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4 . CONCIL US I ON
i

4. | Susmary cf Araiysis

4.1.1 General ¥atte::

4.1.1.1 The fligut =rew were properly qualified and had passed the established
medical examinaticrn.

4.1.1.2 1t is acknovledged that the then existent meteorciogical conditions were
not directly relevan: (o the occurrence oi the abnorasl situaiion.

4.1.1.3% Functions and operational conditions of zids to navigation and ATC unit
are acknowvledged to have been normal.

4.1.1.4 The aircraii was certilicated and waintained according to approved
procedures.

4.i.7 Flight of the Accident Aircraft up co tic Occurreace of the Awnorual
Situation

4.1.2.1 On August 7. 1985, the accident aircraft took clf Tokze lnternaticnai
Airpori 1812 hours as Flight 123, subsequcat to preceding fou scheduied flights
on the day. There were weither reports of abnormality aer {1ight discrepancies
regarded as relevant 1o this accident in the precediag four fiights :
ihe inspestion and gaintenance conducted detwzen thes (including the viee{1ight
check as flight 1233,
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4.1.2.7 At 1824:35 hours, about 12 minutes alter take-of{ an abnormzi situation
occuried so as to exart serious influence on continuation of the [light, ¢p to
which time the fiight is considered to have heen normal.

4.1.3 Repairs for Damage caused by the Accident at (3aka international Airport

4.1.3.1 It is acknowledged to have been proper that the repair vork related {o
siructures of the aircraft was accomplished by the Boeing Company for JAL by the
coniract, because the aircralt was eanufactured by the company, etc.

4.1.3.2 The repair plan of the aircraft agreed on Uetween JAL and the boeing
Company is considered to have been proper in general,

11.3.3 When the lowsr half of the aft pressure bulkhead deforsed oy the actident
vas reaoved and was being replaced by the nev one in accordance with ths repair
slan, tt was found that there were locations vhere the edge margin zround tig
rive: holes at the spiico (L18 splicel of the upper and the lower weds cf the aft
nressure bulkhead was less than draving requirements. This is considared to have
veen caused by somewhat insufficient corcern against deformation of the ali
[uselage in the repair work of the aft pressure bulxhead,

4.1.3.4 For the above, the corrective measure (o make a splice joint by inserting
a splice plate between webs of the upper hall and the lower half of <ha aft

pressure bulkhead, which is considered as proper, was planned. But, duving the
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repair, improper work was conducted in which different froe the intended
correclive measure, one sglice piate narrower than craving requiresents, and ore
filler were applied instead of one splice plate. R

i.1.3.5 In inspections during and after the repair work, the aforo-gentioned
improper part of the work could not be found

4 1.3.6 1t it considered that the method of managesent for the work !ncluding
ihe inspection of working process was in part insufficieat in periinency,

4.1.3.7 It is estimated that during this rewerk, part of LI8 splice which should
have been spliced by two-rov rivets became spliced by one-row rivets, with the
result that the strengih of this part decreased to about 70% of ihe sirength i0
be obtained by the originai splice meihod. Trom this, it is estisaied that these
portions was brought under a condition susceprible of occurrence of faiigue cracks.

Fros the above, it is conceivable thai the aft pressure buikhead of the
accident aireraflt was lacking at this tiee in fail-safe capability.

i 1.4 Fail-safe Capzbi'ity of Boeing 747 Aircraft
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Provisions on airworthiness sei forth minisum requiremerts for capabil
which aireralt should provide, but they wouid not guarantee the airworthiness
under conditions caused in a very rare case, nor caused by improper repair
¥ork.

([t is conceivable that the r=ason why ruptures propagated as a chain reaction
in ihis accident is that prior concern had not reached as far as io the prevention
of such situation from occurring, although the fail-sale desige of the aircraft in
the development stage, and inspecticn and maintenance methods which incorperate
service experience were proper to meei the provisions concernad.

4 1.5 Operaticn and Maintenance of the Accident Lireraft after the Osaka Accident
4§ 1.5.1 The flight hours and the aumber of [lights (number of landings) of the
aircraft after the repairs for iae accident at Osaka International Airport in June,
1978 up to this accident were 16,196 hours aud 12,519, respeciively

4.1.5.2 During this period, in L18 splice ol the alt pressure bulkhead, a number
of fatigue cracks were caused and propagating wainly at one-row rivet c¢onnection

portions,

4.1.5.3 1t is considered that there were neither abnormalitiszs nor [light
discrepancics deemed to bte related te this accident in flighis auring this perioed.

4.1.5.4 During this period C maintenance (2 aaintenance every 3 000 hours) was
conducted 6 times, al which time visual inspection was sade, but {2ligue ©racks
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¥hich had been exisient at the rivet connected portions of LI8 spiice were not
found.

The inspection meihod of the aft pressure bulkhead in the.time of C
painterance might have been a proper sethod, because it was unconceivable at the
tise the said C maintenance was conducted thai a number of fatigue cracks camc
into existence in this portion, provided the buikhead was manufactured aormally
and repair work was done properly.

It is considerad that the inspection meihod was not preper in part, in view
of the fact that such fatigue cracks as to causs the aft pressure bulkhead to
rupture were not found, although they resulted froa the isproper repair sork.

4.1.8 Outlines of the Abnormal Situation
The conditioss of the abnormal situation in which the accident aircrait was
brought are considered as follows:

4.1.8.1 At about 1824:35, when the aircraft climbed to an altitude of zhout
24,000 feet, the pressure differential betweea the pressurized passenger cabin and
outside atmosphere became about 8.66 psi, it is estimated thay bay & whose rasidue
strength had reduced remarkably by propagating fatigue cracks was {raciurcd, heing
unable to bear the pressure differential, and t{aking this opporturity, L18 seiice
went into a total fracture at a stroke,

it is considered ihai the fracture propagated therealter upward in the cental
portion of the bulkhead along the coliector ring, and furthersmore progressed
upward along R6 and L2 stiflfeners, and weanwhjlz in the ocuter edge portien ol the
hulkhead, the [racture propagated upward along ¥V chord.
4.1.6.2 As a result ¢f such progress of the fracture, part of the web of the
upper ha!f of the aft pressure bulkhead was blown up aft by the air pressure of
the passenger cahin (o make an openniag. The area of the openning is estimated
as of an order ol #—3 square meters

i.1.8.3 1t is estimaies that the inmer pressure of the empennage increased by
the pressurized air of the cabin flowed in thisugh the openning of the ait
pressure ouikhead, thereby the APU firewall was broken., =:. “art of the empasnage
structure including the APU proper located afy of the wiii » 2 destroved a i
separated,

4.1.6.4 1t is estimated that part of the pressurized air of the passeager cabin
which [lowed intc the empennage rushed into the vertical [ia through the openning
in the lower portion of the aft torgque box of the vertical fin, tbherely increasing
the inner pressure of the vertical fin, and the fixture between the stringer and
the rib chord in the upper halfl of the aft torque vox was destroyed at first. It
iz estimated that therealter destruction of the internal structures of the aft
torque box and peel-off of the skin were caused, followed by separation of ihe
upper hall of the forward torgue box, most of the aft torque box, the wing tip
cover, ege,
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4.1.6.5 1t is estimated that the damage te the 2f1 torque box of the vertical fin
¢ used separation of the rudder, and four systems of hydraulic pressure line for
the rudder control system were all fractured.

41.6.6 It is estimated that such destructiun of the aircraft progressed within a
period as short as a few seconds.

4.1.6.7 It is estimated that the pressure in the cabin including the cockpit
reduced to the atomosoheric pressure within 2 few seconds due to the openning
of the aft pressure bulkhead.

4.1.6.8 It is estimated thar by the afore-eentioned destruction of the airframe,
conirol functions of the rudder and elevator and the trim function of the
horizontal stabilizer were lost immediateiy after the abnormal situation cccurred.
{{ is also estimated thai contro! functions of the zileror and the spoiler, and
operational functions of the flaps snd ihe gear by hydraulic pressure were lost
within 1,0—1.5 minutes after the abnormal situation occurred.

4.1.6.8 11 is estimated that due :o loss of most of control fumctions and extreme
detericration of the lzteral and directional stability, the maintenance cf

attitude and heading. and contrel of climb, descent, turn, and so ferth becams
extremiy difficult

4.;.8.10 v is estimaied that severe phugoid motion and dutch roil sotion, of
which control were difiicult, were caused to the aircraft.

4.1.6.11 It is considered that the aircraft was not able to coniinue a stable
f1ight and any flight as intended by the captain was difficult, and that a sale
landing or landing on the water was nexi to impossitle.

4.1.7 Plight of the Accident Aircraft after the Occurrence of the Abnormal
Situation and Responsive Actions Taken by the Flight Crew

4.1.7.1 1t is estimaied raht the f1ight crew immediately became aware of
occurrence of some kind of abnormality, but they remained ever since unaware of
details of the damage such as rupture of the vertical [in and separatios of the
rudder.

4.1.7.9 1t is estimated that socon after the cccurrence of the abnormal situation
the flight crew bscame cognizant of depressurizaticn of the airlrare, and
nonetheless the flight crew did not pul the oxygen mask up to the last. The reason,
however, could not be ciarified,

4.1.7.3 After the occurrence of the abnormal situation, the aireraft, without
making an emgergeny descent, conttaued flight for abou: 18 minutes at an altitude
of more than 20,000 feet, making phugoid motion ard dutch roll motion, It is
conceivable that the reason the emgergency descent was not made during this pe~in?
regardliess of the intention gxpressed by the flight crew to make an emgerg

descent was that they were devoted Lo the control acilon to stabilize the
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attitude. However, the delinite reason couid not be deternined.

It is conceivable also that the flight crew suffered from hypoxic hypoxia
during this period, whereby their capability of dealing with igtcl{igcni work as
well as their behavior were deteriorated to some extent,

4.1.7.4 Thereafter. a gear-down operaton was conducted, the aircralt entered into
a descent and the phugoid motion subsided. When the aircraft descended to an
altitude of about 7,000 feet, the flight crew noticed the aircraft was approaching
mountains. As soon as they raised engine power immediately, the aircraflt wouid
have been brought into an unstable [light condition again, being accompanied by
phugoid motion and dutch roll motion.

4.1.7.5 After the occurrence of the abnormal situation, the flight crew not only
fell into an abnormal situation which was out of the scope of the education and
training they received or the knowledge and experience they had, tut also was
unable to cosprehend fully the substance of the abnormal situation, and
furthermore they were brought into a severe environment of being subjected to
severe motion and depressurization of the aircraft. For these reasons, it is -
conceivable that they were concentrated on the operation to stabilize the flight
while not able to make a pertinent judgement on how Lo cope with the situation.

4.1.8 Crash of the Accident Aircraflt

41.8.1 It is estimated that the aircraft which wac im the unstable [light
crondition hit “the single larch tree” and “the U-shaped ditch™ btoth shory of the
crash point, with the resuit that the remaining portion of the vertical fin and
tue horizonial fin as well as the engines, etc., were separated irum vhe airicane
at this time,

4.1.8.2 It is estimated that thereafter the aircraft collided against the crash
point with an attitude of the nose and the right wing both down. The time of crash
is estimated as approximately 1856:30 hours based on records of the DFDR and
seismometer, etc.

4.1.8.3 By the severe shock at the time of crash the fore fuselage and the right

wing vere broker into small fragments and dispersed. The aft fuselage is estimated
to have been separated by the shock at the time of crash, and fallen into the 3rd

branch of Sugeno Dale passing over the ridge liae. The other parts were dispersed

in a wide area involviag the crash point.

4.1.4.% Fuel supposed to have been dispersed from the fuel tank fiamed up, and
the wreckage dispersed in the vicinity of the heliport which had been constructed
2fter the accident for rescue purpose was burnt down.

#.1.4% Injuries to Passengers and Crew

i.1.9.1 It is considered that passengers and ciewmembers in the fore and mid
fuseiage were all instantaneously killed by the shock estimated as much as
hundreds of G as well as the total destruction of structiures of the fore and mid
fuselage at the time of crash.
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4.1.9.2 Out of passengers and cabin attendants vhc were in the aft [uselage,
those seated on forward seating are considered to have been killed almost
instantaneously due tc a possible strong shock in excess of 100 G's at the tise of
crash.

The shock persons on the aft seating were subjected to was also of an order
of tens of G, and by this shock most of thes are considered to have undergone
fatal injuries. Horeover, the possibility would be considered high that since the
flooring, seating., galiey, =tc were all destreyed and dispersed by the shock at
the time of crash, they were killed enlarging the extent of injuries by bruise and
oppression resulting from collision with such broken pieces,

4.1.9.3 Four persons survived this accident, but they were ail seriously

fnjured. All of thes vere seated at the aft portion of the aft fuselage and are
considered to have been subjected to tens of &, but they were able to escape death
miracuiousiy. The conceivable reason would be that their seating attitude, way to
fasten the belt, status of damage to the seat, status of substances sorrounding
their body, ete.. at the time of collision chanced to heip duffer the impact, and
that they were less subjecled to cviiision with dispersed internal substances of
the fuselage.

4.1.10 Support to Flight of the Accident Aircyalt Ircm the Ground
1t 15 considered that provision of information 12 the accident 2jroract

and actions respondent to requests of the aircrait by ATC/Comnunicaticns were
conducted adequately on the whole. *

4 1.11 Search and Rescue Activities

4.1.11.1 Since the crash point was iocated in 4 remote area amcig a ol led
aountainous district and the search was conducied in the night, considerable
tine was required to discever the aircralt and 1o confirm the ¢rash point, ¥hich
could, however. be justifiable under such conditions.

4.1.11.2 It is acknowledged that rescue activities were carried out to the Lest
with close coordinaticn of organizations concerned which participated in tha
activities, although they were confronted vith extreme difficulties,




4, z Cause .

It is estimated that this accident was caused by deterioration of fiying
quality and loss of primary flight contrel functions due to rupture of the aft
pressure bulkhead of the aircraft, and the stbsequent ruptures of a part of the
fuselage tail, vertical fin and hydraulical flight control systems.

The reason wav the aft pressure bulkhead was ruptured in flight is estimated
to be that the strength of the said bulkhead was reduced due to fatigue cracks
propagating at the spliced portion of the bulkhead s webs to the extent that it
became unable to endure the cabin pressure in flight at that time.

The initiaticn and propagation of the fatigue cracks are attributable to the
improver repairs of the said bulkhead coaducted in 1978, and it is estimated that
the fatigue cracks having not te found in the later maintenance inspection is
contributive to their propagation leading to the rupture of the said bulkhead,




