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Survey of Airport Apron Incidents Generates Numerous
Suggestions for Improving Safety
Airports Council International

ICAO Journal 1999 Vol.54 No.1 pp18-19, 29

[ 34 ]

A survey of apron incidents at the world's major airports highlights the
importance of reporting even minor or apparently unimportant incidents. The survey
results also underscore the importance of promoting safety awareness through

measures developed and implemented by an apron safety committee.
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Applying Take-off Thrust on Unsuitable Pavement Surface
May Have Hidden Dangers
Bertrand De Courville, Jean-Jacques Thisselin,

ICAO Journal 2003, vol.59, no. 3, pp. 7-8, 24

E3&E

Most flight crews are well aware of the danger jet blast can pose to people and
equipment. However, few are aware of the risks associated with applying high thrust
while the aircraft is standing on or near pavement surfaces not normally used for
take-off or engine run-up.
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Ground Safety & Threat and Error Management (TEM)
Captain Don Gunther

Aviation Safety & Security Seminar 2005

[ 4% &]
&

[ X 4% &]

AX A 2005 Ffp % e WARRA I & Z SRR o B IAMIFE 2 (Ramp
Safety) % @ % 1 3% %k % 32 (Threat & Error Management, TEM)# A& ~ %2 %12 4 4
Z I8 T 52 2 F 4% (Ramp LOSA) 2L & TEM 4 5414k % -

[P %]
B #1137 % & 3 (TEM)

R PE TR AEMER
1. 3% (Error) : RS ZBHERRAFHETRARLFERR LI/ ER &

ERo
2. %%k % 32 (Error Management) : & 7 SIE % %k SR E KR K4 R 2 B B AT 3Ry

iTH -

3. BB (Threat) : @ F AAZ4T € 3% i AL S M B35 KB F B HATRE IR 2

MEOFH BREERENRL  ERFHATRERREX -

BAT A B KMEAMEHRITZ TEM et TRAT - £ ¥ TRERMME AR R
ROBBHBOIE SO FREBMFE - RA G5 MEAR - R B
BB EWEITE - BHBY - RERE.. XS - BBEY - M AB MM
R RIEHRTHOER R TRZLBRABE B ARG BB R AN ER
RFILBARE AT o



CON

E2EH A % (SMS) MR IF & b %2 2784 (Ramp LOSA)

BEMYZEERLIBET T LRGFAFLERRGER  BARE LB TR
A AYER BB FAR AR E TS ERA AT WIBAMERYEZ LA
A —REEBFHEREINF A Sl A FRRATAE - M5 BRI A % F 09 B A
BhRLIBELZBABZHMYBAROEREGERARERRE - B —F @ L ERE
WD RIEARFR b ZBARK R LAR AL MR RAT R UL A R4 Y
REBRAG LAXSREMEAANET A B e 2 8 TR SRR BRAF
DAL o

AT Ramp LOSA 89 % —F A E M A E > B0 T 0 RET 0 iy
BTIRBEE TRREROENFHZRERRFRABRE 25N RHhE
ARG T IR AR K R B AT AT o

TEM #4547

AR SUAE R34y BT 3 A TATA . Incident & Accident Analysis F 4+% TEM #4 4
WHAT T4t - B P AT &R QI © mF ~ 3R K~ JEE RN (undesired state) B4 &
5 & i #2 (managed) ¥1 R ¥4 % B I2 (mismanaged) % 5 35 Z B HRAKIT R 2 FH4 ¢
BIRRE CRRBPERZEH RERTA BEGEN K REBE S — KEAE
B757 B4R R MM REFHEH > RORALF4 PR B4R - RKER
RIZRAAR B EZRE -

10



$i&&ﬁ&Tﬂ%mi

1. 2RAGOREFPES(RDEID)  MILBEHAERA G I FIEF 0 &4
B -

2. REEEGASTEARTAE AR PRI TR R, ) RAEEALS RiBE
B K LS do 4] B3 o

3. B ERBGEE IR AR BB AR IBT kR

[ 3Rk +F47]

B RE BRERNRE R B RE R ARG E RN A
CRRETE LR AN A o BBV BB L B LBRE T R
RTHERBEHRR » 3 BRI A BN ZRGETAZE » 4RI KRR
W E A R RRFH -

WML EABFERMEELZ R IR E RMBLEFH L HARALE
ik BT R B AXABE R EERBEREMITREF
B2 AW AR TSRS E4AZBARE R B AT RESRARNA
WP R BE R RFRA A -

ﬁ%ﬁ%ﬁ@%# AR B ARG & B EFHWRET D MBEL

B AR A B A A MEAETERAABLERT OB Y B
ﬂ&%m%%ﬁ’uﬁ%@ Rz A B—F @ N LRI FLRRERS
AL EZHRTF > RAEETRELF R mMacE  Aamf iRk ERE
FmEF > REGEMIPEEFHGFA -

[48 B CRK]
N.A.

11



12



Analyzing Human Error in Aircraft Ground Damage
Incidents
Caren A. Wenner, Colin G. Drury
International Journal of Industrial Ergonomics 26 (2000)

177-199

[ 34 &)

Ground damage incidents (incidents in which airline personnel cause damage to
an aircraft on the ground) occur as airline personnel are working on, or around, an
aircraft on the ground, either on the ramp or at a maintenance facility. Each incident
can be quite costly to the airline, with costs both tangible (repair costs and lost
revenue) and intangible (passenger inconvenience, increased maintenance workload).
Thus, airlines have a financial incentive to reduce the number of ground damage
incidents that occur. One of the airline's most difficult tasks has been to utilize the
information collected in their existing error reporting systems to determine the
common latent failures which contribute to typical ground damage incidents. In this
study, 130 ground damage incidents from a major airline were reviewed to determine
the active and latent failures. Twelve distinct hazard patterns (representing the active
failures) were identified, with three hazard patterns accounting for 81% of all ground
* damage incidents. Nine major latent failures were identified, and the relationships
between the hazard patterns and latent failures were examined in depth. This type of
analysis allows the latent failures common to different hazard patterns to be identified,
and provides a means for developing focused intervention strategies to prevent future

ground damage.
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& 1) o BEERy R EREN » KAFRIRA A AR B ETH
o HERZ—BMA 70% Mt EFR—BRXBERAHLARBAL
REZR BASCELARBANERAMET X X E AW
DA —F (AR F 0 R E B R -

IR FS DR FAZBRERE - BAERR  RRERK
FHBELENABR T X B BHAALARBERNERHF AR
(Scenatio) » RIGH R FHY L BERER > B HH— FHUNFHH
(event tree) R Z T B A R BHARLBEETHOERR > TLAE 1 -
SHEHE— F OB KR A B IR RALA K (ICAO)# SHELL A A
Radr o b B AHIARE R R HRERBE AR AAUMRE
BWEmBEWHRRELIE D PFE Y P QA 5 (Hardware) ~ 3% 35
(Environment) ~ A(Liveware) XA & A (Liveware) ¥ A (Liveware) 2 ] 44
BAEKRF:  ALABRBARTHE - RBEKR  HAFRONE > T
SR & 2 LRAIEMBERT  ERHHERNTREE ALK
B MEAENBAERR  ENEZHNBBEARHHFERE > BRAAR
HRMEE KA

M #3t Chi-square & F > Ao AR SLBA R Koy hie R
X & 8 &R R KR AT R AR 0915 BEAL % 35 (parked aircraft)48 3
% 0 MIRBE R IRATE RARIEEE P 89 A% 3 (towed aircraft) 48 3R 4%
IS E(HREXERI b A ABERREY — B ERA
FOABRREAY > MARRNARBAAE ARG BERRE  Wwk 10-
HTRHNE—LARER > 4#HAXZHBERSE  ATREAEY
R AR A Ak e -
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Table 1
GDT huezard patterns

Hazard paitem

Number of incidents

% of Total

1. Adreraft is Parked at the Hangar/Gate/Tarmac
1.1 Equipment Strikes Adreraft
L1 Fouls/Materials Contact Alrcraft
LL2 Workstand Contacts Adreradt
L1353, Ground Equipment is Dreiven into Alreraft
L14. Unmanned Eguipment Bells into Airorafi
1.1.5 Hangar Boors Closed Onte Adeceaft
1.2, Adecralt (or Adecraft Fart) Moves 1o Contact Objeat
121, Position of Adersft Components Changes
L2Z Center of Gravity Shifts
L3, Abreralt Rolls Forward /Backwasd
2. Adreraft is Being Tewed Taxied
2.1 Towing Vehicle Strikes Aircralt
22, Adreralt is Net Properly Configured for Towing
23, Aleoraft Contacts Fized Object/Bquipment
23.1. Adreraft Contacts Fized Object/Equipment
232 Adveraft Contacts Moveable Object/Equipment
Total

31

130

51

30

a2

i

e fpd
muqﬁﬁ&bmmmw

1

—
Doy B2 b3

g
{55

100%,
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Fable 2
Latent failure descriptions

Eatent failure description

Equipment was not suitable for the task being peeformed,
and this contributed to an incident

Equipment ussd to perform a task was not the corvest type of
equipment for that task, and the use of improper equiprment
contributed to the incident

l"

msed to perform o task had o mechanical prob-
km that caused it o behave erratically, contribating 1o the

SHELL category Eatent Bailuee
Hardware Poor Byuipment
Poor Equipment: Inappropriste for Task
Poor Equi 1 Bechanical Probl b
ineident
Eavir i Enadequate Space

Inadequate Space: Congested Area

Inadequate Space: Hl suited for Task

Problems with Painted Guidelines

Cruidelines: Tho Mot Exist

Guidelines Do Mot Batend Out of Hangar

Gruidelines Not Suitable for Alroraft

Livewars {Individuall  Lack of Aw of Risks/Hazards

Livewore-Liveware Poor Communivation

Poor Communication: Between Crew
Poor Communization: Between Shift

Personnel Unswore of Concerrent Work

Pressures to Maintain On-Time Bepartures

Pushiback Policies Mot Enforced

Hpace in which o task was performed was not saifivient, and
the lack of spoce contributed to the incident

Space in which a task wes performed wos erowded with
ather squipment/aircraftfete, cavsing special atfention to
maneuvering within this space to be requived. The crowded
nature of the space contributed to the incident.

Task was performed in o space that was known to be inap-
proprigie for the work to be performed, and this lack of
space contributed to the incident.

Cruidelines meed to position airerafl contribute to the ind-
dent

Crobdelines are not p | ad o particular location, requiring
maintensne personne] to use their “best guess in positicning
sireralt.

Guidelines for pwuwmng aipzraft in a hangar begin at ths:
Crhangar doc; requiring mainienancs personnel to wee their
“best guess’ to position aircralft to begin the fow into the
hangar.

Cruidelines for a different type of aircraft than the one being
moved are painted on the ground, and the lack of suitable
gvm!:lmts contributes to the ineident.

i B per | arg nnaware of the possible risks
szsouiated mth their actions, and the lack of awarcnesy
wontributes to the incident.

Problems with the transter of information betwesn mainten-
ance peesennel, and this lack of infermation eentributed to
s bnwident

Problems with the tronsfer of information betwesn mainten-
ance peesonne] working together on one shift

Pro®dems with the transfer of informaticn betwesn mainten-
ance personnel on different shifts

Maintenanes personne] working on one area of the aiveraft
are unawars of work being performed by other personnel
{who may be from other depaciments or other sgencies) on
other areas of the atrcralt. This lack of awarensss eontribuies
fex the beident

Maintenanee perscnnel are subjected to subile and mot w0
subile pressures to remain s oschedule ot “any cost’. These
pressupss affect the decisions made by the maintenance per-
sonnel, and these decisions contribute to the incident
Pushback policks, as written in the operating procedures of
the aitling, are not enforced on a regolar basis, leading m
company norms on how a 1 be conduted.
Thess norms are bllowed bfy sl personnel, without being
guestioned {and perhaps even enconraged) by mansgement,
until an incident ocours, when the pessonnel invelved are
reprimanded For ned follewing the operating procedure. The
willingness of management to accept & company norm for
duy-tomday operation contributes 1 the incident

o]

Ak ek sk
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1.2.1 Position of Aircraft Compenents Changes

Alrcrafll Component
contacts obstaclies

4

4  §
Positions of Positions of
components compongnis return
changed manually automatically
1o neutral
- . 1 i
No spatters Hg check for Hydraulic system
used clesrange autivated
i 2
 § | | |
Bpotiar poliey Hydrautis Ambignt Mo auditary
not gystom nol nolge masks warning
entorced red-1agged auditery given
warning by AMT
I 3
{ 1
AMT warns Mo standard AMT unaware
athers by communication et
shouting pragedure conEurrent
activitiea

Fig. 1. Bxample of hazard pattern event tree

k10 SZELARBEN AR L k3% 6) Chi-squared 54 & R

BAERE A8 M &Y B tE A
b &t
Hl. B ARE 1.1 ZEHEFEMES

HLL &R R D RERNZBRER
H1.2. %R R A E AR
R

El. Z/AR% 2.3 58 P & fr 7 2 (aircraft under tow)
ELl. ZRAR % @ ##H
E12. ZRAE @ RENZIRER

E2. #2423] $ey PR 23 ®BTHMES
E2.1. 319 : #2253 %
E22. 31 % @ 3] ARG KA E oy 3P R sh
(do not extended out of hangar)

E23. 3] % i B REA

A (fE3])

L1 #ERKRRAEREZ 207 12 MEBSRE4BHFEIHE
ABLA

LLL. ##@F R 12 e BREFESE TR MR

LLI.1. @R R @B H

LL12. B# AR R - APEEF
LL2. AB REEME ATV 9 v T4k 12 MEBSREHBHHEII MR
LL3. ZFBREAN (— A M)
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LL4. 2 #E % o5 Ae P73 ik 0 415 B ) (— &)
LL5. %% # 8 % (pushback policy) 23 BT MES

2. MEER
) RAERBEEEHEARBER  B—HARATREH-
a RFZBAFTZHARER > #BR MY ESBIEEFH -
- AR 1.1 ¢ At B2 5x(Parked) i 3% 2 43 %(39%)
- R 1.2 i E S5E(Parked) M AL E B (RAME B TH)H 8
7% 2] 54 (23%)
- ERERA 2.3 ¢ AL BATHEM B B T R T B8 s (32%) -
QRAIBXZNBALRR HPHALAEHTREMH -
a ABAEXZREN AL R EEg e AREY 2 M A A4
'fi o
b A ARBRMY BN —REBLEKE > LAEBEKRRY 21% >
-LL3 AW B E R % (14%)
- LL4 #7235 B o e iy B /1 (Pressures for On-time departure) (7%) e
c ¥R AR 6B & % (Latent failures)il 66% 53] % :
-HIZBAR > RARER 1.1 ZHERERESQT%)HEFAH®E
ZBEKRBR -
-LL1 BEARR o RAREA 12 T ERXARLEHE MR
(11%)ey B A AR Z B KR -
-LI2 ABARERAHIITFH I ZARBEY 12 REEXELE
PE45 B T 48 M 1 (3%) 09 B A A8 B T KR
-El ZRIARE > AR 2 i B4kIE5 X FT1%) 8 2K 48 M

M2 B fE k3R
-BE2 12 G ey RRR 0 R AR 2 P BAIEE RIFITB%)H
BERFMMEZEE KR

-LLS k% FHIEER > RALAREA 2 flE SHEIESRFITO%)
M EFAMEZBER R
(3) % & WY IR R o & o) A SR A R B 09 B4 k3R (Latent failures)(72 #4F) »
AR HANEEREGCOH) AR AR B EHG4 4F) -
(4) KR RFF AT RIBIBEFHET RAFETEEFHORERE
b BLEADEMNIATR THEHARRS M E EBERFHF -
(5) 7 & RN BET | SRR IR E B -#1-3) $k(Blame-and-train) ¢ 7 X R A5
MESWRBEFH > ABRAY - - RARBEEFALTRAR A 4&ME
BB RRITERE > LARBREALTmAORYE > TRFBREIEELEL
R TN AMEEZRABTHEARLE  THRAXEEEAREEEE A
& e
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3.4

D) A BemBEF4EEH 3 A 04 % B35 (Parked) ™ 8 K
92 (39%) ~ Hi 2 B 45 Bx(Parked) M AL 2 B (AL E B BB HEAE 2 SN
(23%) ~ AL B AT HAR B) B & T 45 8 sh 4 (32%)

(2) £ Bty %4 k3% (Latent failures) #74 9 38 » H + — A8y B4 %k *(Latent
failures)4 21% @ B4 4% & &K% X (Hazard pattern) & /# 4& % 3% (Latent
failures)4& 66% °

(3) M &30 By 3 AR AR IR & B -$2-2) S (Blame-and-train) b 7 X 2R B0 AL 2 35
WEHBRFS > ARRAY - 2ARFEZRMBTALSE » RRGEL
AB B BREFPRFPEZRBHESNUB A AR EEERE B4R
A

[ SRR 3F47]

AXHERERARN  BIL—BTHRES T E > ERKRE > REHFE
— RN R ARAN BB KR M NG c BTREFHE
B T EAMHMREHRR  BRETLEREAENRA S BUARSME
NBBEHBARBEME BBBIRFHZEFERA - FIF » RIARA T LR
AAFEGHRENDE  THESFINARANER  MTHEALME NN EILE
AW K EBARBHRSAR - B AARAELER 12 BARRT
REBERBOBERE > TTHEALERITHIVMEBHBRFEFZIA -

R o BANBE KBTS RAE NI I ra ML A o plho G R
WMIEEERMERRBA  AXRAUMED N AW H L BXBARSH
I R LB ERR SR AT RARAS R TR REY
B B RETAHNREMEBHEREFH > ZAER Al RRORS
BiE o N KERE S PEME  TRBREREARRE > TRREHUABEZEEY
kR ZREBARART K BARMEMEHEE > B ARRMRS
ABATHUSAN > THRRBIARAHER - &R THIMRG 2B
R BB E > BAARBLEH ROBERR -

[48 B CRK]
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Drury, C.G., Brill, M., 1978. New methods of consumer product accident investigation.

19



Human Factors and Industrial Design in Consumer Products 196}229.

Fox, J.G, 1992. The ergonomics audit as an everyday factor in safe and e$cient
working. Progress in Coal, Steel and Related Social Research 10}14.

Fuller, R., McDonald, N., White, G., Walsh, W., 1994. Strategies to improve human
performance safety in ground handling operations. Presented at the Airports
Council International

Apron Safety Seminar, Caracas, Venezuela. ICAO, 1989. Human Factors Digest No.
1 Fundamental Human Factors Concepts, Circular 216-AN/131, International
Civil Aviation Organization, Canada.

Marx, D., 1992. Looking toward 2000: the evolution of human factors in maintenance.
Meeting Proceedings Sixth Federal Aviation Administration Meeting on Human
Factors Issues in Aircraft Maintenance and Inspection "Maintenance 2000a,
22323 January 1992, Alexandria, Virginia, pp. 64}76.

Maurino, D., Reason, J., Johnston, N., Lee, R., 1995. Beyond Aviation Human Factors.
Avebury Aviation, Hants, U.K.

McDonald, N., Fuller, R., 1996a. Safety in airport ground operations. A proposal to
the Scarf International Group to establish a company, Trinity College, Dublin.

McDonald, N., Fuller, R., 1996b. Human Factors and Airside Safety Management.
Trinity College, Dublin.

Monteau, M., 1977. A practical method of investigating accident factors. Commission
of the European Communities, Luxenbourg.

Reason, J., 1990. Human Error. Cambridge University Press, Cambridge, UK.

Senders, J.W., Moray, N.P., 1991. Human Error: Cause, Prediction and Reduction.
Lawrence Erlbaum Associates, Inc., Hillsdale, NJ.

Transport Canada, 1997. The Third Conference on Maintenance/ Ground Crew Errors
and Their Prevention: Conference Notes. Toronto, Canada.

C.A. Wenner, C.G. Drury / International Journal of Industrial Ergonomics 26 (2000)
1773199 199

20



Study Looking at Runway Incursions Identifies
Contributing Factors and Recommends Solutions
Bryce Fisher

ICAO Journal 2002 Vol.57 No.1 pp13, 27-28

[ 3 ]

According to a Canadian report on the phenomenon of runway incursions,
factors that are potentially responsible for an upward trend in occurrences include
traffic volume, use of capacity-enhancing procedures, airport layout, overall
complexity and, of course, human factors.

[+ X3 %]

RFERERRE > BENBGFHEIOEZRLAE  RBERAKR HAS
BRAMEF  WIHHR - HRARNE > DRA/REEK -

[7 %]

A RRE mERHNBENEFHEALR R AR RRR AR REE R
%, » 3 — 2 Transport Canada #9515 » K45 1996~1999 4 Fif ¢4 038 N A% F4H 3R
Ly JE R RBEANGZEARRYE W EZRAA W | LERFH ) ERE S 2.
BEAR 2 BN MPITZEER (L | FATHREAR) ; 3ARGTIEHRE R
BB R BE AN R FR o MIRE RN 23 AEHR -

% — A&} 52 & Nav Canada #9775 » 45 tH Za ey A% » 3208 27 SRR - S
WIEBH CRAPITHRE » VBPBRELEAEFTERRSHAEET -

= B4 3t A48 T AA42 B 1k /) 4 (incursion prevention team) B4 B B &30 7 35,
FIBZ AT R ~ BixFo oA B EANAR F L ARBBH R -

[ TRk 3F47]

AX PR ZAFRIME AR A M A EMARENZRA ML — R
RIS A B SRR R3] ) ME A ARBEZ AR TRAKZALT
,&T °
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AHIBENRFHCEBRARMREENELRE > WERTH A2 HHEHH
%o BREAEER - BREATAELEARL > RABANBENRFHZBLEHR -

Transport Canada #F %5, % 23 JAEH

1. $2 NAV CANADA #2448 mEXEH P EX TR BEANE - AlE
RAE AR R RIABZIREHFTRAAAG LR EARBAREZ I
BEMNERE - Fx THmEANE -

2 ERERIFHHREI —EXHAHBBENBETRETHE > THREE NAV
CANADA ~ jmE X5 R B @h R RME X QB EERER R A

3. E REH A RENE LA W BB R R R T E BIBENR TR K% - 4580
R .45 IR LA AR H 3 BB AR ARE SR A
T mAess o BAE o AT E BAR AR B AT B R B R B AR AL o

AmERER IR EEINRIEGFELT L ERALBLELTENLZSF » ICAO 2
AT XX IpiE F iFAe [ (Simultaneous Intersecting Runway Operations »
SIRO)AF AR ZAEE » ARATEAN AAH TRRTHFITRE  BITHR
BIF B B4RE 0 R D BB B EFITBE PRI - B RER ;Y
ES B E+MmEAEHESE > RERZLRA -

S ERERFERHNRITE E FHBER > RO T HWABGRESFT -

6. ERERITLAEERAFN TEEEA > AHRRGERGKAT » BH#
AR PR BE S RITELRANA F o

T i ERERFARMBFREF S BERLE —FFHNBEI I LR
(runway intersection departure) B 4E ik > BRI AR ZT ER I X X KL R
(intersection departure) > £ £ & T £ T 2 & ¥ A X X K A& # (intersection
departure) °

8. 40 RIEE 3G 22 3L — BAR B IFATIR AR MY AN R A 0 33k Bh A K ob 2 B e A
AR B AR R IFITRER -

9. EREWIM A EAMY > R —FELRAZERERAHPIT S (CAR
322) -

10. /0 & KB IRF 2 Ao EALRAR A BARERF > BIGHRRZEBEWNT Rfe
PAEE > KR a M AL R S AEL— B R -

ILAMGERERMH E2H > wERERIFREARBENRAGETALGA
M R R E BB B MM ERERBETTREANERRS G
BB 8 -

2. @ KEWIPFEL—FRBABENFITES FORE > HREER 4
B RV BERIFITEIXFAREAE -

13.m & REWIF A% — 5 ICAO B - #52 % % 47 1 ) 3R (Convention for
taxiways) » RAAREIFITHE -

14 & RERFPBARER B TIHOBRI ERmEREG > REMRGAS
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BARRRTERENEAL Pl Bh B AREBIHE RE  RiEZ
M4k s $b % o

15. & X EWH I MAE A B R BB B 5 5 AT HFE - TR @ R
B RAFAMUALYS B IR E 9 X > @R B ME -

16502 X ER I R F G A S IE CAR302.07 9 F X, Ik AFMRKHER > &
3 © CAR 705.07(Q2) ~ #t % A B 42 M 4T3t % (air operator flight safety
program) ~ CAR 573.09(NPA 2000-031) ~ & % 4% 3% 3+ % (Quality Assurance
Program)% » U LN B RFB A MG -

17. 8 A E IR AL — BT & THHE €5 NAV CANADA 445 » BB IR AR
fRA LR EASBEANZ T PO A o WA R E SRR AR AR
AL HNEEE BB B RAURIEA R > R EAROVE - BRB
% BAF R T EHAT TSB Class 4 # % > bty FH KM o

18. 402 X IE#H 3 #2 NAV CANADA s L — £ Z EM B > LS ENRFH
WEH R ~ 2T RB SRR GITHE

19. 408 X EWIFIE X B H S EANF G PR B RAWIEE » RULRGEIEE
B HEREEMMAMFTRAR ©

20. Ho 2 K KE B3R 46 38 o HA BB AR OB R A BTG I ST AT IRAT B 3
W o 3 ho P ACATAR B AL~ ARBA R AR P 0y R

21 po A KRB NG A s E AR RS B B 0 A RR A - B
Bt X AE AR E BB AR FS M ENARATH ARG IR
R BIBEERHTAL R -

22 K IE #3452 NAV CANADA ~ #35 % 128 Byfe iy A8 i B % > @3 &
Ve Bl 44 » AT Ao 3L B A% 355 (Calgary International Airport)3éi NA4%JE & B9
ENFRR 0 A IRA BOE RBARAT O TR I Z R ©

23. e KRB PRI BB Y48 R 4R T P o #35(Edmonton City Center Airport)Z 35,
BNEAGHEHAEREET  BELEFLTERIST -

NAV CANADA # %, 27 SR, -

1. EZB@RAMREUHZARBIR  MEBBENBZEFHORZREL MK
WA LR A e~ BImRA B ZREHTRARAN LR EARMA
Bz i@ B R B > P THEANR -

2.5 BB e XERI SCRI sk FHRERELATHK b T
aug B TERE -

JKEMA HBENE TR ERA AOR SR E > MK TITHRFHFRSE ~ £2RA
35 T Y B R PR o

4% BRI B R ARG IGHREANBH TR ERES AL EHES
K% %HME - & B 33 NAV CANADA # I PIEM R BB L4
RS BOAS N B EL R EERE > AR FEELSFE RN
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bz e

5.4 B @@ NAVCANADA Wi — ¥ AR HEENhEAEHAE > 2
WA E R B A NAV CANADA /i B Ity 448 T 124t B
HPRBLE R E

CEEERMNTRFLENMARS RASRARBENGFHEHLRMA
& 5s F R o

THZBGRBMIGTIEE R S & KEHIRFH - PG EEBAE AR
—EREBERSE -

8K B @B NAVCANADA BB EREIL—FEREHLRAANBZETAL -

OHEBERBERGEEAEFEITAR MR EAATENE —AHEEBER
& BRARWEBRAES

10.% B 4223 NAV CANADA #2 ¢ 5 R EAMBHBEEEHREMARZ &
HEMS T ERM BRI RS -

ILAINGREZF R RAFRE I ZEENERNE - GELAER 13)

2% B335 BREBRGERERIEREAWBENR G E BISEIRERL -

13.% B 23 s NAV CANADA BH#H 40 " S £538 ) RALEH B o RS
ERZEEIRFAN—AEA  c TEEHHEARER 1 EFHER - 2%
RAFAI I B R > ERAHBEABNHZER - GFLRER1)

428 @B EARMEFNER  BRE  BHERGERGKAT > REBFR
AFFATRAIBIEAR o

15.% B 235 T RAZ RIS %3 (Air Traffic Services Advisory Group) € 3%
B B3 A BRI

16.%& B € 33 NAV CANADA ATS J& %4t 4o f] FR 4| 4% B intersection departure &
&R E R -

7% B EGRBRIVBFERIFEEABRER BATEROBERITHRE 2205
RAEGWRGEEL B GHNZAMBZT > BIREWIBEFTHRGLE -
18.% B g R E/EfTARM - LB H FHI0E > BRIERAFTAERAY > #F

BRI o W RERRENFAARSE » —F—2 -

DAEBREREZT  ZETRAFRE BN EREHINGEA o9 XH > BRILE S
B FIk  UARPAARE -

20.% B @ T E R AR RGE o EA PR T PSR E S R 0§
1745 A% 8% % ] IR A% (interim vehicle control service) i3 b 8] 3% 3t 25 4§ 7T 32 43t
RBEAREELOG BTN BRI T AREFIBTEES ) B

21.% B &R A MR RIT I X & A RALEH ) 4 (Air Traffic Advisory
Group) & 3 > it 7 3% NAV CANADA #:3f : £ % T3k FSS W H B & B8 4
P BRI TR R 3R o

NRNAEBEEFMHETEE AR T LZARMY  EIXREXDE A % 0 FAM
N REMGER YA -
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235K B el R E R R RAANE R REBRMELAT
DUEUE o & B R BH AR E R A EHRRT 0 RERES
Bl RMGHE X -

U0 HZBeRATRER TGN E ) DB THREANBOREHR - 2R TER
JeFo b & KB A A £ B ohda BG4 > B3k D) e DEERENER
Wy RIE R o

25.% AZEHT IEF B K #6) NAV CANADA 2%ty Bt - RS FR
WEE Y AAZ R o ER AR R BAEKA > THE RGO HRAMMEE » &
BESATERBE RIFR T E ©

26.74 s & B # 3, | NAV CANADASH# 7R sh 38 38 N A% F AR A0 B 69 308s » 3

—EEGHE  TRGEABAHN THEE - MARSBRGHHLERE L

E e R BMG MY 0 MR RRRER 0 F K o THRZE & E I FI(Office

of Safety and Quality Management > OSQM) ~ Airspacefn #2 5 3f P64k » #F &Ik L

BLA W4 B v e 2@ AR -

27.% 7345 B AT/ X B A 35 (relief/handoff phraseology)Fw 37 i 4 4l5 ©

[48 Bl X RK]

A AR B 69 REIRE E T AT W35 HRAF ¢
Transport Canada $f4& % :
http://www.tc.gc.ca/civilaviation/SystemSafety/Pubs/tp13795/menu.htm#pdf
Nav Canada 3% % % ' http://www.navcanada.ca/navcanada.asp
[13] Don Cote, 2002, PROBLEM OF RUNWAY INCURSIONS AMONG MOST
URGENT ISSUES FACING AVIATION COMMUNITY, ICAO Journal 2002 Vol.57
No.3 pp26-27, 30
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Problem of Runway Incursions Among Most Urgent Issues
Facing Aviation Community
Don Cote

ICAO Journal 2002 Vol.57 No.3 pp26-27, 30

[3% 34 ]

Studies show that in spite of years of professional training, pilots, airport vehicle
operators, air traffic controllers and flight service specialists continue to unwittingly

find themselves involved in runway incursion incidents.

[+ 34 %]

BEANEAHETMEREF EZORMR A BEIMRHLE  BEHR
B -MEANE - HERWmEFR S FRABEL I LI BEARYREFH
475 2R R T Y 3

(A %]

TERENE

A3 % Nav Canada UTHENEZFR K » St AL B R 0 S MARS - 2L
Mg K A 0 19972000 4w £ ey RAR] > SBENRFH 2794 0 FHBENA
4-5 B ENZFMHELE  ABARURBAERBEERTEHELHBEAZN »
#48 % FE o NAV Canada #7038 sb F4- AT 43t 0047 HRENRFH 2 A
#% 4% 3% (Operation Irregularity OI) ~ 7 Bt B 44 3% (Pilot deviation PD) 2 #.45 B A B 4%
3%(Vehicle/Pedestrian Deviation VPD)% = #& -

BAF L3 EMERTUER  AME AR SRODATE R ZILHEN
1B EHAEAE B F A 15%0TF » R > H 3 5 BB 43R AR & R R LR
FANBAE A B Z B E AR A E L KB R B S AT A AF X FAR
Pl AR

1. #3%(The Read Back) : #F % AR F 4 A R 2 KB B A M S A RR

Hold-Short % Hold #4455 » B b & KA E A B A RIEIER B 2
B e
2. b@IBATIEA  RAL AT R 30AE 0 T Bk B AU & IR AT I sl 2R
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RIS I R BMEARE LR &

3. ERREHB TR EBRARARMEABINRIEHE) TR 2B > Hlde
alert strip ~ red lights % » ¥ gy Z 4 Bl E T2 4

4. Use of Position Relief List : A4 —AWEL B ghisth » MEAERBRX
ff #& (position relief briefing) 7K A% KRB ENEFHHREZ— > Hib
FRARB A RIIR T HE R

5. GEmegdFR BT R B LA EA LTI RBTEEFR R
WRAEE A BAEBENRZAR °
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Gustavo De Leon, ICAO providing support for implementation of runway safety
programmes, ICAO Journal 2004 Vol.59 pp13-14, 28-29.
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ICAO Providing Support for Implementation of Runway
Safety Programmes
Gustavo De Leon

ICAO JOURNAL 2004 VOL.59 PP13-14, 28-29

[ 34 2]

Spurred by a rising number of runway incursions at the world's aerodromes,
States and organizations have launched comprehensive runway safety programmes
and are making extensive use of the Internet to disseminate runway safety

information.
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System Uses Embedded Sensors to Track and Report on
Airfield Ground Movements
Arthur Garner, Jon Petrescu,

ICAO Journal 2000 Vol.55 No.4 pp29, 40-41

[ 348 & ]

A newly developed ground tracking and reporting system that is now undergoing
evaluation in the United States can detect unauthorized movements by vehicles or
aircraft on the ground and alert the tower controller to a potentially dangerous runway

incursion.
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Runway Incursion Prevention: A Technology Solution
Steven D. Young And Denise R. Jones,

IASS 2001, PP.221-238

[ 4% &]

A runway incursion occurs any time an airplane, vehicle, person or object on the
ground creates a collision hazard with an airplane that is taking off or landing at an
airport under the supervision of air traffic control (ATC)[1]. Despite the best efforts of
the Federal Aviation Administration (FAA), runway incursions continue to occur more
frequently. The number of incursions reported in the U.S. rose from 186 in 1993 to
431 in 2000, an increase of 132 percent. Recently, the National Transportation Safety
Board (NTSB) has made specific recommendations for reducing runway incursions,
including a recommendation that the FAA “require, at all airports with scheduled
passenger service, a ground movement safety system that will prevent runway
incursions; the system should provide a direct warning capability to flight crews™ [2].
To this end, NASA and its industry partners have developed an advanced surface
movement guidance and control system (A-SMGCS) architecture and operational
concept that are designed to prevent runway incursions while also improving
operational capability. This operational concept and system design have been tested in
both full-mission simulation and operational flight test experiments at major airport
facilities. Anecdotal, qualitative and specific quantitative results will be presented
along with an assessment of technology readiness with respect to equipage.
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A Post-Hoc Analysis of Navigation Errors During Surface
Operations: Identification of Contributing Factors and
Mitigating Solutions
Becky L. Hooey, and David C. Foyle
ISAP 2001

[ 3c¥ & ]

Two full-mission simulation studies of surface operations conducted at NASA
Ames Research Center revealed that, in low-visibility and night conditions, pilots
committed navigation errors on 17% of trials. A post-hoc analysis of these navigation
errors uncovered three distinct classes of errors: Planning Errors, Decision Errors, and
Execution Errors. Each class has a unique set of contributing factors, and therefore
demands unique solutions to mitigate error. Results from the two full-mission
simulations revealed that advanced navigation and communication technologies
designed specifically to address each class of error can mitigate pilot deviations and

increase surface operations safety.

[+ X% &]

A RARBABR B R BB X B X TG RAMRGZ —FF %
BEIFH FHAROBER - RBAERHE R -

A RPATREEBRBIFT RO TR > SRETFAEKERLEXR R MK
5 BBk BT S4TSR A 17% o % B Post-Hoc( B R o #7)69 ik » T AR
Sb AR T EE S st R MR A R MM RAITHMRE A AL A Y
W IE 3R o AR, B LA R AR B 09 AR R 7 ik e BAIRLER o

[P %]

L7 %

A% 3 Kelley& Adam(1997)89#F % » 3% A & B /ENASA Ames Advanced
concept Flight Simulatori® #47 2 ¥ jo S &k % M AT KL R E o R KUK i
W\ 2 2 AEFAE S 4 R B (McCann, et al., 1998; Hooey, Foyle, Andre, &
Parke, 2000) > 3t B2 #4TRR 547 > &4 H @3F 3 M - ARBEIITH

43



EomusdmaengeEBEE -

2HEBTR

F—EEmET oA RMEB LN ERE AR I TR ERKGTZ
18 R % B FAT ZAFMIF BB IF LR B BB B TR 6 R{E4H A Jeppesen
Chart 45 & H#i69-F B #21E:6 RER TFH 5B EMM)A 6 R4 A EMM i
FATIE BB R(HUD) Y R 5 - —F o948 B (8 M) RAE LR a9 1h 38 T AT 4
WA (38 4 RZ 700 R, RVR 700°) » 5 — ¥ 6948 B Al & R TF % AR
(Visual Meteorological Conditions, VMC)

AR EABBRETRE T IS RMAB LI MERE TR L TERER
B2 9 REMBIFAT 2RI BB RS M AR TR EAE LE B &
4£ 1000 R (RVR 1000°) - Z-4a &8 B & 5 5] 5w 3 RFF B44E © 3 RER #E
237 5 BAR 3 REM EMM, HUD $2 #3542 35 7T 84 RATHER - & | AwRALHE
ERZARLEFRARNARSER KRB KE -

Table 1. Swemary of Simmilstion Stadies

Westhiliny Tax: Conditions
{Tumber of cravrs)

2| Night VMC (8 erews) | Eno (6
#|RVR 700" 8 crews) | ENDM = HUD (6)

Crrant-Diay (33

= | RVR 1000’ (18 cxews)| Datalink (3 -
‘ Datalink+~EMM-+HUD (3)

F-RABA B WA RS AT R EAués = Navigation Error) » 3£ 8
BA A SkB T RAED R RZEE - TRBEBERAARTERL  (DERK
FT G E BT BQBEFTZETE P CRED SORERMEEI - &R
BRAFA 150 ReORIE T o £ 1 26 ke H4s82(173%) - #— BB
A R KT 9 s 325 A R B (RVR, 700’ ; Night VMC ; RVR 1000°) » T
DERREMATE LA T ME RO RBEEZZNEAER FERZBERLEER
(B 1) S RB A YRS BRI BEERGABERGNRIZEEL B ERARFTELR
PARAE LB S F PRk AR, o

44



Percent of Trals Containing a Plot Deviation

Dy RVR 7007
{48 triala}

Hight wMo
{48 trials)

Dy REVE LOGO*
{54 trials)
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A Decision Support System for The Safety of Airport
Runways: The Case of Heavy Rainstorms
Benedetto, A.

Transportation Research Part A : Policy and Practices, Vo0l.36,

No0.8,2002, pp665-682

[ 33 #]

The hydroplaning caused relevant plane accidents in landing and taking off
phases. A decision support system is here proposed in order to assess the safety
standard during heavy rainstorms. The geometry of the runways and the pavement
characteristics are investigated in different hydrological conditions. The decision
support system outcomes show that the very short rainstorms (duration of about 5
minutes) are the most critical. The decision support system dynamically computes the
depth of the water film through a hydraulic model, which numerically integrates the
complete energy and mass differential equations. The reliability of the mathematical
solution of the varied flow algorithm is validated.

A conceptual, physically based, model is proposed to simulate how the skid resistance
decreases during the rainstorm. This model, called “three points” model, fits well the
existing models both for a low water film and for a deeper one. It is integrated in the
decision support system so that an analysis of the skid resistance during rainstorm is
possible. The role of the pavement macrotexture is investigated for different slopes of
the runway surface and in different hydrological conditions (return period of the event
and duration of the rainfall). It is interesting to underline that the skid resistance
increases with the macrotexture, though the water film is deeper during poor weather
conditions. Moreover the safety conditions can be completely investigated.

Finally the open graded pavements are considered. The infiltration into the pavement
texture seems to be the best solution to reduce the hydroplaning risk and the reliability
of landing and taking off in poor weather conditions.

Then the decision support system can be considered a strategic diagnostic tool, for the
runway management, in order to identify the critical rainstorm that crucially makes
the airport unsafe. And, at the same time, the decision support system is a useful tool

to choose the geometry (runway slope) and the pavement materials (texture), in the
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where ay is the average depth of the microtexture (um}, ma is the average depth of the macro-
texture (mm) and w i3 the wavelength (average distance between asperities expressed in tmes
greater than the depth of the trregularities themselves). The correlation fuctor K is computed to be
0.98 (Kokkalis and Panagouli, 199%). Eq. (1), for a speed of 40 kin/h, shows a low sensitivity of
SN from the macrotexture and {rom the wavelength, but the sensitivity 8 crucially relevant in
terms of microtexture, as shown in Fig. 2
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Table 3
Assumed rate r; between the min depth for very short durations & and the I-hour depth
Duration {(minute} 1 2 3 4 3 i 13 30 43
Rate »; i3 0.8 .22 0.27 32 .48 0.60 0.81 051
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where £ s the wetted section, U the water velocity, k= 5 4 z where z is the geometric head and g
is the water depth, g the gruvity acceleration, g and gow the in- and outflow and 1 i3 time.
The equations svstem can be numerically solved on g space-time grid, as shown in Appendix A,
The inflow is the rain intensity and the outflow is the drainage through the pavement.

55



AR RTEEEBRAEAIE

The texture pavement charcteristics (m, or a1} are represented in 7 function as follows, where

g = U - {2 13 the instantaneous flow:
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Safety Aspects Of Aircraft Performance On Wet And
Contaminated Runways
Gerard W.H. van Es , Alfred L.C. Roelen, Eric A.C. Kruijsen,
Marijn K.H. Giesberts

EASS 1998, pp. 155-190

[ 4% &]

The runway surface condition at airports is a critical safety concern. The
exploratory study described in this paper examined the influence of wet and
contaminated runways on the take-off and landing performance of aircraft. The
operating problems, which arise when taking off from or landing on wet or
contaminated runways, are explained in detail. Certification of operations on wet and
contaminated runways is reviewed. Tests conducted by NLR on water covered
runways are briefly described. In order to quantify the degree to which the runway
surface condition is associated with the probability of an accident, both accident and
movement data for West-European Airports were collected from the Air Safety
databases of NLR. Accident and movement data were evaluated for 136 airports. The
accident sample comprised 91 overruns and veer-offs. The study concludes that there
is a four-fold increase in the accident risk for aircraft operating on wet and

contaminated runways.
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Table 7

: Risk Ratio for several combinations of aircraft type and flight phase.

Flight phase Jet & Turboprop Jet aircraft Turbeprop aircraft
aircraft

Take-off & Landing 4.1 1 3.9

Take-off 3.2 5 10.8

Landing 4.4 4.9 3.2

All Risk Ratios are significant at the 0.05 level.
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Figure 1: B-737 Tire-to-ground braking performance for different runway conditions.
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Figure 3: Snow contamination drag versus ground speed for a B-737 aircraft.
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The Normalization of Aircraft Overrun Accident Data
I. Kirkland, R. E. Caves, M. Hirst And D. E. Pitfield
Journal Of Air Transport Management, Volume 9, Issue 6,2003,

Pp.333-341

[ 4% &]

This paper is concerned with normalising runway overrun aircraft accident data
so as to allow all accident data to be properly relevant to any overrun accident
investigation. This task is part of a wider research task that addresses the need for
models to assess the risk of aircraft operations at any particular airport based on risk
management principles and to use all available data on previous accidents. The case
of runway overruns is taken because new regulations require consideration of the
provision of much longer Runway End Safety Areas than had been previously the
norm. The reported research collects accident data and then describes its
normalisation based on corrections made due to the effects of terrain, aircraft

performance and required distances on the accident locations.
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Fig. 4. Fully normalised fanding overrun locations relative to reguired landing distance.
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Fig. 5. Landing overrun locations, fully normalissd and as a pereentage of required landing distance.
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