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Sum Ay

Flagans fram five bird strike related hull loss ancidenta involving large jul Liansports
warg analysed in order ta Sevelop an avont Goguence analysis based assesament 01 the
vk mt & hull la55 due to bird strikes, The five acciderds all had birds Ingeeted inlo os
or mare engines during take-of & in o of tho acldants G actions wara A resly
Imvcived in fha spquenca of ovents that led 1o te accident. From tOsS {hve scoidunls,
two growpe of svents were dentifiad that alould B pan of a bird slike fsk assasamant.
The first greasp ireluded twelve ovents that were directly imiclved In posl apglderds. The
anoand group incuded four events that were nat dractly Involved in those accidenta but
cauld be diractly imvelved in future aceldents. The paper aiss includas a kriof puandws
of tno cvom sequence anysis method and 8 discUSSIEN of ways Lo expand upes the
resulse of this sludy.
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Sfeemanlon oo dhe hoimam alement in sEAoUS himd =
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Method

This study relied primarily en officlal acciden investigation repors or ol poblishced ocidant
fepatls o determine the séquance of events fhat led to [ive bird sicike 1elated largs jet transpon

Ll Josses. Thess wan

{, 111275, DC1d, USA - Rejected wakeodl and went aff the side of thee runeny
2, AMfTE, 737, Delpium - Rejeeted takeoft and overran Uy runway
1 BENEG, AME, Indin - Rejecled takenf nnd oveeran the runway

4. 1smH, 737, Ethiopla - Bosh engines failed and aircrudl ceashed during wen back
5 grrams 707 AWACS, USA - Crashed about 2 mile wfter takestt after one angine failod
ard second engins oo same wing 105t at leas 0%

of its chrust,

The pequences of evenls for these aceidents ac Jetaited in the Appendiz, Factual data and
rebusioms of the accident feporls were used as & guide 1o bullding e cvent sequence. The
svenis anclude those thas direstly contritmted to the pircrafs accident and fheas that did not. Foo
expmple, in the DC-10 evenl, the creav samw birds prior w inysact and cagine thees was duiriagedd
by a bled etrike. Seing the hirda did not have any beasing on the finod sutcome beeause thes
crew il it oespond En that atimulus §o 3wy thar contrabited to the accident Howeves, the
engine dantage was key hosouge It led 1o 2 uec ontained foikire of the =ogine and the loss of

pifer aircraft Aystems.

Fvent apquencs onalyeis allows e analyst 1o use some judgeuent when aederiog the sequeuce
of events, For cxample, to that same DC-10 eveat, e wet ninway aurfeoe Wwas listed as the
firer event In the pequeace, bnt anc could argue that it sbould be ploced before the captains
dezlsion 1o peject the 1akeaft boonase that i6 them thine when the crew may have considered the
runway condition alang with arher airerui acd enviranmenial faciocs.

Omes the sequence Was constructed, the task wos then 10 choose Tuose elesmonts thac should be
included in b more penerel event sequence annlysls based tisk assessment. Part of thul puocess
wis declding which events had a direct bearing on U= autcome of the five analyasd accidents
and which eveuts might have a direet bearing oo futore accadents,

sepmerd ol Find Sirike Acoiert Rick Uring Even Snpece Aralyss - Page 1
4TI
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A Brief Overvlow of Event Sequence Analyss

Figure 1 shows the basic structire of an event ERQUEDCE Dy Eor A series of events that Tead 0'a
tonsequences of interest. This illustrates hoth ke Layout of o typical map and how himan
decisions can be incorporated inig the analysis

Figore 1: Event Seqoence Map Siructure

Bvent |
Evant 2
Event 44
Event 54,
Consequence ]
Fvent 4B
Event 5B

Consequanee 2

Ino this exanaple, each lins represenls ene evant and the indeatatione are g visual remitisdec that
the events take place [n g Specilic sequence, The rightmadr indented EVENT feprodents the
vutcame. The probsability of any one eveat oy be depeadent on the vequance of cvents that
preceded it. For example, in 3 Bimpls event sequence CoRssting of the flight cravs Spotting
binds, the engine instmowots indleating a anbstantiy] drop In thrust, and the ¢rea: rejecting the
takeolT, the probubility of fthe second svant wenild be enirely Indapendent of fhe Nt evenl, but
the probability of the third event would be o function of de first two events.

The line connecting Eventa 44 and 4B in Fipure | illesdrates thal the EEquedcs beanches ai e
Paint ioto twa possible directinns, heconvequances at the end of these different patha can
cilber be the same conseyuence arrived ar through diffecant sequences of events or they could

If eveey event D the event SCqUEnce fhags has 2 probability associated with §t, then mltiplyieg
the probab lities of =uch pvent in all possible sequenees from the. iniLialiog event to the final
rumsequences will produce tha prabakdlity that those eMsequences will oocur, The
counbinatlon of & eonsequence and the probahility of that consequenee constitutes the rlsk,
Therzfore t0 complete the risk asesEment, ench consequence of [ntarest med he coupled wiih
the praduct of the estmoted rrobability of each eveat in the associated EAquence,

s of Binf Strike Acchlent Blgk Using Event Sequeeer. Analysie

Pege 4
Todd Conk, Boeing Commescial Adrplsas Graup
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Riznlts

Pstroction of the event ScQUEnCEs ol (e five bl fuss event made is relatively Basy W

ompare the accidents foe any similasitics and differcaces and to Belect thodc glements that
siirer hod & direct eifect on past accidents of sould have an affect on futare secideots. Table 1
g soows of thoss similaitics and differcoces. Tabls 2 contaans thoee mvents thot lad o
 firecs effect om the final utcome of past accidents. Table 3 contains those clemenls that fuay

" have u dicect cffect 00 the outeoma of futore accidents savolving bisd suikes. Figured consists
g an evend SEQUENSE LLAT thot 38 based on the informuation gotheoed Crom accidant reports of (he
£ bl lags acwidents.

‘Table 1: Similarities and Difference in Accident Event Sequences

117127 | 4478 arpafks | B15MA8 0111195
! spC | 737 A0 737 | AWACS |
[Phaze of Flight When Birds Hit Takeoft | Takeoli | Takeoff | Takeoft Takeolf
1 *es YeE Yed Wes | Yes
ped at Blud Impact : = WL Vr W W VT
n Decided 1o Reject Takealf | Wes Yes Yea Mo o
Human Decisions Reduced bH Mo Mn Yes Mo
Aockdent Severity

fmrourenl of Hiud srrike Aeaateng sk Uilng Foecnil Seaoeree .ﬁ.rlﬂ.;ﬂl
el Dhirtia; Tooimg Commmercied Airplaze G




Table 2: Hveuls With A Direet Effect on the Ouoteome of Past Accidents

11275 | 447K 1SES | HI2nE

TarT
L. Eingine Inpesis ul Least One Bird
Z Uncontained Engng Fallure
X Partial Thinst Liss om One or
More Enpines
4. Foll Throst Laoss on al Lewd Ong
Engine .
5. Foll Thrust Laas an b LR 1
Enplnes
6. Afreraft Mot Capabile of
Coolinued Flight ond Safe Landin
T. Loss of Stopping Copability
{tires, brakes, spollers, or thrust
TCVEFRErs)
8. Maon- En e Mvstom Mallunclion
9. Crew Contdination Prolilems
100 IRTHD Triifinfed With Afrcruft
Eeyond Vi -
11 Airficld Mana pernent Actions
12 Air Traflie Confrol Actions

A78 SR | p2ams
737 AWACS

i
lr ‘r \-

14. Procedures for Transferring
Aircrufl Control

15. Luws of Drectonal Coniral

16, Alrcrull Fire Before the End af
the Flight

Asseysment of Bind Sinike Acoident Nisk Ueing Dvent Sequence Aaalyxsin
Tiald Cenls, Bosing Commesrsal Airpilane Group




ull T.oss Accidents

Event Sequence bap Fur the Five H
a agridents, the event SEAQUALEE

map depleted in Figure 2 provides she aceident risk dis (0 a bicd
wences of interest ars all {n buld type aod are assoclated with

sriks during takeoft. The: comsey
ot Jeast ooe of the five aceidenss, All of the 16 events idantifed carlier awe inchuded in his
avenl sequence map. For axample, the fEslipls engina failurea of the wccidents In Ethicpin and

Alaska nre jmplaed in the pyent "Afnralt unahls to conupkete flight™,

Using the iosizhts gaingd frun the analysis of the fve Juahl Los
« (e [ramesvark for astessing

aome of the four cy@nts 11 Tahle 3 apz oot assoctaed wath the particular copsequenee of the
for Transferring Aircrofl

accident af wad associated withe Specifically, svent 14 - "Proceduares
Coplpl™ = Wak nsspcinted wit the AW ACE Tl bives, st it 15 mot i the path in Figure 2 thot

begls to thok accident. I thal case, the wansier of gootrol from e copilod 10 e pilod wers nut
gleasly poopdinated, bt e wansfer bad wo effecl an il pakearmes of the fight.

Asscagmem of Bind Sirike aceldent Rigk Lsing Burie Sequshoe Analyii
T pda] LarUs. Bieing Cpmuierrinl Alrplant Grmep
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Appendix: Event Sequences for Hull Loss Bird Strike Avcidents

DO, USA, 1171275
Pazsenger Flight '
Wast fence off depariure end of unvay ‘

Rooaay wet
Captain flyiog tukealf

Aircralt spesd besy thun VI
Capiain sees laywe rising flock of binds
Engine 83 inpesis birds beyond
certification limils
| Severe damage fo engine #3 fun blades
lngine and nacelle deshyrn unably v
contain Failure and prevent further
sipnificant damape and system beeses
Crew hears impacts
Crew hears bonga of cuplodians
Alrcrofy abls ta complets flizhe
Coprain initintes BT helnw 41
| Engine #3 foilure indieated
Yiog and pylon fire starts
Wing and pyloa fire not indicated
Hydranlic system #3 losi
50% Inex of braking torque
Laes of hrake systen indicated
Engine #3 thrist T'I."I-'t'r_;il-:-l.:-lllil
2 of 10 spavilers Inst
(Ine center gear fire penefrated by
forcign object and fails
Two other tires fail

Tice fallures not indicoted

Crew senses less cffcctive kraking
sroce of antiskid svatem not indicatesd
Crenw WA aireraft can't stop on mIAWAY
Craw balieves pircroft undzr coritrol
Alrcraft nurns off ot last taxiway at M1 ki

Alreraft leaves pavement during
runway turnofl

Assezamenl of Dird Seoike Accidens Rad lhi:t Fuml Snpimes Al ["w h[k]
Lodd Curng, Bising Commiercial ﬁh|l|u|= ﬂluu]l bl
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