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SYNOPS13

A Trans cCaribbean Alrways, Inc., Boeing 727-200,
N8790R, operating as Flight 505, crashed during janding at
the Harry S Truman Alrport, St. Thomas, Virgin 1Islands, at
1442 Atlantic standard time on pecember 28, 1970. Of the b9
passengers and seven srewmembers aboard, two passengexs
received fatal injuries.

The weather at the alrport was clear, with vieibility
in excess of 30 mliles. The surface winds were reported to
be from 110¢ at 10 knots ak tne time of the accident.

Flight 505 maie a visual approach to Runway 9. The
approach d to bhe normal until touchdown, after which
the aircraft ascended to a height of about 50 feet above the
runway. The aircraft touched down again very hard, becane
airborne again, and touched down a third and last time about
2,100 feat AoWn the u,650-foot runwaye Almost
similtanecusly with the lzs¢ touchdown, the right wing tip
gettled to the runway. The aircraft then veered off the
right side of the runway, continued along a grass median
gtrip parallel to the xunway, passed through tie alxport
peximeter fence, crossed over a paved highway, and came O
rest against a hillside adjacent to the highway. A small
fire ignited immedlately but several minutes elapsed before
a general conflagration developed. In “he interim, 46 of
the 46 passengexs and all crewmembexrs escaped fxom the
aircraft. The injuries to the gurvivors varied from none to
gerious.




The National Transportation Safety Board determines
that the probadle cause of this acclident was the captaint's
use of improper techniques in recevering from a high bounce
generated by a poorxly executed Aapproach and touchdown. Lack
of cockpit crew coordination during the approach and
attempted recovery contributed to the accident.




touchdown, The first officer noted that, after flaring,
the airspeed dropped rather rapidly to % knots below
reference speed, and the aircraft dropped or touched down an
instant later.

The airczaft immediately reboundeéd 1into the air,
ascending to a height estinated by several witnesses to have
besn 30 to 50 feet, with an sttitude descrxibed by the flight
engineer as "... nosed up more than I had seen before."

The captain recalls none of the avenvs of the flight
subsequent to the infitial touchdown; however, both other
£flight crewmembers noted that the captain did not seem to be
reacting as he normally would. The first officer, who
followed tha captain through this bounce with sis hands on
the yoke, did not think the captain was using aufficient
control force. The f£flight engineer noted “Then as we
grested the bounce, the captain reached for the upaed brake
handle, paused forxr a <econd, then pulled it khack; then
retuined it just bafore, or as we touched the second time."

The second touchdown occurred about 1,:00 feut froa the
threshold according to the tower controller. Thig touclidown
was described as hard both by eyewitnesses and rpassengers,
Two passengers commented: "..., so hard it literally sheok
the stuffings out of the whole plane® and "... extiremely
violent hbone jarring is an apt description - and there wasg a
huckling effact with noise of grinding metuli.n" WO
paesengers thought scmething on the right main lan¢ing qgear
broke on this touchdown,

The alrcradt then bounced again, this tine to an
eatimated helght of 15 to 30 feet. The flrst officer nonted
"Tha alrcraft bounced a second time, the nose over-rotating
upwards. [t wan at this point that I took flim holé of the
yore and pushed foxrward, As the aircraft reached the orast
of the bounce I pulled all the way hack on the yoke. The
atxoraft taouched down t+he third ¢time and stayei on the
ground.”




geversl witnesses verified that the third touchdown
occurred about 2,700 feet from the threshold, and that the
right wing tip settled and began to drag on the runway
immediately after the toachdown. The local controller said
that the fire !epartment was called just after this bounce.
It was about this time that the captain called for a go-
around, according to the other crewmembers, and the flight
engineer advised him not to. The captaln advanced the
thrust lever, ¢énd he called for the flaps to be raised to
259, The flight engineer noted that he tried, first with
nis left hand and then with both hands, before he succeeded
in raising the flap lever to the 25° setting. The aircraft
veered off the runway 3,800 feet he'ond the threshold, and
the first offlcer heiped the captain regain directional
control.

At approxinately thiag point in the sequence of events,
witnesses recalled liearing "nuted popping scunds® or
npackfire® noises, and vome saw flames extending fxom the
tallpipes of one or moxe engines. One witness, an alrcraft
mechanic, stated that the No. 3 engine compressor was
deflnitely stalling as it passed his position. This witness
was located ajproximitely 3,800 feet from the xunway

thrashold.

rhe aircraft then continued, almost parallel to the
runway, across tte access taxiway to Runway 27 and through a
chain 1ink boundary fence at a point 4,950 feet from the
threshold of Runway 9. The landing gear and right wing tip
then stiuck a raised concrete sidewalk located about 4 feet
beyond the fence. The aircraft passed over the sidewalk and
an adjacent highwiy and crushed a truck thereon that had
been hastily abandoned by its driver seconds earlier. The
aireraft continued up the incline of a  hill immediately
ecasz of the highway and beqan to break apart as it came to a
8L Op. an explonion occurred in the vicinity of the lelt
wing root inmediately after the aircraft stopped. 7This was
followed by a smzll fire in the same area, as the pascenger
evacuation bejan. Several minutes3 elcpsed before the fire
bhecame intolerable; in the meantime 46 of the 48 passengers
and all seven of the crewmenbexrs had escaped from the
atrcrafe. The flight engineer helped the captain,; who
appeared to be too stunned to leave the alrcratt,

}




The accident occurred in daylight at an elevation of 11
faet m.u.l. The location was at latitude 189 20¢ N.
longitude 649 58' H.

1.2 Iniuxies to Pexsons

Injuries

Fatal
Nonfatal
Nen#

The injuries sustained by the survivors varied from critical
(1) to minox or none. There were 11 serious injuries, two of
which were sustained by crewmembers. A total of 20 of the sur-
vivors required hospitalizaticn.

1.3 Damage to Alrcraft
The aircraft was destroyed by the ensuing fire.
Qthey Damage

A plick-up trxuck abandonsd on the highway in the
path of Plight 505 was substantially damaged.

Minor diamage was done to the ailrport runway and taxiway
light systems, to the airport boundary fence, and to an electric
utility line near the wreckage site.

1.5 ¢Crew Information

The  flightcrew was properly certificated and had
completed all training and proficiency requirements. A
review of the records disclosed no discrepancies in




training. Favorable comments had been made regarding the
performance of both the captain and the first officer.

The purser and the three flight attendants had all
received proper training in accordance with existing
directives, and their emergency training was current.

The captain, who transitioned to the Boeing 727 from a
DC-8 in Septembexr 1970, had a total of 169:34 hours in the
B-727, of which 32:55 were training hours. He had made five
previous entries into St. Thomas, three of which occurred in
October , and two in December, 1970. Hi3 total flying tine
was 10,665:33 hours.

Both of the other c¢rewmewnbers had nmnoxe pilot time
(second-in-command) in the B-727 than did the captain; the
first officer had 1126:41 hours, and the flight engineer had
1519:54. Their total €£lying hours were 21,016:28 and
47,.589:26, respectively.

For additional crew information, see hppendix B.

1.6 pircraft Information

The alrcraft wae properly certificated and it had been
maintained in accordance with existing requlations.

The weight and center of gravity were within the pre-
scribed 1limits 10r the flight from San Juan to St. Thomas,
The aircraft had been serviced with Type A aviation
kerosiene.

1.7

'*he surface weatler observation for St. Thomnas at 135¢
scattered clouds at 2,000 feet, wvisibility 35 miles,




winds 1209 at 10 knots, altimeter 29.97, temperature 87° F.,
with towering cumvlus clouds existent in all quadrants.

In response to a request from Flight 505 for a wind
~heck, the tower controller reported the winds to be from
1102 at 10 knots; this was given at 1341 when the flight was
on final approach, several miles from the airfield.

Subsequent to the accident, at {443, the surface
weather observation was: scattered c.iouds at 2,000 feet,
visibility 30 miles, winds 1109 at 10 knots, altimeter
29.95.

1.8 Alds_to _Navigation

Flight 505 made a visual apprcach to Harry S Truman
Airport using glide slope data from the VASI system
installed on Runway 9. This was a non-standaxd system,
comprised of two sets of boxes located on each side of the
ranway 550 feet and 1,050 feet from the threshold,
respectively.

The system is normally aligqrued for a 2.59 {& 0,29)
glidepath angle. The aiming point i{s 800 feet from the
i'univay threshold and; based upon a 2.5° angle, the threshold
crossing altitude g approximately 35 feet.

In a flight inspeciion of the system conducied on
Decenber 28, 1970, the FAA determined that the glidepath
angle on the right-hard system was 2.559, that of the Jefi-
nard system was 2.759, and the average glidepath angle for
the entire gystem was 2.659, This misalignment of the left-
hand system was an out-of-tolerance condition and the FAA
took the system out of service until the glidepath angle was
correctly adjusted.




1.9 cCommunicatjions

No problems with communications were reported on the
flight from San Juan to St. Thomas.

1.10 Aerodronme and _Ground Faciljties

The Harry S Truman Alrport is located on the southern
shore of sSt. Thomas Island at an elevation of 11 feet
M.S.l., about 2.5 miles west of the town of Charlotte
Amalie,

The island of St. Thomas 1is of volcanic origin. The
airport site i3 on one of the few low, flat areas. The
airport has a single bituminous surfaced runway, 9-27 (east-
west), which is 4,650 feet long and 200 feet wide, with a
500- foot 1long by 100-foct wide overrun on the east end. A
single paralliel taxiway located 250 feet south of the runway
centerline provides access to the runvay.

The clear zone from the west to Runway 9 i3 over the
Sea, and the erfective length of that runway is 4,650 feet.
Landings on this runway are authorized fcr these aircraft
only at 409 flap settings. Because of terrain obstructions
consisting of hills rising to heights of 175 and 238 feet
m.s.1., along the approach rath, and adjacent to the end of
Runway 27, landings to the west are not permitted for +this
type alrcraft.

There are twc wind cones available on the aircort, one
on each side of the runway. The first is on the south side
of the runway, 500 feet fron the threshold nf Runway 9; the
second is on the north side, 3,060 feat from the same
threshold. An  anemometer is 1,700 fect fron the threshoid
and on the north side of Runway 9. Wind {information is
transmitted from the anemometer to the control tower.
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Fligbt Recorders

(a) Flight Data Recorder

The aircraft was equipped with a United Data
Control Flight Data Recorder, model F542, S/N 2469.
This unit was recovered in good condition and all
parameters were functioning, although the altitude
trace contained a constant + 250-foot error. A data
graph was plotted beginning 3 minutes prior to a
point on the vertical acceleration trace whare a peak
of +1.7 g's appears, and the beginning of this plot
way labeled time zero.

The data plot is set fcrih in Attachment 1.

(b} Cockpit Voice Recoxder

The aircraft was equipped with a Collins cockpit
voice recorder (CVR), model 642C-1, S/N 712. This
unit produced a generaliy intelligible tape which
contained, in addition to tue voices or the crew,
various sounds asscciated with the approach, landing,
and subsequ2nt phases of this flight. These sounds
include those associated with gear and flap actua-
tion, trim actuation, and various warnirg horns. A
tianscript was made of the portion of the tape from
the early phase of the approach to the end of the
recoxding. The times recoxded on this transcript
indicate the time in seconds prior to the end of the
recording.

So0n after the fligiic wags confiqgured for
the final anproach, the flight ongincer first

noted that it was "a good day to slow up", and he
then said. "I want you to slow it up once and sce {f
ya feel it." sShcrtly thereafter, the following was
recorded: (flight engineer) “And the VASI s)ope
shcews you .,.." (captain) "A little high."




puring the desceat, both the first officer and the
flight engineer commented on the rate of descent.
The first officexr first noted that the sink was 600
feet per minute (fpm}, the £flight enginser later
stated that the captain was high on his sink, and 4.4
seconds before the scunds associated with touchdown,
the first officer obhserved that the sink rate was
700 fpm.

Refer to Appendix ¢ for a transcript of the cockpit
voice recorder tape.

.12 Hreckage

During the on-scene investigation, various markings
were found on the runway which were associated with the
zanding of this aircraft.

Rubber scuff marks were noted approximately 365 feet
frcn the runway threshold. The distance between the centex:s
of these marks was equal to the spacing between the main

landing qgear of the B-727.

At a point 1,490 feet from the threshold, a 17-foot
long groove was cut into the suxface of the runway parallel
to the centerline. The tailskid scuif block from the
aircraft, which was worn flat, was removed from tha wreckage
and found to match the width of this groove.

The aircraft parts located nearest to the threshold
wore very small bites of lighcweight material and parts of
gtructural fasteners. These parts, which were scattered
approximately 2,000 feet from the threshold, wero not found
at the time Board investigators surveyed the scene. The
first partec documented in place were located 2,700 feet down
the runway. 'There parts included plexiglass from the right
wing tip, the aft panel of the right outboard flap, pleces
of the right landing gear inboard atts.h 1link assembly, a
aectior Of floor beam web from Furelage Station (FS) 940, a




gseciion of stringar from the same general area, and numerous
fasteners or parts of fasteners.

the landing gear left intermittent tracks on the
runway and in the grass area adjacent to the runway from a
point just over 2,900 feet down the runway to & uidewalx
located along the perimeter road. The nose wieel tyrack ran
of £ the right edge of the runway at 3,800 feet.

The aircraft passed through a chain link fence 4,759
feet from the threshold, struck the edge of the raiced
concrete sidewalk, struck the roof of a truck abandoried on
the perimeter road, and impacted the clope of a hill located
beyond the road. The fuselage sections came to rest,
essentially upright, 300 feet from the end of the runway and
200 feet to the right of the runway centerline extended.
These sections were rotated approximately 90° clockwise fron
the runway heading.

The airframe sustained extensive structural damage,
with two complete fractures of the fuselage and a (ractur?2
of the vertica' fin. The fuselage fractures occurred fore-
and-aft of the wing center section, at Fs 700 and in the
area of FS 940. The vertical fin fractured at Fin Station
87, with control cakles retaining the broken section.

mhe various controla and their actuators ware examined
in order to determine the configuration of the aircraft at
impact:

The measurements between the lower stops and the
moving nuts of the wing flap jackscrew assemblles
were consistent with those which occur at a &3+
flap extensiong

'The wing leading edge devices were extended;

All wing flight spoiler panels examined were in the
retracted position;
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The horizontal stabilizer was found poeitioned
approximateoly seven to eight unpits aixplane nose up.

The Nos. 1 and 3 engines were intact and in place on
their pylons. The No. 2 engine was separated from its
attach mounts and was found undex ¢the empennage. The
engines bore no evidence of asperating distress; no evidence
of blade separation or disc failure was found, nor d4id the
various endine filters display any evidance of
contamination. The cockpit was destroyed by fire; however,
the steel remains of the three thrust levers were recovered
with the zeverser levers in the forward and stowed position.
The thrust reversexr deflector doors ware found in the stowed
position.
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Although the fuel line tunacls were aimost entirely
consumed, the engine fuel 1lines were intact, and were
continuous from thelr respective engines to the area of the
fuel tanks. The No. 1 engine fuel shutoff valve was
consumed; the Nos. 2 and 3 valves wore jintact, and were
found in the open position.

Because of evidence on the runsay of & rlght main
landing gear failuvxe, the geax components and the gear
attach structure were subjected to «lose scrutiny to
determine if any incipient fault may have cauvsed fallure of
the landing gear or ilts attachments.

A brief explanation of the structural design of the
gear attach structure may provide a Letter uwndexrstaading of
this system. The loads applied to the B-727 landing geax
are reacted by the wing spar at the forwaxd trunnion points,
by the landing gear beam at the aft wrunnion point, and at
the side brace support point. Those loads applied to the
landing gear beam are, in turn, reacted by the wing spar at
the outboard end of the beam and by the body-to-main landing
geaxr (MLG) 1link at ths inboard end. The maijor part of the
iink load is reacted into the body by the F8 540 frame, and
bending mements resulting from further distribution of these
londs into the fuseclage are raacted, in part, by the FS 940
floor bean.




considerable damage to the fuselage structure was avi-
dent in the area of the right gear attach structure. The FS
940 frame wab recovered from the main wreckage, standing
vertically beneath its normal position with raspcct to the
fuselacge. Few of the fasteners whiech attach the rrame to
the right~harnd fuselage structure cemajned in place--most of
them were separat-J, leaving vertically elongated holes in
the frame and the fuse.age skin., It was fasteners of this
type and size which were found on the runway approximately
2,700 feet from the threshcld. A portion of the PFS 940
floor beam was also found ¢n the runway in this area.

'he nature of the failures of the landing gear attach
structure was studied by the Boeing Company, and the
findiugs of that study are reported in Section 1.15, Tests
and Research. The broken pieces of the body-to MLG 1ink,
some of which were also found on the runway., were forwarded
to the Boeing Company for examination. The rasults of this
examination are also ieported in Section 1.15.

The 1landing gear assembly and its attachments to
the aircraft structure were examined minutely, with no
evidence of any preimpact malfunction observed.

1.33  Firs

There was no evidence of the existence of fire until
the aireraft came to rest against the western slope of Sara
Aill. Witnesses reported that, at that time, an explosion
occurred in the area of the left wing root, creating a large
column of black smoke “hat disaipated rxapidly. A small fire
started in the area of the explosion but several minutes
elapsed before it wseriously jeopardized the evacuation
efforts.

The alrport fire departmeat ie located 200 feet north
of the runway and about 800 feet west of the approach end of
Runway 27. The station was manned by six firefighters. An
additional nine auxillary firefighters had been trained and
were avallabie from personunel in the airport maintenance




shop. The following equipment was avallable to the fire
department:

1- Engina I (pumper) with a capacity of 300 gallons of
water and 18 gallons of foam.

Bngine ¥I (fire boss) with a cavacity of 1,500 pounds
of dry powder, 300 g&llons of watiter, and 100 gallons
of foam.

Quick-dash truck with a capacity of 300 oounde of dry
chemical powder and one 225-pound nitxogen bottle.

1- Sstandby water truck with a capacity of 1,000 gallons
of water. :

The c¢rash sequence and impact were obsierved by saveral

of the permanent firefighting personnel. kesponse to the
crash was instantaneous with Engines Y and II and an
ambulance. This egaipment was est:imated tq have arrived on-
scene within 1-to-1-1/2 minutes. !

i

The two fire engines were initially driven up the
access rocad near the ailvcraft coskpit and the fire was
attacked from that position with the turret nozzle of Engine
II. The firemen were forced to retreat., however, because of
the intensity of the fire. Other equipment, including the
Insular Five Departmentt!s (City of Charlotte Amalie) 750
gallon pumper, deployed hand lines from the main road. The
fire wao not extinguished until the fuselage was virtually
consumed.

virtually the entire fusalage from the nose to the rear
pressure bulkhead at FS 1183 was concumed by fire. There
was no fire damage aft of F5 1183; all 3 engines and the
empennage remained undamaged hy fire. The left wing was
heavily damaged by ths fire, and the right wing was consumed
from Wing Staticn (W8) 418 to the tip. The portion of the
right wing from WS 414 to the root was unburned, and the




right mair year well sastained little fire damage. Tae left
main gear well was destroyed by fire.

1.14 3urvival Aggecis

This was a survivable accident. of the 55 persons
aboard, all seven crewmembeis and 46 of the #8 pasaenger
survived. The cause of the two fatalities was attributed to
burms. One fatality reportedly wa¢# trapped by debzis
betwaen two seats in Row 22. The body of the other fatality
wvas racovsred, free fron its seat, on the ground in thae area
of the aft break in the fuselage.

N8790R had a total passengex s2ating capacity of 138,
apportioned into three separate seating areas, The forward
taritt area had 21 seats, the intermediate first-class area
contained 12 seate and the aft thrift a-sa contained 101
seats. 3ee Attachment 2, Pascenger Seat.ng and Escape
piagram, for details.

In the process of coming to a stop against tha aslope of
gara Hill, the aircraft fuselage broke into three major
gections; forward, center and aft. The first break
(ldentified as A in Attachment 2) occurred at ¥8 700. The
gecond break (identified as B in Attachment 2}, occurred
around Fs 940.

a. Forward Section

the forwaxd secticn contaired the cockpit, forward
thrift area, and intermediate firet-class area. This
section was occupied by the £1light deck crew, Bseven
pissangerd and two ¢1ight attondants. It contained the left.
raadn entxy door and the forward galley decor. The latter was
focated on tue right side of the fuselage. Both dooxrs wersd
equipped with inflatable evacuation slides. The galley door
was opensd by the two f1ight attendants with the ssigtance
of several of the passengers and the evacuation slide was
{inflatad without difficulty. However, tha slide failed %0
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reach to vhe ground because the forward section of the
atxcraft was resting on a 17-foot high embankmeni. Con-
sequently, tie louwoer end of the slide was 2bout & feet above
around level and at least cne of the evicuges from <that
gection sustained sexious injuxies as a result of the é6-foot
drop trom the bottom of the slide. All 12 occupsntys of this
saction successfully escaped through the ¢alley door exit.

b. Center Section

The center section of the airorift consisted of that
portion of the fuselage fxom ¥3 700 to 78 940: it contained
50 seats snd was occupled Ly 19 passengers. The four
overwing emergenay exits wers located in thut section
howevar, none «f these were used, as all 19 passengers
escaped through the aft brexk in the fuselage at FS 940.
Many reported that they had to crawl across broken seats and
other dabris t¢ xeach the aft brasak. A drop of 10 to 18
feet was required to reich level c¢round through the aft
break. Meny of the evacuees usei conduicts and cables éx-
poseddby the rupture to assist in their descent to the
ground.

Co Aft Section

The aft section extended from £8 940 to the end of the
aircraft. It contained &1 eeats and was occupled by 22
passengexrs and two fiight attendants. The aft maln cabin
antxy and the aft galley service doors were located in that
section, on the right and left sides of the [fuselage,
renpectively. rleo, the reai ventral stair was located on
the aft section. One of the fliaht attendants experienced
difficulty 4in opening the aft main cabin entyy door.
However, with the aid of saeaveral passsngers, she opened the
door and 4inflated the evacuation sliide. The othexr flight
attendant stiempted to reach her emergency station at the
over-wing exits but was unsuccessful due to many
cbstructions and to patsengers attempting to move fore and
aft to other exits. ihe managed to get to the aft bresk at
P8 940 where she diracted the escape efforts of aft sootion
svacuses. She :ecalled considerabls smnoke and heat in that
area as the lant passengers made Uthejr exic. Twelve
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avacueesn of the arft section eacaped thrcagh the fuselage
break, and 10 usaed the 3)ide cut of iha aft auin door. The
two passenger fatalities were located in the sttt section.

4. Flight DacX

Tha captain could rxecall none of the evente that
occurred from the time immediately subsequent to the first
touchdown urtil &arriva) at the airport termii.al building
gaite cows time latar. He advanced tiwm possibility that his
seat lcocking mechaninm may have malfunctioned on  initial
touchdown, allowing the seat to move in such a wanner that
$ijury was caused to his head from a blow against cockpit
structuras. ’

Although tha captain’s seatbelt and shoulder harness
were secured, he sustained multiple brulsas on hie head and
thera were nmall hematomas on the top midline of his heagd,
bahind the left 2ar, and on the posterior midline,

The first officer protvected his head with his arms
when '@ realized that the crash was inevitable. His
gseatbslt and shoulder harnese wera fastenad, He «xe«alled
that. +the aircraft impacted the hill with a severe jolt, hut
recidled no violent body muvemants. When the ailrcraft
stopped he unfastpned his weatbelt and shouldler harness,
opentd his cockpit 31iding window, and attempted to move the
start Levers to tha Woff® position. He shook th captain,
who appsared unconscious, and unfastenod his seatbelt and
ashouldar harnoss. !12 then went aft to the forward cabin
gsaction and noted that :l) the occupantt had ceparted. He
returned to the cockpit and assistad in the avacuation of
the captain.

The flight engineer, aftex he positioned the wing flap
lever to %the 25 position, subsequent to the final
touchdown, mnoved his seat sideways againat his work table,
faced the engirneer's panel, and graspsd the table top
tightly with hie arme. He2 placed his head iinto the corner
formad by the back of the first officer's seat and the
£light engineex's panel, on f£inal impact, his arms weroe
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fercaed {rom the table and flug backwards, and the firxrst
digit of the fourth finjexr on bis left hand was amputated in
the process. His shoilder harness was not fastened. When
the zircraft came to rest, hs unfastened his seatbhelt and
noved aft to the focrward passenger area. His attempt to
open the left main cabin entry door proved futile. He told
the flight attendants to leave and survayed the forward
gection for remaining passengers. He had 1intended to
wrocead to the rear of the passenger section, but the aisle
was blocked by a partition which separated the first clasas
and economy class section. He returned to the cockpit and
asnisted the first officer in removing the captain.

All three flight <c¢rewmembexs escaped down tha
avacuation slide from the forward galiey door.

There were eight known passenger seat failures in the
alrcraft. Howeve), the frame of only one seat unit was
found, +the others having been consumed hy the fire. The
geat frame, which was that of a right-hand triple unit, was
found near the break at #& 940. All of the legs of the seat
were fractuvred, and the entire seat showed a lateral
detormaticn to the left.

The passenger seats were designed for the ultimate
inertia forces specified in FAR 25.561, which were: 2.0q
vpward; 9.0g forward; 1.59 sideward; and 4.5g downward,

The cockpit. area, including the crew seats, was totally
consuned by fire. The flight crewmembers reported no seat
fellures, with the exception of the captain’s suggestion of
a failuce of the locking mechanism on his seat.

1.15 Teste and Ruseaxch

A materisl failuxe, either of the captain's seat or of
the right main landing gear, might have hesn a caunal factor
in the accident. The latter area was suspect because of the
landing geax pacte on the runway - the former aresz, because
the captalin indicated that his failure to remember any of
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the landing eequence after the initial touchdown might be
the result of a seat malfunction which caused his head to
gtrike some porticn of the cockpit interior.

The pilot/copilot seats installed in this aircraft were
model 6808737 series seats manufactured in accorda.ce with
the Boeing Company Specification 10-61230 by Weber Aircraft,
Burbank, California. The seats were of conventional design,
with longitudinal and vertical linear adjustments, and with
angular adjustments of the seat back (recline) and seat pan.
The seat had a total horizontal travel of 8 inches and a
vertical travel of & inchet. The movement was controlled by
hydraulic actuating cylindasrs that also locked the seat in
any given location. Positioning of the seat is aided by
sprinys, and the seat is spring-loaded to the full up and
full forward position. The seat was deslgned for the
following crash loads: 16y forward; 7q aft; 1g vertically
d~mward; 7g vertically upward; and 16g .eft and right
acting 209 from the forward direction).

Two Product Sexrvice Bulletins had been itsued on the
seat Dby ‘Weber Aircraft. Both dealt with xeduction of
movement in the seat and #:he reduction of seat maintenance;
the second bulletin, 161k2 dated June 11, 1970, called forx
replacement of the hydraulic vertical, horizontal, and
recline locks with mecharical locks. Neither bulletin was
cgnsid?red urgent, and neither had been acconmplished on thic
aircraft.

An lnvestlgation was conducted into the reat adjustmant
mechanism, with emphasis on Iinjury potential due to a
failure of this mechanisnm. With an individual of a size
comparable to the captain sitting in a test seat, with
saatbelt and shoulder harness fastened, and positioned with
respect to the seat alignment indicatoxs, a laterxal
clearance of about 6 inches and a longitudinal clearance of
about 2 inches existed retween his left ear and the bolts
protruding from the top, aft end of the left sliding cockpit
window. Normal movement did not permit the head to make
contact with the protruding bolts - direct lataral) movement
of the entire upper torso was required to allow contact.
Simultaneous failure of the horizontal and vertical locking
me¢, .alsms was simulated by 1lifting hoth louking control




B e L

AT e

B it dudmaa L U P ARy AT | RS TR T, DT R A T g

handles at the same time. With the seat occupied by a 195~
pound 4individual (10 poards heavier than the captain) the
seat moived to the full aft and full down poeition at a
contrrolied rate and against spring resistance. Head contact
with the area of protruding bolts was not possible from the
stacically failed position, although lateral movement of the
uppar torso allowed head contact with the windows ard other
structures.

In addition o the above-mentioned test, a survey of
some of the major air carriers using this equipment was
conducted. This survey yevealed that there had been
problens with leaking cylinderxs, but that sudden failures of
the locking mechanism had no= occurred. Complaints xaceived
from piloty concerned adjustment and play in the seat
becauss of wear. Weber alrcraft had no record of
catastrophic fallures of the hydraulic lock, and the company
was of the opinion that a lock of this natuxe would not fail
catastrophically.

It was noted that discrepancies cocn the pilotts seat
had been entered in the flight log of N8790R oOn April 4 and
hpril 22, 1970. <tThe firet related to the recliue mechanism.

he second was a rapeat of the f£irst, plus a problem of
excessive vertical play after establishmeat of a vertical
position. Both discrepancies had been cleared,

A study of the landing gear failures was conducted by
the Boeiag Company. This study consisted of two parts: a
fracture analysiz of tha body-to-MLG beanm attach 1link and
associated parts, and a study of the failure sequence of the
right main landing gear attach structure.

The body~-to-MLG 1link was found, by spectrochemical
analysis, to have a chenical content which met the
specificaticns (QQ-A-367) of the 7075 aluminum material fron
which it was made. The Rockwell hardness and electrical
conductivity were 211 normal for 7075 aluminam in the T73
condition. The landing gear baam-to~-iink pin had a Rockwell
hardness of 46.5Rc, which corrcesponds to an ultimate tensile
gtrength of 225ksi. 5/ This vaiue is normal for 4330M steel
heat treatand to the 220-240ksi strength range. The xaport




ctoncluded that all fractures of the link were the result of
rapid tensile separation,

In the report "Sequence of Structural Failure®, Boeing
suggested that the most likely sequence of failure involved
an initial ovarload failure of the F3 940 floor beam
compressien chord. This overload was a result of excessive
loads applied to the FS 940 frame through the body-to-MLG
keam 1link. The report noted that vertical, drag and side
loads on the gear together can produce compression loads in
the 1link. Following failure of the floor beam chord, the
remainder of the floor beam failed completely, and al)lowed
the PS8 940 frame to rotate inward. This inward rotation
first failed the frame to fuselage ckin fasteners, and then
failed body stringers in the area. A short section of
stringer 8-15, which is located within the pressurized area
of the fuselaqe, was found on the runway. Subsequent inwaxd
motion of <the frame caused the body-to-MLG beam link to
rotate until a part ¢f it contacted the upper flange of the
ML,G beam, Further movement then resulted in the formation
of high bending moments, and in the progressive fallure of
the vaxious link attach arms.

Althougn other failure sequences were deemed possible.
the report noted that the above sequer.e satisfied all the
known fajlure information and that it in therefore a likely
sequence of failure.

T.16 Add;tional Information

a. Elight Qpecations Procedures

The £light operations department of Trans cCaribbean
Airways uses the Bceing cCompany B-727 pilot and flight
enginaer operatingy manvals for training and for
establishment of operational procedures. Excerpts of
pertinent portions of the Training Manual are set forth in
Appendix D to this report,




The training manual, it was noted, points out that
haxd or bomnced landings are generally made from high
approaches at higher than normal rates of descent with
excessive andsor late rotation. This manual also notes that
proper recovery action involves holding or re-establishing a
normal landing attitude and adding thrust as necessary.
Attempts to pust over or to increase pitch attitude may only
cause another bcunce. The manual further notes that if a4
high bounce o<curs, thrust must be increased, either to
control the rate of descent for the second touchdown, or to
perform a go~around if excessive runway has been used.

b. configuyation Warning Hopns

The operations manual contains a gsection which
discusses the varjous aural configuration warnings built
into this model aircraft. These sounds were recorded by the
CVR during the landing sequence. An intermittent warning is
used to signal either an unsafe takeoff configuration while
the aircraft is on the ground, or an unsafe inflight
condition. Inflight, the intermittent warning horn will
sound if the speed brake lever is moved from the 00 detent
when the flaps are not fully retracted. The horn signal is
continuous if the aircraft 1is 4in an  unsafe landing

configuration whila it 1is in flight. The continuous horn
sounds any time a thrust lever is retarded when the gear§ are
not down and locked, or any time any gear is not down and
locked when the flap lever is extended beyond the 25¢
detent, regardless of the thrust lever position.

2. ANRALYSIS AND CONCLUSIC

3

—r.

2.1 pjnalysis

a. Causal Determination

In order to determine the cause (i) <t any accldent, one
must follow the premise that all) accidents are caused by a
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breakdown in one or more of the elements of the map~machine~
environment concept.

In its analysis of the facts and circumstances of this
accident, the Board assessed the evidence hearing on the
man-machine-environmental relationships. This approach led,
in turn, to the formmlation of varicus hypotheses concerning
the most probable causai areas of this accident.

The first hypothesis considered *that & destructively
hard first touchdown occurred which was caused either by
improper crew techniques or by external factors such a8 wind
shear or turbulence.

Another hypothesis considered that a mechanical fallure
which occurred sometime in the sequence o0f events was a
direct cause of the accident.

A final hypothesis is concerned with a breakdown in the
interaction of the flightcrew with their aircraft subsequent
to the initial touchdown.

In the process of testing the3e hypotheses with
observations made during the course of the investigation,
the {mplication of the final hypothesis - the man/machine
interface - became obvious. The factors which influenced
the actions of the crew subsequent to the touchdown and the
underlying factors prompted thess events emerged as thore of
primary interest in determining the causal area of this
accident.

Before the third hypothesis is considered, the
findings which disproved the first two hypotheses concorning
possible cavsal areas will be discussed.

gince the first causal axea presumes a hard initial
touchdown as the direct cause of the accident, the nature of
this landing must be reviewed. This fixst touchdown took
place, according to witnesses, quite close to the end of the




runway -~ approximately 300 feet beyond the  threshold
according to a controller in the towex, or 365 feet, if the
tire marks on the runway are accepted as those of this
aixcraft, This would place touchdown 435 %o 500 feet prior
tc the VASI aiming point.

The intensity of the touchdown was generally rated by
surviving passengers as *hard®, but rnot so hard as those
following it. One witness described it as firm, "»ut not of
an extreme nature. This witness was surprised at the height
of the ascent that followed. In his statement, the captain
described the landing as "very hard" and "very firm* - the
fligbt engineer, as *. . . hard, definitely hard, but within
safety bounds.? Tne accelevation trace of the f£flight data
recorder confilrms these statements; the incremental
accelerations recorded at the second and third touchdowns
were bcth approximately threa times that recorded at tha
first touchbiown.

The physical evidence does not support the theory that
the initial landing was catastrophic; the first evidence oi
seructural failure was located approximately 5006 feet down

the runway from the point of second touchdown.

Finally, this theory is raefuted by the lack of
immediate cnncern shown by the crew. only a few not-
uncommon remarks concerning the hard touchiown were made in
the cockpit. It was not until slightly bufore the second
touchdown when the voice record hegan to show a sense of
impending emergency in the tone of voice and t+he comments
made by the crew.

Based upon the preceding evidence, the Board concludes
that the 1initial touchdown was not of a destructively hard
naturae.

The next possibility explored was that some
malfunction of the alrcraft caused this accident.
Malfunctions which might possibly have been involved include
loss of thrust, control system malfun~tion, 1landing gear
malfunction, and pilot Beat fallure. The firast two
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malfunctions may be dismissed summarily since the crew d4id
not report any probleus in these areas and since no evidence
of such malfunctions was observed in the Board's examination
of the wreckage or of the flight recoxder data.

The 1ossibility that a malfunction of the right main
landing gear (RMLG) caused this acclident precipitated an
extensive study of +that systenm. This study produced no
evidence that any preimpact malfunction existed in the
landing gear or its attach gstructuve; rathex, it
demonstrated that the parts examined were sound, and that
all fractures were caused by overlo~ds applied to the RMLG.

The probable failure sequence advanced by the Boeing
Company 8seems reasonable to the Board. The second
tonchdown, which was described as the hardest of the three,
overatressed the geaxr attach structure and the £failure was
jinitiated at that time. Passengers, it should be noted,
described grinding sounds, and some thought that something
on the RMLG broke at that time. The aircraft then
apparently hecame airborne, afier the FS 940 frame began to
separate from the fuselage skin, but before the separation
was complete. The pieces of fasteners reportedly found
about 2,000 feet down the runway are consistent with this
theory. The third touchdown then completed the failure of
the gear attach structure. . This final disruption of its
attach structure then allowed the 1landing gear to be
displaced upward until the right wing tip and the trailing
edge of the outer wing flaps began to drag on the runwvay.

RHaving thus determined that the environmental and
machine elements were not 1likely causal factors of this
accident, we now turn to the man and man/machine aspects of
the operation.

A study of the probable sequence of events which
occurred during the approach and landing,and the factors
which influvenced those events, will show more clearly the
involvement of the crew Jn the causal areas of the accident.
In this respect, certain aspects of the approach of Flight
505 secm noteworthy.




One such aspect is the somewhat reversad student -
instruotor relationship which developed in the cockpit
during the approach. This relationsnip was evident in the
decision of the captain to experiaence the reuponse of the
aireraft at slower speeds while on final approach. The
factors influencing this decision will be discussed later in
this report.

Another noteworthy aspect of the approach was the
profile fiowm. Although the heading was flown rathex
precisely, the indicated alrspeed was never really
stabilized. The airspeed underwent a short-cycle
variation of 5 knots above and 3 below reference spaed
during the latter portion of the approach. Throughout the
firet half of the 3-minuze final approach, the sink rat? was
approximately 600 fpm. This increased to 3 relatively
steady rate of descent of 680 fpm during the final 50
seconds. That rate of descent, in conjunction with the
average airspead during that pericd, corresponded to an
average descent angle of 3.19, The first officer noted that
the sink vate was 700 fpm jue: 4.4 seconds before touchdown,
and the flight data recordar readout shows a constant rate
descent down to its "zero" altitude.

The Board does not consider the errox in the VASI
landing aid a significant factor of this accident. It
should not have caused the crew to fly an appxoach argle
steeper than the misaligned VASI setting of 2.759. Howewver,
as has been noted, the aircraft actually flew a descent
angle during the last poriion of the approach which was
significantly greater than that projected by the VASI
aystem.

The initial touchdown wmust certainly be consldexed
noteworthye. The Board did not arrive at any positive
determination of the cause of this. Among the vaxious
causes considered possible were: & late fiare, an encountex
with wind shear or turbulence, failure of the pilot to flare
a§ all, and performance of a ®*duck-under® maneuver b the
pllot.

The possibility that the sircraft was flared too late
to arrest <+he rate of desce. . before touchdown Seems




plansible, eepecially in view of the stwep approach angle
flowm in this instance. Such a maneuver cculd alzo explain
the high angle of attack the aiyrcraft assumed upon becoming
airborne again.

The comments of the crew indicate that a wind shear
might have caused the short touchdown, or that the aircraft
encounterdd a downdraft just after it crossed the chreshold.
However, no evidence that the flight encountered either
phenomenon was found. The surface winds reported by the
tower naver exceeded 10 knots. Although the first officer
referred to gusty winds during the approach sagment of the
flight, the Board nust conclude that thegse conditions did
not exist at the runway threshold; indeed, he did amend his
comment. "windy gusty® with the coament *"Aw I mean windy out
over the ocean there. . . .*

In addition to the poseibility that it wa caused by a
downdr<aft or gust, tha short touchdown could ba xplained by
a fallure of the pilot to flare the airczaft before
touchdown. If the aircraft were flown in fuch™ .\ manner that
the pilui's eyes ware held right on the '/ASI . tida slope all
the way to touchdown, the main landing gear would touchdcwn
quite near the point (300 to 365 feet beyond tie threshold)
whersa Flight 505 did touchdown. For example, calculations
indicate tha: the main landing gear would centact the runway
approximately 490 feet short of the aiming point, or 640¢
feet. down +this runway if <the following representative
conditions ware assumed: d4istance from pilot aft to main
landing gear of 70 feet; height ot pilot's eyes above nain
landing gear tir2e of 14.8 feet; aircraft flown at 2.%9 deck
angle; and at a deacent angle of 3. 19,

Another possible explanation for the short landing
would bhe that the pilot performed a "duck-under" maneuver.
Thie is a maneuver in which & pilot consciously positions
his aircraft below the glide slope at a certain distance
fror: the runway threshold in order to permit an earlier
flare to a landing, thereby giving himseif more available
runway on which to stop the aircraft. This maneuver,
however, is inherently dangerous if not fully understood.
The desceut below tha original glide slope may require an
appreciuble increase in thrust to maintain the aircraft on a
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new and more shallow glide slopa to the desired touchdown
point. If thrust is not increased, the aircraft will touch-
down shoxrt of the desired touchdown point,

Although the exact cause of the initlal hard touchdown
could not be determined, this landing did not  cause
catastrophic failure of the aircraft, and it did not rasult
in a 3ubsequent uncontrollable maneuver. It is the opinion
of the Board that, regardless of the physical or mantal
limitations imposed by the short runway and the surrouniding
hilly terrain, the pilot should have been able to recover
from the bounce which followed the initial touchdown.

Based upon its examina:ion of all evidence, the Board
concludes that the high bounce vas more the result of pilot
input to the controls than of eliastic rsbound of the
aircraft as a result of a very hard larding. This
conclusion satems from the following faccs: aeithex
crewrembers nor passengers felt that the initial landing was
excessively harxd; the aircraft attained 2 great height (50
feet) on the first bounce; and the flight engineex stated
that the aircraft assumed an excessive pltch attitude as it
began the ascent.

once this bounce occurred, the captain had two choices
of action according to the Bceing Training Manual: (1) he
could have completed the landing by performing the high
bounce recovery technigue; or (2} he could have executed a

‘gqo-around to make a second approach. He attempted to

salvage the landing. However, possibly  because of
limitations imposied by the shoxt runway and the surrounding
hills, he modified the bounce recovery technique in the
following manner: (1) addirional thrust was not applied to
lessen the rate of descent during bounce recovery; and (2)
the wing flight spollers were deployed while the alrcratt
was alrborne.

The timing of the spoiler actuation appears at first
to be debatable. The flight engineer stated that he
observed tha captain actuate the spollers shortly after the
alreraft crested the first bounce. However, the initiation
of the intermittent horn sound on the cockpit voice recox«




did not occur until after the second touchdown. This horn
is the warning signal of an unsafe flight condition wvhich is
believed to have occurred because ths spoiler leves wasg
moved from the 0° detent while the flaps were extended.
gince the timing of the horn and the flight angineer’s
statement seemed contradictory regarding the timing of
spoiler actuation, the Board investigated further to resolve
this mecter. The cauce of this discrepancy appears to be
the result of a 2-1/2 second delay between actuation of the
gpoiler luver and the initiation of the warning systien.
This delay was observed by a Board investigator in several
similar model 727 aircraft. A delay of this magnitude wonld
then place the actuation of the spoiler lever at a time 1
second before the oircraft touched down the second time.
The physical data also agree with that interpretatcion. The
impact of the tail skid at, or immediately aftexr the sacond
touchdown, indicates that the aircraft was operating at a
higl angle of attack at that timne. Thus, in order to seb up
the high descent rate reflected by this second touchdown in
spite of the relatively high angles of attack at which the
alrcraft must: have been operating, it appears that the
spollers must have been usel.

since the flight engineer stated that the spoilers were
retracted shortly after their actuation, the Eoard can offer
no reason for the failure of the intermittent signal to stop
before the horn switched to a coatinuous signal 4.5 saconds
later, unless the spoiler lever was not placed back in the
0° detent. However, the continuous signal is a warning of
an unsafe landing gear configuration which {s belleved to
have actuated in tnis case Lecause the final failure of the
RMILG att:ch structure broke the electrical connection to the
landing ¢ear downlock switch.

A question naturally arises concerning the reason ox
reasons that control of the aircraft was lost.

One reason considerad was that the captain's seat
locking 1wchanism failed at the initial touchdown, and
csused hin to strike his head on some portion of the cabin
{nterior. This b.low, it was reasoned, may have rendered the
capt:yin either unconscious or dazed, and this would account
for his suhsequert loss of control of the aircraft and his




loss of mumoxy. It was noted that the carrier hzd
axpuorienced problems with the adjustment and locking
sschanisus on the pilot seats in that model asrcrafs, and in
this particuvlar alxcraft, in April 1970.

el d——. | _ &

Although the Board does not dispute the captain's
statemeat that he suffered losa of memory, ws cannot
conclude that failure of hig seat wag the cause of this,
Among the reasons for our belief that faillure of the
captain's seat wias not a factor in this accident are the
following:

S e T S AN . o by

(1) The results of the Board's tests indicate ¢hat
lateral wovenant. of the uppex toxso was required to
permit the head to make contiact with the cabin
interior; howsver, the considerable laleral
forces which would be required to caunse this
bodily movement were not likely genarated in
the initial touchdown. Nunorous passengers
described the warious impacts, and no one
mentioned other than vertical forxces in the
initial touchdown. High lateral acceletations
would have bwen experienced, however, when the
aircraft impacted the slope of Sara Hill. At
that time, the alrcraft was oriented approxi-
mately 90° t¢ its direction of morion.

Seat deficiencies of the type experienc:td by

Trane Caribbean Alrways and other userxrs of that
nodel seat wexe of the annoying, rathexr than the
catastyophic, type: they involved a limited amount
of play in the wneat rather than lerge zcale movement.

The nature of the design of the seat lockiny mechznism
18 such that the Board concurs in the manufacturer's

statement that it cannot fail catastrophically.
The locking mecharism is a self-contained unit
which operates with the displacement of fluid thru
& narrow orifice within the unit. Even with
rapid loss of fiuid, seat dimplacement would be
gradual.
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Pinally, remoxks made by the captain auvbsequent to
the first touchdown and recorded on the CVR do not
appear to the Board typical of those which would be
expucted £rom & person who was stunned by a blow to
the head. About 3 eaconds after touchdown, the captain
made a remark commonly ueed \n pilots' parlance to
eyxprens diveatisfaction with an avent or situation.
2ls0, his later cosmands for his crew to raise the

. {laps to takeoff position after he elected to

- go-around were lucid.

Ths Board believes thuat the retrogride amnesia suffared
by the captain was cauvsed by the comwon dafense mechanisn in
which the naystem blocks certain traumatic expeariences in
ornder to allaviate nsychic trauma. It is also possible that
the biows on his head which occurred at final {impact may
have heaen the factor in iritiating this amnesia.

The events which followed the second touchdown veflect
the increasing confusica which prevailed in the cockpit.
With three men attempting to control the aircraft, alternate
periods of action and inaction resulted. thile these
measures cannoct Le considered causal factors, they d4id
affect the saeverity of the accident.
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The aecond bounce wae a consequaence of factors similar
t.0 thoss which caused the first bounce - touchdown at a high
rate of descent with the alircraf: operating at a high angle
of attack. Again, thrust does not appear to hive been used
to arrest the descent rate, and the final touchdiowa was also
caite hard. The fcorces generated at this time completed the
previously initiated failure of ithe gear attach structurae.

At some time during the second bounce, <the captain
relingquished c¢snirol of the aircraft to the fiirst officer,
who roplied "I have 'er." At that time, it 1is clear from
the cockpit voice racord that the crew was aware of a
developing eme)gency situation. Shortly after the finai
touctdown, the captain resumead control when he elected to
execute a go-around., At that time, there was approyimately
1,800 feet of runway remaining, the continuwous warning horn
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was signaling an unsafe gear indication, and the right. wing
tip was dragging.

The crew!s reaction to the captain‘'s go-aroani decision
can only be considered negative. One voice 1ie rzcorded on
the CVR saying "No, don't go-around®, and naithar crewmember
agpuars to have rawsonded rapidiy to the captain's ccmmand
s¥laps up.” According to the crew statements, it was the
£f1ight engineer who finally respondad and who attompted to
raise the fiaps. 1t is worthwhile to note that act:uation of
the wing flape is one of the cockpit fungtions of the non-
flying pllot, and not the flight engineex.

Approximately 8 seconds afier the ini:iation of the go-
aronnd, and after the flight engineer noted that tha flaps
were coming up, but that they were ". . . not going to rake
{it. « « ", the go-around attompt was abaadoned. However,
eviden.e found in the wreckage indicates that a maximum
stoppirg effort was not made both the ground epnilexs and
the ;ngina thrust reverser dJdeflector doors Ilere found
stowed.

Having ¢hus outlined the decisions and measures taken
which led to this accident, the Board would be remiss if it
did not comment on the underlying factoxrs which prompted
these svents.

FPirst, 1t appears that the captain was not. cartain of
the charactoristics of the aircraft in 2 full-flap
confiquration. This uncertainty seeme to have led to a
situation in which he was not in sole commnd of the
alrcrait = to & situation in which the iroles of the captain
and the other crewmembers wexe reversed. This relationship
was evident wvhan, shortly after the final approach
configuration was established, the £1ight engineer first
suggested, and then told the captain to slow the aircraft in
order to get the feel of it in slow flight with full flaps.
the flight engineer continued in this instruci:ional. rele
throughout the approach and landing sequence of events, and
the captain responded to this instruction. That situation
led, in turn, to the choice of an inopportune time to accept
instruction; that is, during the fipal approach segment oi




the flight. 1t was, perhaps, his preoccupation with these
aspects of the approach maneuver which caused the ceptain to
fly the airxcraft into a situation from which & shert and
hard landing was inevitable.

Pinding himself in a difficult situation immediately
after the touchdowa seems to have confused the captain and
affected his furthor actions to salvage the landing. The
noard feels that two factore may have combined to cause this
“esponre: (1} the captain's lack of famillarity with the
characteristics of the aircraft, in conjurction with the
limitations imposed by the short runway at the Truman
Airport, made him uncertain of the corrective action
required; and (2) his power of reasoning was disrupted by
natural behavioral changes which =zan occur in situations
such as that with wihich he was faced.

The second factor concerns an individnal's natural
respcnse to dangerous situations. Experimenti cunducted by
Davis and reported in his study "Human Frrors and Transport
Accidents® §/ explain the nature of this response. Davis
noted that man, 1like all animals, indergoes certain
behavioral changes when danger appear< Iimminent.., These
changes are intended to extract him rapidly and impulsively
from ~hat dangerous situation without having to go througa a
slower reasoning process. In experimencs in an artificial
cockpit, Davis showed that this so-called emergency
mechanism is detrimental in a situation which requires
deliberate responses brcause it cancels the functioning of
reasoning. These axperiments showed that when a person
raacts toward a situation in a way that experience (and
training) have taught him to be effective, and that specific
reaction deteriorates the situation instead, tha 2amexgency
mechanism may set in within seconds., This creates
confusion, which in turn, increases the sense of danger. A
vicious circle is then formed which leads eitaer tc tota}
inaction or to fruitless measures.

In relating this theory to the circumetances at hand,
it is intexesting to note that the captaints nttempts to
salvage the landing by certain sctions (such as an abrupt
change in pitch attitude in the first place, and then by
actuation of the spoilers during the bounce) only caused the
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situation to deteriorate, contrary ¢to his axpectations,
From that point on, (lhe actions taken by the captain do not
gaem to be entirely rational.

b. Post Crash Aspacts
(1) Survivability

Based upon tnhe most common means of acasurement,
this was a survivable accident: Tha fuselage remained
relatively inlact, most of the occupants remain.id
restiained; and the occupants had various means of immediate
escape from the post-impact fire.

Although the gpeak magnitude and duration of the
crash forces «<annot be calculated with any degree of
accuracy, the known failures of asight passenger seats would
indicate that the forces were of a magnitude close to the
design strength of the seats. These ware moatly lateral
failures, according to the passengers, and they occurred as
a result of the sideward impact force generated when the
aircraft came to rest against the hill. This i not
surprising since <the present design c¢riteria require a
strength of only 1-1/2¢ in the lateral direction. The total
g foxcues generated by itha impact with the hill are estimated
to have been in the order of $ +to 10g9's peak magnitude,
applied 4in excess of 30° to the longitudinal axis of the
aircxaft. Since available literatuxe indicates that the
human tolerance to abrupt deceleration, when restrained by a
seatbelt only, is about 15 to 20g's in the longitudinal
direction and 10 to 15 g*s in the lateral direction, the
seat failures needlessly exposed the occupants to injuries
which could have affected the success of their evacustion.

(2) Evacuation

Tim2ly evacuuation after a crash is governed both
by the adequacy of emergency exits and by crew training and
leadership. B8oth factors were present in this case. The
two complete fractures of the fuselage provided the most
expeditious means of escape for many survivors, and the four

L]




flight attendants handled the evacuation in a profess:onal
manner.

Eecause of the tilt of the aircraft, %he
stewardesses required help from the passengers to open the
exit doors. The escape chutes were deployed without delay.
The stewardess assigned to the overwing exit location could
not reach her post because of the break in the fuselage, and
that section was withou: crew guidance. Because tle
cperation of overwing exits is not always understood by
passengers, %the Board has long maintained that it would be
desirable to have at least one crewmember assigned to & seat
near the overwing exits during takeoff and landing
operations. However, in this case, all passengers in that
area successfully aevacuated thru the break in the fuselage.

(3) Post Impact Flre

The succese of this evacuation is attributable to
geveral factors:

The wings remained attached to the fuselage prevent-
ing immediate large-scale release of fuel.

The engines, which normally constitute 2 major source
of ignition, remained isolated from the fuel eource.
The aircraft fuel supply was Type A fuel, a kerosene
grade of fuel which has a higher flash point and
lower vapor pressure than either aviation gasoline
or the Type B fuel (JP-4).

With respect to the use of one type of fuel as
opposed to another as a safety measure in aircraft, there
has besan considerable variance of opinion. The two main
factors coverning the fire hazards of fuels are ease oOf
igniticn and rate of propagation. The flash point (which is
the lcwest temperature of the fuel that will allow ignition
by an external source) of Type A fuel (kerosene), is between
959 and 145° F., as opposed to those of aviation gasoline
and Type B (JP-U4) which are approximately - 50° F., and -10°
to 300 ¥., respectively. Rate of propagation or flame
spread is probably influenced mostly by the vapor pressure
of & fuel. Wwhereas kercsene has a vapor pressure of
approsimately 0.07 \b./sq. in. at 100° F., that of aviation
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"gqasoline is 5.5 to 7.0 lbs./sq. in. and that of JP-4 is 2.0

to 3.0 lbs./sq. in.

It may be seen, therefore, that kerosene does not
give off ignitable vapors unless the fuel temperature is
above 959 F,, whereas gasoline may be ignited at about any
temperature and JP-4, at most temperatures. Experiments at
NASA hawve shown that the rate of propagation of gasoline and
JP-4 18 about 700 to 800 feet per minute while kerosene has
a rate of less than 100 feet per minute under the same
circumstances.

The reason for the explosiveness of fires in many air-
craft accidents, no matter which kind of fuel is carried, is
that the fuel is frequently released in a mist or atomized
form. All fuels are readily ignitable in that form. The
resulting flash fire then heats the bulk of the spilled
fuel, destroying the beneficial effects of low volatility

fuels.

The benefit of kerosene is found in accidents similar
to the subject one, where the release of fuel is minimal.
Although a fire may have started, the remainder of the
spilled fuel muet be heated to its flash point before
further ignition can occur. The rate of propagation will
then be lower than for other fuels.

(4) Firefighting

It is estimated that the first fire engine arrived
at the scene of the accident 1-to-1-1/2 minutes after the
alrcraft came to a stop. Considerable smoke was being
generated at that time and the fire had reached sufficient
intensity to prevent early extinguishment. Although the
type and amount of firefighting equipment available at this
airport compared favorably with those at other airports
having as much or more traffic, accident experience has
shown that aircraft fires aeem to impose problems beyond the
capabilities of even the mouit sophisticated equipment. The
value of the equipment must be found in its lifesaving
capabilities. Imnediate rcscue of occupants and suppression
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of fire to afford @scape become the decisive factors in
accidents; saving of the equirment is 8econdary or does not
play a role at all. The vaiue of "Quick-Dash"® +trucks is
undeniable. These  trucks have limitea firefighting

capability, but they are equipped with rescue tools and have
greater speed and terrain clearance capability than the
heavy fire 2ngine.

2.2 conglugions

a. Findings

1. The preimpact condition of the aircraft was not
a factor in thig accident.

Tht weather was not a factor in this accident.

The physical environment of the
is not considered

The pilotts relatively limitegd experience in
this aircraft was a factor in creating a break-
down in the exercise of commard in the cockpit.
This, in turn, contributed to the creation of

a sjtuation conducive to a hard landing.

A relatively high rate of descant was continued
until just before the aircraft touched down.
that time, an excessive pitch control input was
used to initiate a flare for landing.

The combination of touchdown with a high rate of
descent and a large pitch control input combined




to cause a high bounce of the aircraft.

The recommended action to reccver irom such a
bounce was not taken; instead, the pilot deployed
tha spoilers in a circumstance in which that
action could only result in a catastrophically
hard second landing.

The RMLG attach structure was overstraessed by
this landing and structural failure followed.

subsequent actions on the part ¢f the crew
increased the severity of the accident, causing
the aircraft to leave the airport boundary and
impact on a near-by hillside.

The evacuation, which was accomplished within
1 minute, was well handled by the cabin
attendants.

The success of the evacuation is attributed

in part to the fact that fuel spillage was
minimal and that the aircraft used a fuel with
a combustibility which retarded the immediate
intensity of the i)ire.

b. Probable Cause

The National Transportation Safety Board determines
that the probable cause of this accident was the captaints
use of improper “echniques in recovering from a high bo:wnce
generatced by a poorly executed approach and touchdown. lLack
of coclpit crew coordination during thao approach and
attempted recovery contributed to the accident.,




BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

December 29, 1971
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JOHN H, REED

Chalrman

OBCAR M., LAYREL

Memher

PRANCIS ., McADAMS
Membe

9

LOUIS M. THAYER

Member

ISADEL A, BURGESS
Hember




All times are local, Atlantic standard t¢ime, based on the
2U-hour clock unleas otherwlse specified.

Very high frequency omanidirectioral radio range.
Visual approach slope indicator.

A computed reference speed based upon 1.3 times the stall
speed of the alrcraft in the landing configuration with
the engines at zero thrust. This speed varies with the
weight of the aircraft, and it may have speed increments
added to alluw for factors such as gusty winds.
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Kips (1,000 pounds) per square inch.

D. Russel) Dawvis, Department of Medicine, University of
Cambridge -(1958) Ergonomics, 2.24.
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APPENDIX A

| INVESTIGATION

1. Znvestigation

The Board received notification of this accident at
approxinately 1400 e.s.t. on December 28, 1970. an investi-
gating team departed from Washington, D. C., at 2107 that
evening, and arrived at the H»cry S Truman Airport, St.
Thomas, Virgin Islands, at 0245 on the following morning.

Field working groups were established for the following
areas of specialization: Operations, Witnesses, Humar
Factors, Structures, Systems, and Powerplants. Parties to
the investigation were the Federal Aviation Administration,
Trans cCaribbean Ajxrways, »air line Pilots Assoclation, The
Boeing Company, and Pratt & Whitney Ailrcraft Division of
Uniced Alrcraft Corporation.

The on-scene phase of the investigation was completed
on January 8, 1971.

2. Public Hearino
No public hearing was held.
3. Ereliminary Report

A preliminary report of the avcilable facts and conditions
was adopted by the Poard on February 18, 1971, and released to
the public on April 9, 1971.




APPENDIX B

CREW_INFORMATION

Captain Fred J. Woxle, age 40, possesses an airline
transport pilct certificate No. 1368358 with type rutings in
the Douglas DC~8 and Boeing 777. He also has an alrplane
multiengine lard rating and commercial privileges in the
Boeing 377, In addition, cCaptain Woile has a Flight
Engineer certificate No 1513266.. His first-class medical
certificate is dated July 28, 1970, with no limitations.

The captain's total flighec time prior to the accident
wvas 10,665:33 houre. of which 350:59 was f£light engineer
time. His total pilot-in-command time in a Boeing 727,
prior to the accident, was 169:34 hours, of which 32:55 were
training. He had made five =2ntries into St. Thomas prior to
the accident. Thcee were in Octobsr 1970, and two were in
December 1970. His last D-8 captain proficiency check was
flown on June 29, 1970. Dua to a recent furlough and a
reduction in force he traneitioned to the Yoaing 727, and he
corpleted the initial training program on September 2t,
1970, and satisfactorily performed an ajircraft flight rating
on Octcober 2, 1970, He completed 25:97 hours of 1line
training and route qualification on October 28, 1970. NHis
training included rejected landings. His flight <training
pexsonnel jacket contairs t:he comment “axcellent all around
pexformance, "

Fixst Officer Raymund L. Hayles, age #5, posSsgesses u
commercial pilot certificate No. 483494 with airplane single
and nultiengine land, and instrument ratings. Wis flight
navigator certificate is No. 1128430. He possesses a first-
class medical certificate, dated July 1, 1973, with no
limitations.

Mr. Haylea'! total flight time prior to the accident was
2t,016:28, of which §,871:26 was pilot time, and 1,545:00
wag navigator time. His total Boeing 727 time (second-in-
command) prior to the accident was 1,126:41 hours, of which
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33:08 wexe training. He was trained by PFastern Alrlines,
Inc., under contract to TCA and completed second-in-command
initial gqualification on June 10, 1968. His flight check
was satiefactory. ‘The training syllabus and check maneuvers
included rejected landings and (three engine) missed
approaches. His record shows completion of the B-727
ndifferences® training requirement on June 16, 1968. Mr.
Hayles 1line qualification form contains the comment *very
good work.%

Flight Engineer Charles R. Ferrell, age 41, possesses
airline transport pilot certificate Nce. 16686510, flight
engiieer cortificate No, 12986354, and mechanic certiflicate
No. 1108782, His pilot ratings are airplane single-engine
land, and comsercial privileges, airplane multiengine land.
He is rated a f£licght engineexr on recviprocating and turbo-ijet
powered ailrcraft, His wmechanic ratings are airframe and
powerplant. His first-class nedical certificate is dJated
October 18, 1970, with <the limitatlion, “"Holder must wear
correcting glasses for near and dietant wvision while
exercising t:he privileges of his airmants certificate."

His total flight time prior to the acclident was
17,589:26, of which 4,396:20 hours were pilot time and
13,193:106 ware flight engineer time. His total Boeiny 727
pilot time, prior to the accident flight, was 1,519:54 hours
(second-in-command), of which 3l:44 were training. His
total Boeing 727 time as a f£light engineer, prior to the
accidant flight, was 146:06 hours, of which &0:11 were
traiuing.




APPENDIX C

LAL_VOICE ERCORDER

oy a0

Cockpit area microphone
Identified as the Captain
Identified as the Piret officer
Identified as the Flight Engineer
Unidentified
First Officerts Radio Transmission
8t. Thomas Tower Transmission
Unint.elligibla word
Non~pertinent word
Open to further intexrpretation

({ })) Editoxlal insertion

Time indicated is seconds prior tn end of recording,

Time ¢
Sourae

CAM~1 Flaps thirty --

CAM~2 Thirty

CAM~-1 Riqght to forty

CAM-2 Goin' right on to forty

CAM~? *

CAM 7 Check

CAM~-? Check

CAM=7 %8%%

CAM 8ound resembling horizontal trim actuation

CAM=3 (Aﬁtg:lly) a good day to slow up ~- one one gero at
¢ig

CAM=-3 T want you to sl m it up once and see if ya feel it

CAM~-3 Sound of laugh ’

CAM Sound rxesembling horizontal trim actuation

CAN~2 The wind shified

CAM-1 ¢ slow though

CAM sound resembling horizontal trim actuation

CAM~3 And the VASI slope sliows you ==--




e e Ll b

TIME &
SCURCIE

CaM-1 A little high

Cai-? Sound of whistle

RNO=1 Trane Carid five ch five wind check

TWR PFive oh five one ona zexo dogyrees at ten knots

RDO-2 'Key ars we cleared to land?

TWR Cleared to land

RDO=2 Thank you

CAM~2 I wasn't sure whother 'e’d given it to us or not

CAM  Creaking sound

CAM=2 Windy qusaty

CAN=2 Aw I mean windy out ovey the ovean thore ** evin
around fian Juan

CAM«2

82,6 8ink rate is six hundred

CaM=-3 Bigh on your oin) (now)

Chl4=? ¢

CIM=2

40,1 Speed at about «- ten above ref: ence speed

CAN  Sound resombling that of horiz-atal trim actustion

CAM=2

34,6 S8ink rats is seven hundred

CAM=2

31.5 on xeference

CAM

310.2 Gounds assoclated with touchdown inciudes a shoxt

I paricd high frequensy ncise of undatermined scuxce

CAM=~

Poor nosa ((strained voice))

Sound of very loud thump noise

Sound of intermittant wirning horn commencos
{You) take it

'

L have ‘er
Sound of very loud thuwp and continuous noive

Sound of continucus wazning horn cormences
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CAM~ 1%

150“ !'lflpo L'tp

CAM |

15.0 No dontt go around

ChAM-1

3.8 Flaps up -- come on, get ‘em up

CAM~1

12.8 ({(Runway lights) =*

CAM-~3

12.1 comin® up

CAM-1

8.1 Flaps up

CAM=-23

7.6 They‘re comin®' up -- but you're not goint to make it--
you gonna kill us

CAM
00:00 BEnd of recording
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i . EXTBACT PRON BOZING 727 PILOT TAAINING MANUAL APPEMDIX D

BOUNCED LANDING RECOVERY

10-4BOUNCED JANDING RECOVERY
(Yot to Le ncoumpliehed 1o ths alrpluns. Dizcussion only).

- oy

In training, there probably vill be spportunities to observe a recovery
from & bounced landing. A bounced lasding will not be deliberately perforaed,

Begoyesy

Hold or re-sstallish nonsal landing attitude and add thrust as
necessary to conirol the rets of descent. If only a shallov bounce
(skip) occurs, thrust need not be lacreased.

Do not push over, ss this will only cause another bounce and possibly
damcgs tle nose gair.

Do not increase the pitch attitude above normal as this only increases
the height of the bounce and may cause ¢ 'Yy into stall varning. This
results in a second hard touchdown.

e R O, sy Ui TOUSME S Tein) o M g ety

b

3 As the airplane touches dowvn the second tizme, use the normal landink
b i procedures--spesdbrakes up, brakes on, and sngine reverse,

If a ard high bounce oscurs and excessive runvay is used, & go~sround
my be mandatory. Apply go-around turust and use normal go~-around

N procedurews, A second touchdowm ray occur during the go-around, DO NOT
RETRACT THE LANDING GEAR UNTIIL A POSITIVE RATE OF CLIMB I8 ESTABLISHED,

p1sCUSSTON
Poor landings usually follcwv poor approaches!

A sooth touchdowvn cen occasionally be made from a poor spproach;
hovever, good landings are made consistently frow piroper approaches.

Couses

Herd or bourced landings are gecerslly mede fiom high & ches at
highor than pormnl rates of descent vith excessive and/or late rotation.
, Plsn shead and monitor the approack angle eo that stuepening the glids

: path is not necessary. See 6-6. High Rate of Descent Cemcnstration.

Rapid rotaticn under the above conditions increases the g londing.

At maximm landing veight, the stall speed increases approximately b
knots for each 1/30 g. Thus, rapld rotation vwill womentarily

- dscreave the rate of daescent and then the rate vill incresase as the

! 3 airplane specd decremses, As the tpeed decreases tlhe pover rejuired for
;! : level flight increases.

‘ Thrist must be added to decrease s high rate of descent vhen holding
- tha proper spyrosch spesd (Vjpyy and using & normsl rotation, At

; rates of descent approaching feot per minute, venxly takeoff
thrust may be required during rotatisn to stop the rate of Zescent
vhile holding the approach epeed. Hith flaps 40 end idle thrust, a
rapid thrust sapplication end nose up rotation to abeout 10 agress vill

i -u- e
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Lo required to stop the rate of descent., Approximetely 250 feel will
be loat if Ym, is held. g forees will da approximetely 1.3.

If sirsposd 1e aleo decriased the losn of altitude can be reduced.

When approaching on a stoep glide nlcpe, extra airspeed above V

pust e meintatnod, This comdined vith an early and smooth rotaticn

‘ cén result {n & smooth landing. But this sequence 1vquires vaery good

13 julgarot of both the amont of excene speed and the altitude to start
] : rotation, Any eiror results in s poor landing. Stesp spproaches gre

I . ne. . If possidle intercept the normal giide path before

|- ; resthing thoe fie)}d and ostadlish & normel approach.

oy T AN e SRR I AT AL . b R i S oS

. A norssl approach niwed at the 1000 foot mark can result ‘n a hard
e 1rnding when the pilot unintenticually moves his eyss to the approach
| 3 eod of the runmvay ns he nears the runvay or "bresks out” on an instru-
S went sapprosch. Thus, the noss iuw dropped and the rate of descent

¥ {ncrve zes--upnoticed-~urtil too late., See Figure 1.

‘hv.ﬁ_m - \..'_‘- .
Normat ""‘““--u.."::,c

Dropped Now: N‘i .
-.\.‘ —
..—h——-dnv.-m&-.-”—m— - ¥ L“’% R

Figure 1. Bounce .arding

1 Hard landinge, but rarsly bounced landings, can result from s normal
! approach and over-rotation with excessive floating {holding the
airplane off).

Thrugt

If » high henl bovace occurs, the thrust must be incressed to control
‘ the rate of dosceat for the second touchdown, or to perform ¢ go-around
Z if excesnive rucvay has de¢n used.

e ¢ nmgbin a3y T

10-h TOUNCED LANDING RECOVERY ,”yjﬂal No per 787 (P) >
10.1-A7 § race  10=k.1
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