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Management Oversight and Risk Tree

(MORT, 1972)

Failure mode and effects analysis

(FMEA, 50s)

Reliability Block Diagrams

(RBDs, 60s)

Fault Trees

(FTs, 1962)

Event Trees

(FTs, 1974)
Preliminary Hazard List

(PHL, 60s)

Hazard and Operability Study

(HAZOP, 60s)

50s 60s 70s

The answer to an old question?



. . .
50s 60s 70s

The answer to an old question?



Different systems…different tools?

LARGE-SCALE SYSTEMS

High level of complexity

Enormous number of components

Low probability values

Multiple stakeholders



LARGE-SCALE SYSTEMS

High level of complexity

Enormous number of components

Low probability values

Multiple stakeholders

E
F

F
IC

IE
N

C
Y

Different systems…different tools?



TRADITIONAL

TECHNIQUES

E
F

F
IC

IE
N

C
Y

Different systems…different tools?



TRADITIONAL

TECHNIQUES

E
F

F
IC

IE
N

C
Y

HIGH LEVEL OF AUTOMATION AND CONTROL TECHNOLOGY

 systems un-negligibly dynamic

 human-technology interface 

 increasingly complex maintenance strategies
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Traditional Framework

Tailored use of ‘expensive’ dynamic models

 Preserves effectiveness of traditional techniques

 Enhances modelling accuracy and flexibility
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Event Tree [ET]: 

• Accident Sequence

• Subsystems interaction

Fault Tree [FT]: 

• Sub-system failure

Sub-Tree [FT]: 

• Trains of identical components

• Redundancy

Basic Event [BE]: 

• Component Failure Mechanism

• Reliability Metrics
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Hands on

D2T2 application
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SS0 B1, CC1, B2, CC2 1

SS1 B1, CC1, B2, CC2 0

SS2 B1, CC1, B2, CC2 1
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PD2Ttop



D2T2: Fault Trees Dependency

Wnone1 = WMFW ⊙ഥPEFW ⊙ഥPRHR ⊙PSS



D2T2: Fault Trees Dependency

Wpartial1 = WMFW ⊙ഥPEFW ⊙PRHR ⊙PSS
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D2T2: Fault Trees Dependency

Wnone = Wnone1 +Wnone2

Wpartial = Wpartial1 +Wpartial2

Wtotal = Wtotal1 +Wtotal2
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How does it compare?

System FT D2T2

EFW 3.70e-03 2.30e-03

ECC 5.53e-03 1.65e-03

Loss 

Magnitude

FT/ET

[frequency]

D2T2

[frequency]

None 1.87e-06 h-1 3.57e-06 h-1

Partial 4.84e-09 h-1 1.73e-09 h-1

Total 1.07e-10 h-1 2.32e-09 h-1

More realistic modelling of:

• Redundancy

• Maintenance strategy

• Reliance on shared resources
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Conclusions

• Umbrella methodology integrating flexible modelling techniques within traditional system safety 

methodologies

• Retains modelling framework familiarity, intuitivity and efficiency while enhancing accuracy

• High potential for modularization and model self-implementation

• Dependencies included at any level of system safety modelling

• Algorithms and computational tools (almost) available (NxGen Tool)

• Removing hidden assumptions



Thank you

silvia.tolo@nottingham.ac.uk
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