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The report is based upon the investigation carried out by Banjul Accord Group Accident 

Investigation Agency. The State of Occurrence, Sao Tome & Principe delegated the entire 

investigation to BAGAIA, being the Regional Accident Investigation Authority, in line with 

Section 5.1 of Annex 13 to the Convention on International Civil Aviation. Nigeria as a member 

state of BAGAIA, was requested to conduct the investigation on its behalf. 

In accordance with Annex 13, it is not the purpose of Aircraft Accident/Serious Incident 

Investigations to apportion blame or liability. 

Readers are advised that BAGAIA investigates for the sole purpose of enhancing aviation safety. 
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source. 
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(INAC), Sao Tome, Ukraine Civil Aviation Authority and CAVOK AIR, LLC, Ukraine. 
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Aircraft Accident Report No.:  CVK/2017/07/29/F 

Name and Address of Owner: Swift Solution FZC P.O. Box 8753, SAIF 

Zone, Sharjah, United Arab Emirates 

Operator/Lessee:    CAVOK Air LLC, UKRAINE 

Aircraft Type and Model:   Antonov AN-74TK-100 

Manufacturer: Kharkiv State Aircraft Production      

Enterprise 

Date of Manufacture:   20
th

 May, 1992 

Serial No.:     36547095905 

Registration:     UR-CKC 

Location:     Sao Tome International Airport 

Date and Time:    29
th

 July, 2017 at about 0907hrs 

All times in this report are local time, 

equivalent to UTC unless otherwise stated. 

 

SYNOPSIS 

On 29
th

July, 2017 at about 0905hrs, an Antonov aircraft Model AN-74 TK-100, flight CVK 

7087, registered UR-CKC, owned by SWIFT SOLUTION FZC and operated by CAVOK 

Airlines LLC overran runway 29 during a rejected take off at Sao Tome International Airport. 

The Captain, the First Officer, the Flight Engineer and 2 maintenance Engineers on board were 

rescued unhurt except the Flight Navigator who sustained an injury to his left foot and some 

minor bruises. The intended non-scheduled return flight to Accra was initiated in accordance 
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with appropriate regulations. Visual meteorological conditions prevailed, and an instrument 

flight rules flight plan was filed. 

The safety issues discussed in this report focused on rejected take-offs and rejected take-off 

procedures; compliance with SOP, other related checklists and manuals, flight crew training for 

RTO scenarios; flight crew performance, including the captain's action to initiate a RTO after V1, 

and CRM.  

Recommendations in this Report are addressed to the Institut National de l’Aviation Civile 

(INAC), Sao Tome, Ukraine Civil Aviation Authority and CAVOK AIR, LLC, Ukraine.  
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1.0 FACTUAL INFORMATION 

1.1 History of the Flight 

On 29
th

 July, 2017 at about 0905hrs, an Antonov aircraft Model AN-74TK-100, flight CVK7087, 

registration UR-CKC, owned by SWIFT SOLUTION FZC and operated by CAVOK Airlines 

LLC was departing Sao Tome International Airport to Kotoka International Airport, Accra, for 

positioning with six crew on board. The flight was on an Instrument Flight Rule (IFR) flight plan 

and Visual Meteorological Conditions prevailed. The aircraft exited runway 29 during a rejected 

take off. The Flight Navigator sustained an injury and the aircraft was destroyed. 

On 28th July, 2017 at 0225hrs the aircraft arrived Sao Tome International Airport from 

Stavanger (Norway), via Luxemburg and Ghardaia (Algeria) as a Cargo flight.  On 29
th

 July, 

2017 at about 0800hrs, the crew of CVK 7087 comprising the Captain, the First Officer, the 

Flight Engineer, the Flight Navigator and 2 Maintenance Engineers arrived the airport and 

commenced the flight preparation; pre-flight inspection, determination of weight and balance, 

computation of performance and take-off speeds. The crew received flight briefing/weather 

information and refuelled the aircraft with an uplift of 5,700kg. 

At 0850hrs, the crew requested engine start-up clearance from Sao Tome Tower and it was 

approved. After completing the engine start procedures, engine parameter indications on both 

engines were normal. Appropriate checklist was completed and taxi clearance was requested by 

the crew. 

Sao Tome Tower initially cleared CVK 7087 to taxi on runway (RWY) 11 as favoured by the 

prevailing wind. However, the crew requested RWY 29 for departure. This request was approved 

by the Tower and the aircraft re-cleared to taxi to RWY 29 for departure. Sao Tome Tower did 

not provide the flight crew with the information about possible presence of birds at the 

aerodrome, in particular, on the runway. 
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At 0905hrs, the aircraft began the take-off roll. The First Officer was the Pilot Flying (PF) while 

the Captain was the Pilot Monitoring (PM). The engines and systems parameters were reported 

to be normal.  

According to the Captain, "In the first half of the take-off run from the runway, from five to six 

eagles got off the ground of the runway and flew dangerously close to the aircraft". He then 

requested the Flight Engineer to check if the flood lights were ON and to monitor the engine 

parameters.  The crew asserted that they observed a rising and narrowing runway as the aircarft 

accelerated to a speed of 180 km/hr.  They stated further:  "At a speed of 180 km/hr, ahead, a 

flock of eagles, which were not seen before this moment began to get off the ground from the 

runway."  The Captain took control of the aircraft and decided, after assessing the situation 

within 4 seconds that the best option for the crew was to discontinue the take-off. 

At that moment, the crew heard a bang, which they suggested could be a bird strike. This was 

followed by aural and visual indications on the annunciator panel such as “Left Engine Failure”, 

“Dangerous Vibration”, and “Take-off is prohibited” and the Captain immediately initiated a 

rejected take-off and instructed the Flight Engineer to deploy thrust reversers. The rejected take-

off was initiated about 5 seconds after sighting the birds, at a speed of 220km/h. According to the 

Captain, his decision was necessitated by the consideration of losing multiple engines due to bird 

strike if the take-off continued. 

The Captain said he pressed the brake pedals completely immediately after initiating the rejected 

take-off, subsequently he assessed the braking action as not effective and he used the emergency 

braking at a speed of about 130 km/h.  On realizing that the aircraft would not stop within the 

remaining available runway length (about 272.3m) coupled with the presence of a ravine at the 

end, the captain intentionally veered to the right in order to extend the runway stopping distance 

and also avoid the ravine. The aircraft exited the runway at a speed of approximately 76 km/h. 

As the aircraft’s speed decayed to 60 km/h and just before the aircraft exited the runway, the 

Captain instructed the Flight Engineer to close the fuel emergency shutoff cock.  The aircraft 

travelled a distance of about 95m from the exit point before plunging into the ravine. In the 

process, the forward fuselage separated from the bulkhead located immediately after the cockpit 
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section. The aircraft came to rest at a location with coordinates: N002
o 

2
’
 51

’’
and E006

o 
42’07’’.  

The accident occurred in daylight at about 0905hrs. 

 

1.2 Injuries to Persons 

Injuries Crew Passengers Total in the 

aircraft 
Others 

Fatal Nil Nil Nil Not Applicable 

Serious Nil Nil Nil Not Applicable 

Minor 1 Nil 1 Not Applicable 

None 5 Nil 5 Not Applicable 

Total 6 Nil 6 Not Applicable 

 

1.3 Damage to Aircraft 

The aircraft was destroyed.  

 

1.4 Other Damage 

Nil. 

 

1.5     Personnel Information  

1.5.1 Captain 

 Nationality:     Ukraine   
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 Gender:     Male   

 Age:      59 years 

 Licence Number:    ATPL TA No. 002430   

Licence Validity:    9
th

 June, 2018   

 Aircraft Rating:         AN-74  

Instrument Rating:    ILS 

 Instrument Rating validity:   30
th

 December, 2017  

 Licence Proficiency Check validity:  17
th

 July, 2018 

 Operator Proficiency Check validity:  14
th

 January, 2018 

 Annual Line Check validity:    15
th

 July, 2018    

 Medical Validity:    9
th

 December, 2017  

 SEP/CRM:     20
th

 January, 2017            

Total Flying Experience (All types):  12,847hrs    

 On Type:     986hrs 

 Last 90 days:     146hrs    

Last 28 days:              62hrs 

Last 24 hrs:     Nil 

 

1.5.2 First Officer 

 Nationality:     Ukraine   

 Gender:     Male   

 Age:      48 years 

 Licence Number:    ATPL TA No. 007254   
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Licence Validity:    21
st
 November, 2017   

 Aircraft Rating:      AN-74 

 Instrument Rating:    ILS   

 Instrument Rating validity:   30
th

 December, 2017  

 Licence Proficiency Check validity:  12
th

 December, 2017 

 Operator Proficiency Check validity:  25
th

 January, 2018 

 Annual Line Check validity:    1
st
 December, 2017   

 Medical Validity:    21
st
 November, 2017  

 SEP/CRM:     3
rd

 November, 2016            

 Total Flying Experience (All types):  5,389hrs    

 On Type:     618hrs 

 Last 90 days:     146hrs    

Last 28 days:             62hrs 

Last 24 hrs:     Nil 

   

1.5.3 Flight Engineer 

 Nationality:     Ukraine   

 Gender:     Male   

 Age:      56 years  

 Licence Number:    FE No. 000011   

Licence Validity:    8
th

 June, 2018   

 Aircraft Rating:      AN-74 

 Operator Proficiency Check validity:  29
th

 December, 2017 
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 Medical Validity:    8
th

 December, 2017  

 SEP/CRM:     21
st
 November, 2016            

 Total Flying Experience (All types):  17,301hrs    

 On Type:     4,479hrs 

 Last 90 days:     146hrs    

Last 28 days:              62hrs      

Last 24 hrs:     Nil 

  

1.5.4 Navigator 

 Nationality:     Ukraine    

 Gender:     Male 

 Age:      57 years 

 Licence Number:    FN No. 000530 

Licence Validity:    20
th

 March, 2018 

 Aircraft Rating:                AN-74                         

 Operator Proficiency Check validity:  23
rd

 February, 2018   

 Medical Validity:    20
th

 September, 2017   

 Total Flying Experience:   11,974hrs  

 On Type:     286hrs    

 Last 90 days:     81hrs    

Last 28 days:     62hrs 

Last 24 hrs:     Nil 
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1.5.5 Airframe & Powerplant Engineer 

 Nationality:     Ukraine    

 Gender:     Male 

 Age:      36 years     

 Licence Number:    AMLUA.66.1588     

Licence Validity:    27
th 

August, 2020 

 Aircraft Rating:                AN-74 

  

1.5.6 Avionics Engineer 

 Nationality:     Ukraine    

 Gender:     Male 

 Age:      34 years 

 Licence Number:    AMLUA.66.1203     

Licence Validity:    23
rd

 October, 2019 

 Aircraft Ratings:                AN-12, AN-140, AN-24, AN-74 & YAK 40 

 

1.6 Aircraft Information 

1.6.1 General Information 

Type:       AN-74TK-100 

Serial Number:      365.470.95.905 

Manufacturer: Kharkiv State Aircraft Production      

Enterprise 
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Year of Manufacture:     1992 

Total Airframe time:      5104.47hrs 

C of A Validity:     27
th

 November, 2017 

Category:      Transport (Cargo)     

Certificate of Registration: Issued 3
rd

 April, 2017 valid till 31
st
 

December, 2019 

 

1.6.2 Engines 

Number 1:  

Type:      D-36, Series 2A 

Manufacturer:      JSC Motor Sich, Zaporizhzhia, Ukraine 

Serial No:      708036412A005 

Time Since New:      5211 hours 

Cycles:     1933 
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Figure 1: Picture showing engine number 1 air intake/nacelle 

 

Number 2: 

Type:     D-36, Series 2A 

Manufacturer:     JSC Motor Sich, Zaporizhzhia, Ukraine 

Serial Number:    708036312A006 

Time Since New:    5211 hours  

Cycles:      1932 
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Figure 2: Picture showing engine number 2 air intake/nacelle 

 

1.7 Meteorological Information 

The following weather information was obtained from the MET office in Sao Tome International 

Airport and was available to the crew. 

FORECAST 

Time   :   0626 UTC 

Wind   :    180/4KT 

Visibility  :    >10km 
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Weather  :     Nil 

Cloud   :     FEW 020 BKN 110 

Temperature  :     24
o
C 

Dew Point  :     21
o
C 

QNH   :     1014 

 ACTUAL 

Time   :   0626 UTC 

 Wind   :    190/2KT 

Visibility  :    >10km 

Weather  :     Nil 

Cloud   :     FEW 020 BKN 110 

Temperature  :     24
o
C 

Dew Point  :     21
o
C 

QNH   :     1014 

The weather information passed by the Air Traffic Controller at about 0858UTC to the crew, 

shortly before engine start-up clearance was given, was as follows: Wind 170-04 knots, 

temperature 25/20, QNH 1016 while the wind value was passed as 160-08 knots at take-off 

clearance.   
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1.8 Aids to Navigation 

The conditions of the navigation aids at the Sao Tome International Airport on the day of the 

occurrence were as follows: 

 Sao Tome Control and Approach (ACC & APP) VHF 127.5 MHz : ‘S’  

 Sao Tome Tower VHF 118.900 MHz     : ‘S’ 

 Sao Tome Tower VHF 121.500 MHz (Emergency Frequency)  : ‘S’ 

VOR/DME 117.300        : ‘S’ 

 

1.9 Communications 

There was two-way communication between the crew and the Control Tower.  

 

1.10 Aerodrome Information 

The Sao Tome International Airport with ICAO location indicator FPST has a runway 

designation of 11/29.  Runway 29 was used for the take-off. 

The surface is coated with asphalt and has a dimension, 2160m x 45m.  The Aerodrome 

Reference Point is: 00
o
2

’
40

’’
and 006

o
42’47’’E with an elevation of 10m. Runway 29 has 

threshold co-ordinate of 002233.45N, 0064316.46E and elevation of 5m. 

Other declared distances of RWY 29 are as follows: 

RWY length - 2160m, 

RWY width - 45m,  

TORA - 2160m,  
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TODA - 2160m 

ASDA - 2160m, 

LDA - 2160m, 

Strip - 2240m * 150m,  

CWY - 60m 

RESA - Not available,  

Stopway - Not available. 

There is ravine at the end of the RWY 29 in addition to a major road adjacent to the airport’s 

perimeter fence.   

Runway inspection is usually carried out by the airport fire service personnel before any landing 

or take-off. At 0720hrs on the day of the accident, the runway was inspected for departure of 

STP Airways, STP 508.   

Aeronautical Information Publication on the aerodrome is that “Birds may at times flock on the 

grass around the runway.  If large concentrations of birds are seen on or near aerodrome, pilots 

of aircraft will be so informed by ATS.”  As part of its wild life control programme, the airport 

authority uses a 12-gauge firearm for elimination of animals while it employs scarecrow and a 

12-guage shot gun to scare and eliminate birds respectively. 
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Figure 3: Aerial view of the Aerodrome 

 

1.11  Flight Recorders 

The aircraft was equipped with both the Flight Data Recorder (FDR) and Cockpit Voice 

Recorder (CVR) and were recovered intact from the aircraft with the following details: 

Flight Data Recorder 

Part Number:   ИСУЯ.794121.002 (ISUY.794121.002) 

Type:    ZBN-1-3 series 3    

Serial Number:  1963   

Manufacturer:   "PRIBOR"SPA, JSC 
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Cockpit Voice Recorder 

Part Number:   ЛИКС.467562.001-03 (LIKS.467562.001-03) 

Type:    ORT (RUS – OPT) 

Serial Number:  151021 

Manufacturer:   UkrNIIRA, JSC 

Upgrade of the aircraft recorders was performed by replacing the crash-protected memory units: 

ZBN-1-3 by SSFDRZBN-1-3ser.3, and MARS-BM by SSCVRORT installed on 26.12.2015 by 

AMOUATC (Kyiv, Ukraine) under conditions of STCs DTL0164 and DTL0165 issued by 

SAAU to DOA PC “Stork”. 

The recorders were successfully downloaded at the Scientific and Research Laboratory of the 

Institute of Computer Systems of the National Aviation University, Ukraine. The FDR graphical 

readouts are as shown in Figures 4 and 5. 
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Figure 4: FDR Plot 
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Figure 5: FDR Plot 
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1.12  Wreckage and Impact Information 

The aircraft exited the runway at a speed of approximately 76 km/h and approximately 60m 

before the end of the runway. The clearway was an additional 60m in length. The aircraft 

plunged into the ravine and came to rest approximately 30m after the end of the clearway and 

25m to the right of the clearway. The forward fuselage separated from the bulkhead located 

immediately after the cockpit section.  

 

Figure 6: Picture showing the wreckage of the aircraft after the Impact 
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Figure 7: Picture showing the aircraft in the ravine 

 

Figure 8: Picture showing the aircraft resting on its left side 
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Figure 9: Picture showing the detached portion of the left wing 

 

1.13 Medical and Pathological Information 

The Medical and Pathological report on the crew is as follows: 

ANALYSIS: 

 The blood test results of the crew indicated the following: 

1. Ethanol (alcohol) levels for all five (5) crew members tested were within the 

Laboratory reference range of below 0.50 g/L); 

2. Tetrahydrocannabinol (THC) was not detected in the blood samples of the three (3) 

flight crew that were tested. 
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CONCLUSION 

Based on the above analysis, it can be concluded that the flight crew were not operating under 

the influence of either Ethanol (alcohol) or Tetrahydrocannabinol (Marijuana); nor their 

performances impaired by these substances. 

 

1.14 Fire 

There was no post-crash fire. 

 

1.15 Survival Aspect 

The Air Traffic Controller on duty could see the aircraft exiting the runway during the take-off 

roll from the control tower. He immediately contacted the airport rescue and fire fighting service 

personnel who responded swiftly to the crash site. Foam was applied adequately on the wreckage 

to prevent fire outbreak before the crew were promptly rescued and immediately taken to 

hospital for medical attention. There was also a liveable volume for the occupants to enhance 

survivability. 
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Figure 10: Cabin layout diagram 

 

1.16 Test and Research 

1.16.1  Feather Specimen Examination 

Fragments of bird feathers recovered from various locations of the left engine and photograph of 

a dead bird on the runway were sent to Institute of Zoology at the National Academy of Sciences 

in Ukraine for ornithological examination. The report suggested that the fragments correspond to 
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the juvenile specimen of diurnal carnivorous bird of Falconiformes of the Hawk Family 

(Accipitridae) – CommonHoney Buzzard, Pernis apivorusL. 

The detailed report of the test is attached in Appendix1. 

 

Figure 11: Feather Specimen found at different locations on the left engine 

 

1.16.2 Fuel Sample Test and Analysis 

Fuel sample taken from the incident aircraft was sent to a laboratory for analysis. The result 

obtained for the tests conducted were consistent with the characteristics of a normal Jet fuel and 

values of the parameters were within the prescribed limits. See Appendix 2 for details. 
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1.17 Organisational and Management Information 

1.17.1 The Operator 

“CAVOK AIR” is a Limited Liability Company (Airline) established in 2011 and based in 

Ukraine.  It started operations on 26
th

 April, 2012 and has an Air Operators Certificate.  The 

main operations of the airline are: 

 Air cargo transportation 

 Dangerous goods and special cargo transportation 

 Cargo charter operations with 24H flight watch 

 Planning and flight support 

 Obtaining diplomatic and special permits 

The CAVOK Air fleet includes 7 Antonov An–12B and 1 Antonov An-74TK-100 involved in 

the accident. 

 

1.17.1.1 Extract from Aircraft Operations Manual (Part B) 

3.2 ACTION IN COMPLEX SITUATIONS 

3.2.1 Engine failure 

3.2.1.1 General notes. 

Symptoms of engine failure: 

1. Turn and bank of the airplane to the side of faulty engine. 

2. Warning annunciator LEFT ENG-FAIL (RIGHT ENG-FAIL) illuminates. 

3. Intermittent buzzer warning sounds in the headphones of the crew members. 
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4. Engine rotational speed loss. 

3.2.1.3 Engine failure at take-off run (V>V1) 

 Continue take-off, for this: 

 Keep the aircraft from turning and rolling using rudder pedals, ailerons deflecting. 

 Carry out the lifting of nose landing gear at the 175...225 km/h speed 

 Provide the incidence angle 7...8
o
 using automatic pilot control (APC) (2...3

o 
in pitch) 

 After aircraft lift off provide roll to 3
o
 to the operating engine side.  No performing slip C 

(slip indicating ball shall be declined at ¼ diameter to rolling side) 

 Pull up the aircraft to climbing with the simultaneous increase of the speed up to 

205...245 km/h 

 

1.17.2 National Institute of Civil Aviation (INAC)  

National Institute of Civil Aviation otherwise known in Portuguese language as Instituto 

Nacional de Aviação Civil (INAC) is the civil aviation regulatory authority of Sao Tome and 

Principe.  It is one of the departments in the Ministry of Infrastructures, Natural Resources and 

Environment.  INAC is concerned with the following main competencies: 

 Cooperation with international organization on Civil Aviation. 

 Agreements on air transport and other Civil Aviation matters. 

 Permission for entry, exit and transit of aircraft. 

 Certification and supervision of Airport and Aircraft management and Operation 

agencies. 

 Certification and Supervision of flight operations. 

 Airworthiness Certification of Aircraft maintenance. 

 General planning, approval and licensing of air navigation facilities. 

 ATS Supervision. 
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 Airspace regulation, navigation and air traffic services and procedures supervision. 

 Approval and supervision of aeronautical training establishment 

 Aeronautical Information Services Authority of appeal in matters of Civil Aviation 

 Licensing of Aeronautical Personnel. 

 

Sao Tome and Principe Civil Aviation Regulations has part 14 (Aerodrome Certification and 

Operation) and part 17 (Air Traffic Service Certification and Operation).  The National Law, 

regulation and requirements has been in force since January, 2009. 

 

1.17.2.1 Extracts from INAC Regulations  

1.17.2.1.1 STPCAR PART 14 - Aerodrome Certification and Operation  

14. D – AERODROME WILDLIFE PLANNING AND MANAGEMENT  

14.10. D.05 APPLICABILITY  

Subject to paragraph (b), this subsection applies to aerodromes  

(1) that, within the preceding calendar year, had 2800 movements of operating aircraft;  

(2) that are located in a built-up area and that in the opinion of the Authority should be certified 

in the public interest and to enhance the safe operation of the aerodrome;  

(3) that have a waste disposal facility within 5 km of the geometric centre of the aerodrome;  

(4) that had an incident where a turbine-powered aircraft collided with wildlife other than a bird 

and suffered damage, collided with more than one bird or ingested a bird through an engine; or  

(5) where the presence of wildlife hazards, including those referred to in NI: 14.10.D.05, has 

been observed in an aerodrome flight pattern or movement area.  
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Subsection 14.10.D.15 applies to all aerodromes.  

14.10. D.10 WILDLIFE STRIKES  

The operator of an aerodrome shall keep records of all wildlife strikes at the aerodrome, 

including those reported by  

(1) Pilots;  

(2) Ground personnel; and  

(3) Aircraft maintenance personnel when they identify damage to an aircraft as having been 

caused by wildlife strike.  

Wildlife remains that are found within 60 meters of a runway or an airside pavement area are 

presumed to be a wildlife strike unless another cause of death is identified.  

The operator of an aerodrome shall submit a written and dated report to the Authority  

(1) for each wildlife strike, within 30 days of its occurrence; or  

(2) for all wildlife strikes that occur in a calendar year, before March 1 of the following calendar 

year.  

 

1.17.3 Airport Operator 

Sao Tome and Principe National Airports and Air Safety Corporation otherwise known in 

Portuguese language as Empresa Nacionalde Aeroportose Segurança Aérea (ENASA) is the 

Operator of Sao Tome International Airport (FPST/TMS). 
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1.17.4 State Aviation Administration of Ukraine 

State Aviation Administration of Ukraine is an agency of the Ukrainian government under the 

Ministry of Infrastructure responsible for civil aviation. It regulates all aspect of civil aviation in 

Ukraine.  The head office is located in Kiev. 

 

1.17.5 Kharkiv State Aircraft Production Enterprise  

Kharkiv State Aircraft Production Enterprise was founded in 1926. Since that time, the company 

has been producing different types of aircraft, civil and military, including combat trainer MiG-

15УТИ, Tu-104 (the first jet airliner of the USSR), and Tu-134, which formed the basis of fleet 

of Aeroflot and many other airlines. 

The incident aircraft, AN-74TK-100 was manufactured by the company in 1992.  It is one of the 

three subsidiaries of the state-owned Antonov Aviation Concern.  The other two subsidiaries 

being: State Civil Aviation Enterprise Plant 410 and the Antonov Company itself - which builds 

Ukraine's "An-" aircraft and operates "Antonov Airlines." 

 

1.18 Additional Information 

1.18.1  Bird Strike 

A bird strike is strictly defined as a collision between a bird and an aircraft which is in flight or 

on a take-off or landing roll. The term is often expanded to cover other wildlife strikes with bats 

or ground animals. 

Bird Strike is common and can be a significant threat to aircraft safety. For smaller aircraft, 

significant damage may be caused to the aircraft structure and all aircraft, especially jet-engine 

ones, are vulnerable to the loss of thrust which can follow the ingestion of birds into engine air 

intakes. This has resulted in a number of fatal accidents. 
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Bird strikes may occur during any phase of flight but are most likely during the take-off, initial 

climb, approach and landing phases due to the greater numbers of birds in flight at lower levels. 

Since most birds fly mainly during the day, most bird strikes occur in daylight hours as well. 

 

1.18.1.1 Effects 

The nature of aircraft damage from bird strikes, which is significant enough to create a high risk 

to continued safe flight, differs according to the size of aircraft. Small, propeller-driven aircraft 

are most likely to experience the hazardous effects of strikes as structural damage, such as the 

penetration of flight deck windscreens or damage to control surfaces or the empennage. Larger 

jet-engine aircraft are most likely to experience the hazardous effects of strikes as the 

consequences of engine ingestion. Partial or complete loss of control may be the secondary result 

of either small aircraft structural impact or large aircraft jet engine ingestion. Loss of flight 

instrument function can be caused by impact effects on the Pitot-Static System air intakes which 

can cause dependent instrument readings to become erroneous. 

Complete Engine failure or serious power loss, even on only one engine, may be critical during 

the take-off phase for aircraft which are not certificated to 'Performance A' standards. In the case 

of bird ingestion into more than one engine, all aircraft are vulnerable to loss of control. Such 

hazardous ingestion is infrequent but may result from the penetration of a large flock of medium 

sized birds or an encounter with a smaller number of very large ones. 

In some cases, especially with smaller fixed wing aircraft and helicopters, windscreen 

penetration may result in injury to pilots or other persons on board and has sometimes led to loss 

of control.  

Although relatively rare, a higher altitude bird strike to a pressurized aircraft can cause structural 

damage to the aircraft hull which, in turn, can lead to rapid depressurization. A more likely cause 

of difficulty is impact damage to extended landing gear assemblies in flight, which can lead to 

sufficient malfunction of brakes or nose gear steering systems to cause directional control 

problems during a subsequent landing roll. A relatively common but avoidable significant 

http://www.skybrary.aero/index.php/Loss_of_Control
http://www.skybrary.aero/index.php/Pitot_Static_System
http://www.skybrary.aero/index.php/Unreliable_Airspeed_Indications
http://www.skybrary.aero/index.php/Aircraft_Performance
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consequence of a bird strike on the take-off roll is a rejected take-off decision which is either 

made after V1 or which is followed by a delayed or incomplete response and which leads to 

a runway excursion off the departure end of the runway. 

 

1.18.1.2 Mitigation 

The primary defence against hazardous bird strikes stems from the requirements for continued 

safe flight after strikes which are included in the airworthiness requirements of the Aircraft 

Type and Aircraft Engine Type Certification processes. However, these requirements are not a 

complete protection and are also mainly focused on large fixed wing transport aircraft. The 

relevant design requirements for smaller fixed wing aircraft and helicopters are very limited.  

The opportunities to mitigate the risk of hazardous bird strikes in the first place are centred on 

airports, because this is where the greatest overall volume of conflict occurs, and because this is 

where management and control of the hazard is most easily achieved. However, there are two 

problems with this approach: 

1. The airport-centred bird strike risk is rarely confined to the perimeter of any particular 

airport 

2. Many of the most hazardous strike encounters such as those with large flocking birds take 

place so far from the airport that the airport operating authority will often have little real 

influence over the circumstances. 

Therefore, establishing and monitoring levels of bird activity is important, and a critical part of 

this process includes the recording of bird strikes at the local level. This then provides the 

opportunity to build up a larger database and to share the information. 

Guidance on effective measures for establishing whether or not birds, on or near an aerodrome, 

constitute a potential hazard to aircraft operations, and on methods for discouraging their 

presence, is given in the ICAO Airport Services Manual, Part 3. Further detail is provided in a 

number of State-published documents which are useful beyond their jurisdictions.  

http://www.skybrary.aero/index.php/Rejected_Take_Off
http://www.skybrary.aero/index.php/V1
http://www.skybrary.aero/index.php/Runway_Excursion
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1.18.1.3 Factors Influencing Birds Activities at Airports Vicinity  

 Habitat features, including open areas of grass and water as well as shrubs and trees, 

provide food and roosting sites for birds. Even transient water accumulation on uneven 

pavements can be a significant bird attractant. 

 Landfill and other waste disposal sites often attract large numbers of birds if they are not 

carefully managed. 

 Some types of agricultural activity, on or in the vicinity of an airport, may attract birds. 

 Migrating birds often follow well-defined flight paths in considerable numbers. This can 

create a hazard if the flight paths are near an airport. 

 Airports in coastal locations often have a much higher level of un-managed bird activity 

than do inland airports. 

 Most airports contain considerable areas of grass within their perimeters. Since even dry 

grass can be attractive as a loitering area for birds by day or night, appropriate grass 

management policies, especially the grass height maintained, can be very important. 

 

1.18.1.4 Solution 

 Habitat management, including reduction or elimination of trees, shrubs and other plants 

which provide food, shelter or roosting sites for birds. 

 Netting or draining of streams, routinely wet grassland and areas of standing water.  

 Prevention of transient formation of such areas after heavy rainfall. 

 Aerodrome grass management appropriate to the prevalent species and the degree of risk 

that they pose. 

 Liaison with local authorities to ensure that landfill waste disposal sites are not operated 

so as to create an aircraft hazard. 

 Liaison with local farmers to limit the attraction of birds to fields. 

 Use of bird scaring techniques such as: 

o Broadcast of bird distress signals; 
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o Firing of pyrotechnic bird-scaring cartridges. 

 Tactical detection of large flocking birds using specialized ground-based radar 

equipment. 

 

1.18.2 Bird Strike Performance A 

Modern aircraft are designed and built according to strict standards which are laid down by 

national and international authorities to comply with International Civil Aviation Organization 

(ICAO) Annex 8 (Airworthiness). In Europe, aircraft design must also comply with European 

Aviation Safety Agency (EASA) standards.  

Aircraft manufacturers publish full details of aircraft performance in the Airplane Flight Manual 

(AFM), together with the approved aircraft operating techniques necessary to achieve AFM 

performance.  

Aircraft must be able to operate safely throughout their flight regime in such a way that a safe 

outcome will result from specified malfunctions (e.g. power unit failure), occurring at any point 

throughout the flight range.  

 

1.18.2.1 Take-off and Landing Performance 

The maximum aircraft mass at take-off is the maximum mass calculated for the aircraft type, the 

runway elevation, length, slope and braking action, and the prevailing weather conditions such 

that the aircraft can:  

 Maintain specified minimum rates of climb after take-off with full power and with one 

power unit inoperative;  

 If a power unit failure is detected during the take-off run, either:  

o abandon the take-off and stop within the runway length; or,  

http://www.skybrary.aero/index.php/ICAO
http://www.skybrary.aero/index.php/EASA
http://www.skybrary.aero/index.php/AFM
http://www.skybrary.aero/index.php/AFM
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o continue the take-off, clearing all obstacles during the climb-out path by a 

specified margin.  

 Continue with the flight with one engine inoperative, either returning to the departure 

airfield, the destination, or a specified alternate airfield clearing all terrain en-route by 

specified margins.  

 Land safely at the departure airfield, the destination or the specified alternate airfield.  

The correct operating technique requires the aircraft to be flown at specified configurations
1
, 

power settings and speeds corresponding to the actual aircraft mass throughout the take-off, 

initial climb, approach and landing. 

 

1.18.2.2 En-route Performance 

The manufacturer specifies the maximum operating altitude when full power is available and 

also when operating with one or more engines inoperative. Climb, cruise and descent data is also 

published for one or more operating techniques and for all permissible altitudes and 

temperatures. Data comprises power settings, indicated air speed or Mach No, true air speed and 

fuel consumption.  

 

1.18.3 Bird Strike Certification Standards 

Although the great majority of reported bird strikes have little or no effect on continued safe 

flight, a small number of encounters, usually with flocks of birds and especially flocks of large 

birds, can damage aircraft or their engines so badly that they cannot continue to fly.  

Current aircraft certification standards therefore include requirements to demonstrate both 

airframe and engine resistance to bird impact. The standards which apply are those in place at the 

                                                 
1
Configuration refers to the number of power units operating, whether flaps, landing gear or speed brakes are 

extended 

http://www.skybrary.aero/index.php/Landing_Distances
http://www.skybrary.aero/index.php/Bird_Strike
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time of introduction of a new aircraft type or engine. Experience of Accident and Incidents has 

led to progressively tougher requirements although, as with most certification standards, with 

arrangement under which later derivatives of an initial aircraft type design can be manufactured 

under variations to the original Type Certificate; thereby avoiding the more complex procedures 

involved in gaining approval under a completely new Type Certificate. This implies that new 

requirements are not retrospectively applied to aircraft and engines that have been in-service. 

The Standards established by both the FAA and EASA are essentially similar but are not yet 

fully harmonized. However, new aircraft and engine types have to meet both standards so that 

more demanding of each applies in each instance. Assurance that certification standards have 

been met is achieved by various means including ground testing using dead birds, of specified 

weights and quantities, at representative impact speeds.  

 

1.18.3.1 Bird Impact Forces 

For any given impact, the most important determinant of damage potential is the speed of 

impact. This is because the kinetic energy, which has to be absorbed by the airframe or within 

the engine, is the product of mass and the square of the speed. Clearly, the speed of the aircraft, 

rather than that of the bird, makes up nearly all of the closing speed of impact so that, except for 

very small aircraft, aircraft speeds are directly proportional to the damage potential for collision 

with a particular object. Civil aircraft speeds are generally at their lowest where most birds are 

found - near the ground - but increase progressively with altitude until the bird hazard disappears 

at somewhere above Flight Level (FL) 200. What has been convincingly demonstrated from 

incident data analysis is that, although the number of recorded bird impacts reduces rapidly with 

altitude, the greater the altitude, the greater the proportion of bird strikes which produce major 

damage.  

Apart from speed, a number of factors have been identified as influencing the damage a bird 

impact can cause. These are all considered during the design of both aircraft and engines in an 

attempt to understand the robustness of structures and engines to bird impact from first principles 

http://www.skybrary.aero/index.php/Accident
http://www.skybrary.aero/index.php/Serious_Incident
http://www.skybrary.aero/index.php/Type_Certificate
http://www.skybrary.aero/index.php/Type_Certificate
http://www.skybrary.aero/index.php/FAA
http://www.skybrary.aero/index.php/EASA
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as well as to prepare to meet certification standards. They include, with the most common 

simplifying assumptions shown in parenthesis:  

 Bird weight  

 Bird density  

 Bird rigidity (deformation by 50% of its shape)  

 Angle of impact (90 degrees)  

 Impact surface shape (flat)  

 Impact surface rigidity (no deformity)  

It is also important to understand that the kinetic energy which is absorbed by an airframe during 

an impact is 'converted' into an effective force on that airframe based upon the distance over 

which the impact is 'delivered'. This notional distance is the product of the various simplifying 

assumptions listed above. The only additional assumption required to calculate impact force is 

that mass = weight.  

Structural damage is, therefore, proportional to impact force rather than the quantity of kinetic 

energy absorbed. The forces are large, however the  order of magnitude and their concentration 

over a very small area means that there is little prospect of 'hardening' any engine or airframe to 

completely resist such a force and certification standards tend to address the containment of the 

effects of bird impacts.  

 

1.18.3.2 Engine Certification Standards 

Current standards, for both multiple and single bird engine ingestions into a single fixed wing 

aircraft engine, exist in equivalent form in 14 CFR Part 33-77 and in EASA Airworthiness Code 

CS-E 800 ’Bird Strike and Ingestion’. The basic requirements for engine ingestion were revised 

in 2000 to take account of both evidence of an increase in the size of birds impacting aircraft and 
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issues raised by the development of very large inlet, high bypass ratio, engines. The 

requirements, to be demonstrated by testing, are, in outline, now as follows:  

 That at a typical initial climb speed and take-off thrust, ingestion of a single bird of 

maximum weight between 1.8kg and 3.65kg dependent upon engine inlet area shall not 

cause an engine to catch fire, suffer uncontained failure or become impossible to shut 

down and shall enable at least 50% thrust to be obtained for at least 14 minutes after 

ingestion. These requirements to be met with no thrust lever movement on an affected 

engine until at least 15 seconds of post impact have elapsed.  

 That at a typical initial climb speed and take-off thrust, ingestion of a single bird of 

maximum weight 1.35kg shall not cause a sustained thrust or power loss of more than 

25%, shall not require engine shut down within 5 minutes and shall not result in 

hazardous engine condition.  

 That at a typical initial climb speed and take-off thrust, simultaneous ingestion of up to 7 

medium sized birds of various sizes between weight 0.35kg and weight 1.15kg, with the 

number and size depending upon the engine inlet area, shall not cause the engine to 

suddenly and completely fail and it shall continue to deliver usable but slowly decreasing 

minimum thrust over a period of 20 minutes after ingestion. [Engines with inlet sizes of 

less than 0.2 m
2
 (300 square inches) only have to meet the standard for a single bird of 

this weight]  

 That at a typical initial climb speed and take-off thrust, simultaneous ingestion of up to 

16 small sized birds of weight 0.85kg, with the number dependent upon the engine inlet 

area, shall not cause the engine to suddenly and completely fail and it shall continue to 

deliver usable but slowly decreasing minimum thrust over a period of 20 minutes after 

ingestion.  

The following failure definitions apply to the Engine for bird strike certification: 
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(1) An Engine Failure in which the only consequence is partial or complete loss of 

thrustor power (and associated Engine services) from the Engine must be 

regarded as a Minor Engine Effect. 

(2) The following effects must be regarded as Hazardous Engine Effects: 

i. Non-containment of high-energy debris, 

ii. Concentration of toxic products in the Engine bleed air for the  cabin 

sufficient to incapacitate crew or passengers, 

iii. Significant thrust in the opposite direction to that commanded by the pilot, 

iv. Uncontrolled fire, 

v. Failure of the Engine mount system leading to inadvertent Engine 

separation, 

vi. Release of the propeller by the Engine, if applicable, 

vii. Complete inability to shut the Engine down. 

(3) An effect falling between those covered in (1) and (2) must be regarded as a 

Major Engine Effect. 

 

1.18.3.3 Airframe Certification Standards 

Current standards for the impact of a single bird with a large aircraft airframe exist in both 14 

CFR Part 25-571 and in EASA CS-25.631 as design requirements for which means of 

compliance are provided. This means that an airplane must be capable of continued safe flight 

and landing after hitting a 1.8 kg bird at the more critical of:  

 Vc (cruise speed) at mean sea level or  

 85% of Vc at 8000 feet altitude.  

The FAA (only) has an additional requirement under 14 CFR Part 25-631 that an airplane must 

be capable of continued safe flight and a subsequent normal landing after the empennage 

structure has been impacted by an 3.6 kg bird at cruise speed (Vc) at mean sea level.  

In addition, both EASA CS-25 and 14 CFR Part 25 require that:  
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 Windshield integrity after single bird impact requires that the inner ply must be non-

splintering and the panes directly in front of the pilots must withstand, without 

penetration, a 1.8 kg bird at cruise speed at mean sea level  

 Pitot-tubes must be far enough apart to preclude damage from a single bird impact  

Under EASA CS-23.775 and 14 CFR Part 23.775, smaller aircraft are required only to have 

limited windshield integrity; a demonstrated single bird impact resistance of up to 0.91 kg at 

maximum approach flap speed and at least one pane with sufficient forward vision remaining to 

allow continued safe flight. 

 

1.18.4 Airport Bird Hazard Management 

Since aircraft bird strike hazard is greatest at low altitudes (because that is where bird activity is 

most heavily concentrated) and at or near airports (because that is where the greatest 

concentration of aircraft is found), much of the focus on bird hazard management is on airports.  

Operators of aircraft have a reasonable expectation that any bird hazard which may exist at an 

airport that they utilize will be controlled to a level which eliminates exceptional risk. Many 

States have detailed guidelines and compliance procedures to ensure that their airports achieve 

this but, despite the existence of related ICAO SARPs, there is no uniformity of achieved 

standards.  

 

1.18.4.1 Principles of Effective Risk Management 

The extent of a bird hazard at any particular airport location is widely variable. While there are 

many potential solutions and strategies available, not all are necessarily relevant to the particular 

circumstances of a specific airport. The most important action, upon which any risk management 

strategy must be founded, is knowing the nature of the (unmanaged) hazard. This may vary by 

time of day and seasonally and must be related to the likely pattern of aircraft movements. Once 

http://www.skybrary.aero/index.php/Pitot_Static_System
http://www.skybrary.aero/index.php/Bird_Strike
http://www.skybrary.aero/index.php/ICAO
http://www.skybrary.aero/index.php/Risk_Management
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a risk management plan is in place, it must be recognized that it is still necessary to monitor 

proactively for any detectable change in the assumptions upon which the plan was based. This is 

necessary in order to try and avoid complete reliance upon the reaction to an increase in the level 

of a recorded hazard as the trigger for any modification to the plan.  

As with all risk management, an SMS approach to risk management is essential. The activity 

must be founded on accountability, co-operation between stakeholders, proper documentation 

and an effective review procedure. All this needs to be facilitated by human and financial 

resources compatible with the task.  

 

1.18.4.2 Components of Risk Management 

One aspect of risk management similar for all airports, is maintaining a reliable record of the 

hazard remaining despite the implementation of the risk management plan. In respect of actual 

bird strikes to aircraft, this is a requirement included in ICAO SARPs. Liaison with Operators is 

likely to be necessary to ensure full data capture and to exclude double counting. It is also 

important to keep records of changes to the risk mitigation actions in place under the risk 

management plan, so that the effects on the level of residual hazard recorded can be monitored.  

It is likely that airports will need the services of specialist advisers to assist in the initial 

preparation and ongoing review of the risk management plan.  

Many of the ‘tools’ at the disposal of airport operators will find at least some place in any risk 

management plan but not necessarily to the same degree. These are essentially considered in 

three categories:  

I. Airport Habitat Management - grass and surface water (including transient 

accumulations) management, exclusion of roosting opportunities in buildings and trees 

within the airport perimeter  

http://www.skybrary.aero/index.php/SMS
http://www.skybrary.aero/index.php/Risk_Management
http://www.skybrary.aero/index.php/Bird_Strike_Reporting
http://www.skybrary.aero/index.php/Bird_Strike_Reporting
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II. Airport Locality Habitat Review (i.e. that area beyond the airport perimeter where bird 

attractants or related bird activity have the potential to directly affect the operational 

safety of aircraft using the airport).  

III. Active on-airport control systems - bird activity monitoring, bird deterrence methods, 

ATC alerting channels. The selection of a balance of appropriate risk management 

methods will depend not only on the apparent effectiveness of deterrence of birds, but 

often on an understanding of any particular reasons why given species are present. 

 

1.18.4.3 Operators Checklist for Bird Strike Hazard Management 

1. Aircraft operators should be given specific, timely and reliable information which will 

allow them to adapt their flight schedules in order to ensure the safety of their aircraft, 

just as they would do to mitigate other hazards such as wind shear, icing, and volcanic 

ash. 

2. Operators are to always have access to up to date bird strike rates for each airport. 

Operators may use their own data if movements are sufficient, or may use that for all 

airport movements if movements are not sufficient. Where high relative rates are 

identified, operators should ensure that further investigation of the circumstances is 

carried out with the assistance of the airport operator. 

3. Operators should ensure that flight crew are properly informed about known bird hazards 

which may affect them before commencing their flights, whether such information is 

published in AIPs, NOTAMs or BIRDTAMs (where available), or has been directly 

determined by the Operator. (Unless a specific effort is made to facilitate this, the 

pressures of time during pre-flight briefings has often resulted in such awareness not 

being gained).  

4. Operators should ensure that flight crew are provided with appropriate guidance on 

response to the hazard. Particular attention should be given to engine ingestion for both 

the short final case (do not attempt a go around) and the take-off roll case (do not attempt 

http://www.skybrary.aero/index.php/Bird_Strike
http://www.skybrary.aero/index.php/AIP
http://www.skybrary.aero/index.php/NOTAM
http://www.skybrary.aero/index.php/BIRDTAM
http://www.skybrary.aero/index.php/Bird_Strike_on_Final_Approach_-_Guidance_for_Flight_Crews
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a rejected take off at high speed unless it is positively assessed that it is unlikely that it 

will be possible to get safely airborne.) Tactical mitigation of unexpected bird hazard is 

an important element of risk management , many accidents and serious incidents have 

resulted from inappropriate flight crew responses to bird encounters. 

5. Ensure that flight crew make reports on all actual or suspected bird strikes and any 

instances of observed bird activity which they consider could have been hazardous. It is 

important that flight crew have sufficient familiarity with bird species to recognize and 

record at least species groups and that, when reporting actual or suspected engine 

ingestion of birds, they record any observed engine thrust or torque fluctuations which 

might have been associated with an ingestion event.  

6. Have unequivocal guidelines in place for appropriate levels of maintenance inspection 

after any flight during which actual or suspected bird strike has occurred, especially if 

engine ingestion is or may be involved. These should be founded upon an operating 

culture which achieves a flight crew entry in the aircraft Technical Log after any such 

occurrence and clear procedures on the necessary authority to clear or defer such an 

entry.  

7. Even if there are no applicable ATC speed restrictions, apply a Company Maximum 

Speed below FL100 / 10000 feet for both climb and descent. This will ensure that 

damage from any impact with the larger birds that increasingly predominate at higher 

altitudes is minimized  

8. If a particular airport, used by pure jet engine aircraft, is identified as having an above 

average risk of bird strike during initial climb then consideration should be given to 

introducing an SOP for that airport to fly the ICAO Noise Abatement Departure 

Procedure1 (NADP 1). This will minimize the probability of strikes at low level where 

bird density is highest because of the high climb rate and will also minimize the extent of 

any damage if birds are ingested due to the minimum climb speed. 

 

http://www.skybrary.aero/index.php/Rejected_Take_Off
http://www.skybrary.aero/index.php/Risk_Management
http://www.skybrary.aero/index.php/Accident
http://www.skybrary.aero/index.php/Serious_Incident
http://www.skybrary.aero/index.php/Bird_Strike_Reporting
http://www.skybrary.aero/index.php/Safety_Culture
http://www.skybrary.aero/index.php/Safety_Culture
http://www.skybrary.aero/index.php/SOPs
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1.18.5 Engine Compressor Surge 

1.18.5.1     Compressor Stall 

A compressor stall is a local disruption of the airflow in a gas turbine or turbocharger 

compressor. It is related to compressor surge which is a complete disruption of the flow through 

the compressor. Stalls range in severity from a momentary power drop (occurring so quickly it is 

barely registered on engine instruments) to a complete loss of compression (surge) necessitating 

a reduction in the fuel flow to the engine. 

Stall was a common problem on early jet engines with simple aerodynamics and manual or 

mechanical fuel control units, but has been virtually eliminated by better design and the use of 

hydro mechanical and electronic control systems such as Full Authority Digital Engine Controls. 

Modern compressors are carefully designed and controlled to avoid or limit stall within an 

engine's operating range. 

 

Figure 12: Picture showing Airflow separating from an aerofoil at a high angle of attack, as 

occurs during stall. 
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Figure 13: A picture of an axial compressor showing both the stator and rotor blades 

 

1.18.5.2      Types of Compressor Surge 

There are two types of compressor stall: 

1. Rotating stall 

Rotating stall is a local disruption of airflow within the compressor which continues to provide 

compressed air but with reduced effectiveness. Rotating stall arises when a small proportion of 

the airfoil experiences airfoil stall disrupting the local airflow without destabilizing the 

compressor. The stalled airfoils create pockets of relatively stagnant air (referred to as stall cells) 

which, rather than moving in the flow direction, rotate around the circumference of the 

compressor. The stall cells rotate with the rotor blades but at 50% to 70% of their speed, 

affecting subsequent airfoils around the rotor as each encounters the stall cell. Propagation of the 

instability around the flow path annulus is driven by stall cell blockage causing an incidence 

spike on the adjacent blade. The adjacent blade stalls as a result of the incidence spike, thus 
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causing stall cell "rotation" around the rotor. Stable local stalls can also occur which are axi-

symmetric, covering the complete circumference of the compressor disc but only a portion of its 

radial plane, with the remainder of the face of the compressor continuing to pass normal flow. 

A rotational stall may be momentary, resulting from an external disturbance, or may be steady as 

the compressor finds a working equilibrium between stalled and unstalled areas. Local stalls 

substantially reduce the efficiency of the compressor and increase the structural loads on the 

aerofoils encountering stall cells in the region affected. In many cases however, the compressor 

aerofoils are critically loaded without capacity to absorb the disturbance to normal airflow such 

that the original stall cells affect neighbouring regions and the stalled region rapidly grows to 

become a complete compressor stall. And the second part is individual stall 

2. Axi-symmetric stall or compressor surge  

Axi-symmetric stall, more commonly known as compressor surge; or pressure surge, is a 

complete breakdown in compression resulting in a reversal of flow and the violent expulsion of 

previously compressed air out through the engine intake, due to the compressor's inability to 

continue working against the already-compressed air behind it. The compressor either 

experiences conditions which exceed the limit of its pressure rise capabilities or is highly loaded 

such that it does not have the capacity to absorb a momentary disturbance, creating a rotational 

stall which can propagate in less than a second to include the entire compressor. 

The compressor will recover to normal flow once the engine pressure ratio reduces to a level at 

which the compressor is capable of sustaining stable airflow. If, however, the conditions that 

induced the stall remain, the return of stable airflow will reproduce the conditions at the time of 

surge and the process will repeat. Such a "locked-in" or self-reproducing stall is particularly 

dangerous, with very high levels of vibration causing accelerated engine wear and possible 

damage, even the total destruction of the engine.  
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1.18.5.3    Causes 

A compressor will only pump air in a stable manner up to a certain pressure ratio. Beyond this 

value the flow will break down and become unstable. This occurs at what is known as the surge 

line on a compressor map. The complete engine is designed to keep the compressor operating a 

small distance below the surge pressure ratio on what is known as the operating line on a 

compressor map. The distance between the two lines is known as the surge margin on a 

compressor map. Various things can occur during the operation of the engine to lower the surge 

pressure ratio or raise the operating pressure ratio. When the two coincide there is no longer any 

surge margin and a compressor stage can stall or the complete compressor can surge as explained 

in preceding sections. 

 

1.18.5.4    Factors which erode compressor surge margin 

The following, if severe enough, can cause stalling or surging. 

 Ingestion of foreign objects which results in damage, as well as sand and dirt erosion, can 

lower the surge line. 

 Dirt build-up in the compressor and wear that increases compressor tip clearances or seal 

leakages all tend to raise the operating line. 

 Complete loss of surge margin with violent surging can occur with a bird strike. Taxiing 

on the ground, taking off, low level flying (military) and approaching to land all take 

place where bird strikes are a hazard. When a bird is ingested by a compressor the 

resultant blockage and aerofoil damage causes compressor surging. Examples of debris 

on a runway or aircraft carrier flight deck that can cause damage are pieces of tire rubber, 

litter and nuts and bolts. A specific example is a metal piece which dropped from another 

plane. Runways and aircraft carrier flight decks are cleaned frequently in an attempt to 

preclude ingestion of foreign objects. 
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 Aircraft operation outside its design envelope; e.g., extreme flight manoeuvres resulting 

in airflow separations within the engine intake, flight in icing conditions where ice can 

build up in the intake or compressor, flight at excessive altitudes.  

 Engine operation outside its flight manual procedures; e.g., on early jet engines abrupt 

throttle movements (slam acceleration) when pilot's notes specified slow throttle 

movements. The excessive over fueling raised the operating line until it met the surge 

line. (Fuel control capability extended to automatically limit the over fuelling to prevent 

surging). 

 Turbulent or hot airflow into the engine intake, e.g. use of reverse thrust at low forward 

speed, resulting in re-ingestion of hot turbulent air or, for military aircraft, ingestion of 

hot exhaust gases from missile firing. 

 Hot gases from gun firing which may produce inlet distortion. 

 

1.18.5.5    Effects 

Compressor axially-symmetric stalls, or compressor surges, are immediately identifiable because 

they produce one or more extremely loud bangs from the engine. Reports of jets of flame 

emanating from the engine are common during this type of compressor stall. These stalls may be 

accompanied by an increased exhaust gas temperature, an increase in rotor speed due to the large 

reduction in work done by the stalled compressor and – in the case of multi-engine aircraft 

yawing in the direction of the affected engine due to the loss of thrust. Severe stresses occur 

within the engine and aircraft, particularly from the intense aerodynamic buffeting within the 

compressor. 
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1.18.5.6    Response and Recovery 

The appropriate response to compressor stalls varies according to the engine type and situation, 

but usually consists of immediately and steadily decreasing thrust on the affected engine. While 

modern engines with advanced control units can avoid many causes of stall, jet aircraft pilots 

must continue to take this into account when dropping airspeed or increasing throttle. 

 

1.18.6 Engine Failure during Take-Off 

In the early days of jet engine powered transport aircraft, engine failures, in all phases of flight, 

were a fairly frequent occurrence. Statistics from the 1960's indicate that failures resulting in in-

flight shutdowns occurred at an approximate rate of 40 per 100,000 flight hours (or 1 per 2,500 

flight hours). This rate is the equivalent of every engine failing once every year. By contrast, the 

failure rate of the engines installed on current generation aircraft have a failure rate of less than 1 

per 100,000 flight hours.  

Infrequent as this might seem, engines do fail and a failure during take-off has very serious 

safety of flight implications. The aerodynamic effects of the failure and the immediate actions by 

the flight crew, which are necessary to ensure an acceptable outcome, are similar to those in a 

light, twin engine aircraft. However, unlike their smaller cousins, the certification criteria for 

multi-engine transport category jet aircraft require that the aircraft be capable of achieving a 

specified minimum climb rate, which will ensure obstacle clearance, should an engine failure 

occur on take-off.  

Regulatory Requirements 

The National Aviation Authority (NAA) for each sovereign state is responsible for issuing an 

aircraft type certificate, in accordance with the guidance provided in the ICAO Standards and 

Recommended Practices (SARPS), for aircraft that are registered within its jurisdiction. While 

the SARPS provide the agreed minimum requirements for type certification, each NAA has the 

right to insist that additional criteria be satisfied before an aircraft type certificate will be issued.  
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Within the European Union, type certificates are issued by the European Aviation Safety Agency 

(EASA).  

Aircraft Type Certification 

There are many safety and performance requirements that must be met before an aircraft will be 

issued a type certificate. For multi-engine, transport category jet aircraft, minimum runway 

requirements that allow the safe rejection or continuation of a take-off in the event of a failure 

and the ability to comply with minimum specified engine out climb gradients and obstacle 

clearance criteria are both critically important.  

Minimum Runway Requirements 

Regulatory criteria for minimum runway requirements encompass multiple calculations inclusive 

of Take-off Distance (TOD), Take-off Run (TOR) and Accelerate Stop Distance (ASD). The 

most limiting of these criteria, based on aircraft weight and prevailing atmospheric conditions, 

defines the minimum runway required for take-off. Note that, depending upon the regulations 

under which the aircraft certification is granted, these distances may have to take into 

consideration the runway distance lost during line-up.  

 

Figure 14: An Illustration of defined runway distances 

 

 

http://www.skybrary.aero/index.php/File:ASDA.png
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Take-off Distance (TOD) 

The Take-off Distance on a dry runway is the greater of the following values:  

 Distance covered from the brake release to a point at which the aircraft is 35 feet above 

the take-off surface, assuming the failure of the critical engine at VEF (Engine Failure 

Speed) and recognized at V1 

 115% of the distance covered from brake release to a point at which the aircraft is 35 feet 

above the take-off surface, assuming all engines operating  

The Take-off Distance on a wet runway is the greater of:  

 Take-off Distance on a dry runway (see above)  

 Distance covered from brake release to a point at which the aircraft is 15 feet above the 

take-off surface, ensuring that the V2 speed can be achieved before the airplane is 35 feet 

above the take-off surface, assuming failure of the critical engine at VEF and recognized 

at V1 

Take-off Distance must not exceed the Take-off Distance Available (TODA), with a clearway 

distance not to exceed half of the TODA 

 

Take-off Run (TOR) 

Take-off Run (TOR) calculations incorporate the operational advantage of a designated clearway 

when one is present on the departure runway. If no clearway exists, TOR = TOD.  

When a clearway exists, the Take-off Run on a dry runway is the greater of the following 

values:  

 Distance covered from brake release to a point equidistant between the point at which 

VLOF (Lift-off Speed) is reached and the point at which the aircraft is 35 feet above the 

take-off surface, assuming failure of the critical engine at VEF and recognized at V1 
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 115% of the distance covered from brake release to a point equidistant between the point 

at which VLOF is reached and the point at which the aircraft is 35 feet above the take-off 

surface, assuming all engines operating  

When a clearway exists, the Take-off Run on a wet runway is the greater of:  

 Take-off Distance (TOD) wet runway  

 115 % of the distance covered from brake release to a point equidistant between the 

points at which VLOF is reached and the point at which the aircraft is 35 feet above the take-off 

surface, assuming all engines operating.  

Take-off Run must not exceed Take-off Run Available (TORA) 

Accelerate Stop Distance (ASD) 

Accelerate Stop Distance calculations assume the following:  

 Delay between VEF and V1 = 1 second  

 ASD is determined with the wheel brakes at the fully worn limit of their allowable wear 

range  

 reverse thrust is not considered for a dry runway distance determination, it can be used 

for wet runway calculations  

The Accelerate Stop Distance on a dry runway is the greater of the following values:  

 Sum of the distances necessary to:  

1. Accelerate the airplane with all engines operating to VEF 

2. Accelerate from VEF to V1 (assumes that engine fails at VEF and first action to reject is 

taken at V1)  

3. Come to a full stop  
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4. Plus an additional distance equivalent to 2 seconds at constant V1 speed  

 Sum of the distances necessary to:  

1. Accelerate the airplane with all engines operating to V1 (assumes that first stopping 

actions are taken at V1)  

2. With all engines still operating come to a full stop  

3. Plus an additional distance equivalent to 2 seconds at constant V1 speed  

The Accelerate Stop Distance on a wet runway is the greatest of:  

 ASD on a dry runway (see above)  

 Sum of the distances on a wet runway necessary to:  

1. Accelerate the airplane with all engines operating to VEF 

2. Accelerate from VEF to V1 (assumes that engine fails at VEF and first action to reject is 

taken at V1)  

3. Come to a full stop  

4. Plus an additional distance equivalent to 2 seconds at constant V1 speed  

 Sum of the distances on a wet runway necessary to:  

1. Accelerate the airplane with all engines operating to V1 (assumes that first stopping 

actions are taken at V1)  

2. With all engines still operating come to a full stop  

3. Plus an additional distance equivalent to 2 seconds at constant V1 speed  

Note: Depending upon the criteria under which the aircraft was certified, the additional 2 

seconds distance equivalent might not be required. 
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Accelerate Stop Distance must not exceed the Accelerate Stop Distance Available (ASDA) 

Loss of Runway Length during line up 

Declared distances such as TORA and ASDA are based on measurements from the runway 

threshold. However, unless the aircraft enters the runway from a point prior to the threshold, it is 

not possible to use the full length of the runway. Aircraft typically enter the take-off runway 

from an intersecting taxiway. The aeroplane must then be turned to align it on the runway in the 

direction of take-off. In some cases, it may be necessary to backtrack on the runway and turn 

through 180° before the take-off run can be initiated. FAA regulations do not explicitly require 

airplane operators to take into account the runway distance used to align the aero plane on the 

runway for take-off. However, EASA regulations require that the applicable distance be taken 

into consideration. When required, the TODA and TORA must be reduced by the distance from 

the runway threshold to the main landing gear and ASDA reduced by the distance from the 

threshold to the nose gear. Manufacturers will provide minimum line up distances required for 

both 90° and 180° turns.  

Some Operators provide data which takes loss of runway length during line up into account. All 

crews must be familiar with the assumptions made in the production of their own company’s 

data.  

Effects of Engine Failure 

On the Runway 

If a multi-engine aircraft suffers an engine failure during the take-off roll, the aircraft will yaw 

towards the failed engine. If the airspeed at the time of the failure is at or above Vminimum control 

ground (Vmcg), directional control on the runway can be maintained utilizing only aerodynamic 

controls. At a speed below Vmcg, directional control will not be possible unless thrust on the 

operating engine(s) is (are) also reduced. In any event, if the airspeed at the time that the failure 

is recognized is less than V1, the take-off must be rejected.   
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Flight Crew Actions 

During pre-flight preparation: 

 Using the Electronic Flight Bag or the appropriate performance charts, determine the 

maximum take-off weight (MTOW) for the runway in use, anticipated atmospheric 

conditions and intended aircraft configuration  

 Confirm that actual aircraft weight does not exceed the calculated maximum allowable 

weight  

 Complete performance calculations to determine speeds and thrust settings (inclusive of 

reduced thrust criteria where appropriate or applicable)  

 Review and brief the Emergency Turn procedure inclusive of routing, turns and turn 

altitudes, acceleration altitude and safe altitudes  

During the take-off roll: 

 Use appropriate line up technique to ensure charted runway length is available  

 Apply thrust using manufacturer's recommended procedures  

 Confirm actual thrust meets or exceeds calculated thrust  

 In the event of an engine failure prior to V1, reject the take-off  

o ADVISE Air Traffic Control (ATC) that the take-off has been rejected using 

appropriate emergency communication protocols 

In the event of an engine failure after V1: 

 Establish and maintain directional control with appropriate rudder input  

 Rotate at Vr and establish a climb speed of V2 
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o If the failure occurs after the aircraft is airborne, a climb speed of between V2 and 

V2 + 10 is acceptable  

 Utilise appropriate aileron input to maintain wings level. At, or near, Vminimum control air 

(Vmca), as much as a 5° bank away from the dead engine may be required  

 When safely airborne and established in a positive climb, retract the landing gear  

o Establish or maintain the Emergency Turn routing 

 Initiate ECAM / EICAS / Emergency Checklist procedures as per manufacturer and 

Company policy  

o Establish or maintain the Emergency Turn routing 

 Maintain V2 and take-off thrust until reaching acceleration altitude. Acceleration altitude 

will be the highest of 400' AGL, Emergency Turn procedure published acceleration 

altitude or Company standard acceleration altitude  

o Establish or maintain the Emergency Turn routing 

 At acceleration altitude, maintain take-off thrust, level the aircraft (see note below) and 

accelerate to VFS retracting flaps on schedule.  

o Establish or maintain the Emergency Turn routing 

 Once in clean configuration, maintain VFS, resume climb and reduce thrust to maximum 

continuous  

o Establish or maintain the Emergency Turn routing 

 ADVISE ATC using appropriate emergency communication protocols 

o note that if the Emergency Turn profile has or will result in a departure from the 

cleared routing, ATC should be notified as soon as it is practical to do so  
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 Reaching a safe altitude, comply with any enroute climb requirements, complete any 

appropriate emergency or QRH checklists, determine plan of action (diversion or 

recovery) and advise ATC  

Note: The acceleration profiles utilized by VNAV and FLCH modes do not necessarily 

command the aircraft to fly level at Acceleration altitude in the event of an engine failure. With 

all engines operating, VNAV & FLCH will use the algorithm 60% climb, 40% acceleration. In 

the event of an engine failure, the algorithm is reversed with 40% climb, 60% acceleration. As a 

consequence, at light weights the APFDS may command a climb during the acceleration phase.  

Defences 

Crew members must make themselves familiar with the explanatory notes to their performance 

data. Better utilization of date could only be achieved by gaining an understanding of the 

assumptions made in the calculations.  

If aircraft engines were 100% reliable, engine failure during take-off would never occur. Over 

the years, manufacturers have made great improvements in the reliability of their products and 

the failure rate of turbine engines has decreased with each generation. It is unlikely, however, 

that the potential for engine failure will ever be completely eliminated.  

Maintenance personnel can reduce the risk of failure by ensuring that the engines are maintained 

to the manufacturer’s recommendations. Ground crew and flight crew must ensure during their 

pre-flight and post flight inspections that all fluids are adequate, that there are no obvious leaks 

or damage and that the fuel supply is free from water or other contamination.  

Flight crew/dispatch performance calculations must ensure that the aircraft can meet regulatory 

requirements in the event of an engine failure during the take-off.  

Flight crew should have a thorough understanding of the aerodynamics of a failure and clearly 

understand the actions that must be taken should a failure occur.  

Finally, crews must be completely familiar with their Company procedures which will always 

take priority.  
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1.18.7 Rejected Take-off (RTO) 

Boeing studies indicate that approximately 75 percent of RTOs are initiated at speeds less than 

148 km/h and rarely result in an accident. About 2 percent occur at speeds in excess of 222 km/h. 

The overruns and incidents that occur invariably stem from these high-speed events.  

A take-off may be rejected for a variety of reasons, including engine failure, activation of the 

take-off warning horn, direction from air traffic control (ATC), blown tires, or system warnings. 

In contrast, the large number of take-offs that continue successfully with indications of airplane 

system problems, such as master caution lights or blown tires, are rarely reported outside the 

airline’s own information system. These take-offs may result in diversions or delays, but the 

landings are usually uneventful. In fact, in about 55 percent of RTOs the result might have been 

an uneventful landing if the take-off had been continued, as stated in the Take-off Safety 

Training Aid published in 1992 with the endorsement of the U.S. Federal Aviation 

Administration (FAA).  

Some of the lessons learned from studying RTO accidents and incidents include the following:  

 More than half the RTO accidents and incidents reported in the past 30 years were 

initiated from a speed in excess of V1.  

 About one-third were reported as occurring on runways that were wet or contaminated 

with snow or ice.  

 Only slightly more than one-fourth of the accidents and incidents actually involved any 

loss of engine thrust.  

 Nearly one-fourth of the accidents and incidents were the result of wheel or tire failures.  

 Approximately 80 percent of the overrun events were potentially avoidable by following 

appropriate operational practices. 

In 1989 the U.S. Federal Aviation Administration (FAA) urged the aviation industry to take steps 

to reduce the number of overrun accidents and incidents resulting from high-speed rejected take-

offs (RTO). This led to the formation of an international take-off safety task force, with members 
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from airlines, regulatory agencies, pilot unions, and manufacturers. The task force produced nine 

recommendations, including the following three directly related to training:  

 Develop model training practices.  

 Develop model operational guidelines.   

 Improve simulator fidelity. 

These will improve the pilots’ decision making and procedural accomplishment in case of 

failures during take-off.  

Statistically the majority of all RTO overrun accidents occurred when the RTO was initiated at 

speeds above 222km/h. More than half of these accidents occurred because the RTO was 

initiated above V1. One-third occurred on wet or contaminated runways. Only about 1/4 of the 

RTO's were initiated because of engine failures.  

Analysis of statistical data revealed that 80% of the RTO accidents were avoidable. Out of these 

80% more than half could have been avoided by continuing the take-off and one-seventh by 

correct stop techniques. 

 

1.18.7.1 The Go/Stop Decision 

In the event of an engine malfunction, the recognition of a significant abnormality, or an ATC 

instruction to stop the aircraft during the take-off roll, transport aircraft in Performance Category 

‘A’ should be able to safely reject the take off if the decision to do so is made at a speed not 

greater than the correctly calculated decision speed (V1). 

A successful rejection should be achieved if the response is immediate and completed in 

accordance with prescribed procedures (SOPs). After V1, a reject should only be considered if 

there is a strong reason to believe that the aircraft will not fly. 

http://www.skybrary.aero/index.php/V1
http://www.skybrary.aero/index.php/SOP
http://www.skybrary.aero/index.php/V1
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Depending on Operator SOPs, a call of "STOP" to reject a take-off based on stated criteria will 

usually be able to be made by either pilot. However, in some cases, the action following such a 

call will be only for the pilot in command to take, regardless of which pilot is PF. 

Continuing the Take Off after V1 

Once a correctly calculated V1 has been exceeded, the take-off must be continued and should 

allow the aircraft to get safely airborne and climb away. This explicitly covers the case of a 

single engine malfunction or failure up to V1 provided that the prescribed crew actions in respect 

of that failure are correct. However, there are certain situations, where it may be found at Vr that 

it is simply not possible to get airborne and there is no effective solution available. In this case 

there is no option but to reject the take-off despite the likelihood that a runway overrun of some 

sort will result. 

 

1.18.7.2 The Significance of Speed in respect of the decision to reject a take off 

Most aircraft manufacturers specify an airspeed, (usually 148km/h or 185km/h) which defines 

the transition between the low speed and the high speed part of a take-off roll and represents a 

change in the expected use of a "stop" call. This speed is usually in the vicinity of the speed 

where directional control using the rudder becomes effective. The prescribed speed has to be 

called out by PM from their own airspeed indication and the call must receive a prompt response 

from the PF. The fact that this call also functions as a validation that both pilots have similar 

airspeed indications and as a pilot incapacitation check means that the determination of the speed 

takes all three purposes into consideration. 

 

1.18.7.3 High Speed RTO 

Whilst a successful rejection of take-off from V1 is achievable in all but exceptional and very 

specific cases, it is universally recognized that the closer the speed gets to it, the greater the risk 

involved in a decision to stop. Therefore, once at high speed, it is usually specified that the take-

http://www.skybrary.aero/index.php/V1
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off will only be rejected for major malfunctions such as an engine failure or fire or at the 

discretion of the pilot in command in the event that a similarly serious situation is perceived.  

 

1.18.7.4 Low Speed RTO 

Prior to the prescribed speed check call (usually 148 km/h), it is envisaged that the take-off will 

normally be rejected for any significant malfunction or abnormal situation. Within this lower 

speed range, it is likely that directional control will be largely dependent on use of the nose gear 

steering system. However, speeds in this range will usually be well below the 

applicable Vmcg (the speed at which sufficient rudder authority to maintain directional control) is 

available and so it is important for a pilot carrying out any low speed rejected take off to be 

ready to make any necessary control inputs to the nose gear steering system via the tiller 

provided. 

 

1.18.7.5 Rejected Take-offs and Runway Excursions 

The main reasons why runway excursions occur during rejected take offs could be one or more 

of the following: 

 The decision to reject the take-off is made after V1 and there is insufficient runway length 

left to come to a stop on it. 

 The flight crew actions required to achieve a rejected take off are not carried out in a 

sufficiently prompt and/or comprehensive manner. 

 Stopping devices are not used to their full capacity. 

 Directional control is not maintained during the take-off roll. 

 It is found at Vr that it is impossible to achieve rotation. 

Runway Excursions arising from Rejected take offs can therefore usually be avoided if operating 

procedures for the loading and take off of aircraft are robust and rigorously applied. The V1 call 

must be made in such a manner that the verbalization is complete as the speed is achieved. 

http://www.skybrary.aero/index.php/Vmcg
http://www.skybrary.aero/index.php/Runway_Excursion
http://www.skybrary.aero/index.php/V1
http://www.skybrary.aero/index.php/Vr
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Stopping action must be initiated promptly (within 2 seconds) of the reject decision. Stopping 

devices must be used to their full capability until such time that it is certain that the aircraft will 

stop before the end of the runway. Unless there is a clear indication that the aircraft will not fly, a 

reject must not be initiated after V1. 

However, for large aircraft, there is usually a significant gap between V1 and Vr so that if, at Vr, 

it is found impossible to physically achieve rotation, there may be no alternative but to reject the 

take-off. It is this scenario, on limiting runway lengths, which accounts for many of the most 

serious runway excursions arising from rejected take offs.  

 

1.18.7.6 Application of SOPs 

All the relevant Flight Crew SOPs must be clearly specified and applied, particularly: 

 Cross checking take off performance calculations and the corresponding setting of ASI 

speed bugs. 

 Both flight crew must be fully satisfied that the prevailing runway surface conditions 

correspond to the assumptions which have been made in their take off performance 

calculations. 

 There must be unambiguous requirements governing crew calls of abnormal conditions 

during the take-off roll and the degree to which the aircraft commander then has the 

discretion to reject or continue the take-off. 

 There must be accurate calls of standard speeds during the take off by PM and a check 

that both principal ASIs are indicating the same figure at the designated check speed 

(usually 148 km/h or 185 km/h). 

 

1.18.7.7 Simulator Training 

Once robust flight crew SOPs are in place, the most effective way for an operator to ensure that 

flight crew are likely to respond to a rejected take off decision and its execution in the expected 
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way is practice. This means ensuring that the plan for both initial and recurrent aircraft type 

simulator training and assessment includes unexpected scenarios in which a rejected take off 

may be the only expected response or a judgement call. Both stop/go take-off decisions and the 

response to stop decisions should be covered. These unexpected events should include evidence 

of malfunctions other than total engine failure. The ability to make prompt and rational decisions 

on stop-go should be trained and validated evidence of indecision should be an indication that 

more training is required. 

 

1.18.7.8 Runway Excursion 

A runway excursion occurs when an aircraft departs the runway in use during the take-off or 

landing run. The excursion may be intentional or unintentional.  

 Types of Runway Excursion 

 A departing aircraft fails to become airborne or successfully reject the take off before 

reaching the end of the designated runway.  

 A landing aircraft is unable to stop before the end of the designated runway is 

reached.  

 An aircraft taking off, rejecting take-off or landing departs the side of the designated 

runway.  

 Effects 

 Death or injury to persons on board the aircraft  

 Damage to the aircraft  

 Death or injury to persons not on the aircraft  

 Damage to airfield or off-airfield installations  

 Damage to other aircraft or to vehicles  

 Delay to other aircraft departing or landing due to runway obstruction due to the 

excursion. 

 

http://www.skybrary.aero/index.php/Rejected_Take_Off


Aircraft Accident Report           
CVK/2017/07/29/F 

  

       UR-CKC 

 

64 

 Defences 

 Never deciding to reject a take-off after V1 unless it is certain that the safety of the 

aircraft would be endangered if it became airborne.  

 Correct calculation of maximum operating weight, field length required and relevant 

critical speeds etc. based on accurately reported ambient conditions and subsequent 

correct input into aircraft flight systems should preclude a runway excursion under all 

normal and most abnormal conditions (e.g. power unit failure).  

 

1.18.7.9 Runway End Safety Area (RESA) 

Runway End Safety Areas (RESA) are a formal means to limit the consequences when aircraft 

overrun the end of a runway during a landing or a rejected take-off, or undershoot the intended 

landing runway.  

They are constructed to provide a cleared and graded area which is, as far as practicable, clear of 

all but frangible objects. It should have a surface which will enhance the deceleration of aircraft 

in the overrun case but should not be such as to hinder the movement of rescue and fire fighting 

vehicles or any other aspect of emergency response activity.  

Minor aircraft runway overruns and undershoots are a relatively frequent occurrence. Most data 

sources point to significant occurrences on average once a week worldwide and suggest that 

runway excursions overall are the fourth largest cause of airline fatalities. It has been stated by 

the FAA Airport Design Division that approximately 90% of runway undershoot or overruns are 

contained within 300 meters of the runway end. The contribution which RESAs can make to a 

reduction in the consequences of such over-runs has frequently been demonstrated as has the 

avoidable hazardous outcomes where they have not been present.  
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1.18.7.10 ICAO Annex 14 SARPs 

ICAO SARPs relating to runways are determined according to runway length using the standard 

Runway Code categories. Code 1 runways are less than 800 meters long, Code 2 runways are 

800-1199 metres long, Code 3 runways are 1200-1799 metres long and Code 4 runways are 1800 

metres or more in length.  

In all cases, the dimensions of a ‘Runway Strip’ are first defined as it must contain the 

dimensions of the designated runway surface and it should be flat, firm and free of non-frangible 

obstructions. For Code 3 and 4 runways, runway strips must extend at least 150 meters either 

side of the runway centreline and at least 60 meters beyond the end of the runway including any 

stop way. For Code 1 and 2 runways, the width requirement is reduced to 75 metres and for non-

instrument Code 1 Runways, the length requirement is reduced to 30 metres.  

ICAO RESA specifications all begin at the limit of the ‘Runway Strip’ not at the limit of the 

Runway/Stop way surface.  

RESA SARPs were revised in 1999 when the then Recommended Practice of a 90 meter RESA 

was converted into a Standard. The current Requirement is that Code 3 and 4 runways have a 

RESA which extends a minimum of 90 meters beyond the runway strip and be a minimum of 

twice the width of the defined runway width. The additional Recommended Practice for these 

runway codes is that the RESA length is 240 metres or as near to this length as is practicable at a 

width equal to that of the graded strip. For Code 1 and 2 Runways, the Recommended Practice is 

for a RESA length of 120 meters with a width equal to the graded strip.  

 

1.18.7.11 RESA Implementation 

Implementation of these SARPs by State Regulators is ongoing. Many have now prescribed a 

period within which the ICAO Standard must be adopted and the Recommended Practices 

carefully considered.  
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In the case of the USA, the FAA Airport Design requirements specify the minimum dimensions 

of a ‘Runway Safety Area’ which includes the Runway Strip defined by ICAO. Since 2002, 

these requirements have included a Runway Safety Area at each end of a runway which takes 

account of the direction of runway use when specifying the minimum length of the runway end 

element. The basic standard is defined for instrument runways used by transport aircraft and any 

such runway with an ‘approach visibility minima’ of less than 1200 metres and is 300 metres for 

the overrun case and 180 metres for the undershoot case. It is permissible to reduce the overrun 

case to 180 metres if the runway has either instrument or visual vertical guidance aids and an 

Engineered Materials Arresting Systems (EMAS) which can stop an aircraft which leaves the 

end of the runway at up to 130km/h groundspeed is provided.  

It can be seen that the FAA overrun requirement (300 metres) is equivalent to the ICAO RESA 

Recommended Practice plus the required Runway Strip (also totalling 300 metres) but that the 

FAA undershoot requirement (180 metres) is only slightly more than the ICAO RESA Standard 

plus the required runway strip (totalling 150 metres).  

 

1.18.7.12 Beyond Runway End Safety Area  

The consequences of many runway excursions, especially overruns, are made much more serious 

because the aircraft end up beyond the confines of the ICAO-defined Runway End Safety Area 

(RESA); the aircraft may be catastrophically damaged because of major obstructions or terrain 

changes encountered soon after this protected area has been exceeded. Suddenly down-sloping 

terrain and low but substantial ground obstructions, which are of no concern to aircraft in flight, 

may take on considerable significance in determining the damage to an aircraft following a major 

overrun.  

Under ICAO SARPs, the recommended extent of a RESA is considerably greater than the 

requirement for one. However, worldwide and even in the USA, there are still large numbers of 

runways used by air carrier aircraft which do not yet have even the ICAO required RESA, or 

satisfy the more stringent ICAO Recommended Practice, or meet the equivalent (for overrun 

http://www.skybrary.aero/index.php/Engineered_Materials_Arresting_Systems
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purposes) FAA ‘Standard’. State AIPs do not always include specific reference to the extent of 

RESA provision.  

The RESA for some runways is surrounded by dangerous features, usually on the runway 

extended centreline. Raised prior awareness of flight crew to these dangers might influence their 

subsequent decision to make or complete a landing rather than initiate a go around (including 

ones commenced as Rejected Landings). Similar considerations might influence a decision to 

attempt a Rejected Take Off from a speed above V1. There is some circumstantial evidence that 

flight crew who do not have sufficiently detailed knowledge of significant terrain or obstacle 

challenges beyond the immediate confines of a runway are more likely to be involved in 

overruns which lead to major airframe structural damage.  

Although Aerodrome Obstacle and Precision Approach Terrain Charts published in the AD 

section of State AIPs can identify notable terrain changes, this information is not normally 

transcribed to the documentation available to Flight Crew, unless it refers to terrain awareness 

which is relevant to safety in flight. In the case of notable non-terrain ground obstructions, these 

will only be recorded in an AIP - and therefore capable of transcription to flight crew 

documentation where they are relevant to safety in flight.  

The safety case for an EMAS (Engineered Materials Arresting System) has generally been made 

as a substitute for a fully-established RESA. Any application of EMAS to reducing the risk of 

occasional overrun on take-off or overrun on landing which extends beyond RESA may be 

problematic, unless there have been studies to define an appropriate lateral extent, taking into 

account the tendency to increasing divergence from the runway centreline as distance from the 

runway end increases. 

 

1.18.7.13 Runway Awareness and Advisory System  

The Runway Awareness and Advisory System (RAAS) is one of a number of related software 

enhancements available on later model Enhanced Ground Proximity Warning Systems. RAAS is 

http://www.skybrary.aero/index.php/FAA
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designed to improve flight crew situational awareness, thereby reducing the risks of runway 

incursion, runway confusion and runway excursions.  

Runway Awareness and Advisory System uses airport data stored in the EGPWS database, 

coupled with GPS and other on-board sensors, to monitor the movement of an aircraft around the 

airport. It provides visual/aural annunciations at critical points, such as "Approaching Runway 29 

Left and confirmation when an aircraft is lined up on the runway prior to take-off: for example, 

"On Runway 29 Right, 2,450 metres remaining." In a scenario where a crew inadvertently lines 

up on a parallel taxiway and commences a take-off, an aural alert “On Taxiway, On Taxiway” is 

provided if the aircraft speed exceeds 72 km/h. On approach and after touchdown, the system 

continues to announce the distance to go until the end of the runway is reached.  

 

1.18.7.14    System Description 

Advisories/cautions are generated based upon the current aircraft position as compared to the 

location of the airport runways, which are stored within the EGPWS Runway Database.  

The aural can be grouped into two categories:  

 Routine Advisories (annunciations the flight crew will hear during routine operations) 

and  

 Non-Routine Advisories/Cautions (annunciations the flight crew will seldom or perhaps 

never hear).  

RAAS provides the flight crew with five ‘routine advisories'. Three of these annunciations will 

be heard by the crew in normal operations, providing increased position awareness relative to the 

runway during taxi and flight operations. They are intended to reduce the risk of a runway 

incursion. The two remaining ‘routine’ advisories provide information about the aircraft location 

along the runway, and are intended to reduce the risk of overruns. The five advisories are:  

http://www.skybrary.aero/index.php/Situational_Awareness
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 Approaching Runway - Airborne advisory provides the crew with awareness of which 

runway the aircraft is lined up with on approach.  

 Approaching Runway - On-Ground advisory provides the flight crew with awareness of 

approximate runway edge being approached by the aircraft during taxi operations.  

 On Runway - Advisory provides the crew with awareness of which runway the aircraft is 

lined-up with.  

 Distance Remaining - Advisories enhance crew awareness of aircraft along-track position 

relative to the runway end.  

 Runway End - Advisory is intended to improve flight crew awareness of the position of 

the aircraft relative to the runway end during low visibility conditions.  

In addition, RAAS provides the flight crew with several ‘non-routine’ advisories/cautions. These 

annunciations are designed to enhance safety and situational awareness in specific situations not 

routinely encountered during normal aircraft operations. Some of the RAAS advisories include 

distance information. The unit of measure used for distance can be configured to be either metres 

or feet.  

 Approaching Short Runway - Airborne advisory provides the crew with awareness of 

which runway the aircraft is lined-up with, and that the runway length available may be 

marginal for normal landing operations. If desired, an additional caution annunciation can 

be enabled which provides the crew with awareness that the issue has not been resolved 

when the aircraft is on final approach.  

 Insufficient Runway Length - On-Ground advisory provides the crew with awareness of 

which runway the aircraft is lined-up with, and that the runway length available for take-

off is less than the defined minimum take-off runway length. If desired, an additional 

caution annunciation can be enabled which provides the crew with awareness that the 

issue has not been resolved when the aircraft is on the final stage of take-off.  
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 Extended Holding on Runway - Advisory provides crew awareness of an extended 

holding period on the runway.  

 Taxiway Take-Off - Advisory enhances crew awareness of excessive taxi speeds or an 

inadvertent take-off on a taxiway. If desired, this function can provide a caution 

annunciation in lieu of an advisory annunciation.  

 Distance Remaining - Advisories provide the flight crew with position awareness during 

a Rejected Take-Off (RTO).  

 Taxiway Landing - Alert provides the crew with awareness that the aircraft is not lined up 

with a runway at low altitudes.  

Each RAAS function is independently enabled based on a customer specification and, when 

enabled, the RAAS functions operate automatically without any action required from the flight 

crew.  

In addition to the aural annunciations provided, visual caution indications may be activated if the 

appropriate criteria are met. Visual text annunciations can also be configured so they are overlaid 

on the terrain display for a period of time after the warning is generated. 

 

1.18.8 Human Decision Making 

Decision making is the cognitive process of selecting a course of action from among multiple 

alternatives. The decision-making process produces a choice of action or an opinion that 

determines the decision maker's behaviour and therefore has a profound influence on task 

performance.  

Decision making in an aeronautical environment involves any pertinent decision a pilot must 

make during the conduct of a flight. It includes both pre-flight go/no-go decisions as well as 

those made during the flight. In aeronautics, decision making is of particular importance because 

of the safety consequences of poor decisions.  
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The U.S. Federal Aviation Administration (FAA) defines aeronautical decision making (ADM) 

as follows:  

ADM is a systematic approach to the mental process used by aircraft pilots to consistently 

determine the best course of action in response to a given set of circumstances. (FAA Advisory 

Circular 60-22)  

This briefing note discusses:  

 The concept of human decision making  

 The limitations of human decision making  

A companion briefing note is Decision-Making Training.  

Human Decision Making 

Human decision making is a complex process that is strongly dependent on the environment in 

which the decision must be made. We all make decisions every day, such as the choice of what 

to have for breakfast or which road to take when driving to work. The extent to which safety 

considerations enter our decision making depends on the situation. Choosing cereal or bread for 

breakfast involves virtually no consideration of safety. Selecting a route to drive may involve 

some aspects of safety but is probably primarily based on travel time and, perhaps, scenery.  

Aviation is a complex, safety-critical endeavour. Many decisions made while flying can affect 

the lives of hundreds of people and have extraordinary economic consequences. Thus, even 

though some flight decisions are not strongly related to safety, it is best to view ADM as a 

safety-critical function.  

Decision making in the aeronautical environment 

Decision making in aeronautics builds upon the foundation of conventional decision making. 

Zsambok and Klein (1997) point out, however, that ADM is carried out in dynamic and complex 

environments often characterized by:  
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 Ill-structured problems  

 An abundance of information  

 Uncertainty 

 Shifting, ill-defined or competing goals  

 Multiple event-feedback loops  

 Time constraints  

 High stakes with high levels of risk  

 Collaboration and task sharing among multiple players  

 Organizational norms and goals that must be balanced against the decision maker's 

personal choices  

Decisions in such a complex environment should involve the following considerations:  

 A decision is not unique but, instead, is a series of multiple and interdependent decisions 

that are made in real time and in a continuously changing autonomous environment. 

(Edwards, 1962).  

 A human being is not able to perceive, evaluate, understand and act on all aspects of the 

environment. The decision maker must simplify reality and make a decision within it. 

Reason (1990) calls this mechanism "bounded rationality."  

 The principle of sufficiency (Amalberti, 2002) describes a decision as a continuous process 

in which a set of decisions is made while seeking satisfactory results to a given situation. This 

principle does not mean the decision involves the least cognitive effort but, rather, that the 

human being has achieved a satisfying response to the situation. Consequently, a successful 

decision is not necessarily the optimum or most rational decision. It is the decision the human 

being understands and knows how to apply effectively in the context of the situation. 
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These considerations indicate that ADM cannot be equated to a simplistic, sequential decision-

making process involving:  

 Cue detection  

 Cue interpretation and/or integration  

 Hypothesis generation and/or selection  

 Action selection  

While this model of decision making is attractively simple and may be sufficient to describe the 

everyday process, it is not adequate to describe ADM, which is best considered in the framework 

of a holistic model of information processing.  

ADM is strongly dependent on situational awareness and the alternatives available to a pilot 

(Hoc and Amalberti, 1995). A pilot’s level of situational awareness determines the solutions that 

will be considered and helps guide the choice of a response. In addition, the results of selected 

actions can enhance perception and understanding of the situation, which can serve as feedback 

to alter and improve subsequent decisions. In fact, it is clear that situational awareness, decision 

making and action are thoroughly intertwined (See Figure below). 

 

Figure 15: Decision making and information processing 
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Situational awareness and decision making 

Situational awareness is the perception of the elements in the environment within a volume of 

time and space, the comprehension of their meaning and the projection of their status into the 

near future (Endsley, 1995). This definition leads to the identification of three levels of 

comprehension (see Figure 16).  

 Level 1: perception of critical environmental cues  

 Level 2: understanding the relevance and importance of those environmental cues to a 

person's goals  

 Level 3: realistic predictions of potential future events in the system  

An analysis of a pilot's cognitive task suggests that some tasks do not require a high level of 

continuous comprehension. Pilots can temporarily accept low or no comprehension for some 

tasks that are clearly not safety-critical. Situational awareness, then, must involve a pilot's ability 

to manage the correct levels of comprehension with regard to available mental resources and 

mission and task requirements. Time pressure and the pilot's goals are significant factors that 

contribute to comprehension level.  
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Figure 16: Decision making and situational awareness 

 

The ADM process is an active process guided, in part, by the pilot's mental representation. 

Consequently, ADM is directly affected by the resources the pilot allocates to the Situational 

Awareness process shown in Figure 2. Poor comprehension may lead to an inappropriate 

decision even if the information needed to support the proper choice is available in the 

environment.  

Collective decision making 

Studies of decision making traditionally have focused on decisions by individuals. Commercial 

aviation, however, is a group or team environment — not only in the cockpit but also among the 

cabin crew and on the ground (e.g., maintenance, operations).  

In aviation, the team represents a distributed cognitive system in which each member may affect 

the collective decision-making process. The leader takes a specific role in the process by 
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assuming the responsibility for the collective decision on behalf of the team, regardless of the 

situation or event.  

The steps for making a successful collective decision are:  

 Access the same information either directly or by sharing among team members  

 Build collective situational awareness and check for a common understanding  

 Complete and mutually agree on goals  

 Select and accept the course of action  

 Execute the course of action using an approved task-sharing scheme after having planned 

it by defining the procedure, role and needs of each member  

 Feedback results for monitoring the decision’s effect  

 Express any doubts and resolve them  

However, as with individual decision making, the process of collective decision making can 

change as a function of the features of the environment in which the decision is being made 

(Urban, Weaver, Bowers and Rhodenizer, 1996). Factors influencing the collective decision-

making process include:  

 Time stress  

 Workload  

 Style of leadership  

 Personality and mood of team members  

 Ability, experience and stature or reputation of the team members  

 Confidence, doubt and the social dynamic among team members  
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Three different team decision-making styles or processes can be defined based on the relative 

influences of the factors listed above:  

1. Limitations of Human Decision Making 

Some factors and/or biases can distort the way situations or goals are perceived by individuals 

and the team as a whole. The more a situation becomes strained, the more people tend to place 

confidence in subjective and personal factors, which can limit the quality of decisions, regardless 

of the specific decision-making process used. Knowledge of these limiting factors is important in 

order to avoid their use or to mitigate their consequences on safety. Three types of factors can be 

described:  

 Risk perception and risk management  

 Situational factors  

 Biases  

2. Risk and decision making 

All decision alternatives entail some level of risk. The choice between alternatives is a trade-off 

based on the expected results for each alternative and the risk of failure to achieve these results 

when adopting the selected alternative. The way risk is perceived and managed can limit some 

choices.  

Individuals tend to prefer solutions they are confident of achieving, even if the result will not be 

as good as might have been achieved with another, less-familiar solution. The likely solution in 

such situations is the best of the available alternatives that the individual or the team is actually 

able to implement, even if it is not the optimum solution.  
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1.18.9 Situational Factors 

Situational factors arise from the interaction of the characteristics of the situation and those of 

the specific individual or team. Four types of situational factors have been identified:  

Factors linked to the task 

Factors inherent in a task can affect decision making. These include: degree of task complexity, 

time available to complete the task (time pressure), amount and flow of information, ease of 

access and availability of the information, conduciveness of the human-machine interface design, 

degree of uncertainty and clarity of the goals.  

Cognitive factors 

There are limits on human cognitive abilities and information processing (i.e., perception, 

understanding, action). Also, factors such as individual knowledge level, expertise, 

qualifications, fatigue and stress can influence decision making.  

Motivational and personality factors 

The degree of an individual’s motivation as well as personality traits, attitudes, response style 

and the impacts of emotion or past experience and mood can profoundly influence decision 

making.  

Psycho-social factors 

Many psycho-social factors can influence the decision process for both individuals and teams. 

Decision making in a professional environment is subject to judgment and assessment by a third 

party. Concerns about image or failure and the desire to command the respect of others are 

psycho-social factors that can have direct impacts on the way decisions are made.  

Other psycho-social factors include team collaboration mechanisms, leadership, and 

followership, processes of influence, stereotypes, reputation, and prominence.  
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Biases that influence decisions 

Khaneman, Slovic and Tversky (1982) describe numerous biases that can distort the decision-

making process. Biases are a particular tendency or inclination that prevents unprejudiced 

consideration of a question. Biases have been broadly studied in the field of decision making. 

The most frequent biases influencing decision making are:  

 Anchoring bias: the tendency to rely too heavily, or "anchor," on one trait or piece of 

information  

 Belief bias: the tendency to base assessments on personal beliefs  

 Confirmation bias: the tendency to search for or interpret information in a way that 

confirms one's preconceptions  

 Loss-aversion bias: the strong tendency for people to prefer avoiding losses rather than 

acquiring gains  

 Rosy-retrospection bias: the tendency to rate past events more positively than they were 

actually rated when the event occurred  

 Status-quo bias: the tendency to like things to stay relatively the same  

 Gambler's-fallacy bias: the tendency to assume that individual random events are 

influenced by previous random events  

 Valence effect of prediction bias: the tendency to overestimate the likelihood of good 

things happening and to underestimate the chance of bad things happening  

 Correlation bias: the tendency to underestimate rare events and overestimate frequent 

events  

 Recency-effect bias: the tendency to weigh recent events more heavily than earlier events  

 Primacy-effect bias: the tendency to weigh initial events more heavily than subsequent 

events  
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 Fundamental attribution error bias: the tendency for people to overemphasize personality-

based explanations for behaviours observed in others (but not themselves) while 

underemphasizing the role and power of situational influences on the same behaviour  

 False consensus effect bias: the tendency for people to overestimate the degree to which 

others agree with them  

 Projection bias: the tendency to unconsciously assume that others share the same or 

similar thoughts, beliefs, values or positions  

 Overconfidence effect bias: the human tendency to be more confident in one's 

behaviours, attributes and physical characteristics than one should be  

 Conformity bias: a propensity to preferentially adopt the cultural traits that are most 

frequent in the team. Conformity can also involve accepting the majority opinion and 

silencing or ignoring those who argue with the consensus. 

 

1.18.10 Types of Error in Decision-making 

Orasanu and Martin (1998) defined two basic types of decision-making errors in aviation.  

The first relates to situation assessment, which involves defining the problem as well as 

assessing the levels of risk associated with it and the amount of time available for solving it. 

Once the problem is defined, a course of action must be chosen. The course of action is selected 

from the options available. Situation-assessment errors can be of several types: situation cues 

may be misinterpreted, misdiagnosed or ignored, resulting in a wrong picture; risk (threat or 

danger) levels may be mis assessed (Orasanu, Dismukes and Fischer, 1993); or the amount of 

available time may be misjudged (Orasanu and Strauch, 1994).  

The second type of decision-making error identified by Orasanu and Martin involves errors in 

choosing a course of action. These also may be of several types. When there are specific rules to 

guide the decision (e.g., procedures), the appropriate response may not be retrieved from 
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memory and applied, either because it was not known or because some contextual factor 

mitigated against it. If there are choices from which the decision must be made, options also may 

not be retrieved from memory, or only one may be retrieved when, in fact, multiple options exist. 

Constraints or factors that determine the adequacy of various options may not be retrieved or 

used in evaluating the options. Finally, the consequences of various options may not be 

considered. The decision maker may fail to mentally simulate the possible outcomes of each 

considered option. Creative decisions may be the most difficult because they involve the least 

support from the environment. The absence of available options means candidate solutions must 

be invented to fit the goals and existing conditions.  

Orasanu and Martin examined cases in the U.S. National Transportation Safety Board's set of 37 

"crew-caused" accidents that involved "tactical-decision errors" (NTSB, 1994). A common 

pattern was the crew's decision to continue with their original plan when conditions suggested 

that other courses of action might be more prudent. In other words, they decided to "go" in a "no-

go" situation, usually in the face of ambiguous or dynamically changing conditions (e.g., 

continuing with a landing when it might have been more appropriate to go around). Four factors 

are hypothesized as possible contributors to these decision errors:  

 The situations were not recognized as ones that should trigger a change of course of 

action, due to the ambiguity of the cues  

 Risk was underestimated, possibly because a previous similar situation was successfully 

handled  

 Goals conflicted (e.g., safety vs. productivity, mission completion or social factors)  

 Consequences were not anticipated or evaluated, possibly due to some of the 

environmental factors or biases discussed earlier. 

4.0 Key Points 

The following are key points with respect to decision making:  
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 ADM takes place in a complex environment and requires situational awareness, relevant 

skills and experience  

 Decision making must be considered in broad human factors and operational contexts  

 The naturalistic decision-making process is greatly affected by time pressure and 

workload  

 ADM in commercial aviation is a team process. Therefore, team dynamics can play a 

strong positive or negative role  

 There are limitations in the human decision-making process, and exceeding these limits 

can result in decision error.  

 

1.18.11 Flight Briefings 

Briefings Overview 

Briefings should help both the pilot flying (PF) and the pilot not flying (PNF) understand the 

desired sequence of events and actions, as well as the condition of the aircraft and any special 

hazards or circumstances involved in the planned flight sequence. To achieve the safety and 

efficiency benefits of good flight preparation, all crewmembers should strive for high-quality 

briefings.  

Objectives of briefings 

When conducting any briefing, the following objectives should be met:  

 Define and communicate action plans and expectations under normal and abnormal 

conditions  

 Confirm applicable task sharing (i.e., crewmembers’ roles and responsibilities)  

 Brief each subject area to its appropriate level of detail  
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 Promote questioning and feedback  

 Ensure full understanding and agreement on the correct sequence of actions  

 Communicate objectives to other crewmembers (cabin crew) and develop synergy  

 Enhance the preparedness of the flight crew and cabin crew for facing unusual 

requirements or responding to unexpected conditions  

The quality of the flight crew/cabin crew and flight crew take-off and approach briefings shapes 

crew performance throughout the flight. Pre-flight briefings should start at the dispatch office 

when the dispatcher gives the flight plan to the flight crew for review and the crew’s final 

decision on the route, cruise flight level and fuel quantity.  

The on-board crew formation briefing and the flight crew take-off and approach briefings should 

include the following:  

 Crew familiarization with the departure and arrival airports and routes  

 The maintenance state of the aircraft (e.g., inoperative items, recent repairs)  

 Fatigue state of crewmembers (e.g., short-haul/multi-sector operations)  

 Take-off, departure, approach and landing conditions (e.g., weather, runway conditions, 

special hazards)  

 Lateral and vertical navigation, including intended use of automation  

 Communications  

 Status of cabin from the cabin crew  

 Status of abnormal procedures as applicable (e.g., rejected take-off, diversion, missed 

approach/go-around) 

 Review and discussion of take-off and departure hazards  
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Timeliness of briefings 

Briefings should be conducted during low-workload periods. The take-off briefing should be 

conducted while the aircraft is at the gate or other parking position.  

The descent preparation and the approach and go-around briefings should typically be completed 

10 minutes before reaching the top-of-descent to prevent increasing workload and rushing the 

descent preparations.  

Techniques for conducting effective briefings 

The importance of briefing technique is often underestimated. The style and tone of a briefing 

play an important role in its effectiveness. Interactive briefings (e.g., confirming agreement and 

understanding by the PNF after each phase of the briefing) are more effective and productive 

than an uninterrupted lecture from the PF followed by: “Any questions?” Interactive briefings 

provide the PF and PNF with an opportunity to communicate and to check and correct each other 

as necessary (e. confirming the use of the correct departure and approach charts, confirming the 

correct setup of Nav-aids for the assigned take-off and landing runways). 

The briefing itself should be based on the logical sequence of flight phases. It is important, 

however, to avoid the routine and formal repetition of the same points on each sector, which 

often becomes counterproductive because it involves no new thinking or problem solving. For 

example, adapting and expanding a briefing by highlighting the special aspects of an airport, the 

departure or approach procedure, or the prevailing weather conditions and circumstances usually 

result in a more lively and effective briefing.  

Briefings should be conducted by speaking face-to-face, while remaining alert and vigilant in the 

monitoring of the aircraft and flight progress. The briefing technique of the PF should encourage 

effective listening to attract the PNF’s attention. The briefing should therefore be conducted 

when the workload of the PNF is low enough to permit effective communication.  

Whether anticipated or not, a significant change in an air traffic control (ATC) clearance, 

weather conditions, landing runway or aircraft condition requires a crew to review relevant parts 
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of previously completed briefings. A re-briefing is almost always beneficial under these 

circumstances.  

Take-off briefing 

The take-off briefing is conducted by the pilot designated as PF for the particular flight leg. It 

enables the PF to inform the PNF of the planned course of actions (e.g., expectations, roles and 

responsibilities, unique requirements) for both normal and abnormal conditions during take-off. 

A full take-off briefing should be conducted during the first sector of the day. Subsequent 

briefings should be limited to the specific aspects of each individual airport/runway/take-

off/departure condition. The take-off briefing should be guided and illustrated by referring to the 

applicable flight management system (FMS) pages, the paper or electronic charts and the 

navigation display to visualize the departure route and confirm the various data entries. Some of 

the important topics to review in a take-off briefing are discussed below. The important point is 

that a take-off briefing must be comprehensive and based on complete situational awareness 

gained from the available documentation and data.  

ATIS 

The Automatic Terminal Information Service (ATIS) is a recorded message broadcast at major 

airports. It provides flight crews with up-to-date information on weather, runway in use and other 

operational information. The ATIS message is updated whenever the situation changes 

significantly, with the new version designated by the next letter of the alphabet.  

All pilots approaching the airport are required to monitor the ATIS and review the message, 

including:  

 Expected take-off runway in use and standard instrument departure (SID)  

 Altimeter (QNH or QFE)  

 Transition altitude (if variable with QNH)  

 Weather, temperature and dew point  
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 Wind and runway condition  

 Unusual airport conditions (e.g., closed taxiways, presence of work crews)  

NOTAMs 

Notices to airmen (NOTAMs) provide crews with critical information that may have a direct 

effect on flight safety (e.g., unserviceable nav aids, change of departure routing, airspace 

restrictions, work in progress on taxiways and/or runways, obstructions, man-made obstacles, 

birds activities volcanic activity). NOTAM coverage can be national, regional, specific to one 

route or specific to a given airport. NOTAMs generally do not include detailed explanations and 

graphics. As a result, interpretation of a NOTAM can sometimes be difficult. Each pilot should 

therefore review applicable take-off and departure NOTAMs and discuss their possible impacts 

on operations with fellow crewmembers. If there is any doubt about the contents or interpretation 

of a NOTAM, pilots should contact the company dispatch office for clarification.  

Key points 

Conducting effective briefings is an essential part of flight preparation. Without proper 

preparation, a crew will not have the necessary situational awareness to fly at maximum 

effectiveness and safety. Briefings are necessary at various points in the flight from before 

taxiing to the departure runway through taxiing to the arrival gate.  

The following summary points apply to all briefings:  

 Briefings should be adapted to the specific conditions of the flight and focus on the items 

that are relevant for the particular take-off, departure, cruise or approach and landing.  

 Briefings should be interactive and allow for dialogue between the PF, PNF and other 

crewmembers.  

 Briefings should be conducted during low-workload periods.  
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 Briefings should be conducted even if the crew has completed the same flight many times 

in the past. Vary the briefing approach or emphasis when on familiar routes to promote 

thinking and to avoid doing things by habit.  

 Briefings should cover procedures for unexpected events.  

 Pilots should not fixate on one particular aspect of information in a briefing, as other 

important information may be missed.  

 

1.18.12 CAVOK AIR Brake Assembly, Normal and Abnormal Checklists 

The following CAVOK System and Checklists are pertinent to this investigation. 

1. AN-74TK-100 MAIN BRAKE ASSEMBLY 

The wheel system is designed to ground braking of the aircraft during taxiing or parking and 

ensures both simultaneous and consecutive braking of the wheels of right and left legs in the 

modes of main and emergency braking. Anti-skid devices minimize the potential wheel skidding 

("skid") in the main braking mode. 

The main braking is performed by foot control pedal application (wheel brake pressure (100+10) 

kgf/cm2 [(10+1) MPa)], and the emergency braking is performed by pulling the emergency 

braking handles (brake pressure (80+5-10) kgf/cm2 [(8+0.5-1) MPa]. 

The parking brake function is performed by pulling the emergency braking handles and then by 

locking them in partially extended position. In this case the brake pressure (63-10) kgf/cm2 

[(6.3-1.0) MPa] is provided for within 48 h. 
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Figure 17: Schematic diagram of main brake assembly 

 

2. AN-74TK-100 NORMAL OPERATION CHECKLIST  

This checklist describes the CAVOK’s “Normal Operation Procedures as follows; 
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o Before Starting Engines 

o Before Taxiing 

o During Taxiing 

o At Holding Take-off Position 

o At Line up Position  

See Appendix 3. 

3. AN-74TK-100 OPERATIONS MANUAL PART B 

Chapter 3 of this manual describes the types of Engine failures and appropriate actions to be 

taken. The checklist is sub divided into 2 sections; they are: 

 Section 2 (Normal Operations) 

 Section 3 (Special Cases of Flight) 

 Section 3.2 Action in Complex Situations 

3.2.1 Engine failure  

3.2.1.1 General notes 

3.2.1.2 Engine failure at take-off (V<V1) 

3.2.1.3 Engine failure at take-off run (V>V1) 

See Appendix 4. 

4. AN-74TK-100 FLIGHT MANUAL 

Chapter 5 of this manual describes in details the features and symptoms of Engine failures and 

actions to be taken. It is subdivided as follows: 

 Section 5.1 Engine Failure 

5.1.1 General 

5.1.2 Engine failure at take-off (V<V1) 

5.1.3 Engine failure during take-off (V>V1) 
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     See Appendix 5. 

5. AN-74TK-100 QUICK REFERENCE HANDBOOK (QRH) 

This hand book briefly describes actions to be taken by the crew in specific situations, 

specifically Emergency/Abnormal situations. Chapter 1 of this handbook deals with Engine 

failures at different phases of flight. 

 Abnormal Procedures 

 1 Engine failure 

1.1 General guidelines 

1.2 Engine failure at take-off run (V<V1) 

1.3 Engine failure at take-off run (V>V1) 

See Appendix 6. 

 

1.18.13 Definitions 

1. Rejected Take-Off 

The situation which follows when it is decided to stop an aircraft during the take-off roll. 

 

2. Runway Safety Area 

“An area symmetrical about the extended runway centre line and adjacent to the end of 

the strip primarily intended to reduce the risk of damage to an aero plane undershooting 

or overrunning the runway”. [ICAO Annex 14]  

3. Runway Excursion 

ICAO defined Runway Excursion as a veer off or overrun off the runway surface 

(ICAO). 
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4. Decision Speed (V1) 

V1 is the Decision speed (sometimes referred to as critical engine speed or critical engine 

failure speed) by which any decision to reject a take-off must be made. Above V1, the 

take-off must be continued unless there is reason to believe that the aircraft will not fly. 

An engine failure identified not later than V1 should always result in a rejected take-off.  

If the decision is made to reject, the aircraft can be brought to a stop within the 

Accelerate Stop Distance Available (ASDA). If the decision is made to continue the take-

off, either in a non-engine failure case which occurs prior to V1 or in an engine failure 

case which occurs at or after V1, the aircraft can get airborne and achieve or exceed the 

appropriate screen height within the Take-off Distance Available (TODA). If a reject is 

initiated at a speed above V1, a runway excursion is probable.  

Stopping the aircraft within the confines of the runway or safely continuing the take-off is 

predicated on an appropriate and timely stop/go decision and the corresponding 

appropriate and timely actions. The V1 call should be made such that the call is complete 

just as the speed is achieved. If a reject decision is taken, it is critical that stopping action 

is initiated within two seconds and that full stopping device capability is utilized. If the 

take-off is continued, the yaw due to engine failure must be corrected, the aircraft rotation 

must occur at Vr and the appropriate climb speed must be maintained to guarantee that 

the screen height will be achieved.  

 

5. Rotation Safety Speed (Vr) 

Vr is defined as the speed at which the rotation of the aircraft should be initiated to take-

off attitude. Rotation speed (Vr) cannot be less than V1. If it is greater than V1 and it is 

found that, at Vr, rotation cannot be achieved, a subsequent rejected take off may not be 

possible within the remaining runway length and is likely to result in a Runway 

Excursion.  

Vr is a function of aircraft weight and flap setting but may also vary with pressure altitude 

and temperature.  

In the engine failure case, Vr must allow for acceleration to V2 at screen height - 35 feet 

above the level of the runway surface for aircraft certificated as meeting Performance 'A'.  
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6. Take-off Safety Speed (V2) 

The take-off safety speed which must be attained at the 35ft height at the end of the 

required runway distance. This is essentially the best one-engine inoperative angle of 

climb speed for the airplane and is a minimum speed for flight in that condition until at 

least 400ft above the ground. 

 

1.19 Useful or Effective Investigation Technique 

Nil. 
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2.0 ANALYSIS 

2.1 General 

The 4 member flight crew and 2 maintenance engineers were trained, certified and qualified to 

conduct the flight in accordance with UCAA’s regulations. The flight crew had sufficient rest 

before the intended flight. There was no evidence of any significant medical condition or use of 

any substance that might have impaired their performance during the flight. Neither were there 

any critical life events that could have adversely affected the performance of their duties.  The 

crew have sufficient experience to conduct the flight.  

The aircraft was maintained in accordance with UCAA’s approved programme.  

Although the left engine suffered an engine surge during the take-off roll due to the bird strike 

according to the crew, timely response to this could have averted the accident. However, the 

Captain delayed the action by about 5 seconds before he finally decided to reject the take-off. 

 

2.2 The Flight 

The flight was intended to operate with call sign CVK 7087 as a return flight with first technical 

stop at Kotoka International Airport, Accra, Ghana. There were six persons on board (all crew) 

with fuel uplift of 5,700 kg.   

At 0905hrs, the aircraft began take-off roll. The First Officer was the Pilot Flying (PF) while the 

Captain was the Pilot Monitoring (PM).The engines and systems parameters were reported to be 

normal at that time.   

According to the Captain, he saw five to six eagles get off the ground of the runway which flew 

dangerously close to the aircraft at the beginning of the take-off roll. At a speed of 180km/h, the 

crew asserted that they saw ahead of them a flock of eagles which were not seen initially getting 

off the ground from the runway. 
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Post-crash inspection conducted by the BAGAIA investigation team could neither establish any 

physical evidence (traces of bird) nor its parts found on the engine or its surrounding to suggest 

any physical damage to the engine or its surrounding like the engine intake, engine nacelle, 

turbine, and turbine guide vanes.   

Another comparative report of post inspection conducted on the two D-36 series 2A engines by 

the representative of the engine manufacturer (SE “Ivchenko-Progress”) revealed that some 

fragments of birds feathers were found at various locations of the left engine (fan blade, slot 

between the guide vanes, cavity of the lower engine mount strut main duct cowling of the engine 

core) respectively. These suggest that there was a bird encounter with the aircraft during the 

execution of the rejected take-off.  

Further inspection of the fragments of feathers found at various locations inside the left engine 

was conducted by the Zoological Museum of the National Museum of Natural History of NAS, 

Ukraine. The report suggested that the fragments of feathers belonged to the dead bird found on 

the runway. It might have penetrated into the left engine as a result of being “overtaken” by the 

aircraft from behind on take-off during which part of its left feather was pulled out.  

However, according to the INAC CARs (STP CAR-Part 14) Aerodrome Certification and 

operation section 14.20.D.10 (3), states that “wildlife remains found within 60 meters of a 

runway or an airside pavement area are presumed to be a wildlife strike unless another cause of 

death is identified.” 
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Figure 18: Picture showing the dead bird found on the runway 

 

The Captain took control of the aircraft and requested the Flight Engineer to check if the landing 

lights were ON and to monitor the engine parameters.  The Captain further stated that he 

assessed the situation within 4 - 5 seconds and decided that the best option for the crew was to 

abort the take-off. The Captain immediately initiated a rejected take-off, instructing the Flight 

Engineer to apply the thrust reversers. The rejected take-off was initiated at a speed of 220 km/h, 

about 5 seconds after sighting the birds. 



Aircraft Accident Report           
CVK/2017/07/29/F 

  

       UR-CKC 

 

96 

 

 

 

Figure 19: Runway configuration showing positions of aircraft during the attempted take-

off roll 

 

The decision not to continue the take-off could have been made when the flight crew observed 

that the runway surface appeared to be rising as the aircraft was accelerating towards the take-off 

speed, before they sighted the flock of birds. The investigator believes that the pilot intended to 

continue the take-off despite the birds seen and the runway factor.  

According to the post investigation report received from Antonov State Enterprise Company, the 

pilot in command of the aircraft deliberately decided to abort the take-off at the speed exceeding 

the take-off decision speed V1, which was followed by the runway overrun, since an aircraft 

overrun during the take-off is obviously less dangerous than an aircraft impact at failure of two 
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engines at the initial stage of the climb. Thus, the pilot's actions were motivated by a state of 

emergency and aimed at minimizing the consequences of the occurrence. 

However, the Captain was hesitant on the decision to discontinue the take-off. This resulted in a 

delayed and inappropriate response to the situation. At that time, the aircraft rotation speed was 

attained, the captain called for rotation initially then he reversed his rotation call out and 

instructed the first officer not to rotate. At about 5 seconds after Vr (200 km/h), with the fear of 

losing multiple engines, the Captain was certain that a reject was imminent; he took control, 

initiated a rejected take-off and called for reversers at a speed in excess of V1 (20 km/h > V1) 

which is inconsistent with CAVOK’s SOP and AN-74TK-100 Airplane Flight Manual (AFM). 

The braking action was initiated by the Captain at a time lead of 2 seconds as against the 

activation of the reversers by the Flight Engineer (FE) after the captain’s instruction. This delay 

in activation of the reversers resulted in the reduction of the braking effectiveness, hence 

increasing the unlikelihood of the aircraft stopping before the end of the runway.  

During the cockpit examination following the accident, the investigators found the SPEED 

BRAKE/SPOILERS lever in the down detent position. This position would normally not deploy 

the system manually or automatically should the thrust lever be retarded to idle. Also, FDR data 

recordings did not physically indicate the deployment activation of speed brake/spoilers. The 

failure of the flight crew to activate the speed brake/spoilers during the reject procedures also 

increased the severity of the accident as a result of decreased effectiveness in slowing the speed 

of the aircraft within the shortest practicable distance. Had the flight crew used the speed 

brake/spoilers, it would have assisted considerably in slowing down the aircraft, therefore 

stopping capability would be enhanced and braking effectiveness would increase; enabling the 

crew to stop the aircraft before the end of the runway and also to achieve a successful rejected 

take-off (See Figure 15). 
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2.3 Flight Crew Performance Before and During Take-off Roll 

The flight crew deviated from the Standard Operating Procedures (SOP) in a number of 

significant ways that later affected the sequence of events leading up to the occurrence. The 

investigation identified the following deviations by the crew: 

1. The omission of take-off briefing.   [ref. AN-74TK-100 Normal Operation 

Checklist (See Appendix 3)] 

2. The delay in rejecting the take-off.   [ref. AN-74TK-100 Operations Manual Part 

B, Sections 3.2.2.2 and 3.2.2.3 (See Appendix 4]  

3. The initiation of a rejected take-off after V1.   [ref. AN-74TK-100 Flight Manual 

Sections     5.1.2 and 5.1.3 (See Appendix 5).  

4. The failure to deploy speed brakes during the rejected take-off.  [ref. AN-74TK-

100 Quick Reference Handbook (QRH), Section 1.5.] 

Prior to entering the runway, the crew conducted a visual check on and around the runway. After 

that, the beginning of the take-off roll was initially conducted in a proper manner, with the First 

Officer controlling the aircraft and the captain performing the duties of the non-flying pilot while 

the Flight Engineer and the Navigator were performing their duties such as setting power, 

monitoring the engine instruments and flight navigational instruments respectively. The 

investigator believes that, had the captain initiated the reject at an appropriate time, the aircraft 

could have stopped on the runway. 

The normal time to achieve 111 km/h would have been 14 seconds with about 820 feet of roll. 

The rejected take-off was not initiated until about 36 seconds from the start of the take-off roll 

after the aircraft had travelled nearly 4,363 feet. 

The investigation was unable to determine positively the reason for the captain’s apparent 

delayed response to the abnormal situations of the birds’ encounter and the engine surge. The 

Captain’s command responsibilities require him to monitor all aspects of the take-off roll, with 

attention to the instrument panel, the view outside the windshield and the First Officer. 

Considering that it was the first time the flight crew had operated into that airport, including the 
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runway conditions as observed by the flight crew, it is apparent that the Captain experienced pre-

eminent workload during the take-off roll. Still, the investigator believes that these situations 

should not have precluded the Captain from attending to the abnormal situation.  

 

2.4 Runway Surface Condition 

Runway 29 is 2160m long. Runway 29 has neither RESA, nor Stopway, and the airfield does not 

meet ICAO standards for a runway strip (FPST runway strip extends beyond the end of the 

runway for the distance of 10m). There is a ravine at 15m from the end of the runway 29 in 

addition to a major road adjacent to the airport’s perimeter fence. Clearway on RWY 29 is 60m 

long. Information of the ravine at the end of RWY 29 is absent in AIP. At both ends of RWY 

11/29, the areas are provided with the runway turn-around pads 60m long each, one of  which (at 

the end of the runway) is included in RWY 29 length of 2160 m. 

 

 

Figure 20: Length of Runway 29 

 



Aircraft Accident Report           
CVK/2017/07/29/F 

  

       UR-CKC 

 

100 

The Aerodrome Reference Point elevation is 10m, RWY 29 threshold has the elevation of 5m, 

RWY 11 threshold has the elevation of 12m, thereby indicating that there is an inflection of the 

runway (“humpback" runway), approximately in the centre. 

According to the ICAO SARPs, an airport for aeroplanes with the reference field length 800m 

and over should have a runway strip, which extends before the threshold and beyond the end of 

the runway or stopway for a distance of at least 60m. In addition, a runway end safety area 

(RESA) shall be provided at each end of a runway strip for such aeroplanes, RESA should 

extend from the end of a runway strip to a distance of at least 90 m. 

Unless its function requires it to be there for air navigation or for aircraft safety purposes, no 

equipment or installation shall be: 

a) on a runway strip, a runway end safety area, a taxiway strip or within the 

distances specified in Table 3-1, column 11, of ICAO Annex 14 volume 1, if it 

would endanger an aircraft; or 

b) on a clearway if it would endanger an aircraft in the air. Any equipment or 

installation required for air navigation or for aircraft safety purposes must be 

located: 

 on that portion of a runway strip within 75m of the runway centreline for 

aeroplanes with reference field length 1200m and over; or 

 on a runway end safety area, a taxiway strip or within the distances 

specified in Table3-1 of ICAO Annex 14 volume 1; or 

 on a clearway and which would endanger an aircraft in the air; shall be 

frangible and mounted as low as possible. 

Where provision of a runway end safety area is impossible, consideration may have to be given 

to reducing some of the declared distances. 

The take-off limitations of a transport category aircraft are described in terms of the maximum 

weight of the aircraft that will ensure performance compatibility with the runway length. In a 

rejected take-off, the aircraft accelerate-stop distance shall not exceed the length of the runway 
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plus the length of any stopway. The aircraft’s accelerate-stop distance is in turn established as a 

part of the aircraft’s certification. Basically, the rules require that the aircraft be capable of 

accelerating normally to a speed at which an engine failure or other emergency recognises that, 

should there be a prompt decision to reject a take-off, the flight crew’s initial actions to 

decelerate would be taken as the aircraft reaches V1 speed and is brought to a full stop within the 

accelerate-stop distance.  

The accident aircraft was within the weight limitation of 27,857 kg at the beginning of the 

intended flight, being 6,943 kg lighter than the maximum weight permitted, (34,800 kg) for take-

off on the 7087 ft runway. According to the weight computation by the Captain based on 

CAVOK’s operating procedures, the V1 speed of the accident aircraft, with a gross weight of 

27,857 kg, using a standard flap setting for the typical aircraft and with the existing 

meteorological condition was 200 km/h. Under such condition, the aircraft should have been able 

to accelerate normally and stop within a total distance of 4,921 ft, 2,166 ft before the end of the 

runway if maximum full braking was applied and the RTO was initiated appropriately at or 

before 200 km/h. 

Detailed analysis of FDR data conducted by the Antonov State Enterprise Company outlined “In 

case of need to perform an aborted take-off at the take-off decision speed, the crew should have 

performed all the required braking actions specified in the Flight Crew Operation Manual.” The 

crew carried out the take-off in the rated operational mode of engines (the "rated" operational 

mode of engines is specified in the report of SE "Ivchenko-Progress"), the take-off decision 

speed exceeded the speed specified in the Flight Crew Operation Manual, and the crew did not 

use the interceptors for braking. 

The report further explained that the simulation of An-74TK-100, reg. UR-CKC, take-off at the 

Sao Tome Airport with a mathematical model, which is based on the certification flight test 

results, has made it possible to determine that, at the pilot’s actions according to the provided 

records of BUR-3-1 of An-74TK-100 aircraft, UR-CKC, the aircraft would roll out of the 

runway. See Appendix 7. 
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Even with the delayed and moderate braking, and use of spoilers and speed brakes, the aircraft 

should have been brought to a full stop within the confines of the runway, if the RTO was 

initiated by V1. The combination of the reduced braking effectiveness and RTO initiation speed 

resulted in the runway excursion. 

The location of the ravine (N 000 22’ 51”, E 0060  42’ 07”) is about 106 ft from the end of 

runway 29, this provided little room for runway overrun, and this distance is far less than the 

recommended. If the captain had rejected the take-off below V1, or if he had based on other 

input, overruled the assumption of multiple engine failure due to multiple birds’ strike and 

allowed the first officer to rotate and take-off the length of the 7,087 ft runway with its 200 ft 

safety area, it would have been adequate to complete the manoeuvre successfully. In a rejected 

take-off with the existing runway conditions, at an airspeed just below V1, the aircraft may have 

stopped just on the runway. But the Captain denounced the rotation call out. 

 

2.5 CAVOK Checklist Procedures 

CAVOK provided AN-74TK-100 pilots with checklist guidance in the Operations Manual Part B 

section 2 (Normal Operation). Checklist items that were to be accomplished prior to take-off 

were “Before pushback/Before Start”, “After Start”, “Taxi” and “Before Take-off.” CAVOK 

normal checklists up to but not including the “After Take-off” checklist were to include the 

“Take-off Briefing” item. However, the CAVOK normal operating checklist that was used by the 

accident flight crew was reviewed on 21st February, 2017 and subsequently approved by UCAA.  

In summary, the CAVOK’s normal checklist policy does not incorporate the “take-off briefing” 

item. It does not define specific flight crew member responsibility in the event of any 

unprecedented emergency or abnormal condition. Therefore CRM capability was degraded (See 

Appendix 3). 

Take-off briefing item is a very important part of the normal operating checklist. It re-

emphasises the appropriate individual flight crew actions in the event of emergencies or 
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abnormal situation especially at the take-off phase of a flight. It also reminds and reaffirms any 

crew of their responsibilities during emergency and abnormal conditions. 

 

2.6 Reasons for Airspeed Indication Anomaly 

As aircraft passes through the air, the pressure at the nose of the aircraft is increased by an 

amount that is directly proportional to the square of the aircraft’s speed. The indicated air speed 

system is simply a comparison of the pressure at the nose of the aircraft as measured at the inlet 

of the pitot tube (total pressure) and the local ambient pressure as measured at the aircraft’s static 

ports (static pressure). If the inlet to the pitot system is blocked or tampered with so that the 

increase in pressure is no longer measured, the air speed indication system will no longer 

function properly. If the static port is similarly clogged, the pressure differential measurement 

will not be accurate. 

The FDR acceleration and the air speed traces showed that the aircraft accelerated normally and 

the air speed indication was valid when the aircraft reached about 227km/h, but it became 

sporadic thereafter even though the aircraft continued to accelerate up to the point of the 

attempted reject. However, another picture showed the cross section of the nose wheel gear 

assembly being impacted by a large bird. 
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Figure 21: Picture showing the bird remains entangled  in the nose wheel.  

 

The post-accident tests on the FDR conducted by the Antonov State Enterprise Company 

revealed that “the conclusion of reliability of the instrument speed indications of the aircraft and 

other parametric information indications registered in ZBN-1-3 ser.3 of An-74ТК-100, reg. UR-

CKC, the mathematical calculation of speed of An-74TK-100, reg. UR-CKC, on the runway 

indicates that the actual aircraft speed on the runway was approximately by 10 km/h lower than 

that recorded by the aircraft on-board recorder. Probably, this is caused by the incorrectly 

calibrated characteristic of the instrument speed sensor. At the same time, some of the 

parameters of systems were not registered at all in the flight data recorder.” It could be deduced 
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from the above conclusion that the reason for the erratic reading of the airspeed indicator was not 

established by Antonov Company, therefore its evidence was a probability. 

The nature of the impact suggests that the aircraft impacted the bird during the take-off roll just 

before the left engine surge occurred. The impact on the nose gear assembly resulted in damage 

to some parts and wires linking the squat switch mounted on the nose gear. This has a tendency 

to cause the sporadic increase of the air speed.  
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3.0 CONCLUSION 

3.1 Findings 

The investigation revealed the following: 

3.1.1 The aircraft had a valid Certificate of Airworthiness. 

3.1.2 The State of Registry and the State of the Operator is Ukraine. 

3.1.3 There were six persons on board the aircraft (all crew). 

3.1.4 The crew were certified and qualified to conduct the flight. The accident flight was the 

first to be conducted for that day by the crew. 

3.1.5 There was effective communication between the Air Traffic Controller (ATC) and the 

crew before and during the take-off roll. 

3.1.6 The flight was conducted in accordance with the operating procedures as contained in the 

company’s Operations Manual.  However, the emergency briefing item in the before 

take-off checklist was missing in the normal checklist. 

3.1.7 The flight was initially cleared by ATC to depart from runway 11 but changed to runway 

29 at the request of the crew. 

3.1.8 The First Officer was the Pilot Flying while the Captain was the Pilot Monitoring. 

3.1.9 At 0905hrs when the aircraft began its take-off roll, the engines and systems parameters 

were reported to be normal. 

3.1.10 At a speed of 180 km/h, the crew asserted that they saw a flock of birds on the runway 

which prompted the Captain to take control of the aircraft. Subsequently, the aircraft 

sustained multiple bird strikes. 

3.1.11 The left engine suffered failure possibly due to bird ingestion. 

3.1.12 The remains of birds were found at various locations of the left engine (fan blade, slot 

between the guide vanes, cavity of the lower engine mount strut, main duct cowling of 

the engine core), at nose landing gear and on the runway. 

3.1.13 The Captain initiated a rejected take-off at a speed of about 220 km/h which is 20 km/hr 

in excess of decision speed, V1. 
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3.1.14 The Captain's actions were stated to be motivated by a state of emergency and aimed at 

minimizing the consequences of the occurrence, since an aircraft overrun during the take-

off is obviously less dangerous than an aircraft impact at failure of two engines at the 

initial stage of the climb. 

3.1.15 There is a ravine at 15m from the end of RWY 29 in addition to a major road that is 

adjacent to the airport’s perimeter fence. 

3.1.16 The Captain, in a bid to increase the stopping distance and avoid the ravine veered to the 

right of the runway centreline. 

3.1.17 Runway 29 is 2160m long. At both ends of RWY 11/29, the areas are provided with the 

runway turn around pads 60m long each, one of them (at the end of RWY 29) is included 

in RWY length of 2160m. 

3.1.18 Runway 29 has neither runway end safety area, nor stopway. Runway strip extends 

beyond the end of the runway for a distance of 10m only. Clearway on RWY 29 is 60m 

long. 

3.1.19 Airport services did not carry out the runway inspection prior to the departure clearance 

on the presence of the birds before take-off of CVK7087, as required by the Airport 

Wildlife Control Programme. 

3.1.20 The Ornithological report on the bird remains found on the runway after the occurrence 

identified it as the juvenile specimen of diurnal carnivorous bird of Falconiformes of the 

Hawk Family (Accipitridae) – Common Honey Buzzard, Pernis apivorus. 

3.1.21 Statistics of bird strike collisions in the aerodrome area is not properly kept 

3.1.22 The Airport Rescue and Fire Fighting (ARFF) service responded promptly. 

3.1.23 One of the six occupants suffered minor injuries. 
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3.2 Causal Factor 

The investigation determines that the cause of this accident as: 

Due to the presence of birds on the runway, the take-off was rejected at a speed above decision 

speed V1, which is inconsistent with CAVOK’s Standard Operating Procedures (SOP). 

 

3.3 Contributory factors 

The contributory factors to this accident include but are not limited to the following: 

i. Failure of the crew to deploy interceptors (speed brakes/spoilers). 

ii. Inadequate flight crew training on details of rejected take-off procedure scenarios. 

iii. The omission of the take-off briefing in CAVOK’s Normal Operations checklist. 

iv. Poor Crew Resource Management (CRM), especially in a multi-crew flight operation. 
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4.0 SAFETY RECOMMENDATIONS 

4.1 Instituto Nacional de Aviacao Civil (National Civil Aviation Authority of STP) 

4.1.1 Should improve the habitat management programme (including reduction 

or elimination of trees, shrubs and other plants which provide food, shelter 

or roosting sites for birds) 

4.1.2 Should enhance its aerodrome grass management appropriate to the 

prevalent species and the degree of risk that they pose. 

4.1.3 Should liaise with local inhabitants to limit the attraction of birds to fields 

(in the vicinity of the airport). 

4.1.4 Should install specialized ground-based radar equipment used for tactical 

detection of large flocking birds. 

4.1.5 Should adopt and extend Runway End Safety Area to conform to ICAO 

standards. 

4.1.6 Should include the information about the ravine at the end of RWY 29 into 

the AIP and Send it as Notice To Airmen (NOTAM). 

  

4.2 Ukraine Civil Aviation Authority 

Should enhance its oversight functions by reviewing all safety related items pertinent 

to operators’ checklists and manuals. 

 

4.3 CAVOK Airlines 

4.3.1 Should review its Rejected Take Off (RTO) training syllabus to incorporate 

robust RTO training plan for both initial and recurrent aircraft type 

simulator training and assessment to include unexpected scenarios and 

stop-and-go decision making. 



Aircraft Accident Report           
CVK/2017/07/29/F 

  

       UR-CKC 

 

110 

4.3.2 Should review its Normal Operations checklist in order to include take-off 

briefing as an item for each flight. 
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APPENDICES 

Appendix 1: Expert Report 
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Appendix 2: Fuel Sample Analysis 
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Appendix 3: AN-74 Operations Manual 
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Appendix 4: AN-74TK Flight Manual 
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Appendix 5: Crew Actions in Specific Situations 
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Appendix 6: Extracts from AN-74 Operations Manual 
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Appendix 7:  

 



Aircraft Accident Report           
CVK/2017/07/29/F 

  

       UR-CKC 

 

127 

 



Aircraft Accident Report           
CVK/2017/07/29/F 

  

       UR-CKC 

 

128 

Appendix 8: 

[Official Letterhead]: 

IVCHENKO PROGRESS 

UKRAINE, 69068, Zaporozhye, Ivanova, 2. Ph.: +380 (612) 650327, 654625 Fax: +380 (612) 654697.128922, 

7690137 E-mail: progress@ivchenko-progress.com 

 

Our Ref.#: 7819/KNIK of 14.11.2017  

To whom: Polyakov S.V., General Director of Cavok Air LLC  

Enterprise: Cavok Air LLC,  Kiev  

Fax: +380445377746, e-mail: cto@cavok.aero ____________________________________  

From the desk of :Kalyuzhnaya V.A.Ph.: +380617204578 ___________  

Total quantity of pages: _2 ________________________________________________________  

 

Dear Sergey V., 

According to the analysis of parametric recorders of engines 

No.708036312A006 and No. 708036412005 regarding the accident of An-

74TK-100 UR-CKC aircraft at Sao Tome Airport on 29.07.2017, we send 

you the data on thrust and operation modes of the specified engines for the 

points requested by you. The engine parameters and operational modes are 

set out in the table: 

Atmospheric conditions: Atmospheric Pressure at the aerodrome (QNH) = 

1016 hPa.Surface Temperature = 25 degrees C. Ms = 0.2 (Points 2; 3; 4) 

 

Point No. 

Flight  

Time Moment 
Engine 

Operation 

Mode 

Nfan,  

% 

Nlow.pr ,  

% 

Nhigh.pr,  

%  
R, kgs 

1 
Breakaway at take-off 

run 

right 

left 

0.7 nominal 

0.7 nominal 

63.3 

65.6 

72.5 

73.1 

85.1 

85.8 

- 2440 * 

- 2440 * 

mailto:progress@ivchenko-progress.com
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2 9:04:43 UTC 
right 

left 

Nominal 

Nominal 

 

72.6 

75.0 

72.5 

78.6 

88.5 

89.4 

- 3700 * 

- 3700 * 

3 

Before bird 

penetration into the 

left engine 

right 

left 

> Nominal 

 

> Nominal 

 

75.0 

76.9 

78.7 

79.4 

89.7 

90.4 

- 3900 * 

- 3900 * 

4 
After return of 

reverse RPM 

right 

left 

> Nominal 

~ Mcr 

74.9 

69.4 

79.1 

76.1 

90.2 

88.3 

- 3900 * 

- 3360 

 

* ideal thrust. 

The ideal thrust was calculated according to the altitude-speed performances 

of D-36 engine of series 1A, 3A and does not take into account:  

- losses at air bleed for aircraft needs, anti-icing system and loading of 

aircraft accessories; 

- losses connected with the external flow of the engine nacelle, engine air 

intake and jet deviation from the axial direction; 

- losses connected with the thrust reverse setting. 

 

SE "Antonov" can provide corrections on the indicated losses.  

 

Yours faithfully, 

 

Designer General  (signed)  V.N. Denisyuk 
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