of

• Lits - ’ overwing exit , and the restrictive se , ;t  ais lews -tv l o s - d ing t i  thO ( - s - i t ,  made
iss -- of this exit more difficult for those with I c’wer limb ~liss -ibi i ities.
A ssf’Lance on the wing outside the overwing exi t was shown to be i m p o r tan t  but

~~ 

var ied  w i d e l y  because of lack of response to the fI i glit a tt s - nd,oit ‘s commands

~ to stop and hel p.  The presence of t o t a l l y  i n c s - t p ; i c i t a t e d  p a s s en s -’°rs (dumni i cs -o)
increased evacuation times through the floor—le ve l oxit from 6.2 to 9.0 S
s-icr handicapped person and through the ove rwing exit fr-ca 2.3 to 7 .1 or

- - handicapped person. Positioning incapacitated subjects for slide en :ry
consumed the extra time at the floor—level exit.

Problems exist for the paralytic passenger regardless of which type of
exit he attempts to use. The floor—leve l exit with an in f l a t - - l  slide demands
care in body orientation so that the sides of the exit can he - b ar d and still

i t ford a clean entrance onto the slide . IThen a prosthesi-; or cast is s-s-v
Lhe pa~ senge r must  take care to avoid puncturing t h e slide. The o~ ‘rvin,a exi
;temands that handicapped passengers be able to maneuve r stiff or rs-- - s - t r icted
lowe r limbs through the narrow opening while negotiating a steJ) up and then
d own . These passengers are then faced with the more difficult problem of
m o v i n g  f r o m  the wing to th- s- ground.

P— i o’- s -’ s -r~ -ers with upper limb and sensory h a n di c a p s  h -tv ! -  the least de~ -t v~ ng
on passenger flow times once their seatbc -Its Irs rel - ia-- s -e l. Assis t~ n-
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c ard I -os 1 [ the reason.
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Nob i L i  iv P a t t e r n s .  l i a n d i c s - i p p e d  subjects were iii tervi t ’w s- ’ I and L s- s - i  L i  . - s - - d
as ~s - ts - -v ii’;’ cs-al , unassisted , t o  an exit locate d 29 ft from s- i m i d s - - a h i n  x i  n d - ac
- -at. ‘Ibis nteasurentettL approximates the longest distance from s-i seat L ’  an
exit iii modern transports. Ninety—six percent of the ambulatory bans-i l raIn- e li
sub j e s t s  reached the exit in 30 s or less, but only 37 percent of the
iioiiamhulatory handicapped reached the exit in tha t time . These latter
sub jec ts would probabl y require assistance from other passengers ii the -cis - - ’-s--
during a critical evacuation. rhis conclusion is in agreement with Li e
results of previous testing of nonhandicapped individuals , evacuation
demonstrations , and analyses of crash data , which indicate that passeny& ’r
movement it a rate of at least 1 ft/s is minimal for a successful e-’a- - - - l i o n .

Analysis of movement from the window seat to the exit indicated tics-

siih es-- t b  expended up to 50 percent of the to t a l  time in moving from LIte wins-low

sCat- to the a~ sle . Thus, it appears that an advantage would exist for tits-

handicapped passenger seated [n an aisle seat rather than in a wi ns - I --

Assistance for Handicapped Passengers. The average passenger (s - lrs - I1 ; L he
expected to know the best methods r aidinn a nonambulator~, passenge r i n  h i s
movement to the exit , but the handicapped passenge r can usually provide
instruction . Lifting under the arms is often painful , particularly for t h e
l ; e . I - J v  passenger. Belts can sometimes be used to l Lt  the disables-I p asserc!-er
as he places his arms over the carrier ’s shoulders. The conventional
I i r ernan ’s carry , child carrY , and two—man carry cs- t n be used to ad~ s-i n t s - ty~~.
darrying ‘ feetfirst” can save a turn at the exit. Prior experience aol
i ,~struction for crewmemhers would be valuable so tha t they could provide
-~uidance in emergencies. Canes , crutches , and similar aids did not ir’i - rovs --

• escape times in the tests and could present a hazard during movement in the
, - a b i n  and down the escape slide . Seat backs and armrests provided valuable
;upport for individuals moving down the aisle .

~~~~~~~~~~~~~~~~~~~~~~ Hand icapped  Subjects. Air craft cibins are not
equipped or arranged to effectivel y accommodate seriously handicapped
past’.algers. Handicapped subjects who have flown trs -- iw -irs -- of this s-tad
offered the following suggestions:

a. increase main aisle widths to accommodate wheelchair s .

b. Provide removable armrests on the cen t e r  a i s l e  p o r t i on  of ti isis -it
unit to facilitate seat—to—wheelchair transfer and vice versa .

c. I’rovide passenger information cards printed in Braille.

i . Provide audible voice or tone markers at exits and lavat ori a .
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e. Provis -le audible in s-ii s -- s - i t iun when ‘‘ I- os - is - ti S eit 1k-its ’’ and ‘‘ No Smoking ’’
s i gns a t’e l i t

I . P rovis-Ic support hand Is-! s wlie ri is--s s - l e d  -

g. Provide stab ii ixiny ropes on liii I ts --d si is-Ies to insure proper body
ori ent ;tt ion and speed c on t r a  I -

ii. Provide mockup emergency equipment to -illow blind passengers to
become acquaints-al with equi pment items by t o u c h .

i. Provide s me minimum instructions such as a sound movie to be
presented where groups of handicapped individuals meet to inform handicapped
travelers of the s- inergency provisions of aircraft.

j .  include knowled geable handicapped persons in portions of training of
airline personnel dealing with the problems of handling handicapped passengers.

Effect of Seat Locations. The average ambulatory handicapped passenger
appears to possess adequate mobility for escape. He could be seated anywhere
in the cabin except in an exit row or a primary overwing exit route , where he
might impede the early stdges of an evacuation or be injured by the rush of
other passengers. Egress by way of overwing exits on aircraft without wing—
to—ground descent devices would e-xi~ - oc handicapped passengers to injury .

Nonambulatory passengers requiring assistance were more efficiently aided
whoa seated away from the congested exit areas. Seating of two nonambulatory
passengers , both of whom may require assists -ins--c ’ during an emergency evacuation ,
across the aisle from each other could result in interference as assistants

• attemp t to move the handicapped individuals into the aisle .

A passenge r paralyzed on one side can move on his own or be assisted by
others if he is seated with his functional side toward the aisle .

~ 

If nonambulatory passengers are seated in a group , the group should be
seated in the cabin so that they, and their assistants , would be at the end

- - of a line of evacuees so as to not interfere with the evacuation of other
passengers and to avoid crowding by other passengers during their preparation
cor evacuation.
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APPENDIX A

CASE HISTORIES OF HANDICAPPED INVOLVED IN INCIDENTS/ACCIDENTS

Case histories of aircraft accidents/inciden ts involving the evacuation
of handicapped passengers are presented . Some incidents are not documented
in final reports but were noted in crew or passenger statements or through
interviews.

i. A jet crashed on takeoff at London , England. One of the flight
attendants , after assisting in the safe evacuation of many passengers , died
while attemp ting to aid an elderly, crippled woman.

2. NTSB— 1—0058, Stockton , California , October 16, 1964. An elderly
couple had difficulty getting to an exit and had to be assisted by a flight
attendant. This action caused a temporary delay in the attemp t of the first
officer to evacuate a cr ippled passenger.

3. NTSB—1—0072 , Saugus , California , December 30, 1964. Several
passengers and a flight crewmember assisted in the emergency deplaning of two
infirm , elderly men (boarded in wheelchairs) through the rear exit.

4. NTSB—1—0049 , Orlando , Florida , August 21 , 1963. The captain and a
flight attendant helped a crippled woman deplane during an emergency by
lifting and pLicing her on the escape slide .

5. NTSB—1—0016, Boston , Massachusetts , September 24, 1961. The flight
crew experienced d i f f i c u l t y  wi th  an elderly woman who , even though aware of
the emergency, stayed in her seat and demanded a wheelchair. The passenger ’s
ability to walk was confirmed by her husband , so she was ordered to move to
the exit. She was then assisted through an overwing exit by two passengers
and a flight attendant (not documented).

F 
6. NTSB—SA4O1 , Knoxville , Tennessee , August 2, 1962. An elderly

cripp led female passenger was carried to an alternate exit by the first
officer when the maim cabin door was found to be inoperable . The captain
also assisted an elderly male passenger.

7. NTSB—1—0037, Miami , Florida, December 15, 1972. A young ~iale
passenger with a cast on his leg was assisted from the plane and down the
slide by the copilot aiid a fireman after the main emergency evacuation had
taken place (FAA report) (not documented).

8. NTSB—i—00 14 , Pittsburgh , Pennsylvania , June 12 , 1973. A flight
attendant and another woman had to assist an obese elderly female passenger
in deplaning (FAA report).

9. NTSB—1—0015 , Denver , Colorado , July 19, 1971. A flight attendant had
to help an obese female passenger through an overwing exit onto the wing
(FAA report).
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10. NTSB—1—0047 , Burbank , C s-il iN ’raia , December 16 , 1970. An 82— yr—old
female  passenger  and a male p ass i -np&- r on c r u t c h e s  had to be assisted to the
exit and helped o n t o  the s l i de  after ~hie stain ,‘itie r~- , s - t i i - v  cv i, n a t i o n  had taken
place (FAA report).

11. FAA 7—0019 , Columbus , Ohio , Ap r i l 28, 1973 . A female passenger with
a leg brace and cane , accompanied by her tiusband , who had a heart problem , had
to be assisted down the slide.

12. NTSB—1—0038, St. Louis , MIssouri , November 1 , 1972. Three elderly
passengers (70 yr of age or older) were assisted in deplaning by male
passengers and flight attendants (FAA re”ort).

13. NTSB—1—0001, Nantucket , Massachusetts , November 4, 1970. A flight
attendant reported difficulty in evacuating a passenger who had been injured
when the plane encountered clear air turbulence (FAA report).

14. NTSB— l—0042, February 12 , 1971. A passenger who had req uired
assistance in boarding fell during turbulence enroute and broke an ankle
(FAA report).

15. NTSB—1—0008 , Philadelphia, Pennsylvania , February 25, 1970. A
78—yr—old female passenger fell when the aircraft encountered light turbulence
arid broke her hip (FAA report).

16. NTSB—1—0019 , Cleveland , Ohio, February 26, 1970. A 65—y r—old female
fell down the stairs during normal deplaning and broke her hip (FAA report).

17. NTSB Docket No. A—60 , Hilo , Hawaii, February 13 , 1964. An elderly
• couple and an infant were observed to delay the evacuation of a f l i ght

arriving at Hilo, Hawaii, and an elderly female passenger (deplaned by
stretcher) was not removed from the aircraft until 18 mm had elapsed.

18. NTSB—1—0031 , Denver, Colorado , Sep tembe r 8, 1967. A flight attendant
had to assist an elderly male passenger , and the cap tain had to persuade an
elderly female passenger to deplane after she had refused to move .

19. NTSB—l—0048, Chicago, Illinois, December 8, 197 2 .  A 63—yr—old
- 

, hemiplegic female passenger boarded by forklif t, a 38—yr—old male passenger
with an ankle cast , and an 8—mo—old baby were fatalities as the result of the
aircraf t’s impact with several houses and the ensuing fire (human factors
report).

20. NTSB—l—0070, North Canton , Ohio, December 11 , 1967. The cap tain
and first officer each had to assist an elderly female passenger in evacuating
the aircraft. The passenger assisted by the captain was the last to leave the
airc raft.

21. NTSB—1—0057, Jamaica , New York , Jua- ? 3, 1968. The captain assisted
the last passenger , an elderly fema 1~~, from the aircraft.
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2 2 .  N’1’S B — N E — 5 1 5 , S i d i i e v , Aust , r , i I  i s - i , 1)ecember 1 , 1969. ‘Ih e r i -s - j r

ex i t  o t  an a i r c r a f t  w s - is - - i  b l o ck , - s - I  by a 96—yr—old blind cripp led female and her

- 
- 7 6 — y r — o l d  son , n e i t he r  of whom spoke English. ‘kIte wonton r e fused  to i - i t t  i - r  t h e

s l ide  but  was e v e n t u a l l y  to rt - i - i l  o n t o  the  s l i d e  b y a I l i g h t  a t t e n d a n t  and t h e
so n.  They ws-’re th~ only people to use that exit.

2 1 .  N ’I’ SB—SA—369 , Denver , Co lo rado , J u l y  11 , 196 1.  An e l d e r l , ,
paraplegic stale passenger , trs - i v s - l i n g with his wife , had to be c- ,irric ’d off
the aircraft by the flight eng ineer (not documented).

24. NTSB—1—O070 , l\’s-lshington , D.C., Feb ruary 13 , 1960. A female
pas senger in her  60 ’s (boarded by wheelchair) and another with braces on both
legs and walking with crutches slowed the evacuatio i of the aircraft.

25. NTSB—l—OO 15 , Jamaica , New York , February 3, 1964. An air safety
investigator observed a DC—8 evacuation that required 3 to 4 mirt . The total
number evacuated is not mentioned , hut it is known that three \-, O t!1C~n (ta~ of
them elderly) and a baby were evacuated , at their leisure , alter it had been
determined that fire was not a problem.

26. NTSB—l—0O37 , Boston , Massachusetts , August 7, 1968. At least three
elderly passengers required crew assistance to evacuate the aircraft.

27. NTSB—l—0022 , Raleigh , North Carolina , November 13 , 1~~7i, . An
evacuation was observed by a cab in attendant to have gone smoothly, taking
approximately 40 s to comp lete. One male passenger , in the left aisle os-au
three rows forward of the aft left exi t , was a parapleg ic. He was carried to
the aft right exit by passengers who used his arms (near the shoulders) as
carrying points. He was placed onto the slide and traversed its length in a
headfirst , belly—down attitude . At the bottom of the slide , he received an
upper internal lip contusion (no hospitalization was required). A 66— yr—old

• female , while not handicapped by her age , was incapacitated after leaving the
aircraft when someone jumped on and broke her ankle. One passenper (a ‘ dead-
head ” cabin attendant) suffered a reinjury of her shoulder while attempting
to remove an overwing exit plug. Her cast had been off for only 2 weeks.

28. NTSB—1—O0 l1 , Philadel,phia , Pennsylvania , June 23. 1976. At
approximately 17. l EDT, Flight 121 (a J)C—9—30) carrying 106 occupants crashed
while attempting -, go—around maneuve r . The crash impact imposed severe d vn-
ward loading on t e  occupants and the aircraft seating and the iol1~~— ing
injuries resulted .

Captain: Multip le spinal fractures , contusions and -~cs-ration ,;
of the forehead and left temple , and rib I t i - t u r e s .

First Officer: Multiple spinal fractures , contusions , a I t - i -r a ted
toni le , and abrasions of both Ic-ps - ; .

Cabin Attendant A: Compressi “—type spinal fracture.
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u , , h i n  M t e n d an t  B : 1-eft  ankle  and l e f t  leg c o n t u s i o n , acute !,irIih c-; t , U - I l

and ce rv ica l  s t r a i n s , and a l a s - - c - r a t e d  t o n i - it -

‘wi -itt y passengers received no injuries at all. Fifty sustair ie l i n jiti i~~s
t o  include cervical and l umbosacral strains and sprains , whiplashes , f s - i c 1~~~
l iet-rations , tongue lacerations , broken teeth , and multiple contusions s- iti i
abrasions to the head/taco and extremities. Thirty—two passengers sustained
t h e I s - i l lowing serious injuries in addition to the injuries listed above :
7 cervical fractures , 8 thoracic fractures , 11 lumbar fractures , 1 ankle
fracture , and 2 arm fractures. Of the 102 passengers aboard , 84 w e e  adult
males , 14 were adult females, and 4 were children. One adult male was 76 yr
oh! and one was 83 yr old . One adult female was 73 yr old and one was a
pregnant 26 yr old. The children were 3 yr , 2 yr , 21 mo , and 6 mo of age .
None of the passengers was listed as being handicapped or in need of special
h a n d l i n g .

t h e  nature of this accident is odd in that no fatalities occurred even
though many of the resulting injuries were extremely severe .

~9. I)CA 76AZO24, Ketchikan , Alaska , Apr il 5 , 1976. At approximately
0820 t~D i , ilig h t 60 (a B—727—81) with 43 passengers  and 7 crewnembers , cr~i s i u e d
uI f the departure end of Runway 11. The fuselage went over a steep er ib s - :;k ;a~- n t ,
broke in thres-- places , and burned. Thirty—four occupants were injured , eleven
sericusl y. Fif teen occupants , including two infants , were not injured. The
only fatality was an 85—yr—old female who died of massive head injuries.

included in the 43—member passenger population were the following: Out
62—yr—old female (boarded in a wheeled aisle chair) who was recovering from
rectal surgery ; one els-lerlv coup le , each more than 60 yr of age , each of s~ii ,

h~id i heart problem ; one 85—yr—old female who required no assistance
• (ua tali ty); one 3—yr—old female; and 2 infants (nonticketed).

lit should be noted that each of the four elderly passengers r -q u- cs? e ’
, c i I o e l c F I i r  assisLance at his/her destination because of the airport ’s 517e
arud tIu t -  iiec s - I to make connecting flights.

he elderl y coup le had to be assisted in that the wife was unable I c
re t , :  iSO  her husband ’s seatbelt because his seat had inverted and his ent i r e

ieJ - was on the belt. A female had to be assisted in evacuating with h;s - r
-vi’ old and infant d;u :cliter. Several of the passengers and crewmemhers hs-.a

to n- i S - ~ isted in e\acuating the aircraft because spinal injuries r,-cc-i ved
during irp acL preclu-le- d their walking.
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AP P EN I ) I X  B

SUBJEC’I’ DATA

Wei gh t  Hei ght
(ib) (in) Sex Affliction(s)

22 110 62 M Cerebra l  palsy
27 120 60 F Cerebr a l palsy~

130 63 F Arthr itis
19 120 61 F Polio
1’-) 120 67 M Parap legia*
73 106 67 F E lde r ly
22 130 66 F Blind
24 226 63 M Mental deficiency
35 175 69 M Pa rap leg ia *
47 180 71 M Cast (lowe r leg)
38 220 71 M Quadr iplegia
52 182 73 N Multip le sclerosis

26 170 76 M Mental deficiency
36 154 62 F Polio
33 75 53 F Arthritis (crippling)
4 3 110 61 M Parapleg ia
15 u s - i  68 F Mental deficiency

l- ~3 65 M Elderly
51 9, 61 N Birth defects
51 155 69 N Paraplegia
t O  120 h i  F Partially sighted

170 7 2 M Bl ind
35 1) 0  64 p Blind

225 7 1 N Blind
2 7 l i i  e-2 F Blind
24 120 64 F Bl ind
27 6 1 M Blind

~ 5 ~75 70 M Bl ind
28 150 61 F Pa rap legia
4 1 155 65 M Ce rebra l  pa lsy*
71 210 73 M Blind , seui }~
32 175 72 N Cerebral palsy

63 17 8 70 N Elderly
76 142 71 N Hemip legia
‘~~( 215 74 M Blind
24 140 63 N Parapleg ia*

2 1 125 64 F Men ta l  d e f i c ie n cy
51 155 65 N Polio
21 160 49 F Cerebral palsy
25 165 48 F Mental deficien cy

26 165 69 M Mental deficiency
25 115 60 M Parapl egia

* Re q u i r € s  w h e e l c h a i r
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Weight Height
(lb) (in) Sex Affliction(s)

55 190 72 M Deaf mute
39 220 72 M Congenital b i r th  de fec t
15 100 63 M Paraplegia
80 153 69 F Elderly
55 160 73 M Elderly (physically)
42 179 66 M Blind (legally)
64 112 64 F Hemiplegia
25 140 63 N Blind
57 185 72 M Partially sighted
33 220 74 M Blind
35 185 53 F Blind
68 180 72 M Elderly
22 180 72 M Blind
58 195 72 M Partially sighted
47 155 66 M Partially sighted
31 215 64 M Mental deficiency
18 110 55 F Cerebral palsy
22 160 68 M Muscular dystrophy
19 115 59 M Mental def iciency
19 125 59 M Spastic quadriplegia

126 58 F Deaf
45 120 65 N Ar thritis , right leg shor t f rom

f rac ture
114 59 F Deaf

F Frac tured lef t elbow
M Crushed humerus , condyle

31 170 67 F Hemiplegia (aneurysm)
54 210 65 F Obesity
69 150 65 N Hemiplegia (stroke)
56 160 65 N Hemiplegia (stroke)

N Lower right leg amputee
48 220 60 F Obesity
41 215 58 F Obesity
78 130 63 F Hemiplegia (stroke)
65 M Hemiplegia (stroke)
68 125 64 F Elderly
73 195 61 H Elderly
32 175 72 N Cerebral palsy
63 178 70 M Elderly
76 142 71 M Hemiplegia
22 130 66 F Blind
52 182 73 M Multiple sclerosis
51 155 69 M Parap legia
64 112 64 F Hemiplegia
60 120 64 F Partially sighted
68 180 72 H Elderly
28 150 61 F Paraplegia
14 110 60 M Left forearm in cast
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W e i ght  Hei gh t
( lb )  

- 
( i n)  Se x A f H i - t  i o n( s )

-‘ 20 120 65 F Norma l simula te d b l i n d
17 115 68 F :-,orma l s in i u l a  t e d  b l i n d
38 180 70 N Normal  s i m u l a t e d  b l ind
38 163 68 N N o i m a l s i m u l a t e d  b l ind
47 185 67 N :- J s- rma l  s imulat e s -I  b l ind
55 248 70 N Norma l  s i m u l a L e d  b l ind
21 155 67 F Norma l s i m u l a t e d  b l ind
50 198 72 N N o r m a l s imu la t ed  b l i nd
34 180 71 N N o r m a l  s i m u l a t e d  b l i nd
42 221 72 N Norma l  s ir ;u , i l a t e d  b l ind
64 132 63 F Normal  s i mu ] a t e d  b l ind

2 30 135 66 F Normal  s imu la t ed  b l i nd
20 140 67 F Normal  s i m u lat e d  b l i n d
44 180 69 N Norma l s imula ted  bl ind
44 173 71 N Norma l s imulated b l ind
42 150 65 F Normal  s imu la t ed  b l i n d
42 158 72 N Normal  s imula ted  b l i nd
17 115 67 F Normal  s i m u l a t e d  b l ind
44 161 72 N Normal  s imula ted  b l ind
53 135 67 M Norma l s imula ted  b l i nd
38 240 73 N Normal s imula ted  b l i nd
26 135 67 M Normal s imula ted  b l ind
80 145 68 F Broken hip wi th  poor mend : a r t h r i t i s
60 128 64 F Hemi pleg ia
68 118 65 F Hemi plegia
70 165 71 N Congeni ta l  hip , neck d e f o r m i t y
22 160 68 N Muscular  dys t rophy
19 115 59 N Menta l  d e f i c i e n c y
68 169 68 M E lder ly
66 170 70 M Lower leg amputee (single )
67 145 66 M Menta l  d e f i c i ency,  s e n i l i t y
77 143 64 N Menta l  d e f i c i ency
31 100 64 F Depression
41 220 71 N Congenital  b i r t h  d e f e c t s
59 147 68 M Hein iplegia
79 130 63 F Hemipleg ia
66 108 61 F 1-lemi pleg ia
57 216 64 F Obes i ty
47 100 61 F Mental deficiency
31 200 72 N Mental  d e f i c i e n c y
33 96 59 F Mental  d e f i c i e n c y ,  crossed eyes
32 80 59 F P r e l i n g u al i v  deaf
47 190 69 M P a r t i a l ly sigh ted
47 175 70 N Multi ple sclerosis
23 152 66 F Slight m e n t a l  d e f i c i e n c y
22 120 67 F Cerebral palsy , deafness
58 101 65 F Partially sigh ted
53 125 61 N Birth de fe cts

B— 3



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Weig ht Height
(lb) (in) Sex Affliction(s)

60 160 60 F Sch izop hrenia
61 187 64 F Depression
60 115 62 F Mental deficiency
61 145 62 F Schizop hrenia
60 135 53 F Mental deficiency
21 155 67 F Normal (speed run)
54 161 66 M Normal (speed run)
25 135 64 F Mental deficiency
56 170 71 M Prematurely aging
55 112 63 F Cerebr al palsy
64 140 66 F Multiple sclerosis

-: 60 163 74 M Hemipleg ia
53 155 69 N Paraplegia
15 135 60 M Parapl egia
48 207 68 M Parapleg ia
24 125 66 M Parapl egia
23 110 52 F Paraplegia
26 96 64 M Paraplegia
45 105 62 F Para p legia
21 220 59 F Pa rap legia
21 150 59 F Par apl egia
19 124 52 N Paraplegia
60 160 ‘60 F Schizophrenia
61 187 64 F Depression
60 115 62 F Mental deficiency
61 145 62 F Schizop hrenia
60 135 53 F Mental deficiency
53 155 69 M Paraplegia*
66 170 70 M Lower leg amputee (single)
47 190 69 M Par tiall y sighted

*Requires wheelchair
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A P I ~~ IX C

(ihlAkiS .-\ND (N(A }iS iF I VA CVAT I ON’ l I MI S OF GROUP STUDIES
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APPENDIX D

RESULTS OF SURVEY OF HANDICAPPED TEST SUBJECTS*

The blind had the most f l i g h t  experience . Twelve of Lhelr number had
flown more than twice and one had flown 25 times in the 5 yr preceding the

— interview . Mentally retarded subjects had the least flight experience.

The resul ts  of the survey can be summarized:

a. Ninety—five percent of the mentally retarded subjects and 80 percent
of the herniplegic subjects travel with companions .

b. Sixty—five percent of the handicapped subjects preferred to be
guided when assistance was available . The term “guided” included specific
di rect ional  oral commands .

c. Sixteen per.ent of the handicapped subjects preferred some physical
support , such as leading .

d. Nine percent of the subjects would prefer to be carried in an
emergency evacuation.

e. Six percent of the subjects would prefer to be dragged in an
emergency evacuation .

f. Five percent of the subjects would prefer to be pulled in the upright
position in an emergency evacuation. Pulling is similar to supportive leading

• except it is done more to facilitate a speeding of movement than to provide
support.

g. Seventy—three percent af the r ’ibjects fe l t  they could walk wi thout
support.

h. Twenty—seven percent required some means of support to walk.

i. Twenty—eight percent required wheelchairs at least part of the time .

j .  Ten percent required crutches .

k. Eight percent required canes.

1. Two percent required quadrupeds (four—footed canes).

Because of their greater air travel experience , the bl ind subjec ts were
be t t e r  able to evaluate and suggest ways of improving passenger f l i gh t .  Most

*Comments contained in this Appendix were ob tained f rom the test subjec ts who
participated in this study; they do not necessarily reflect the results of the
study or the recommendations of the authors.
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• other handicapped subjects , however , had some suggestions for improvement.
The following suggestions and ideas were o f f e r e d  b y b l ind  and parap l c -~~ic
subjects:

a. Blind Subjects.

1. Assistance to blind passengers is more important on the ground
than in flight.

2. The general policy of some airlines and airports that any
passenger with a physical impairment must be taken to the aircraft from the
terminal by wheelchair causes unnecessary embarrassment for blind passengers.

3. A blind passenger can generally travel alone without problems ;
however , a timid blind passenger should travel wi th  a companion .

4. Special seating for the blind is not necessary , but seats in the
general vicinity of normal exits are desirable.

5. As many as four blind persons could be seated together.

6. The captain should relay any pertinent information regarding
the f l ight , such as weather, change of course , entry Into a holding pattern ,
abrupt chaiLges in aircraft noises, and similar occurrences.

7. An information card printed in Braille , or taped emergency
procedures included with the stereo music , would be beneficial.

8. Exit and lavatory locations should be marked w i t h  at a u d i b l e
tone or described orally.

9. Mockup emergency equipment such as oxygen masks would aid in
familiarization of blind passengers with the use of that  equipment .

10. In an emergency, sighted passengers could do much to relieve

j apprehensio’- of blind passengers by providing descr ipt ions of cond i t ions  and
changes in tne environment.

1 11. The best guidance would be that provided by sighted passengers
moving to exits.

12. Speed on the slide might be controlled by a rope attached to
each passenger .

13. Any physical contact by a helper while the bl ind passenger is on
the slide would interfere with the power of concentration needed to judge grot’nd
contact.

14. Handicapped persons should be present during training program s for
crewmembers to provide firsthand information and advice.
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b . Paraplegic i~~!~•

1. Min Imum aisle w i d t h  shou ld  be s u f f i c i e n t  to allow wheelchairs in
the main aisle.

2. Aisle armnrests should be removable to facilitate transfer of
passengers from wheelchairs to these seats.

3. Some type of covering should be placed on slides to prevent
friction burns.

4. Handicapped passengers should always start down the slide from a
sitting position.

5. A simple leg strap should be provided to prevent legs from
spreading during slide descent.

6. Handholds or ropes could be provided on slides to enable
paraplegics and others to control descent.

7. A restraint harness for severely disabled passengers should be
available to lower them down the slide at a safe speed .

8. Articles on emergency evacuation of handicapped passengers should
be submitted for inc lusion in the literature of organizations of handicapped
persons .

Arthritic subjects said that seatbelt buckles should be designed so they
could be opened more eas i ly  by passengers with hand impairments. Obese
subjects stated tha t seats should be wider to accommodate larger passengers.
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APPENDIX E

METRIC CONVERSIONS

The fo l lowing  dimensions used in this report are shown with equivalent
metric values:

English Metric

Floor—level door 32 x 72 in 81 x 183 cm

Overwing exit 20 x 36 in 51 x 91 cm
stepup 20 in 51 cm
stepdown 27 in 69 cm

Aisle width 15 in 38 cm

Seat pitch 34 in 86 cm

Seat row clearance 12 in 30 cm

- 

- 
Seat 1 exit path (Figure 5) 4 ft 9 in 145 cm

Seat 2 exit path 29 ft 2 in 8.9 m

Seat 3 exit path 13 ft 3 in 4.0 m

Seat 2 aisle to exit distance 18 ft 4.6 m

Subject weights 105 lb 47.6 kg
124 lb 56.2 kg

S - 
150 lb 68.0 kg
175 lb 79.4 kg
200 lb 90.7 kg

Rates 1 ft/s 0.3 ni/s
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