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Ages of Safety

10/11/2020 After (Hale & Hovden, 1998) & (Hollnagel, 2014) 3
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Safety cycle

• Predicitve safety 
analysis

-risk assessment

• Performance 
indicators

• Retrospective 
safety analysis

-incident analysis,     
-reporting systems

• Change 
management

Respond Learn

AnticipateMonitor
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Root Cause Analysis (RCA)
on a disconnected pacemaker

10/11/2020 (Ibrahim & Chassapis, 2014) 7
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Root Cause Analysis
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Root Cause Analysis (Fishbone)
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Failure Mode Effect and Analysis - FMEA
on a disconnected pacemaker

10/11/2020 Adapted from (Ibrahim & Chassapis, 2014) 10
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Sterilizer – autoclave 
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FMEA

11/11/2020
Figure: Community College Consortium for Bioscience 

Credntials 13

Component Function Potential Failure Mode Potential effects Potential causes Severity Probability Detection RPN

Pressure regulator regulate pressure loss of integrity pressure loss corrosion 2 2 2 2*2*2=8

blocked
pressure build 

up

contamination of 
water to produce 

steam
4 3 1 4*3*1=12
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FMEA
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Hazards and Operability Study - HAZOP

• Typical for petrochemical 
industry

• Operational parameter 
guide words on flow, 
pressure, temperature, 
level, ... 
• E.g. high flow, low flow, 

reverse flow, 
contamination, etc.
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HAZOP

11/11/2020
Figure: Community College Consortium for Bioscience 

Credntials 16

Study node
Process

parameter
Guide word Deviation Possible causes Possible consequences Action required

Steam supply
line

Pressure

more high pressure
pressure controller is 

broken
overpressure pressure gauge warning

less low pressure
pressure controller is 

broken
no sterilization

log process parameters & 
generate warning

early unexpected pressure
supply valve cannot be 

fully closed
operator hazard

inspect intervals for supply 
valves & operator 

protection

Flow

no no flow steam is not generated no sterilization
log process parameters & 

generate warning

reverse reverse flow
pressure build up in 

autoclave vessel
operator hazard install safety valve
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HAZOP?
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Probabilistic Risk Assessment - PRA

10/11/2020 Right-hand figure (Shiao, Y-T Wu, Ghoshal, Ayers, & Le, 2012) 18

Simple parameter example

Multiple parameter example
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Systems Thinking

“Systems thinking marks the changing perspective from decomposition by 
analytical reduction to the analysis and design of the whole, as distinct from the 
components. It provides a means for studying emergent system safety 
properties”

10/11/2020
Quote: (Adriaensen, Decré, & Pintelon, 2019), figures: 

(Eurocontrol, 2013)
20
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Resonance & Emergence
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Resonance & Emergence
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Complexity Thinking

• “Complexity thinking marks a changing perspective on causality, 
moving from sequential models to systemic models, which is a change 
from linear thinking to non-linear thinking.”

Quote: (Adriaensen, Decré, & Pintelon, 2019) 23
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10/11/2020 After: (Eurocontrol, 2013) 24

Learning from 
incindents
Classic safety 
managment

Learning from full
performance 
variability

Bron: Eurocontrol. (2013). From Safety-I to Safety-II: A White Paper, 
adapted from Hollnagel.

Imbalance of
things that go wrong versus things that go right
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Safety-I vs Safety-II
Things that go wrong versus things that go right

Learn from everyday work

After: (Eurocontrol, 2013)
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Resilience definitions:

• “a system’s capability to sustain, restore, and even improve its 
functionality under turbulent circumstances” (Ruth et al., 2019)

• “the ability of the system to adjust its functioning prior to, during, or 
following changes and disturbances, so that it can sustain required 
performance under expected and unexpected conditions” (Robson, 2013)

10/11/2020 (Ruth & Goessling-Reisemann, 2019) & (Robson, 2013) 26

Resilience Engineering
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Resilience Analysis
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10/11/2020 (Sources: Het Laatste Nieuws, De Standaard) 28

Resilience Engineering
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10/11/2020 (Hollnagel et al., 2014) 29

Example of a Safety-II Risk Assessment Method
Functional Resonance Analysis Method (FRAM)
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Example of a Safety-II Risk Assessment Method
Functional Resonance Analysis Method (FRAM)
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Example of a Safety-II Risk Assessment Method
Functional Resonance Analysis Method (FRAM)
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Systems Theoretic Analysis Method and Processes 
(STAMP)
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The End
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