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Deliverable No D.1.2.1/1.2.2/1.2.3



The Fault Trees contained in this document and the related parameters are to be both considered as Version 5.0.

Fault Tree
Parameters


Operational
Design

1
Collision

OR



1
1
Collision in open sea
AND



1
1
1
Encounter - within 0.5 NM [in open sea] 

see Tbehavioural (Tasks 121/ 122/ 123)
· Route

· Period of day

· Period of the year

· No of ships

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
Collision [given
 encounter] + [in open sea]

OR



1
1
2
1
Collision in good visibility + [given encounter] + [in open sea]

AND



1
1
2
1
1
Good visibility - more than 2 NM

BE
Variable


1
1
2
1
2
Collision + [given good visibility] + [given encounter] + [in open sea]

AND



1
1
2
1
2
1
Close quarters + [given good visibility] + [given encounter] + [in open sea]

AND



1
1
2
1
2
1
1
Own ship fails to avoid close quarters

OR



1
1
2
1
2
1
1
1
Own ship unaware of collision risk

OR



1
1
2
1
2
1
1
1
1
Own ship unaware of other ship

AND



1
1
2
1
2
1
1
1
1
1
Navigator unaware of other ship: watch keeping failure

see Tcognitive (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
1
1
2
Other personnel fail to alert navigator: watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
1
2
Own ship unaware of collision course

AND



1
1
2
1
2
1
1
1
2
1
Failure to use radar effectively

OR



1
1
2
1
2
1
1
1
2
1
1
Radar defective on own ship

BE (Tasks 122)



1
1
2
1
2
1
1
1
2
1
2
Failure to plot relative courses

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
1
2
1
3
Failure to make use of radar

see Tbehavioural (Tasks 121)
· Crew training

· Procedures
· HMI principles

· User’s manual

1
1
2
1
2
1
1
1
2
2
Failure to observe relative courses

see Tperceptual (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
2
Own ship accepts collision risk

OR



1
1
2
1
2
1
1
2
1
Navigator unwilling to change course

OR



1
1
2
1
2
1
1
2
1
1
Navigator overconfident

see Tprocessing (Tasks 121)
· Crew training

· Crew experience

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
2
1
2
Assuming other ship will change course

see Tcognitive (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
2
1
3
Navigator intentionally does not change course

see Tbehavioural (Tasks 121)
· Crew training

· Procedures

· Safety culture

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
2
2
Own ship follows improper course

OR



1
1
2
1
2
1
1
2
2
1
Contravening Traffic Separation Scheme

BE (Tasks 121)
· Crew training

· Procedures

· Safety culture


1
1
2
1
2
1
1
2
2
2
Passing too close to other ship

see Tbehavioural (Tasks 121/ 122/ 123)
· Company practice

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
3
Ineffective early avoidance action

OR



1
1
2
1
2
1
1
3
1
Misinterpretation of collision rules

see Tcognitive (Tasks 121)
· Procedures

· Regulation

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
3
2
Unsuccessful early avoidance action

OR



1
1
2
1
2
1
1
3
2
1
Failure to make VHF contact

see Tbehavioural (Tasks 121)
· Company practice

· Procedures

· Crew training

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
3
2
2
Confused by other ship's movements

see Tcognitive (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
1
1
3
3
Unable to take early avoidance action

OR



1
1
2
1
2
1
1
3
3
1
Impeded by third ship

BE (Tasks 122/ 123)
· Traffic density
















1
1
2
1
2
1
2
Other ship fails to avoid close quarters

BE (Tasks 121/ 122/ 123)
· External fault


1
1
2
1
2
1
3
Failure of VTS

OR



1
1
2
1
2
1
3
1
Electronic statistical fault

BE (Tasks 122)



1
1
2
1
2
1
3
2
Failure of human action

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
Failed last-minute avoidance + [given good visibility] + [given encounter] + [in open sea]

OR



1
1
2
1
2
2
1
Other ship fails to avoid collision

BE (Tasks 121/ 122/ 123)
· External fault


1
1
2
1
2
2
2
Combined avoidance causes collision

see Tbehavioural (Tasks 121/ 122/ 123)
· Communication and interaction

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
3
Own ship fails to avoid collision

OR



1
1
2
1
2
2
3
1
Last minute avoidance too late : failed to turn in time to avoid collision, for encountered sea state, with actual ship speed and accounting for ship manoeuvrability performance in open sea

AND



1
1
2
1
2
2
3
1
1
On collision course

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
3
1
2
Failed to turn in time to avoid collision

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Technical error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
3
1
3
Speed to high to avoid a collision course

see Tbehavioural (Tasks 123)
· Human error

· Technical error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
3
2
Lack of directional control

OR



1
1
2
1
2
2
3
2
1
Lack of steering capability due to mechanical/automation failure

OR



1
1
2
1
2
2
3
2
1
1
Fire

BE
· See WP4


1
1
2
1
2
2
3
2
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
3
2
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
1
2
2
3
2
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

1
1
2
1
2
2
3
2
1
5
Statistical failure

BE (Tasks 122)



1
1
2
1
2
2
3
2
1
6
Power failure

BE (Tasks 122)



1
1
2
1
2
2
3
3
Helmsman error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
Collision in bad visibility [given encounter] + [in open sea]

AND



1
1
2
2
1
Bad visibility

OR



1
1
2
2
1
1
Fog

BE
Variable


1
1
2
2
1
2
Rain/Snow

BE
Variable


1
1
2
2
2
Collision + [given bad visibility] + [given encounter] + [in open sea]

AND



1
1
2
2
2
1
Close quarters + [given bad visibility] + [given encounter] + [in open sea]

AND



1
1
2
2
2
1
1
Own ship fails to avoid close quarters

OR



1
1
2
2
2
1
1
1
Own ship unaware of collision risk

OR



1
1
2
2
2
1
1
1
1
Own ship unaware of other ship

AND



1
1
2
2
2
1
1
1
1
1
Failure to use radar effectively

OR



1
1
2
2
2
1
1
1
1
1
1
Navigator unaware of other ship: watch keeping failure

(SEE TREE # C7) see Tcognitive
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
1
1
1
2
Other personnel fail to alert navigator: watch keeping failure

(SEE TREE # C7) see Tbehavioural
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
1
1
1
3
Failure to plot relative courses

see Tbehavioural
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
1
1
1
4
Failure to make use of radar

see Tbehavioural
· Crew training

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· HMI principles

· User’s manual

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
1
2
Own ship unaware of collision course

AND



1
1
2
2
2
1
1
1
2
1
Failure to use radar effectively

OR



1
1
2
2
2
1
1
1
2
1
1
Radar defective on own ship

BE



1
1
2
2
2
1
1
1
2
1
2
Failure to plot relative courses

see Tbehavioural
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
1
2
1
3
Failure to make use of radar

see Tbehavioural
· Crew training

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· HMI principles

· User’s manual

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
1
2
1
4
Failure to observe relative courses

see Tperceptual
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
2
Own ship accepts collision risk

OR



1
1
2
2
2
1
1
2
1
Navigator unwilling to change course

OR



1
1
2
2
2
1
1
2
1
1
Navigator overconfident

see Tprocessing (Tasks 121)
· Crew training

· Crew experience

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
2
1
2
Assuming other ship will change course

see Tcognitive (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
2
1
3
Navigator intentionally does not change course

see Tbehavioural (Tasks 121)
· Crew training

· Procedures

· Safety culture

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
2
2
Own ship follows improper course

OR



1
1
2
2
2
1
1
2
2
1
Contravening Traffic Separation Scheme

BE (Tasks 121)
· Crew training

· Procedures

· Safety culture


1
1
2
2
2
1
1
2
2
2
Passing too close to other ship

see Tbehavioural (Tasks 121/ 122/ 123)
· Company practice

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
3
Ineffective early avoidance action

OR



1
1
2
2
2
1
1
3
1
Misinterpretation of collision rules

see Tcognitive (Tasks 121)
· Procedures

· Regulation

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
3
2
Unsuccessful early avoidance action

OR



1
1
2
2
2
1
1
3
2
1
Failure to make VHF contact

see Tbehavioural (Tasks 121/ 122)
· Company practice

· Procedures

· Crew training

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
3
2
2
Confused by other ship's movements

see Tcognitive (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
1
1
3
3
Unable to take early avoidance action

OR



1
1
2
2
2
1
1
3
3
1
Impeded by third ship

BE (Tasks 122/ 123)
· Traffic density
















1
1
2
2
2
1
2
Other ship fails to avoid close quarters

BE (Tasks 121/ 122/ 123)
· External fault


1
1
2
2
2
1
3
Failure of VTS

OR



1
1
2
2
2
1
3
1
Electronic statistical fault

BE



1
1
2
2
2
1
3
2
Failure of human action

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
Failed last-minute avoidance + [given bad visibility] + [given encounter] + [in open sea]

OR



1
1
2
2
2
2
1
Other ship fails to avoid collision

BE (Tasks 121/ 122/ 123)



1
1
2
2
2
2
2
Combined avoidance causes collision

see Tbehavioural (Tasks 121/ 122/ 123)
· Communication and interaction

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
3
Own ship fails to avoid collision

OR



1
1
2
2
2
2
3
1
Last minute avoidance too late : failed to turn in time to avoid collision, for encountered sea state, with actual ship speed and accounting for ship manoeuvrability performance in open sea

AND



1
1
2
2
2
2
3
1
1
On collision course

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
3
1
2
Failed to turn in time to avoid a collision course

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Technical error
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
3
1
2
Speed too high to avoid collision

see Tbehavioural (Tasks 123)
· Human error

· Technical error
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
3
2
Lack of directional control

OR



1
1
2
2
2
2
3
2
1
Lack of steering capability due to mechanical/automation failure

OR



1
1
2
2
2
2
3
2
1
1
Fire

BE



1
1
2
2
2
2
3
2
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
3
2
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
1
2
2
2
2
3
2
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

1
1
2
2
2
2
3
2
1
5
Statistical failure

BE (Tasks 122)



1
1
1
2
2
2
3
2
1
6
Power failure

BE (Tasks 122)



1
1
1
2
2
2
3
3
Helmsman error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
Collision in restricted water
AND



1
2
1
Encounter [in restricted water]

see Tbehavioural (Tasks 121/ 122/ 123)
· Traffic density

· Route (width of navigation channel)

· Route

· Period of day

· Period of the year

· No of ships
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
Collision + [given encounter] + [in restricted water]

AND



1
2
2
1
Close quarters + [given encounter] + [in restricted water]

AND



1
2
2
1
1
Own ship fails to avoid close quarters

OR



1
2
2
1
1
1
Own ship unaware of collision risk

OR



1
2
2
1
1
1
1
Own ship unaware of other ship

AND



1
2
2
1
1
1
1
1
Navigator unaware of other ship

OR



1
2
2
1
1
1
1
1
1
Watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
1
1
1
2
Navigator absorbed by other task (e.g., pilot boarding)

see Tbehavioural (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
1
1
1
3
Failure to check other ships when entering channel

see Tbehavioural (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
1
1
2
Other personnel fail to alert navigator: watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
1
2
Own ship unaware of collision course

AND



1
2
2
1
1
1
2
1
Failure to use radar effectively

OR



1
2
2
1
1
1
2
1
1
Radar defective on own ship

BE (Tasks 122)



1
2
2
1
1
1
2
1
2
Failure to plot relative courses

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
1
2
1
3
Failure to make use of radar

see Tbehavioural (Tasks 121)
· Crew training

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· HMI principles

· User’s manual

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
1
2
2
Failure to observe relative courses

see Tperceptual (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
2
Own ship accepts collision risk

OR



1
2
2
1
1
2
1
Navigator unwilling to change course

OR



1
2
2
1
1
2
1
1
Navigator overconfident

see Tprocessing (Tasks 121)
· Crew training

· Crew experience

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
2
1
2
Assuming other ship will change course

see Tcognitive (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
2
1
3
Navigator intentionally does not change course

see Tbehavioural (Tasks 121)
· Crew training

· Procedures

· Safety culture

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
2
2
Own ship follows improper course

OR



1
2
2
1
1
2
2
1
Failure to keep stbd side of channel

see Tbehavioural (Tasks 121/ 122/ 123)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
2
2
2
Passing too close to other ship

see Tbehavioural (Tasks 121/ 122/ 123)
· Company practice

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
3
Ineffective early avoidance action

OR



1
2
2
1
1
3
1
Unsuccessful early avoidance action

OR



1
2
2
1
1
3
1
1
Failure to make VHF contact

see Tbehavioural (Tasks 121/ 122)
· Company practice

· Procedures

· Crew training

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
3
1
2
Confused by other ship's movements

see Tcognitive (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
1
3
2
Unable to take early avoidance action

OR



1
2
2
1
1
3
2
1
Impeded by third ship

BE (Tasks 122/ 123)
· Traffic density


1
2
2
1
1
3
2
2
Impeded by restricted water

BE
· Variable

· Traffic density

· Route (width of navigation channel)

· Route

· Period of day

· Period of the year

· No of ships


1
2
2
1
1
3
3
Misinterpretation of collision rules

see Tcognitive
· Procedures

· Regulation

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
1
2
Other ship fails to avoid close quarters

BE (Tasks 121/ 122/ 123)
· External fault


1
2
2
1
3
VTS fails to prevent close quarters

OR



1
2
2
1
3
1
Electronic system failure



1
2
2
1
2
2
Failure of human action



1
2
2
2
Failed last-minute avoidance + [given encounter] + [in restricted water]

OR



1
2
2
2
1
Own ship fails to avoid collision

OR



1
2
2
2
1
1
Last minute avoidance too late

AND



1
2
2
2
1
1
1
On collision course

see Tbehavioural (Tasks 121/ 122/ 123)
· ???

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
2
1
1
2
Failed to turn in time to avoid collision, for encountered sea state, with actual ship speed and accounting for ship manoeuvrability performance in restricted water

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
2
1
1
3
No turn possible

AND



1
2
2
2
1
1
3
1
No space to turn, to deviate from collision route

BE
· Variable

· Traffic density

· Route (width of navigation channel)

· Route

· Period of day

· Period of the year

· No of ships


1
2
2
2
1
1
3
2
Remaining distance too short for crash stop for encountered sea state, with actual ship speed and accounting for ship crash stop performance in restricted water

BE (Tasks 123)
· Variable

· Human error ????


1
2
2
2
1
2
Lack of directional control

OR



1
2
2
2
1
2
1
Lack of steering capability due to mechanical/automation failure

OR



1
2
2
2
1
2
1
1
Fire

BE
See WP4


1
2
2
2
1
2
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
2
1
2
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
2
1
2
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

1
2
2
2
1
2
1
5
Statistical failure

BE (Tasks 122)



1
2
2
2
1
2
1
6
Power failure

BE (Tasks 122)



1
2
2
2
1
3
Helmsman error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
2
1
4
Severe current

BE
Variable


1
2
2
2
2
Other ship fails to avoid collision

BE (Tasks 121/ 122/ 123)
· External fault


1
2
2
2
3
Combined avoidance causes collision

see Tbehavioural (Tasks 121/ 122/ 123)
· Communication and interaction

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

1
2
2
2
4
Hydrodynamic interaction causes collision

BE (Tasks 122/ 123)
· Human error (passing distance too close) ????


Fault Tree
Parameters


Operational
Design

2
Ship strikes a floating object (Contact)

AND



2
1
Collision route with a floating object

BE (Tasks 121/ 122/ 123)
· Random coincidence


2
2
Collision given collision route with a floating object

OR



2
2
1
Object not detected from HSC

AND



2
2
1
1
No detection by detection equipment

OR



2
2
1
1
1
Failure to use detection equipment effectively

OR



2
2
1
1
1
1
Detection equipment defective

BE (Tasks 122)



2
2
1
1
1
2
Failure to make use of equipment

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

2
2
1
1
2
Too large sea state for detection

BE
Variable


2
2
1
1
3
Object submerged

BE
Variable


2
2
1
2
No detection from personnel on bridge

OR



2
2
1
2
1
Object not visible (submerged)

BE
Variable


2
2
1
2
2
Bad environmental conditions for eye detection (bad visibility fog/rain/snow, to large sea state, sun)

BE
Variable


2
2
1
2
3
Watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

2
2
2
Object detected but not avoided

OR



2
2
2
1
Object detected too late for avoidance: failed to turn in time to avoid collision, for encountered sea state, with actual ship speed and accounting for ship manoeuvrability performance in open water

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

2
2
2
2
Lack of directional control

OR



2
2
2
2
1
Lack of steering capability due to mechanical/automation failure

OR



2
2
2
2
1
1
Fire

BE
See WP4


2
2
2
2
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

2
2
2
2
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

2
2
2
2
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

2
2
2
2
1
5
Statistical failure

BE (Tasks 122)



2
2
2
3
Bad evaluation of object drift speed and course

see Tcognitive (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

2
2
2
4
Helmsman error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

Fault Tree
Parameters


Operational
Design

3
Ship strikes a fixed object (Contact)

AND



3
1
One ship strikes a fixed object in open sea
AND



3
1
1
Collision route with a fixed object + [in open sea]

BE (Tasks 121/ 122/ 123)
· Random coincidence


3
1
2
Collision [given collision route with a fixed object] + [in open sea]

OR



3
1
2
1
Object not detected from HSC

AND



3
1
2
1
1
No detection by radar

OR



3
1
2
1
1
1
Failure to use radar effectively

OR



3
1
2
1
1
1
1
Radar defective

BE (Tasks 122)



3
1
2
1
1
1
2
Failure to make use of radar

see Tbehavioural (Tasks 121)
· Crew training

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· HMI principles

· User’s manual

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
1
2
No detection from personnel on bridge

OR



3
1
2
1
2
1
Bad environmental conditions for eye detection (bad visibility fog/rain/snow, to large sea state, sun)

BE
Variable


3
1
2
1
2
2
Watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
1
3
Uncorrected navigational error

AND



3
1
2
1
3
1
Significant navigational error

OR



3
1
2
1
3
1
1
Navigational error mainly due to human error

AND



3
1
2
1
3
1
1
1
Significant error by navigator

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
1
3
1
1
2
Failure of second navigator to check

OR



3
1
2
1
3
1
1
2
1
Only one navigator present

BE
Variable


3
1
2
1
3
1
1
2
2
Second navigator fails to notice error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
1
3
1
2
Navigational error mainly due to equipment failure

AND



3
1
2
1
3
1
2
1
Failure of key navigation equipment

BE (Tasks 122)



3
1
2
1
3
1
2
2
Failure to cross-check equipment

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
1
3
2
Vigilance alarms fail to alert

BE (Tasks 122)



3
1
2
2
Object detected but not avoided

OR



3
1
2
2
1
Object detected too late for avoidance: failed to turn in time to avoid collision, for encountered sea state, with actual ship speed and accounting for ship manoeuvrability performance in open water

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
2
2
Lack of directional control

OR



3
1
2
2
2
1
Lack of steering capability due to mechanical/automation failure

OR



3
1
2
2
2
1
1
Fire

BE
See WP4


3
1
2
2
2
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
2
2
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
1
2
2
2
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

3
1
2
2
2
1
5
Statistical failure

BE (Tasks 122)



3
1
2
2
2
1
6
Power failure

BE (Tasks 122)



3
1
2
2
3
Helmsman error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
2
One ship strikes a fixed object in restricted water
AND



3
2
1
Collision route with a fixed object in restricted water

BE (Tasks 121/ 122/ 123)
· Random coincidence


3
2
2
Collision [given collision route with a fixed object] + [in restricted water]

OR



3
2
2
1
Object not detected from HSC

AND



3
2
2
1
1
No detection by radar

OR



3
2
2
1
1
1
Failure to use radar effectively

OR



3
2
2
1
1
1
1
Radar defective

BE (Tasks 122)



3
2
2
1
1
1
2
Failure to make use of radar

see Tbehavioural (Tasks 121)
· Crew training

· Procedures

· Selection of crew

· Education and training of crew

· Operation and procedures
· HMI principles

· User’s manual

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
2
2
1
2
No detection from personnel on bridge

OR



3
2
2
1
2
1
Bad environmental conditions for eye detection (bad visibility fog/rain/snow, to large sea state, sun)

BE
Variable


3
2
2
1
2
2
Watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
2
2
1
3
Uncorrected navigational error

AND



3
2
2
1
3
1
Significant navigational error

OR



3
2
2
1
3
1
1
Navigational error mainly due to human error

AND



3
2
2
1
3
1
1
1
Significant error by navigator

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
2
2
1
3
1
1
2
Failure of second navigator to check

OR



3
2
2
1
3
1
1
2
1
Only one navigator present

BE
Variable


3
3
3
1
3
1
1
2
2
Second navigator fails to notice error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
3
3
1
3
1
2
Navigational error mainly due to equipment failure

AND



3
3
3
1
3
1
2
1
Failure of key navigation equipment

BE (Tasks 122)



3
3
3
1
3
1
2
2
Failure to cross-check equipment

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
3
3
1
3
2
Vigilance alarms fail to alert

BE (Tasks 122)



3
3
3
2
Object detected but not avoided

OR



3
3
3
2
1
Failed to turn in time to avoid collision, for encountered sea state, with actual ship speed and accounting for ship manoeuvrability performance in restricted water

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
3
3
2
2
No turn possible

AND



3
3
3
2
3
Lack of directional control

OR



3
3
3
2
3
1
No space to turn, to deviate from collision route

BE
Variable


3
3
3
2
3
2
Lack of steering capability due to mechanical/automation failure

OR



3
3
3
2
3
2
1
Fire

BE



3
3
3
2
3
2
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
3
3
2
3
2
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

3
3
3
2
3
2
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

3
3
3
2
3
2
5
Statistical failure

BE(Tasks 122)



3
3
3
2
3
2
6
Power failure

BE (Tasks 122)



3
3
3
2
3
3
Remaining distance too short for crash stop for encountered sea state, with actual ship speed and accounting for ship crash stop performance in restricted water

BE
Variable


3
3
3
2
3
Severe current

BE
Variable


3
3
3
2
4
Helmsman error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

Fault Tree
Parameters


Operational
Design

4
Grounding

OR



4
1
Powered grounding

OR



4
1
1
Grounding due to navigation error on landfall

AND



4
1
1
1
Uncorrected navigational error

AND



4
1
1
1
1
Significant navigational error

OR



4
1
1
1
1
1
Navigational error mainly due to human error

AND



4
1
1
1
1
1
1
Significant error by navigator

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
1
1
1
1
2
Failure of second navigator to check

OR



4
1
1
1
1
1
2
1
Only one navigator present

BE
Variable


4
1
1
1
1
1
2
2
Second navigator fails to notice error

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
1
1
1
2
Navigational error mainly due to equipment failure

AND



4
1
1
1
1
2
1
Failure of key navigation equipment

BE (Tasks 122)



4
1
1
1
1
2
2
Failure to cross-check equipment

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
1
1
2
Vigilance alarms fail to alert

BE (Tasks 122)



4
1
1
1
3
Navigator fails to self-correct

OR



4
1
1
1
3
1
Bad visibility

BE
Variable


4
1
1
1
3
2
Submerged rocks

BE
Variable


4
1
1
2
Landfall

BE
Variable


4
1
2
Grounding due to watch keeping failure at course change

AND



4
1
2
1
Uncorrected watch keeping failure

AND



4
1
2
1
1
Watch keeping failure occurs

OR



4
1
2
1
1
1
Watch keeping failure due to error

AND



4
1
2
1
1
1
1
Navigator incapacitated – watch keeping failure

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
2
1
1
1
2
No detection by bridge personnel

AND



4
1
2
1
1
1
2
1
Only one navigator present

BE
Variable


4
1
2
1
1
1
2
2
Bridge lookout absent

BE
Variable


4
1
2
1
1
2
Watch keeping failure due to being blind

AND



4
1
2
1
1
2
1
Ineffective radar use

OR



4
1
2
1
1
2
1
1
Radar defective

BE (Tasks 122)



4
1
2
1
1
2
1
2
Failure to use radar effectively

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
2
1
1
2
2
Bad visibility

BE
Variable


4
1
2
1
2
Vigilance alarms fail to alert

BE (Tasks 122)



4
1
2
1
3
Failure of last-minute on-board detection

see Tbehavioural (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
2
2
Critical course change

see Tbehavioural (Tasks 121/ 122/ 123)
· Human error

· Technical failure

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
Grounding due to manoeuvring error in restricted water
AND



4
1
3
1
Manoeuvring error

OR



4
1
3
1
1
Grounding due to failure to allow for wind/tide

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
1
2
Grounding due to collision avoidance

AND



4
1
3
1
2
1
Avoidance action required

AND



4
1
3
1
2
1
1
Encounter with ship in restricted water

see Tbehavioural (Tasks 121/ 122/ 123)
· Route [AG]

· Period of day [AG]

· Period of the year [AG]

· No of ships [AG]

· width of navigation channel

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
1
2
1
2
Watch failure keeping on other ship

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
1
2
2
Avoidance action causes grounding

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
1
3
Grounding due to lack of directional control

AND



4
1
3
1
3
1
Lack of directional control

OR



4
1
3
1
3
1
1
Lack of steering capability due to mechanical/automation failure

OR



4
1
3
1
3
1
1
1
Fire

BE
See WP4


4
1
3
1
3
1
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
1
3
1
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
1
3
1
3
1
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

4
1
3
1
3
1
1
5
Statistical failure

BE (Tasks 122)



4
1
3
1
3
1
1
6
Power Failure

BE (Tasks 122)



4
1
3
1
3
2
Lack of directional control causes grounding

BE (Tasks 121/ 122/ 123)
Technical failure


4
1
3
2
Movement through restricted water

see Tbehavioural
Variable

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
Drift grounding

AND



4
2
1
Lack of propulsion 

OR



4
2
1
1
Main engine mechanical failure

OR



4
2
1
1
1
Fire

BE
See WP4


4
2
1
1
2
Inadequate maintenance

see Tbehavioural (Tasks 121/ 122)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
1
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
1
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

4
2
1
1
5
Statistical failure

BE(Tasks 122)



4
2
1
2
Engine essential auxiliary systems failure

OR



4
2
1
2
1
Fire

BE
See WP4


4
2
1
2
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
2
3
Inappropriate use

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

·  Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
2
4
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

4
2
1
2
5
Statistical failure

BE (Tasks 122)



4
2
1
3
Propulsion unit mechanical failure (internal/external factors)

OR



4
2
1
3
1
External factor (generic accident)

BE



4
2
1
3
2
Fire

BE
See WP4


4
2
1
3
3
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
3
4
Inappropriate design

BE (Tasks 122)
· Training

· Procedures

· Practices


4
2
1
3
5
Inappropriate use

see Tbehavioural (Tasks 121)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Effect of cutting costs on equipment

· HMI principles

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
3
6
Statistical failure

BE(Tasks 122)



4
2
1
4
Electrical generation failure

OR



4
2
1
4
1
Fire

BE
See WP4


4
2
1
4
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
4
3
Inappropriate use – Overload Short circuit

see Tbehavioural (Tasks 121)
· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
4
4
Short circuit Overload - Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

4
2
1
4
5
Statistical failure

BE (Tasks 122)



4
2
1
5
Automation system failure

OR



4
2
1
5
1
Fire

BE
See WP4


4
2
1
5
2
Inadequate maintenance

see Tbehavioural (Tasks 121)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
1
5
3
Inappropriate design

BE (Tasks 122)

· Effect of cutting costs on equipment

· HMI principles

4
2
1
5
4
Statistical failure

BE (Tasks 122)



4
2
2
Ship drifts to shore

AND



4
2
2
1
Grounding if drift unchecked

AND



4
2
2
1
1
Shore within max drift range

BE
Variable


4
2
2
1
2
Wind and/or current towards shore

BE
Variable


4
2
2
2
Failure to halt drift before reaching shore

AND



4
2
2
2
1
Failure to halt drift without tug

AND



4
2
2
2
1
1
Failure to self-repair in time

see Tbehavioural (Tasks 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
2
2
1
2
Failure to anchor in time

see Tbehavioural (Tasks 121/ 122)
· Availability of tools

· Training

· Procedures

· Practices

· Selection of crew

· Education and training of crew

· Operation and procedures
· Maintainability

· Accessibility (HMI principles)

· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

4
2
2
2
2
Failure of emergency towing

OR

· Training

· Procedures

· Practices

4
2
2
2
2
1
Tug unavailable in time

BE

· Effect of cutting costs on equipment

· HMI principles

4
2
2
2
2
2
Failure to connect tug in time

see Tbehavioural (Tasks 121/ 122)
· Selection of crew

· Education and training of crew

· Operation and procedures
· Design of vessel

· Design of workspace and accommodation

· Design of equipment and means for navigation

� i.e., in the situation of.
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