AIRCRAFT ACCIDENT REPORT NO 2/90

REPORT ON THE ACCIDENT TO BOEING 747-121, N739PA AT LOCKERBIE,
DUMFRIESSHIRE, SCOTLAND ON 21 DECEMBER 1988

The Inspector's report on this accident was submitted to the Secretary of State for Transport on
6 August 1990. He has agreed to its publication and the report is now available fron HMSO
Bookshops and accredited agents.

History of the Flight

Boeing 747, N739PA, arrived at London Heathrow Airport from San Francisco and parked on
stand Kilo 14, to the south-east of Terminal 3. Many of the passengers for this aircraft had
arrived at Heathrow from Frankfurt, West Germany on a Boeing 727, which was positioned
on stand Kilo 16, next to N739PA. These pasengers were transferred with their baggage to
N739PA which was to operate the scheduled Flight PA103 to New York Kennedy.
Passengers from other flights also joined Flight PA103 at Heathrow. After a 6 hour
turnround, Flight PA103 was pushed back from the stand at 18.04 hrs and was cleared to taxi
on the inner taxiway to runway 27R. The only relevant Notam warned of work in progress on
the outer taxiway. The departure was unremarkable.

Flight PA103 took-off at 18.25 hrs. As it was approaching the Burnham VOR it took up a
radar heading of 350° and flew below the Bovingdon holding point at 6000 feet. It was then
cleared to climb initially to flight level (FL) 120 and subsequently to FL 310. The aircraft
levelled off at FL 310 north west of Pole Hill VOR at 18.56 hrs. Approximately 7 minutes
later, Shanwick Oceanic Control transmitted the aircraft's oceanic clearance but this
transmission was not acknowledged. The secondary radar return from Flight PA103
disappeared from the radar screen during this transmission. Multiple primary radar returns
were then seen fanning out downwind for a considerable distance. Debris from the aircraft
was strewn along two trails, one of which extended some 130 km to the east coast of England.
The upper winds were between 250° and 260° and decreased in strength from 115 kt at FL 320
to 60 kt at FL. 100 and 15 to 20 kt at the surface.

The wings impacted at the southern edge of Lockerbie, producing a crater whose volume,
calculated from a photogrammetric survey, was approximately 560 cubic metres. The weight
of material displaced by the wing impact was estimated to be well in excess of 1500 tonnes.
The wing impact created a fireball, setting fire to neighbouring houses and carrying aloft debris
which was then blown downwind for several miles. It was subsequently established that
domestic properties had been so seriously damaged as a result of fire and/or impact that 21 had
to be demolished and an even greater number of homes required substantial repairs. Major
portions of the aircraft, including the engines, also landed on the town of Lockerbie and other



large parts, including the flight deck and forward fuselage section, landed in the countryside to
the east of the town. Lighter debris from the aircraft was strewn as far as the east coast of
England over a distance of 130 kilometres.

Examination of wreckage

The debris from all areas was recovered by the Royal Air Force to the Army Central
Ammunition Depot Longtown, about 20 miles from Lockerbie. Approximately 90% of the
hull wreckage was successfully recovered, identified, and laid out on the floor in a two-
dimensional reconstruction. The reconstruction revealed the presence of damage consistent
with an explosion on the lower fuselage left side in the forward cargo bay area. A small region
of structure bounded approximately by frames 700 & 720 and stringers 38L & 40L, had clearly
been shattered and blasted through by material exhausting directly from an explosion centred
immediately inboard of this location.

All immediately identifiable parts of the forward cargo containers were segregated into areas
designated by their serial numbers. Two adjacent containers, one of metal construction the
other fibreglass, were identified as exhibiting damage likely to have been caused by the
explosion. Those parts which could be positively identified as being from these two containers
were assembled onto wooden frameworks. From this it was positively determined that the
explosion had occurred within the metal container (serial number AVE 4041 PA), the direct
effects of this being evident also on the forward face of the adjacent fibreglass container (serial
number AVN 7511 PA) and on the local airframe on the left side of the aircraft in the region of
station 700. While this work was in progress a buckled section of the metal container skin was
found by an AAIB Inspector to contain, trapped within its folds, an item which was
subsequently identified by forensic scientists at the Royal Armaments Research and
Development Establishment as belon ging to a specific type of radio-cassette player and that this
had been fitted with an improvised explosive device.

Fuselage three-dimensional reconstruction

The two-dimensional reconstruction successfully established that there had been an explosion
in the forward hold; its location was established and the general damage characteristics in the
vicinity of the explosion were determined. However, the mechanisms by which the failure
process developed from local damage in the immediate vicinity of the explosion to the complete
structural break-up and separation of the whole forward section of the fuselage, could not be
adequately investigated without recourse to a more elaborate reconstruction.

To facilitate this additional work, wreckage forming a 65 foot section of the fuselage
(approximately 30 feet each side of the explosion) was transported to AAIB Farnborough,
where it was attached to a specially designed framework to form a fully three-dimensional
reconstruction of the complete fuselage between stations 360 & 1000 (from the separated nose



section back to the wing cut out). The support framework was designed to provide full and
free access to all parts of the structure, both internally and externally. Because of height
constraints, the reconstruction was carried out in two parts, with the structure divided along a
horizontal line at approximately the upper cabin floor level. The previously reconstructed
containers were also transported to AAIB Farnborough to allow correlation of evidence with,
and partial incorporation into, the fuselage reconstruction.

Conclusions

It was established that the detonation of an improvised explosive device, loaded in a luggage
container positioned on the left side of the forward cargo hold, directly caused the loss of the
aircraft. The direct explosive forces produced a large hole in the fuselage structure and
disrupted the main cabin floor. Major cracks continued to propagate from the large hole under
the influence of the service pressure differential. The indirect explosive effects produced
significant structural damage in areas remote from the site of the explosion. The combined
effect of the direct and indirect explosive forces was to destroy the structural integrity of the
forward fuselage, allow the nose and flight deck area to detach within a period of 2 to 3
seconds, and subsequently allow most of the remaining aircraft to disintegrate while it was
descending nearly vertically from 19,000 to 9,000 feet.

Summary

The detonation of an improvised explosive device led directly to the destruction of the aircraft
with the loss of all 259 persons on board and 11 of the residents of the town of Lockerbie.
Five recommendations are made of which four concern flight recorders, including the funding
of a study to devise methods of recording violent positive and negative pressure pulses
associated with explosions. The final recommendation is that Airworthiness Authorities and
aircraft manufacturers undertake a systematic study with a view to identifying measures that
might mitigate the effects of explosive devices and improve the tolerance of the aircraft's
structure and systems to explosive damage.





