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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D. C. 20591

SPECIAL STUDY

Adopted: November 13, 1974 :

SAFETY ASPECTS OF EMERGENCY EVACUATIONS
FROM AIR CARRIER AIRCRAFT

INTRODUCTION

In spite of the downward trend in the U, S, air carrier accident
rates over the past 10 years, an examination of accidents indicates that
passengers are being injured or killed during emergency evacuations
following "'survivable'! Y/ accidents. The National Transportation Safety
Board, therefore believes that corrective acticn is needed to provide
passengers with a greater degree of safety during emergency evacuations.
The Safety Board further believes that the factors which most often affect
the ocutcome of such evacuations must be identified and assessed as a
first step toward improving passenger safety.

In order to identify such factors, the Safety Board has reexamined
air carrier accidents during which an emergency evacuation took place.
It also examined the Federal Aviation Administration's (FAA) incident
files. / As a result of these examinations, 10 case histories were studied
because they exemplified the most common circumstances under which
emergency evacuations occur.

Since records are not kept by either the FAA or the air carriers
regarding successful evacuations, the total number and types of evacu-
ations occurring each calendar year could not be determined. In.spite
of incomplete data, the facts and circumstances of the 10 cases pre-
sented in this report demonstrate that problems exist which merit ad-
ditional safety studies and corrective actions,

1/ The term '""survivable'' as used herein, refers only to aircraft crash
impact forces and conditions. That is, the deceleration forces im-
posed on the aircraft occupants and their immediate environment
during the crash sequence, up to the time the aircraft comes to rest.
Impact conditions which are survivable are those in which decelera-
tion forces experienced by occupants through their restraint systems
are within human ""g' tolerances and adequate restraint is provided.
Of course, the occupiable area of the aircraft must remain uncom-
promised.
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In examining the 10 case histories,:/gnumerous factors were
found that influence the success or failure of emergency evacuations,
and some of these factors recurred frequently regardless of the cir-
cumstances surrounding the evacuation. The Safety Board believes
that the elimination or the control of these recurring factors will
greatly enhance passenger safety);

FACTORS AFFECTING EMERGENCY EVACUATIONS

The various factors which affect the success of an evacuation
do not appear to be associated with specific types of evacuation con-
ditions and circumstances. {See Appendix A.) Instead, most factors
can be significant in any evacuation, In addition, some factors can
and have provided positive and negative influences on evacuations.
These factors have been grouped into three broad categories:
Environment-Related Factors, Machine-Related Factors, and Man-
Relaled Factors.

¥nvironment-Related Factors

The more prevalent environment-related factors are: Weather,
external illumination, terrain, aircraft attitude, fire, and smoke.

Weather, --Although weather may affect the success of an evacu-
ation in many ways, the effects of wind on evacuation slides is one of
the most serious problems, The direction and velocity of the wind at
an evacuation site may cause the emergency evacuation slides to deploy
and inflate improperly. Improper slide deployment and inflation can
severely limit the number of usable exits, as in the Pan Am 747 acci-
dent. (Case Histdry No.-9.) Figure | depicts the effect of adverse wind
on emergency escape slides (No. 2 on left side and No. 1 on right side.)
The winds affecting the Pan Am 747 slides were about 25 knots; such
wind velocities are not uncommon in normal landing situations. The
longer slides on wide-bodied aircraft make themn more susceptible to
wind displacement, '

Following the Pan Am 747 accident, the Safety Board was informed
that the design of the slides was being reviewed to determine if the effects
of wind on slides could be reduced. The Federal Aviation Regulations
(FARs) have not been revised and wind remains a potential problem.

External Illumination. - -External illumination at the scene of an
accident can also affect evacuations. Initially, poor external illumination
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becom?s a factor during the events precipitating an emergency evacu-
ation. For example, the TWA 747 and the TWA 727 evacuations (Gase

tg “dHd 4) were initiated because fire was observed outside of
the aircraft. Both of these evacuations occurred during the hours of
darkness, and the presence of fire was more evident, Possibly, these
evacuations were unwarranted since they were initiated because of
erroneous assessments of the severity of the fire.

Once an evacuation has been initiated, the lack of external
illumination may prevent crewmembers from determining the adequacy
of escape slide deployment and inflation, or the condition of the terrain
onto which passengers will evacuate.

The FAR's contai: standards for external emergency ligiting
systems. Current systems have an independent power source which
is activated when the aircraft's power is interrupted. If the aircraft
engines are operating, the systems will not be activated. For example,
the TWA 747 and TWA 727 evacuations were continued for some time
although the engines were running and no exterior lighting was available.

= Another problem of poor external illumination is encountered
after the passengers have exited. They can become disoriented, and
consequently injured outside the aircraft, especially if they evacuated
through overwing exits. Inthe TWA 727 evacuation, disorientation
because of darkness was the single cause of occupant injuries. Several
passengers who exited via overwing exits, were seriously injured when
they inadvertantly stepped off the wing and fell to the pavement. Had
the evacuation taken place during daylight or with sufficient artificial
lighting, these injuries probably would have been prevented. There-
fore, a better means of artificial exterior lighting would help to elimi-
nate needless injuries resulting from poor illumination.

Terrain. --The terrain on which an evacuation occurs can
influence the outcome of that evacuation. Of the 10 cases studied,
eight evacuations took place within airport boundaries, and therefore,
escape slides were deployed onto hard surfaces., Inthe American
DC-10 accident, (Case History No10)—passengers evacuated onto
pavement on one side of the aircraft, and onto grass on the other.
More passengers who deplaned on the pavement side were injured
than those who deplaned on the grass. In addition, in the TWA 747

accident, passengers were injured on the pavement at the bottom of
the slides.

The terrain on which an evacuation must take place obviously
cannot be controlled. However, better design of evacuation escape
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slides may eliminate some of the injuries which occur. Additionally,
assistance by passengers at the base of the slides during an evacuation
has proven helpful and should be encouraged.

Aircraft Attitude. --The aircraft attitude following a survivable
accident may significantly influence evacuation success. The Pan Am
747 and the Northwest 747 accidents, (Case-Histories No.-7-and-9)
clearly illustrate the influence of aircraft attitude on evacuation success.

Figure 23 the Pan Am 747 tilted back on its tail during the evacuation,
an/di%ure 3, the Northwest 747 came to rest with its tail high in the
air, Although their attitudes were nearly opposite, the results of the
evacuations were essentially the same. That is, escape slides were not
usable at one end of the aircraft, because they were hanging nearly
straight down. Nineteen minor and eight serious injuries were sustained
by persons who evacuated the Pan Am 747, and one person who evacuated
the Northwest 747 was injured slightly, because they slid down escape
slides which were nearly vertical.

Federal regulations previously required that slides be long
enough so that their angle with the ground is ""'safe and usable by an
evacuee, ' regardless of whether one or two landing gears collapsed.
However, current regulations with respect to the new wide-bodied air-
craft specify that the slides be long enough for the lower end to be
"self-supporting on the ground, ' after collapse of one or more legs of
the landing gear.

Since the design of slides on wide-bodied aircraft does not pro-
vide for large attitude variations, and changes to the current designs
do not appear forthcoming, the possibility that exits will be unsafe or
unusable because of attitude variations will continue to be a problem
for evacuating passengers. Crewmembers should be made aware of
this possibility so they can redirect passengers to usable exits, if
necessary.

Fire and Smoke. -~Accident experience indicates that fire and
smoke are the most serious environmental factors to affect an emer-
gency evacuation. In fact, the threat of fire and smoke is the primary
reason for evacuating an aircraft. The scope of this study does not
include an analysis of measures to reduce or prevent the occurrence
or severity of aircraft fires. Rather, the discussion is based on the
assumption that within the foreseeable future, the threat of fire and
smoke following a mishap will continue to be a very serious one.
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The aircraft fire problem has long been recognized and stv .ied
by the aviation community. Its magnitude and seriousness were
illustrated in a report entitled "A Study of U. S.. Air Carrier Accidents
Involving Fire, 1955-1964, " issued by the Civil Aeronautics Board in
1966. Work has been under way by FAA, NASA,and industry to develop
improved fire resistant materials, practical fuel inerting systems, and
other approaches to remedying the fuel fire hazard. Although these
efforts offer promise of significant progress in the future, the Safety
Board believes that implementation of the measures recommended in
this report will provide more immediate improvements in the level of
passenger safety.

Although fire and smoke during an evacuation involve environment-
related, machine-related, and man-related factors, this study has ad-
dressed only the environmental aspects because of the extremely hostile
environment created by fire and smoke. Accident data indicates that
completely survivable crashes that were followed by postimpact fire,
vften resulted in injuries and fatalities.

{_Smoke during an evacuation often causes aircraft occupants to
become disoriented because it causes visibility in the cabin to decrease
rapidly. Smoke generated by aircraft fires is normally dense, black,
and toxic. This smoke reduces cabin visibility in three ways: (1) Heat
from the fires causes the smoke to rise and reduces .or obscures light-
ing, which is normally located in the ceiling; (2) smoke eliminates or
reduces external light entering through windows; and (3) smoke causes

eye irritation which further reduces the occupants' ability to see. /:

Disorientation can cause passengers to enter areas of the air-
craft from which they are unable to escape.) For example, in the North
Central DC-9, (Case History No. 2}, fatally injured passengers were
found in the lavatory area, the tailcone area, and in the cockpit,
Circumstances suggest that they became disoriented because they could
not see,

In the Allegheny Convair accident, (Case History No. 8), smoke
significantly influenced occupant egress. All but one of the fatalities
had inhaled significant amounts of smoke. According to survivors,
there was considerable confusion ir;'“t}xej. dark, smoke-filled cabin. Only
two passengers were able to exit successfully,
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If smoke and fire are outside the aircraft when an evacuation
is initiated the number of usable exits is limited. Flight attendants
are trained not to open an exit which has smoke or fire immediately
outside. Therefore, depending on the flight attendant's judgment,
several exits may remain closed because of fire or smoke immediately
outside. If a flight attendant has misjudged the situation and vitally
needed exits remain closed, the evacuation may not be as timely or as
efficient as it should be. (See Case Histories Nos. 2 and 5.} A fire
around the engine nacelle on the left wing of the Icelandic DC-8 led to
the decision not to use the overwing exits and two floor-level exits
(jetescapes) on the left side of the aircraft. Fortunately, the fire did
not spread to the cabin, and 'the passengers were able to escape.

In the North Central DC-9 accident, only two of the four avail-
able exits were opened and used. Two overwing exits, one
forward door and the tailcone exit, were not opened during the
evacuation. The reasons these exits were not opened could not be
determined; however, fire and smoke were present shortly after the
collision and may have influence the decision not to open the exits.

{ Smoke and fire create an environment which impairs breathing
and vision in which persons can survive for only a short time, because
fire propagates rapidly through an aircraft and tends to produce large
quantities of toxic smoke. Numerous toxic gases are produced by air-
craft fires. Two gases most frequently cited as the cause of postcrash
fatalities are carbon monoxide (CO) and hydrogen cyanide (HCN}.
Although the individual levels of the toxic gases fourd in the smoke
from aircraft fires are not always fatal, combinations of nonfatal levels
of toxic gases can cause fatalities. = In addition, the physical effects
of one toxic agent can influence the effects of another. For example,
inhalation of HCN causes a person to breathe more rapidly, which, in
turn, leads to the ingestion of greater concentrations of other toxic
gases.

In 3 of the 10 case histories examined, postcrash fatalities
were attributed to inhalation of toxic gases. In the North Central
DC-9 and Allegheny Convair accidents, all passenger fatalities were
attributed to smoke inhalation and burns. These cases point out the
need for rapid evacuations when fire or smoke is present in the
evacuation environment.

2/ NTSB Docket Number SA-535, Exhibit 6~C.



Machine-Related Factors

("Machine related factors affecting evacuation success include
the design aspects and the crash-induced influences of aircraft contents
and components. Aircraft components and items carried on board by
passengers or crewmembers can influence an evacuation, In fact,
some items placed on board for use in emergency evacuations, such
as evacuation slides, emergency illumination devices, emergency
communication devices, emergency exits, and exit location devices have
adversely influenced some evacuations, Physical obstructions, which
are either designed into the aircraft interior or generated by crash
forces, can also influence evacuations. A discussion of each follows.}

-
Mt

,//Evacuation Slides. --Evacuation slides and slide/rafts are the
primary devices used for deplaning passengers during an emergency.
Therefore, successful deployment and inflation of the slides is essen-
tial, (14 CFR 25.803, 25.809, 121.310, and 37.175 specify criteria
for design, manufacture, installation, and inspection of emergency
cscape slides. Yet, past accident experience indicates that slide
failures occur frequently and thereby limit exit usabiliLLB The slide
problems identified in the 10 case histories examined represent the
types of failures that occur and suggest that the reliability of slide
systems may need to be improved,

anroper installation and maintenance of emergency evacuation
slides and their activating mechanisms have caused inflation failures. )
When the Safety Board examined the forward entry door slide on the
North Central DC-9, it discovered that the inflation lanyard was
wrapped around the neck of the inflation bottle, Regardless of the
force applied to the inflation lanyard, the slide could not have inflated,

‘\ The inflation bottle was improperly rigged either during installation

or during periodic maintenance of the system. Fortunately, the non-
functioning slide did not influence the success of the evacuation, sinc‘g

the aircraft was resting on its belly and the slide was not essential. )

(’l“he failure of the right-4 slide on the Pan Am 747 is an
example of the consequences of an inadequately installed or inade-
quately maintained slide. The gas generator bottle had shifted in
its mounts and caused the trigger mechanism to be misaligned. The
bottle was free to shift because one of the two bottle retainer straps
had not been fastened, Therefore, the trigger did not fire the bottle.~>




