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EXECUTLVE SUMMARY

This study identifies the accident scenario(s) and associated occupant risks and
survival equipment needs, relating to the inadvertent or unplanned water contact of
transport category airplanes. This study focuses on the results contained under a
recent industry evaluation of sgurvivable transpor!t aircraft accidents,. These
regults are summarized with emphasis placed vpon the definition of the unplanned
waicr crash environment. From thius and other available imformation, the behavior
o) iypicel rrunsport airplanes in unplanned water contact type accidents is identi-
f{ied to include the general condition of the cabin, structural damage, floatation

tiav, attitude, availability of emergency e:iits, emergency evacuation equipment,
and other factors found relevant to occupant survival.



INTRODUCTION
PURPOSE .

The purpose of this study was to iaentify the accident scenario(s) and associated
occupant risks and survival equi:ment needs, relating to the inadvertent or
unplanned water contact of transport category airplanes.

BACKGROUND .

During the 1970's the Federa.. Aviation Administration (FAA) and aviation community
directed 2 significant amourt of research towards the development of iuproved
aircraf’ water evacuation and survival equipment, Wicth emphasis placed upon
occupa.. survivability during the controlied or normally configured emergency
landing of an aircraft on the water, this effort was focused primarily on improving
the access and use of onboard floatation equipment. The availability of new low
weight materials made possible the development of lighter, more accegsible iiferaft
designs including door mounted slide/raft devices that could be launched automati-
cally from the aircraft exit. Such materials also provided for new lifevest
designs characterized by higher buoyancy performance. These equipment laprovements
were reflected under the establishment of new design and iustailation requiremerts
and associated crew training and operatioual procedures. To date, requirements,
applicable to new slide/raft, liferaft and iifevest designs, have been adopted
under recent airworthiness and operational rule changes and/or are currently being
promulgated under new proposed minimum performance standards (references 1 to 8).

In 1981, the FAA initiated further research to improve occupant survivability in
aircraft accidents resulting from i{inadvertent or unplanned watsar contact. Areas
addressed under this research effort were: aicrcraft certification and operational
provisions for unplanned water landings near airport terminals; aircraft floatation
equipment needs which take into account occupant hypothermic effccts and equipment
accessibility and use; and airpcrt water/sea rescue procedures. The subject study
represents a supporting part of this research effort. Specifically, it is aimed at
the identification of the uaplanned water contact scenario(s) and includes occupant
risks and survival equipment needs. The study focuses on the results contained
under a recent industry evaluation of survivable accidents (references 9, 10,
and l1). These results will be summarized with emphasis placed vpon the iden-
tification of the unplanned water-crash environment. Also, from available informa-
tion, the study will characterize the behavior of typica. transport airplanes in
unplanned water contact type accidents to include the general condition of the
cabin, structural damage, floatation time and attitude, availability of exits and
emergency equipment, and other factors found relevant to occupant survival.

ACCIDENT SUMMARY
DATA BASE.

In January 1980, an accident study was contructed with three major aircraft manu-
facturers (references 9, 10, and 11) for the primary purpcse of defining a range
of crash gsituations that would form the basis for improverd crashworthiness design
technology and the identification of structural components and aircraft systems
that influerce the crash behavior of an aircraft. The data base for this effort
began with a review of some 933 transport ground/w:ter accidents which hac occurred



between the years of 1959-1979. The accident data were obtained from various
sources including FAA/Civil Aeronautice Board (CAB) and National Transportation
Safety Board (NTSB) reporte, and information released by forejgn government
organizations, airlines, and aircraft wmanufacturers. The accidents selected for
evaluation were survivable accidents in which the governing criteria werc estab-
lished around (a) a survivable airfrace volume (prior to fire), (b) the capabiliiy
of at least one occupant able to withstand the accident environment, (c) the

potential for occupant egress, and/or (d) a demonstration of structural system
performance.

For the purpose of this report the accident data base selected under reference 9
was used because of the emphasis placed upon the water contact occutrrence.
This data base 1is presented in table ] and contains a total of 153 worldwide
transport aircrafc accidents in which water involvement was identified in 16 of the
cases. As noted, the summary provided in table 2 covers 11 of these accident
cases, since water was only incidental to 5 of the 16 accidents and not directly
associated with resulting fatalities/injuries. The cases that have been excluded
are the B707 C3o0 accident; L10!1 Everglades accident; B727 Maderia accident;
B727 Mexico Ci.y accident; and the B707 Rio de Janiero accident. The 11 water
impact accidents are characterized by the presence of 218 fatalities and 80 serious
injuries. A brief assessment of both the 153 land and water accidents, as they
relate to severity of occurrence, occupant survivability, aircraft size and
configuration, operational phases, structural damage, and system participation is
provided in the following sections of this report.

SEVERITY/SURVIVABILITY.

The 153 accidents in the data base were assessed on the amount of damage to the
ajircraft and the effect of this damage on survivability. The extent of damage is
categorized in table 3 with the effect on occupant survivability summarized
in table 4. First, as regards to the selected data base and overall surviv-
ability, fire presented the greatest hazard. Known fire fatalities outnumbered
known trauma fatalities by 2.84:]. Fire hazard was most severe for accidents
having major fuel spills due to rupturing of fuel tank (categories 4, 5, and 6).
Trauma fatalities occurred mostly in categories 5 and 6, which involved severe
fuselage bresks. The single instance in category 2 resulted from a local loss of
survivable volume; and 5 instances in category 4 resulted from gevere lower
fuselage crush. While deep water impact accidents represented less than 10 percent
of the study data hase, little structursl or detailed information is available on
such accidents in which a large percentage of the occupant fuselage perished.
Water impacr usually results in severe damage to the lower fuselage, often accom
panied by class 2 breaks in the fuselage and separation of wings, engines, and
landing gear. In some cases involving low impact conditions, many occupants
drowned after evacuating the aircraft. In cuch cases, the high fatality rate was
due to inappropriate action of the cabin crews after the aircraft came to rest. As
ncted, drosmings accounted for 218 fatalities, st least |5 of which occurred after
evacuation. In most accidents involving drowning, few details are available,
except for the DC9 St. Croix accident. In this case, the drownings were found to
have occurred after evacuation with fatalities due to trauma occurring as a result
of floor distortion and seat separation, and to occupants who did not use their
seatbelts. In genevgl, the overall survivability of either the ground or water
impact accident decreasee as the major structural damage to the aircraft increases.
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TABLE 1. STUDY DATA BASE (Continued)
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TABLE 2. ACCIDENT DATA BASE SUMMARY (1959-1979)

LAND WATER TOTAL
Accidents 142 11 153%
Fatalities 3573 218 3791
Serious

Injuries 1046 ' 80 1126
*Foreign 91

U.S. and Possessions 62

ALRCRAFT SIZE/CONFIGURATION.

Figure 1 identifies the size of aircraft represented in the data base, and figure 2
provides for the percentage of acciden’'s as a function of aircraft size and confi-
uration. Small commuter type short haul afrcraft, constitute approximately 30
percent of the accident cases; larger short haul group, approximately 20 percent »f
the caseg; narrow-body long haul group, approximetely 35 percent; and wide-bo.'y
long haul aircraft, approximately 5 percent. Of particular interest is the effec:
of size on aircraft crash performance and survivability. Considering the effects
of scale, as in dynamic modeling, it might be expected that larger aircraft would
fare better than smaller aircraft if the crash environment 1is not scaled up.
Further, the individual occupant does not scale up but becomes relatively smaller
in the larger aircraft with a corresponiing improvement in his survival prospects.
For instance, fuselage structural elements such as frames and stringers are
stronger in an ahsolute sense and offer greater energy absorbing capability for
larger commercial jet aircraft than for smaller propeller driven aircraft. This
feature provides an inherent crashworthiness performance of the jet as compared to
the propeller aircraft. An assessment of the accident data seems to indicate that
relative size within the jet group has only minor effects on the crash performance.
in general, it takes a larger tree, a larger house, and a deeper or wider ditch to
do equivalent damage to a large aircraft. There are cxceptions however, when
considering accidents between smaller commuter aircraft with pressurized and non~
pressurized fuselage of unequal strength but equivalent size. Notwithstanding that
no two accidents are identical, an accurate coumparison of damage between a large
and small sircraft with or without pressurized fuselages can be made.

With respect to the effects of aircraft configuration on the total oumber of
accidents, figure 2 also provides for the difference between aircraft types and
sc.rvice classes. It can be Bseen that approximately 20 percent {nvolved non-
passenger service as further broken down into cargo, training, and positioning
flights. As regards to cargo service, a review of the accident data showed some
cases where cargo shift during the accident increased the hazard to the flight
crew. (A notable instance was the 880 Miami accident in 1976 where cattle pens
broke loose during an overrun and blocked the cockpit door.) Training accidents
most frequently ianvolve engine-out takeoff attempts, These accidents involved
extreme yaw and roll angles with ground strikes of wings, engines, or aft fuselage.



DAMAGE
CATEGORY

1

TABLE 3. STRUCTURAL DAMAGE SEVERITY

MINOR IMPACT DAMAGE - INCLUDES ENGINE/PYLON DAMAGE OR SEPARATION,
MINOR LOWER FUSnLAGE DAMAGE, AND MINOR FUEL SPILLAGE.

MODFRATE IMPACT DAMAGE - INCLUDE HIGHER DEGREES OF DAMAGE OF TYPE 1
AND INCLUDES GEAR SEPARATION OR COLLAPSE.

SEVERE IMPACT DAMAGE ~ INCLUDES SEVERE LOWER FUSELAGE CRUSH AND/OR
CLASS 1 OR CLASS 2 FUSELAGE BREAKS, MAY HAVE GEAR COLLAPSE, BUT NO
TANK RUPTURE.,

SEVERE IMPACT DAMAGE BUT NO FUSELAGE BREAK - INCLUDES MAJOR FUEL
SPILLAGE DUF. TC WING LOWER SURFACE TEAR AND WING BOX DAMAGE.

EXTREME IMPACT DAMAGE - INCLUDES CLASS 1 OR CLASS 2 FUSELAGE BREAKS
WITH WING SEPARATION OR BRERAKS, MAY HAVE GEAR AND/OR ENGINE SEPARATION.

ATRCRAFT DESTRUCTION - INCLUDES CLASS 3 FUSELAGE SREAKS OR DESTRUCTION
WITH TANK RUPTURE, GEAR AND/OR ENGINE SEPARATION.

FUSELAGE BREAKS, CLASS 1 - SECTIONS BREAK REMAIN TOGETHER

CLASS 2 - SECTIONS BREAK AND OPEN

CLASS 3 - SECTIONS BREAK AND MOVE OFF



TABLE 4.

SUMMARY OF FATALITIES AS A FUNCTION O¥ DAMAGE SEVERITY

* Insufficient information for category assignmant

Total
Hull Fa*. Fir Trauma Drowning Unk.

Zat Accidents lLoss  Fire Occupants ¥ h 3 % § " 7 % 3 X
1 5 3 4 616 53 8.6 53 8.6 0 0 0 J 0 0

2¢ 12 6 1684 1 .G6 0 0 1 06 0 ¢ 0
3 22 20 9 2024 225 11.11 54 2.72 -5 . 0.3 163 8.15 0 0
4 40 36 33 3425 875 25.54 722 21.08 5 .15 18 .53 130 3.89
5 35 35 28 2618 934 35.68 335 12.80 210 8.0¢ 32 1.22 357 15.93
6 20 -20 18 1990 1547 17.74 1569 9.50 190 9.54 3 0.15 1165 £8.54
UnK 7 7 3 311 156 50.16 2 .64 65 20.90 0 0 89 28.02

153 133 103 12668 3791 29.93 1355 10.7¢c 476 3.76 218 1.72 174] 13.74



Some accidents involve touch-and-go landing practice. The principal variation in
structural configuration is in placement of engines. Approximately 60 percent of
the accidents involved aircraft with wing-mounted and aft body-mounted engines.
The aft-~mounted engines only separated from the atircraft due to high acceleration
loading, while the wing/pylon-mounted engines separated both from high accelera-
tions and from contact with external objects.

STRUCTURAL DAMAGE.

Of tk: 153 accidents studied, 94 involved aircraft with engines on the wing pods
and 59 involved aircraft with engine pods nn the aft fuselage. In figure 3, it may
be seen that engine separation occurred in 55 percent, landing gear collapse or
sepalation occurred in 75 percent, wing hbox breaks occurred in 45 percent, fuselage
breaks occiurred in 48 percent, and water ditching impact breakup occurred in 3
percent of the accidents. The separation of an engine and the breaking of a wing-
box imply fuel spills. 1In some instances, a fuselage break in an aircraft with
aft-mounted engines also caused a fuel spill. The wide-body long haul aircraft
have main body landing gear which transfers high impact loads to the fuselage
structure. Water ditching impact breakup is considered separately from fuselage
breaks because, in general, the hydrodynamic forces involved are differcnt.

Considering fuselage breaks (excluding fuselage lower surface rupture) of the 153
impact survivable accidents, 64 are known to have experienced one or more breaks.
Forty-six of the 64 were fatal accidents. Available data indicates that 39.5
percent of the persons onboard in the 64 accidents were fatalities. The other 82
accidents in this study did not experience fuselage breaks, and 27 of these were
fatal accidents of which 20.6 percent of the persons onboard were fatalities.
These data are plotted under figure 4., Of the 64 accidents experiencing fuselage
breaks, 6 involved the aircraft touching down (impacting) on ground cr in swampy
areas with shallow water. Data on these accidents are plotted ir figure 5. The
six water entry accidents, in which the fuselage broke into several pieces and had
a 36.8 percent fatality rate (36.8 percent of occupants onboard), are further
discuessed under the "Unplanned Wate. Contact” scction of this study. The 58 ground
slide accidents experienced fuselage breaks due to main landing gear separation/
collapse, excessively hard touchdown on hard flst/impact after takeoff, touchdown

in areas of trees/building/objects or on rocky/rough terrain, or combinations of
these conditions.

With respect to fuselage lower surface rupture of the |52 impact survivable
accidents, 57 aircraft are known to have experienced considerable damage to the
lower fuselage and little or no damage to the upper fuselage (above the floor
line). Seventeen of these 57 were fatal accidents, with 17.5 percent of the
persons onboard being fatalities. In addition to the accidents with lower surface
damage, three of these were fatal accidents with 45.8 percent of the persons on—
board beirg tatalities. Lower fuselage tear or rupture generally occur when
landing gear fails to support the aircraft. Thus, scrubbing on rough surfacers
(sometimes evea on the runway) rips open the thin skins and body frames. At the
game time, wing-box fuel tanks are also subject to rupture and fuel spillage. 1In
37 of 53 zround slide accidents (4 of the 57 accidents were water entry accidents),
the wirg-box was probably ruptured and of these, 22 to 35 involved minor to severe
fires. Lower surface damage accidents are divided into three groups for study
pucposes: extensive rupture, minor or moderate damage, and those involving water

entry. The four accidents involving water entry are discussed under the “Unplanned
Water Contact” section of this study.



SUBSYSTEM PARTICIPATION.

The crash dynamic respouse and interaccion of the various components and their
structural systems are shown in table 5. The frequeacy of occurrence or partici-
pation of each of these structural svatem failures in the data base of accidents
considered is shown in table 6. The diagonal shows the total participation of any
one component while the off-diagonal values show co-participation of other com
ponents. The data presented on cabin interior, seats, doors, and floors arn as
cited in the accident data reports. The failures associated with these subsystem
areas have such a significac: effect on occupant survivability during an emergency
evacuation on either land or water. Those failures affecting occupant surviv-
ability during water impact occurrence will be further discussed in the "Unplanned
Water Contact™ section of this report. 1In this regard, it should be noted that in
field investigations of accidents, interior structural component failures are not
consistently documented and omission of mention of a particular corponent does not
necesgsarily indicate no failure has occurred. The participation of structural
factors in fatalities is shown in figure 6 (the percentage fatality participatioa
coming from table 4). The wajor factor in fatalities is fire/smoke., The unknown

represents a combination of trauma and fire., Thc role of trauma injuries in fire
fatalities is undefined.

Available factual data relating to the 47 accideats citing door/exit problems are
tabulated in figure 7. These data also indicate that most occurrences (47 percent)
involved doors at the front of the fuselage and only 16 percent at mid-body and 27
percent at the aft fuselage. This ratio is expected, since during ground-slide
accidents the forward fuselage is the first to impact objects such as buildings,
trees, poles, etc. These data also indicate that forward fuselage doors invulved
jamaing in 64 percent of the cases and blockage in 35 percent of the cases. Doors
in the aft fuselage had approximately the same ratio. Mid-body exits, however, had
this ratio reversed with blockage being 64 percent of the cases and jamming only 36
percent of the cases. It is probable that wing~box structure provides protection
from jamming of the mid-body over-wing exits.

Of the 153 accidents, 36 are known or reported to have experienced passenger or
crew area floor displacement or rupture. Such failures were reported as “probable”
in 4 other accidents. Statistical data on these occurrences are tabulated in
figure 8. For study purposes, these 36 accidents are divided into three groups:
15 that did not involve a fuselage break, 17 that did involve a fuselage break, and
4 that involved the aircraft touching or overrunning into water.

OPERATIONAL PHASE.

The percentage of accidents by operational phase and by operational time is shown
in figure 9. Considering those operational phases taking place near or on the
ground (load, taxi, takeoff, initisl climb, initial approach, final approach,
landing), 79.3 percent of the accidents occur in 18 percent of the operational
time. Further, thoss accidents that occur during climb, cruise, and descent are
generally non-survivable and were considered outside the range of study and
selected data base., The average distance from the airport that the various acci-
dent types occur is shown in table 7. PFigure 10 compares a fatality rating to the
distance from airport in miles. The accident severity is related to the distance
from airporte at which aircraft accidents occur. Accidents around airports; hard
landings, takeoff aborts, and overshoots are relatively fatality free. Under-
shoots which occur at approach velocitieg, but involve terrain with some degree of
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SYSTEM

Fuselage

Pue. Yok
Storaye
System

Floor Structuce

Seats/
Restraints
Systems

Remain Attaches
Cabin Int~rior

System

Entry ano
Escape Doors

TABLE. 5.

CRASH FUNCTION

React Obstructicns

Energy Absorption

Ficatetion
Fgress

Support Floor Beans
Suppert Cabin Interior ttems

Constrain/Baygage=Cargo

Retain Structural Integrity
Limit Fus! Spillage

Restrsin Seats/Tracks
Eneryy Abcieption

Provide Eg.:.s

Cablin Interior items
Retain Struc.ural inteyrity

Occupant Confeinment/
Protection

trergy Absorption

Remein Attached to floor

Release as Requireo
(Belts/Harness)

Contents Contsinment
Remsin Attached to Stricture

Operate a3 Reguired

STRUCTURAL SYSTEMS

CRASH DYNAMICS

e —————

Lower Fuselage (rush

Upper Fuselage Distortion

Fuselage Breek

Fuselaye Nisinteyration

Engine Line Rupture
Body Line Rupture

De’ormatior
Rupture

Seat Track beiorm./
Rupture

Seat Leformation

Seat Aupture
Belt/Herness Rupture

Cverhasd Comparyment
spiliage

Overhead Compartment
Separastion

Cailing Panel/Sidewal |
Sepersticn

Calley/Claser/Oivider
Separation

Gatley/Closet Spillage

Blackaye by Debris

Janmed by Floor

Jasmed by Fuselage
Distort.

Inadvertant Opening

11

INTERACTION
Finor Displacement
Cargo Displacement

Usper Fuselaye
Distortion
Body Fuel/Elec.
Line Rupture

Seats
boor/hatches
Cabin Interine
floor $tructure

Seats/Yrack/Floor
Beam

Cabin Interivr Itens

Dnors/Hatches

Body Fuel Lines

floor Strue,
Displace.

Sedts

tabin Intevior items

Pylon/Engine
Fusalage

Seat Track/Seats
Cabin interior 1tems
Ooors/Hatches

Seat Trocks/Seats
Cabin Interior Items

Floor Besms

Seat Tracks

Sest Structure
bulkhead Structure
Upper Fuselage

Floor Heams

]

Cabin iInterior Sys.
floor Structure
Upper Fuselage

BIRECT RESULTY

Enerjy Absorption

by Defarmation
Energy Absorption

by Grd. Friction
Fuel /Fire/Smoke/

Mater/Mud Entry
Floatation Loss
Fuselage Damage __
Survivable vol, Loss
Egress Blockage
Seat Laleradl Displace

Energy Absorption
by Deformstion

Survivable vol. Loss

Occupant Ejection/
Egress Route

Loose Cabin Interior
ftens

Floor/Seat Vrack
Rupture

High ¥loor Accel,

fuel/Fire Entry

Seat Separation/
E jection

Cabin Debris

Floatation Loss

tnergy Absorpt ‘on

Fueswloye Lamage

Fue) Spitl

Energy Absorption
€gress Blockege

Seat Elevation/
Separaticr

Energy Absorption

Lodd Limiting

Uccupant Kelacasesinjury
Tccupant € jection/injury
Energy Absorption

Cabin Debris

Egress Blockage

£gress Blockage
Fuel/Fire/Snoks
Entry


http:It/H.rn,��

Lending Gear

NOse

Main/Body

Wing Pylon/
tngine

Aft Pyton/
Engine

Wing Structure

TABLE 5.

CRASH FUNCTION

Enaryy Adsorpsion

Meintsin Grd, Claarance

Separate with no Damage
to Airframe

React Obstryctions

£nergy Absorption
Separate with no Demage
10 Airframe

Provide Gr, Resction

Separete with no Demaye
to Airframe

Support Main Gear
Support Engine/Pylon

Contain Fue!
Rescts Obstructions

Prevent A/C Roi}
Energy Absorption

Egress Route
Provida Flostslion

STRUCTURAL SYSTEMS (Continued)

CRASH DYNAMICS

Strcka/eesr Deformalion

Cotlapse Aft/Sige
and/or Separation

Collapse or Separation
Aft/Sige

Oeformation

Collapsa/Separation

deformation/Separation

Oeformation

Separation

Ming Box Bresh

Lownr Surface Tear
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ANTERACT 10N

Losd Alrframe

Forward Fueselage
Grd. Contact

Penetrote Lower
Fuselage

{enter Fuselage

twr, Fuse, Pene-
tration

wing Pod Grd.
contect

Wing Grd. Impact

ving box Tear

Slewing of A/C

Lwr, Fuse. Pene-
tration

Aft Structure
Contact

Load Wing Structure

Fuel/Eleciric/
Wydreulic Ling
Rupture

Wing Box Veb Tear

Wing Lower Surface
Penetratic:

Wing Grouny Cnntact

Fuel/tlecteic Line
Rupture

Load Fuse. Structure

A/C Dynamics/
Floatation Loss
Hinder Egress

A/C Dynamics/
flostation Loss

Fuel Spill/Fire
Wing Demage

ounecT AEsuT

Erergy Absorption
by Gear

Eneryy Adsorption by
Gra. Friction

tnergy Absorption by
Lwe, Fuse, Oef,

Gear Denage

Floor Usformation

Fire Entry to Cabin

Fusslage Bresk

water/Fuel/Fire Entry
to (wr., Fuse,

Eneryy absorption by
Pylon Def.

Grd. impact loeds
to Wing

Fuel Spills¥ire
Fussiage Brear
Body Fuel Line
Break/Fire
Ewpennage Damage

Pylon/ZEngine Damage
Energy Absorption
Load Wing Structu ¢
Gra, Friction

Pylon/€ngine Dama e

Fluid Spill/Arcing
flire

Wing Bux fireak

tnergy Absorption

Pylon/Enyine Demage

Fuel Spill/Arcing/
fire

Fuselage fire demaye

Energy Adsorption
Fue! Leak
Wirg Damagr

Fusl 3pili/Fire
Wing Yemage

Fuel Spill/ffire
Wing Damaye
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TABLE 6. STRUCTURAL COMPONENT PARTICIPATION

Kumbers of Accidents - 153 Total

Hell Gear  Engine  Fuselage Tank Cabin Body .

LosS Fire Sep. Sep.  Ciush & Break  Rupture Interior Seats Doors Floors Fuel Lines Water
Hell 1133 95 80 70 90 100 EY) 36 a0 32 7 15
fire 95 103 64 59 10 ‘85 25 44 28 21 £l 4
Gear 80 54 95 57 62 " 33 26 38 13 ) 8
Engine | 70 - %9 57 80 61 61 30 28 28 26 [ 10
Fuselage] 90 10 f2 61 100 73 34 8 41 38 § 14
Tank 100 85 n 61 73 107 3 32 3l 25 6 10
Cahin 3?7 2% 33 K\ 32 33 45 26 24 22 2 ?
Seats 3 21 26 28 38 32 2% 41 23 2 3 5
Doors | 40 28 8 25 a1 3 2 23 a1 30 3 5
Floors | 32 2l 33 26 8 25 22 24 30 @ 3 ?
Lines | 2 5 s 4 5 6 2 3 3 ? 2
Water 15 4 8 10 14 10 ? 5 5 ? 2 16




roughness and coatour unpredictability at an average distance of approximately 900
feet shy of the runway, are moderately severe, but less than the average. Stalls
which occur on an average of about 1.2 miles from the airport are severe accidents.
The airplane's uncontrolled attitude at impact during a stall contributes to this
severity. Colliaion with obstacles near the airport are relatively mild. Usuaily
they involve wires and approach lights which damage the ailrplane but do not inhibit
the pilot from making a safe landing. Injuries that result from this type of
accident often occur durfng the evacuation from the airplane. Collisions with
obstacles, generally trees and buildings, are more fatal than the average. This
type of accident occurs at an average distant of 2.3 miles from the airport and has
a fatality ratio equal to 1.86. Uncontrolled ground/water collisions occur at an
average distant of 2.7 miles from the airport and have a fatality ratio of 3.26.
The controlled ground/water collision accident type cccurs at an average distance
of 8 miles from the airport (excludes one accident approximately 80 miles from the

airport) and has a normalized fatality ratio of 3.59, which is the highest of all
the categories.

TABLE 7. AVERAGE DISTANCE FROM AIRPORT ASSOCIATED WITH ACCYDENT CATEGORIES

Average Distance

Description from Afrport (Miles)
Hard landing 0.00
Controlled collision 7.80
Uncontrolled collision 2.70
Undershoot .16
Stall 1.20
Collision with obstacle (all) (1.50)
{(a) off airport 2,30
(b) at airport 0.00
Aborted takeoff .13
Overshoot Jd1
SCENARIO(8)

From the study of both ground and water accidents in reference 9, three representa-
tive crash sescenarios were identified with their selection based vpon accident
conditions involving consequences such as the aforementioned structural failures
and occupant 1injury levels, As 1identified, these scenarios are described in
the following paragraphs.
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AIR-TO-SURFACE, HARD LANDINGS.

This scenario considers those types of accidents in which the aircraft impacts a
level surface from the air, is characterized by a high sink rate with wheels up or
down, with the airplane in a symmetric noseup or nosedown attitude typical of a
hard lan.ing or approach accident. Crashes on a final approach usually occur
because the aircraft is not where the pilot thinks it is. The forward speed of the
aircraft is between the speed for tlap deployment (160 to 175 knots) and stall (120
to 126 knots). The rate of descent is between 3 and 12 meters per second (m/%)
(600 and 2400 feet per minute (ft/min). The angle of the aircraft relative to the
ground {pitch) is dependent on the slope of tne ground and the attitude of the air-
craft. The airplane altitude is assumed symmetrical with +15° pitch, with impact
-on the runway or within 200 metcrs of the runway. The aircraft gross weight is
weight at takeoff less weight of fuel burned., For landing accidents, forward speed
may be between the presicribed landing speed and stall speed. Some {instances of
higher speeds were notad, but these cases resulted in overruns. The pitch of the
aircraft is between 3° to 4° nosed down/up to the noseup stall angle. Rate of
descent is between ) and 12 m/8 (600 and 2400 ft/min).

AIR-TO=-SURFACE, FLIGHT INTO OBSTRUCTION.

This scenario considers those accidents in whlch ar airplane encounters a hostile
environment at impact such as during an undeighoot. In this scenario the hazard
" and terrain conditions have a significant inf .uence on the severity of damage the
airplane sustains. The hazards include ravine: , embankments, lights, poles, trees,
dikes, buildings, and vehicles. These accictents can be generally described as
controlled or uncontrollad collisions with c¢bstacles, hostile terrain or water
{undershoot) occurring near the airport (from |50 to 1200 meters off the runway) or
in some cases several miles from an airport. If the accident occurs during the
landing or approach phase, the afirplane is in a level attitude with 0° to +}5°
pitch, arnd approximately zero roll and yaw., 1! the accident occurs during takeoff,
the pitch can range from 0° to +45°, roll fror: +5° to +45°, and the yaw from 0° to
+10°. The ranges of forward speed and sink speed are from 120 to 200 knots and
from 3 to .2 m/s (600 to 2400 ft/min), resrectively. The hazards and terrain

conditions have a significant effect on the structural damage and airplane post-
impact behavior.

The Air-To-Surface Hard Landing and Flight Into Obsruction scenarios or cresh
environments are most representative of sgeven unplanned water impact cases iden-
tified in table 1. As applicable to a high sink rate approach or landing under-
shoot on the water, the scenarios describe an impact condition in which fuselage
rupture and loss of lives 1s most likely, due to a coambination of high impact
loads, obstructed escape routes, and/or inst.ntaneous cabin flooding. 1In additionm,
the scenarios define the situation in wh.ch onboard survival equipment iteas,
. normally iutended for use during a planned ditching occurrence, would probably not
be readilv available, due to non-accessibie stowsge (doirs, overhead, etc.) and
insufficient retrieval and deployment tive. For exaaple, the use of multiple
occupant liferaft and slide-raft devices is dependent upon an intact fuselage with

operational exits and/or accessibility to equipment stowage areas not affected by
severe cabin flooding conditions.
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SURFACE-TO-SURFACE.

This scenario considers those accidents in which the aircraft is on the ground and
encounters obstructions. The accident is characterized by horizontal motion of the
airplane into a hazard such as during takeoff-abort or landing overrun. The sink
speeds, including ground-slope effects, range from 70 knots to rotation speed with
the aicrplane in a level attitude of the hazard encountered and range from paved
surface, and hard ground (sliding contact) to ditches, humps, vehicles, 1light
poles, buildings, soft earth, and/or water.

The surface-to-surface crash scenario characterizes the three identified cases of
an aircraft overrun or slide/roll into the water ‘table 1). 1t describes rela-
tively minor impact conditions in which the cabin remains genevally intact and
allows time for occupants to evacuate with full use of all onboard emergency

equipment. This scenario describes an impact occurrence with a high probability of
survival.

KISKS/EQUIPMENT NEEDS

Prior to identifying the occupant risks and equipment needs assocliated with an
unplanned water contact occurrence, it 1is necessary to review the boundary con-
dittfons which have already been identified for both the uncontrolled ground and
water impact crashes as presented under the scenario section of this report. It is
also necessary to review those coanditions which have resulted from a controlled or
planned emergency water landing. This review will allow for an understanding of
differences that exist between ground versus water crash occurrences which involve
a “controlled"” or "uncontrolled” aircraft. Notwithstanding the limited number of
water impact occurrences and associated information available, the review will
provide a better insight into those aspects affecting occupant survivability during
the inadvertent impact of aircrafc on the water.

From the aforementioned study results, it is obvious that the operating conditiuns
and circumstances leading to either a ground- or water-impact occurrence are
generally equivalent. However, during the actual impact event, it should be noted
that the impact loads are tranasmitted into the aircraft fuselage/floor structure
in a different manner as a result of surface variations (ground versus water),
plowing, hydraulic effe.:ts, etc. Accordingly, the damage to an aircraft structure
under equivalent crash conditions will vary between & grouid and water impact.
There are other variances as exhibited by the fact that the ground {mpact may

involve a fire threat while the water impact conceras the potential of a sinking
fuselage.

Considering strictly the unplanned water contact occurrence, and the smell number
of survivable cases reported during thea last 20 years, it must be recognized that a
larger accident base with wmore detailed information is needed to determine and
develop any substantial improvements. For example, in the review of the 1]l water
impact cases in this study, very little postcrash information was available because
the fuselages needed for subsequent evaluations were most often nonexistent (due
to sinking)., Also, unlike the coatrolled water impact or ditching occurrence, no
analysis or tests have ever been conducted which describe guaatitatively the
behavior of an alrcraft during an unplanned water coatact. However, sufficient
inforaation is available which depicts a controlled emergency landing on the water,
ss wel]l as an uncontrolled impact on the ground. While the controlled water and
uncontrolled ground impact accelerations are usually less severe than the same

16



characteristic pulses experienced during an uncontrolled water crash (due to
plowing), 1t 1is believed that accident data obtained from the iarger number of
unplanned ground impact occurrences can be correlated to some egree with data
already obtained from known controlled water impact (ditchiag) occurrences,
analysis, and model tests. From this information it should be poussible to form
a rvational basis which provides for the identification of osccupant visks and
survivable equipment needs appropriate to the unplanned water contact occurrence.
A more indepth review of the planned and unplanned water contact occurrence is
provided under this section. With respect to this review, it should be noted
that many of the reported ground impact accidents could have equally involved water
crashes, had the impact zones of the surrounding airf:.t nureas beeu water rather
than land. Notwithstaanding the higher number of grouna impact occurrences, the
nvaber of water crash events could have been potentially btigher.

PLANNED WATER CONTACT.

The planned water contact occurvence can be described as a controlled and normelly
configured emergency landing of an aircraft on the waler. This emergency water
landing or “ditching” occurrence is further defined Ly tte NISB as a “"forced
landing of aircraft in water” (reference 13) of which such conditions exclude
instances vhere an aircraft collided with land or water in uncontrolled flight.
The basis for an established scenario covering mm emergency water landing 1is
prescribed under the various sections of the FAR's which relate to requirements on
alircraft water impact behavior, floatation characteristics, emergency axits, equip~
ment, and demonstrated occupant evacuation capablility. Under the ideatified
aircraft general ditching provisions of Part 25 (reference 1), it is required that
all practical design measures, compatible with the general characteristics of the
airplane, must be taken to minimize the probability that in an emergency landing on
the water, the behavior of the airplane would cause immediate injury to the asccu-
pants or would make it impossible for them to escape. For example, there should
not be any exclusively high vertical, latersl, or longitudinal accelerations
developed, any dangercus tendency for the aircraft to dive under the water, or any
excessive structural damage which would cause rapid sinking or collapse of the
structure about the occupants, From the structural aspects, these provisions
provide that external doors and windows have strength to withstand probable maximum
water local pressures which are likely during a water landing, or if not so sub-
stantiated, the effects of their .collapse muat be considered in evaluating the
ailrcraft water impact behavior and floatation characteristics. In addition, the
provisions piovide for a determination of fuselage buoyancy and substantiation that
the floatation time and aircraft trim (considering exit sill heights, structural
damage, and leakage) will allow the occupants a sufficient period to safely
evacuste the aircraft. For the aircraft manufacturer's demonstrated compliance to
these provisions, the fuselage bottom strength 1is verified to assure against
ditching impact damage which might lead to excessive water influx to the cabin or
lead to adverse ditching hehavior. In addition, an analysis is provided to sub—
stantiate aircraft trim buoyancy and floatation periods with and without understruc-
ture rupture and impact damsge. The methods of analsis vary between d2monstrated
scale strength model landing tests with and without simulated wave patterns to

comparisons with other airplanes of similar configurations whose ditching perform—
ance is knoun.

From a review of these jet transport ditching substantiations, and taking into
account various configured aircraft and their landing weights, approach attitudes,
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speeds, descent rates, floatation characteristics, sea states, etc., several obser-
vations were made. First, demonstrated emergency water landing approaches are made
in a controlled manner with gear-up (if retractable), full flaps, and at a normal
landing speed with an fmpact descent rste of less than 5 ft/sec. Several aircrafc
are limited to a maximum vertical descent of 3 ft/sec to preclude fuselage damage
and, in such cases experience longitudinal and vertical accelerations (considering
perpendicular beam sea approaches) in the 2 to 4g range, respectively. Floatation
time, assuming no extensive fuselage damage but allowing the loss of buoyancy at
appropriate non-pressurized areas, such as gear wells, fairings, empennage, and
wing center sections, has been shown to extend up to a !0~ to 45-minute period,
depending on aircraft size and configuration. In such cases, the aircraft buoyancy
and leakage effects are analyzed to assure sill heights remain above the water and
eaergency exits are useable durirng this period. It is further shown, within these
floatation periods, that occupants have sufficient time to evacuate the aircrafte,
taking into account, the operation of emergency exits and the retrieval and deploy-
ment of stored survival equipment, 1.e., lifevest, liferafts, sliderafts, etc. A
nominal 3-minute evacuation period has been considered satisfactory under such
enmergency conditions. High-wing commuter aircraft usually display a water rollover
attitude in which exits on une side, such as main entry doors, may or may not be
useable. These aircraft, as well as any aircraft whose exits due to adverse
fuselage floatation attitude may not be available, are designed with additional
ditching exits to accommodate evacuation of the total onboard occupancy. Consider—-
ing expected sea conditjon3, recent ditching substantiations have been predicted
upon aircraft impacting water with 6- to 7-foot waves running parallel to the
aircraft line of approach. 1Indicated are the conditions that 1f an aircraft ie
landing head-on into the face of a wave, excessive fuseiage Jdamage could occur.

To date, the planned emergency landing of a jet transport aircraft in water is
rare, with only one intentional case involving an Overseas National Airways DCY,
May 17, 1970, As identified in table 1, the aircrait ran cut of fuel and was
unexpectly ditched Northwest of St. Croix, Virgin Islands., While 40 occupants
survived (35 passengers and 5 crew members), there were 25 occupant fatalities
(including a stewardess and two infants). This ditching resulted in an NTSB
special study (reference 4) which included the aircraft impact dynamics, equipment
failure and post-ditching emergency egress problems. The magnitude of the decel-
eration was estinatad to be 8-23g's (longitudinal) aspplied over 0.5 to 1.0 seconds,
with the aircraft stopping in 15.2 to 24.4 meters. In this instance, the preditch-
ing briefing was incomplete, and the stewardess and at least five passengers were
unrestrained at {mpact. At least seven restrained passengers were thrown from
their seats, and their double-seats failed, which contributed to the fatalities.
It was estimated that the aircraft floated for 5 to 6 minutes and most passengers
were evacuated within 2 to 3 ninutes. This floatation period was approximately
one third the time identified under the DCY9 ditching substantiation, which leads
one to believe that significant lower fuselage damage may have been present. Also,
while the estimated impact conditions were within survivabdle limits for a
restrained occupant, such conditions (considering minimum floatation time) appear
to represent the upper limit for either a planned or unplanned crash of an asircraft
in which occupants without sufficient prior briefings have time to retrieve and

deploy existing emergency equipment (lifevests, liferafts, etc.) and evacuate into
the open water.



While ot included under the aforementioned data base, an unexpected, but con—
trolled ditching of a smaller Lear Model 23 aircraft occurred on Lake Michigan in
March 1966 during an approach landing to Meigs Field (Chicago). The 12-passenger
aircraft wicth only the pilot aboard had an engine flame-out on approach and the
pilot lauded the aircraft on the water (4-foot waves) at approximately 90 knots
within 900 yards from the end of runway. An escape hatch was used by the pilot to
evacuate the aircraft, since the water was over the lower main door sill. A
liferaft was dropped by helicopter for the rescue of the pilot within 5 minutes
after touchdown. The aircraft subsequently was towed to shore and prior to
retrieval remained afloat approximately 24 hours. The damage extended to missing
flaps, torn fairiags and fuel/hydraulic lines, lost left wing tip tank gear door,
and wrinkled fuselage skin. This case points out that for either a planned or
unplanned water contact occurrence, if the impact forces are sufficiently low and
the aircraft fuselage remains intact without significant rupture and leakage, the

chances of occupant survivability, resulting from extended buoyancy and floatation
of the fuselage, is substantially increased.

UNPLANNED WATER CONTACT.

The unplanned water coantact occurrence defines an uncontrolled and/or improperly
configured impaci on the water. Accidents in which aircraft impact water unex-
pectedly involve special hazards. In air-to~surface accidents, which included the
previously discussed DC9 St. Croix accident, 46.3 percent of the occupants drowned.
Of the 16 water accidents identified in table 1, water was an important factor
in 10 of the unplanned impact cases and in the aforementioned DC9 occurrence,
These cases are reviewed under this section. Note, that under the DCY9 occurrence,
the pilot initiated a controlled desceant into the water at approximately 90 knots
(5° to 6° noseup). However, the passen ~rs and crew had not beeu completely
advised and tue ditching occurrence was not truly a planned one. The number of
fatalities (23) may have been reduced, i{f it was properly planned.

Unplanned water entry accidents, considering these 1! cases, appear to have some
common factors, First, they usually occur at night. Second, there is usually a
relatively rapid loss of floatation resulting in a portion or all of the aircraft
sinking. Third, while there has beeun confusion, some cccupants have been abdle to
evacuate the aircraft. Finally, many of the drowning fatalities occur after the
occupants have left the aircraft, Assessment of the water entry accidents is shown
in figure 1ll. The accidents are divided into two groups: high energy impacL :znd
slide/roll into the water. There are eight high energy accidenr.s. There are three
cases where the aircraft rolled or slid into the water. For sll these accidents
the fuselage experienced either lower surface crmsh or had one or more breaks.

Six water entry accidents in which the fuselage broke into several pieces (fuselage
break) had fatalitles (36.8 percent of those persons onboard were fatalities). In
five of these accidents, one section of the fusciage sank rapidly — some of
the passengers and crew probably were ejected or fell intu the sea without benefit
of survival gear and others were trapped inside. The other sections floated
briefly, allowing evacuations into rafts or floating slides. In other accidents,
the fuselage sections floated briefly; however, 84 percent of those onboard
drowned. Survivor reports indicated that in at least two accidents, interior and
carry-on debris blocked evacuation routes and in two other accidents some exit

doors were Jjammed. In another, the passeager compartment floor was displaced
upward restricting evacuation.
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Four accidents involved water entry; that is, touchdown in deep water or rolling
into deep water at high speed, such that the lower surface of the fuselage was torn
or ruptured but the fuselage did not break (lower fuselage crush). Three of these
four accidents resulted in extensive lower surface damage and the aircraft sank
rapidly. All three were fatal accidencs with 18.1 percent of persons onboard being
fatalities. One accident resulted in moderate damage to the lower surface as the
aircraft rolled into water and came to rest on 1its gear with the water av or
slightly above the cabin floor. There were no fatalities. However, in these
accidernts, the aircraft floated at least . minutes and in most cases 10 to 20
minutes, thus allowing adequate time to escape. In three of the four ac:sidents it
was established that the onboard rafts and float slides were not used.

The flcor system was known to be disrupted in six of the eight high energy water
entry arcidents. Disruption was due, in part, to the hydrodynamic forces of water
eatering the fuselage through the underside through breaks in the fuselage. . part
of this disruption resulted in displacement and elevation of floor beawms with
subsequent separation of seats, which contributed to problems in the evacuation of

the aircraft. in addition, doors were jammed and debris from cabin interior
systems were present.

Accidents, where aircraft skidded or rolled into water, experienced similar damage
as the high energy impact, but to a lesser degree. However, close proximity of
land, substantially reduced drowning. The 15 drownings in the DC8 Rio de Janeiro
accident were attributed to disorientation of the occupants after they evacuated
the alrcraft, and tc improper use of floatation devices.

With respect to the DCY9 St. Croix accident, even though it was known that ditching
was inevitable, there were problems associated with the deployment of stowed
liferafts and lifevests. Cther problems with this equipment were encountered in
the DC8 Los Angeles accident. It is felt that incidence of drowning could be
substantially reduced by better instructions and location of such equipment to
improve accessibility.

It can therefore be concluded that in deep water entry accidents in which the
fuselage does not break, the survivor rate should be very high with proper crew
response/actions using available equipment such as liferafts and lifevests.
However, when fuselage ruptures and immediate flooding occurs, it is evident that
such equipment may uot be readily available for use, in which case, seat cushions
and/or more accessible floatation devices may represent the only means of gurviva-
bililty. This is characterized by the three of four deep water entry accidents in
which, as stated zbove, onboard rafts and slides were not used.

CONCLUSIONS

In view of the findings contained in this study, and as they relate to the unplan—
ned water contact occurrences, it is obvious that regardless of how well certain
equipment is designed, such equipment may not be appropriate for use under scvere
environmental impact conditions. For example, the use of multiple occupant life-
rafts and slideraft designs has been demonstrated to provide a safe means of water
evacuation and survival on aircraft involved in minor water impact conditions. Onm
the other hand, and under more severe impact conditions involving a ruptired
and rapidly sinking fuselage, such equipment by 1fs very nature cannot be expected
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to be totally useable :ior egress. At this point, the occupant must rely on other
existing personal equipment which is more readily available such as lifavest and/or
individual floatation devices. Again, however, the successful use of personal
floatation equipment under conditions of a sinking fuselage, is dependent upon the
occupant's momentary knowledge of the equipment stowage location and manner of use,
as described by passenger information cards and previous flight attendant brief-
ings. It 1is also dependent upon the ability of the occupant to retrieve and don
(in the case of the underseat packaged lifevests) this equipment under adverse
flooding conditions (possibly under water).

Conclusions obtained under this study are as follows:

1. Occupant Risks

Unplanned Water Contact

. Involves different hazard than corresponding ground contact (sinking fuse-
lage potential versus fire threat)

+ Occurs less frequently than unplanned ground contact but more frequently
than planned water landing (ditching)

+ Leads to higher impact loads and greater fuselage damage than corresponding
ground contact

+ Usually involves flooding conditions which adversely affect the ability of
occupants to retrieve, deploy and/or don on-board floatation equipment

« Most often occurs at night and in many cases drowning fatalities take place
afier occupants leave aircraft

2. Equipment Needs

Emergency Floatation Equipment

« That is intended for use durlng a planned ditching may not be useable
during an unplanned water contact occurrence (multiple occupant type)

« That is readily accessible for use by each occupant may offer gole means of
survival under severe unplanned water contact conditions (personal occupant type)

« That is available for use during an unplanned water contact cccurrence may
vary in type between extended overwater and non-overwater operations

. That provides for occupant out-of-water assistance offers additional
protection against hypertherinia effects (multiple occupant type)

« That performs effectively is dependent upon effective cabin crew imstruc-

tions and ease of equipment retrieval, deployment ard use under adverse flooding
conditions
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