CIVIL AERONAUTICS BOARD '7(/2,»%
ACCIDENT INVESTIGATION REPORT =
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TRANS WORLD AIRLINES, INC., MARTIN 404, N 40428, GREATER
PYXTTSBURGH ATIRPORT, PITTSBURGH, PENNSYLVANYIA, JUNE 7, 1956

The heeldent
Trans World Alrlines! Flight 509 of June 7, 1956, a Martin

404, N 40428, was extensively damaged while landing at the
Greater Pittsburgh 4Alrport, Pitisburgh, Pennsylvania, June 7,
1956, about 1319.1/ Two pasgengers recoived minor injuries
durdng evacuation via emergency exits.
History of the Flight

Flight 509 was regularly scheduled between La Guardia Alr~
port, New York, and Houston, Texas, Pittsburgh, Pennsylvania,
was the first of several scheduled stops. The crew consisted

of Captain Salvatore J, Gracy, First O0fficer Donald W. LeDuc,

and Stewardess Vivian R, Magarfan.

Prior to departure of the £flight its crew was briefed on
the en route weather and recelved the sequence and forecast re~
ports, GClearance was on asn IFR flight plan via airvays. The
eireraft departed La Guardis on schedule at 1120 with 28 adult
passengers and two infapts, Takeoff gross weight wes less than
the maxlmum allowable and the center of gravity was located
within preseribed 1limits.

The flight operated uwneventfully in VFR weather over the

entire route from New York to Pittsburgh. Upon arrival there

1/ Times herein are eastern daylight based on the 24-hour gloek
and distanoces are in nautical miles,



the crew asked for and received clearance to make & sipulatsed
TLS approach to rurway 28, the instrument runway.

During the last portion of the final approach the aireraft
lost altitude rapidly. This high rate of descent continued un-
t11 the mpaln landing gear of the aireraft struck two ocentsrline
approach llghts and then contacted the ground just short of and
below the approach end of the overrun extension of the runway.g/
The main landing gear waes badly damaged. The aireraft slid dowr
the runwey, without appreciable yaw, on 1ts undamaged nose
wheel and the rear portlon of the bottom of the fuselagze, for
g distance of approximately 3,500 feet, The tall-down attitude
of the elreraft on the runway blocked the main cabin door
logcated at the rear bottom of the fuselage. Consequently, oc-—
cupaents could depleane only via the gseveral escape hatches and
the crev compartment loading door. A small fire had developed
durlng the skid but was quickly extinguished by National Guard
firemen who had started for the scene actually before the air-

eraft came to rest,

Investigation
Pirst Offlcer LeDuc was 1n the left seat belng checked for

2/ The following NOTAM is found in the Mey 29, 1956, Alrman's
Guilde, published by the U. 5. Department of Commerce, CAA
0ffice of Aviation Information, This NOTAM was in effect
at the time.

"TLS glide slope usable to approach end of Runway 28
no touchdown, (3-1) field: Extensive civil aircarrier
traffie. Steep drop-off on approach end Runway 28, First
500t Runvay 28 overrunj do not land short of threshold
merkings. The vehicular traffie crosses approach end of
Runway 28. Hazardous conditions in all overrun areas,
First 2500! of Runway 10 slopes downward to east. Jet
traffis pattern 2700' M3, Runway distance markers in-
stalled on Runway 10-28,F%
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upgreding to captalney by Captaln Gracy, a compeny qualified
check pilot, Thils was the first flight they had nmade together,
LeDuc had made other simulated ILS approaches at Pittsburgh
but from the right seat, and with other eaptains., His total
left seat time in Martins was about nine hours acquired during
transitlional training at Kansas City. It is compeny policy not
to glve flrst offlcers left-seat time except during this trang-
gitional checking for captalncles,

The computed gross weight of the aircraft at the time of
the accident, allowing for fuel burmnoff, was 39,700 pounds;
the maximum allowable gross landing welght at Plttsburgh was
43,000 pounds.

Runway 28, the one used, 1s approximately 7,500 feet long

with a 600-foot paved overrun area on its approach end. Thls

end of the runway is 1,137 foet mbove sea level; the far end
of the runway is 1,168 feet above sea level., A horizontal row
of high 1ntensity approach lights leads to the approach end of
the overrun area, The weather at the time was good. Specif-
fcelly (at 1321, two minutes after the accident), it wasz
Scattered olouds at 5,000 feet; visibllity 7 miles; wind calmj
temposrature 78 degrees; altimeter 30.00.

Tnvestigation at the scene disclosed that the right main
gear vheels struck the last two high Intenslty centerline ap-
proach l1ight towers located 800 feet and 700 feet from the
threshold of the runway. These lights, as well as others be-

yond them, are substantially at the same elevation as the
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runvey and its overrun area, A fresh ocut, three-quarters of

an inch wide and one-half inch deep, 1n the outboard rim of a
right main landing wheel was made when that wheel struck the
tower BOQ feet from the threshold. Guard ralls on the other
tower were broken and bent in the direction of flight and one
of 1ts right-hand lights was broken off., Tire marks were found
on both 1lilght tower rallings and e six-inch section of inner
tube was found on the ground below the 1ight tower 700 fesil
short of the runway threshold and 100 feet from the beginning
of the overrun aresa,

Both main landlng gears struck the embankment about 50
inches short of the overrun area, and approximately 22 inches
below 1ts level. Marks at the start of the pavement indicate
that the nose wheel made first contset at that poimnt. Both
nain gears were displaced rearwvard as their drag struts falled,
with the left gear separating at the strut cylinder and coming
to rost ot the runwey forward of the threshold., Blades of the
left propeller were bent rearward and theilr tips were ground
dowvn. The right propeller blades were also bent resrward, to
a lesser extent, and their tips were also ground down, likewise
to & lesser extent,

One of the tubulaer members of the left engine mount wes
broken and another was bent and cracked forward of 1ts fitiing.
The entire lending gear support structure and the shear shelf
of the left nacelle were bent and torn loose and the strut

¢ylinder was swung rearward.
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The following readings were taken from the crew compart-
ment: Gear handle, neutral; ecarburetor heat, both englnes,
cold; both engine ignition switeches, off; throttle levers,
one-half Inch from olosed position; both engine fuel selector
handles, off; emergency flap selector switeh, forward and
safetied; electrical gang bar, off; generators, off; inverters,
off; eabin pressure swlich forward, normal; aileron boost, onj;
sun visor, up; '"no smoking" and "fasten seat belt" swltches,
on; ventilating fan, on; both engine cowl flap gswitches, neutral;
mixture, idle e¢utoff, Certain of these readings reflect emer-
zsency action taken by the crew to prevent fire followlpg the

acclident,

After the accldent the wing flaps were found up, the flap
handle was in its up detent, and the flap position indieator
in the cockpit read up. The trailing edges of the flaps were
not dameged by contact with the runway. However, ithe rear
portion of the right inboard flap was deformed downward at 1ts
trailing edge by s pair of concavitles closely mating with the
contour of the outer curvature of the pair of right tires.

Following the accident, the alrplane was placed on Jacks
4p the Trans World Alrlines hangar, and an intensive investiga-
+ion was made of the fleps and their operating mechenlams and
associeted components. No $rregularity of any significance
wes found during this examination,

While the aircraft was in the TWA hangar on jacks, the

right gear was moved rearward in an effort to mateh the
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fractures, abrasions, and deformities of the gear with the bot-
tom skin of the wing and flap, This was accomplished. Both
hinge jointe of the right landing gear were intact; however,

the support bracket of the right side of thls gear was fractured
The Y section of the main landing geer was displaced upward and
rearvard, leaving its imprint in the bottom of the wing skin aft
of the wheel nacelle. The T door unit that is normally at-
tached and remains with the gear while 1t is in the full down
position was found crushed ard displaced. It had broken free
from the lower attach point on the gear strut eylinder. This
lower attach fitting is approximately 33 inches below the bhinge
péint of the gear strut., When the gear was placed in positlon,
this fitting on the eylinder matched a puncture in the lower
skin of the tralling edge of the wing. The tralling edge of

the wing had beon deformed and displaced to some extent. The
landing gear sclssor was extended f£ull length, The upper end

of the pilston portion of th;‘landing gear-struj:_h&d,botto;edw a
ageinst and fractured the retaining unit at the lower extremity
of the main strut eylinder. A grease fitting located on the
hinge position of the scissor metched a puncture in the lover

skin of the flap. This puncture was elongated by the flep mov-
ing upward. Damage to the underside of the wing and to the flap

mated with the landing gear when the flaps were extended about
12-1/2 degrees.
Certain hydraulic system components were removed from the

sireraft and bench checked., Among these was the wing flap load
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relief valve, a spring-loaded hydraulic relief valve that re-
iieves hydraulic pressure in the flap extension mechanism when
the flaps are subjected to high airloads. This unit prevents
full flap extension and/or mllows partial flap retraction be-
fore excesslve alrloads are developed, thus preventing damage
to the mechanism or the wing structure. All components tested
were found to operate in a normal fashion with no significant
varlations from acecepted performance tolerances being noted,
Investigation of the strueture and of the many functional
components of the alreraft disclosed nothing to indlcate that
there had been any fallure or any malfunctioning of any sort
prior %o initial 4impact with the ground. The aircraft had been

properly and currently malntained.

Crew testimony was substantially in accord ard as follows:
Prom La Guardia to the viecinity of Pittsburgh the flight was
normal in all respects, Upon approaching the locallzer course,
the captain lowersd the flaps to takeoff position and verified
that position by the flap indicator. Approach control advised
the flight of its position, and told it to continue the ap-
proach and to contact the tower. When established on the
loecalizer course the landing gear wes lowered, also Dy the
captain, and checked down and locked, with three green l1ights
showing. The propellers were set at the customary 2,300
r. ps» D., and the remainder of the cheeckllst was completed.

The tower was contacted about one minute east of the River

radio bescon (about 5.6 miles east of runway 28), and the flight
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vas clearad to continue its spproach to runway 28, with the
tower advising that traffic was a jJet alreraft making a low
approach to the runway end about three miles out. Upon ap-
proeching the glide path the flaps were extended by the captaln
to the approach position 2nd thls position was verified by the
flap indicator. According to the crew, the ILS approach was
normal, The left trensparent sun visor was In the down position
to lessen outside visibility as is customary during simulated
TLS approeches, Ths right sun visor was up. The captain testi-
fied that at approximately 1,400 feet m. s. 1., about 250 feet
above the level of the rumway, he ralsed the left sun visor

with his left hand and extended the flaps to landing position,
the latter at the request of the first officer.

Shortly thereafter, the asirplene lost altitude more rap-
131y, This was apparent to both pllots by sensation and ground
reference, Airspeed 2t that time wes noted to be about 110
knots (about five knots more than normal because the long run-
way pormitted a longer landing roll). Captailn Gracy started
to advise the firgt offiger of the settling, but the latter was
already taking corrective action by applying power, Thls was
satigfactory to the captain. The airplene sink appeared to be
arrested momentarily, but 1t then resumed desplte the appllca-
tion of power. The amount of power =zpplied was nearly full
throttle -~ almost to the stops., 4lthough the airplane was low,
and getting lower, 1t appeared to both pilots that they would

reach the runway without difffoulty.
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As pover vas applied, the nose of the airplane came up
more and more. The first offieer, along with applying power,
vag also bringing baek the control wheel. This nose-up atititude
was such that the runway threshold was lost to view from the
cockplt, although the far portion of the runway could still be
geen. A tower controller who observed the settling estimated
that it started about one-fourth mile short of the approach end
of the runway and about 50 feet above the row of approach 1lights.

The sinking continued until contact with the approach
lights, 200 and 100 feet from the end of the overrun. It was
the impresslion of both pilots that they had first contacted
the runway proper. Captaln Gracy testified that he believed Y
that he started the flaps up upon sensing the runway contact,
but did not recollect specifically ralsing them at any time.

The aireraft continuved straight ahead with 1little or no
yawing., When it had nearly stopped, the hostess quickly went
to the cockpit and informed the pilots that the cabln was
£31ling with smoke. Switches wers opened and fuel valves were
closed as the airecraft slid to & stop. Before the crew left
the asireraft they supervised the quick evacuation of the cabin
by all occupants, As mentioned, firefighters speedily had the
sltuation under control,

The only other traffic in the vicinity at the approximate
time was an Air Force Jet fighter, also making a simulated TLS
epproach, When TWA Flight 509 reported to the tower as passing

the outer marker inbound, 1%t was told that the Jet alreraft was
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about three miles ahead. Nelther pllot sew it. When the jeot
aireraft discontlinued its approach, TWA 509 was cleared to land,
Observatlon of the path of the Jet by the tower controller
leads to hls estimate that it passed over the approach snd of
runvay 28, where TWA 509 first made ground contact, at an al-
titude of from 200 to 300 feet, and that it did sc between one
and two minutes before TWA 509 reached thet loeation. Both
pllots stated that there was no significant turbulence either
from the jet alroraft or from any eddying of eir just beyond
the apprcach end of the runway where the terraln falls away
rather sharply. An Alr Force pllot who landed an F-86D on run-
way 28 jJust seven minutes prior to this acecident encountered neo

appreciable turbulence or downdrafis.

Passengers were questioned c¢oncerning any observations
they may have made relative to flap position or flap travel
during the approach. One thought that the flaps were extended
some flve or ten minutes before the accident. WNone of them re~
call seeing flap position or travel just prior to the aceldent.
Analysia

The rapid settling should not have been caused by natursl
turbulence beceuse the jet that landed seven minutes previously
experienced none of eny importance. Also, the lack of wind -
reported as calm - coupled with a rather normal noonday tem~
perature of 78 degrees militete against 1t. The rapid settling
seoms most certalnly not to have been caused by the jet making

the low pass over runway 28 just ahead of Flight 509 because
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peither of the pilots of Flight 509 reported trouble from that
source, Consldering thls primarily, end recalling there was
gome three mlles separation between the flight and the Jet, the
Board believes that insufficient jJet wesh or matural turbulence
existed to cause the sink,

The firgt officer stated that the alrspeed was 110 knots
and that engine manifold pressure was 20 Inches when he called
for "landing® flaps. Bench testing of the wing flap load re-
lief valve disclosed that its cracking pressure was 870 p. s. i.
A valve so adjusted would prevent full flap extension at speeds
above 98 knots, with engine power as reported. A4t 20 1nches
of manifold pressure, eand at an sirspeed of 110 knots, the
flaps would not extend fully, but due to load relief valve ac-
tion they would cease their downward movement and become sta-
bilized at an intermediete position of approximately 36 degrees.
An increage in engine pover at this time would causs further
flap retraction; however, flight tests have shown that such
retrastion 1s accompanied by a slight increase 1n asirspeed and
1ittle or no settling of the aircraft is expsrienced.

Because 1t is believed that nelther jet wash nor natural
turbulence were factors and because no defect was found in the
alreraft or its components, the reason for the low altitude
appears to be operationsl. However, the physical evidence
evailable to us conmcerning the flight path of the aircraft cen-
sot be reconciled with the testimony of the flight crew concern-

ing airspeed, flap management, and time of power application.
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If the airspeed of the aireraft was as testified, 110 knots,
and sufficlent power was applied at the proper time and the
flaps were not retracted, there 1s no known reason why the alr-
craft descent could not have been arrested In time to avoid
undershocting the runway and striking the lights. In the 1ight
of the teslimony of the pilots, along with the physical evidences
avalilable, the Board 1s left wlth no other conclusion than that
the landlng approech wes so poorly executed by the copllot as
to have made 1t obligatory for the captaln to have taken, or
caused to be taken, earller corrective action.

In reconstructing this aceident 1t is neceasary to premise
certain happenings upon possibilities rather than known actu-
alities. A reconstruction so constituted would be as follows:

At or shortly before the time when the captaln ralsed the
copllotts sun visor and then lowered the flaps, the copilot
increased his rate of descent., This 1s understandable inasmuch
as he had only then changed from irngtrument to visual reference.
At that time, seelng ahead of him a 400-foot overrun aresz short
of the runway and indistinguishable from 1t In color, 1t may
safely be presumed that he increased his rate of descent so
that hls touchdown would be at the proper place on the runway,
but in relation to the approach end of the overrun area rather
than 1n reletion to the epprozch end of the runway proper.

Then, when it became apparent that this resulted in the alr-
plane sinking too rapidly, the corrective application of power

was made too late to arrest the descent before the lights were
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struck, These lights, as previously stated, are substantially
et the same altitude as the runway and 1its overrun area. Asg
has been polnted out, the attitude of the airecraft at that time
vas such that only the far end of the runwey could be seen, the
approach end belng blocked off by the intervening nose of the
aircraft.

The rbove hypothesis seems to be strengthened by en inci-
dent which occurred at the identical place some time after the
accldent. TIn the latter case, the maln wheels elso struck just
below the level of, and just short of, the approach end of the

overrun area. 4 sucecessful go-around was execeuted,

Slnce this last incident and as a result thereof, the sub-
Jeet overrun area has been consplcuously marked to distinguisn

31t from the ruvnway proper.

Findings
On the basis of all avallable evidence the Board finds

thats

1. The carrier, the aircraft, snd the crew were currently
certificated. |

2. Weather, downdrafts, and turbulence were not factors
in this accident.

3. The aircraft and all of its components, including the
flap system, were functioning normslly up urtid) the time of
impact.

4. During the final approach the alireraft lost altitude

tco rapidly.
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5. Power was applied but it was too late to prevent striking the
approach lights.

6. The axrcraft next struck just short of and just below the runwey's
overzun,. ‘

7+ The main landing gear collapsed and the aircraft settled to the
runway.

8. The aircraft slid to = stop on the runway and its weight on the
main cabin door prevented use of that door, forcang evacuation through
energency exits.

9. A fire developed during deceleration, but was quickly extinguished.
Probable Cause

The Board determines the probable cause of this accident was that
during the final approach the Captain permitted the First Officer to descend

too low before power was applied to arrest the airecraft's descent.

BY THE CIVIL AERMNAUTICS BOARD:

/s/ JAMES R. DURFEE

/s/ HARMAR D. DENNY

/s/ G. JOSEPH MINETTI

/s/ LOUIS J. HECTOR

Vice Chairman Chan Gurney did not take part in the adoption of this report.
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Fnvestigation

The Ciwval Asronaubics Board recezved notification of the aceident
a for mnutes afler occurrence, JSn 1nvestigation uas warediately started
in cceordence wath the nrovisions of Section 702 (a) (2) of the Cival
Zeronautics et of 1938, as amended. As part of the investigation,
depositions of both pilots and other persons were taken ¢t the Federel
Building, Tdlcuzld hfarport, New York, on Junc 21, 1956,
421r Carrer

Trans Uorld SLarlincs, Inc,, o Delawers corsorotion, 1s o scheduled
2ir carrier vatn 1ts prancipel offices ot Konsas City, lassoura, It
posscssces 2 currently offcctive certaficote of suclac econwascnece end
ncecssaty 1ssued by the Civil Jcroncutiss Borro 2anc an 2ar corrier oporct-
ans certafiente issucd by the Cawval [Jeroncutics ..dministretion. These
ccrtifiertes puthoraze the carracr to tronsport by =1r persons, property,
~nd mai1l over voricus routes ineludiag the reolc involwved in the reexdeont.

Flirht Porsonnel

Captain Salvrtore J, Grecy, zge 38, ha becon em.loyca by Tw. since
October 1942, Ho comoleted satisfoctorily a comseny course of traimang
for student farst officer and wes gronotcd to regpular first offacer in
apral 1943, onl to etptean an rovember 1945, He comslo ted quolafie-taon
cn Mortan cguascat, os coptain, 1n Februcry 1952. Captrin Srocy scrved in
the erpacity of line check palot from June 1548 t5 dovewber 19L8, then from
liarch 1954 to Lurust 1954, On Fetruwery L, 1956, he ws ~roin anpcinted
Yyne cheel pil~t ant satasfrcterily compleote the comzomy's indoctrinotion
course therefor. oLt the time of this o~ccicont Zaotoin Groey heo o tot-l

sf 10,609 hwrs of pilotans, of “hich 1,832 h~ws nad been 12 s ~riins. He

—l-



held » walld awrmrn ecrdsficate with airline transmort reting ond all
other portinent rotings, without weivers. His rest seriod prior to
the subjeet flight had been in compliance tth CLUL requirements, and
has last ohysicel ex-ramation was pnssed o January 27, 1956.

First Officer Donald “J. LeDuc, oge 3h, wes first omploycd by Tl
in M~y 1847. He completed his Mertan cquisment quelafie~tasn as first
officer an doverbor 1952. Ir. Loluc had fiowm ~ totrl of 8,888 hours,
of wnzcn 201 hmxrs h~d been 1n Mertzns. e held all necessory and perta-
nent certafic~tes and rotings, waithout waivers, and his 1-st physical
exeminotion wos desscd on Lupust 30, 1955.

Hostcss Vivaan Re “a-orien, oce 28, wms first employed by T as a
stulont hostess in Junc 1952, She comploted hor troining saotaisfectorily
and became 2 linc hostuss an thet some month., She had ettendcs her lost
smergency ovacuatien traininst prosrem an .pral 1956,

The ..areraft

The oircr~ft 1nvolved wos -~ Fartin aocol 4Oh, H LOL428, desipnrted
by TL., ~mcr ond operator, rg their slane do. 128, It had beon fully
meantained 1a 211 pasoecets an accordence mih comorny ~nd with Ch. requarc-
ments. THo onpanes woere Prott ~nd Jhitney mocel CEIS wath 785 hours an?
151 hours for 1loft cn’ ri ki, resmpectively, since overhaul. Propcllers

wore Hamlton Stondrrd mo'll L3S0,



