O

3y TRAFIKVERKET



7 TRAFIKVERKET

Risk management for
asset management

Peter Soderholm



3

A

== 1./

!ll- 5
1.,_

Rlsk-based rallway |mprovements
Reliability-Centered Maintenance (RCM)
Some risk models

Discussion




@in
\:D TRAFIKVERKET

Trafikverket —
Swedish transport administration
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Railway Board of Directors Business volume 2022
Director-General Roberto Maiorana L
14,200 SEK 94,1 billion
Central km of track 1 0, 000
52 5 Employees
Stations
Stockholm
11,000 150

Switches and crossings Different professions

/ e 4,100 ain

Bridges
0
165 ~

Tunnels TRAFIKVERKET

South



Rai |Way asset man ag ement & TRAFIKVERKET Based on Interoperability directive (EU) 2016/797

Educational

system

Operation and General requirements:

traffic Maintenance VLR T Crganisational « Safety
management capability + Reliability and availability
* Health

* Environmental protection
« Technical compability

Vehicles « Accessibility

Required functions

RESOUICeS mup Mechanics S cCs Tele- Station
I I I matics I elements

Infrastructure

Performance

Stakeholders (e.g., customers):
system Required functions .  Needs
_____________ * Requirements

+ Expectations

Operation and
traffic

Organisational
capability

Maintenance Modification
management
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Opportunities and threats

Technology
A (Moore’s law, Kurzweil’s law)
. _____________________________________
. )
o | Martec's
e ’ - law Pacing
& / Organisation
S /' e problem
Y= VA :
© / / Regulations J
8 / / @ -
o 7/ / /
al P 4 7 7/
” - - - <
- - - -
- - - - - - -
Time (Kurzweil, 2004; Marchant et al., 2011;

Brinker, 2016; Deloitte, 2017; Genus & Sterling 2018)
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Some raillway regulations

European Union (EU) —
European Parliament,
European Council ,Council
of EU, European

Directive Railway safety directive

Sl E““F’pe"?‘” REEY] - Interoperability directive
directive

Competitive freight, TEN-T Technical Specifications for
and ERTMS regulations Interoperability (TSI)

Common Safety Methods

Regulations, decisions (CSM)

Commission, Court of
Justice of EU, European
Central Bank, European

Court of Auditors

ERA — Guidance for
application of CSM

Recommendations,
opinions

NB-Rail -
SERAC_ . Recommendations For
recommendations, opinions

Swedish railway law (2004:519)

Parliament Laws

Government Regulations Swedish railway regulation (2004:526)

Swedish transport agency's directives (TSFS), Railway inspection’s directives (JVSFS),

Directives Railway administration’s directives (BVFS)

Authorities

Overarching governance within Overarching requirements —
Trafikverket infrastructure properties

Overarching requirements —
infrastructure tasks

((i\h Board of directors

\1-) TDlrector general ROUNINGS o Requirements —
\9J Op management Ways of working within Trafikverket infrastructure properties
Management

TRAFIKVERKET Employees

Requirements — infrastructure tasks

Guidelines — Advice —

Ways of working within Trafikverket infrastructure properties Advice Sinfrasticreliasks

Agreements with
railway undertakings

Contracts with suppliers, consultants, and entrepreneurs
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Risk-based railway improvements

Strategic
risk

N
\F

Improve
external governance
and control

Process-
risk

Top

Opportunities, threats and;

Operational

Management risk

management

Improve
internal governance
and control

system

y

Plans and
execution

Residual
risk

Improve
effectiveness and
external compliance

Unacceptable
risk

Continuous

Improve
productivity and
internal compliance

improvement

CSM

Supervision

CSM

Monitoring

CSM
Safety management system

CSM
Indicators

Common Safety Method (CSM)
Risk evaluation and assessment




Some requirements
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and support to risk-based railway improvements

Railway safety directive

(EU) 2016/798

CSM SMS
TR-06-22-120-EN-N

CSM-RA
ERA/GUI/01-2008/SAF

EN 50126-1 & -2
Railway RAMS

Directive for interoperability of railway systems

(EU) 2016/797

Technical specifications for
interoperability (TSI)
Command-control and signalling (CCS)

TSI

EN 50159
Transmission

EN 50129 systems

Hardware and
software

EN 61703
Mathematical expressions
for dependability

EN 50128

Software IEC 61165 Application of
Markov techniques

Accessibility [}

TSI J
Telematics B
TSI

Operation and traffic management

TSI Locomotives and
passenger rolling stock

IEC 60050-192

International electro- Statistics — Design of
technical vocabulary Vocabulary and symbols test cycles

ISO 3534-1 IEC 60605-2 IEC 60605-4

Exponential

distribution

IEC 60605-6
Constant failure rate
and failure intensity
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Risk-based raillway improvements

* Regqulations

— Common Safety Methods (CSMs) — Indicators, Risk evaluation and assessment, Safety management
system, Monitoring, Supervision

« Standards
— Management system (e.g., Dependability management, IEC 60300-3-1, Asset management, ISO

eh 55001)
A,
ﬁ — Methodologies (e.g., RAMS-process - EN 50126-1, System safety - EN 50126-2, Reliability-Centered
Maintenance, RCM, IEC 60300-3-11)
— Tools (e.qg., sheets for Failure Modes, Effects & Criticality Analysis, FMECA, IEC 60812)

« Usually two types of improvements
— To do things the right way (compliance and productivity) — single-loop learning
— To do the right things (effectiveness and goal fulfilment) — doble-loop learning
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RCM - single- and double-loop learning

11
Objectives Determine appropriate
maintenance tasks
.s Reliability
« Operational SET ma‘i:ent a:ce
* Econgmic MAINTENANCE )
OBJECTIVES
INPUT RCM
ADJUST UPDATE WITH BASED
OPTIMUM TASKS
TASKS
IMPLEMENT
OPTIMUM

Perf nce TASKS Rationalisation
me ent of ta

Select optimum
maintenance tasks

Monitor maintenance

effectiveness
IEC 3521/09

Specification

Analysis of maintenance
programme

Maintenance inputs

Function
Operating context
Availability, reliability and
safety targets

Task development (RCM)
Task frequency (RCM)
Maintenance resources

Failure data
Maintenance procedures
Maintenance tools
Supplier recommendations

e

|

INITIAL MAINTENANCE PROGRAMME

Before operation

During operation

ON-GOING MAINTENANCE PROGRAMME

|

Maintenance data/maintainer input

Mew technology

Operational data/operator input

MNew materials

Failure data

MNew maintenance technigques and tools

1EC 91409
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One example of triple-loop learning or

:::::

Copernicus (1543)

Earth-centric (Geo-centric) model of Cosmos

replaced by

Sun-centric (Helio-centric) model of Universe.



@in
13 \I} TRAFIKVERKET

Another example of
tripple-loop learning or paradigm shift —
Reliability-Centered Maintenance (RCM)

Operational and Environmental Context
including triggering event(s)

. U

U

Consequences of the

potential accident

- ~
-
” ~ N
Functional Hazard atthe |\ Hazard at the
technical and / level of the \ e
. — railwa
\ |oroperational system under / & > Y
\ causes consideration |/ system level
RELIABILITY-CENTERED WATNTENANCE \ /
~ -~
Y NS ~— —_
. System under

. External barrier
External barrier

consideration

1

reducing severit
reducing frequency g y

December 1978

2023-09-27

... hot the failure of a o 0 ... but the consequences of that failure
given item, ... for the equipment as a whole.
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Reliability-Centered

Maintenance, RCM
(Nowlan & Heap, 1978)

as support to

three loops of learning,

three

conceptualizations of
triple-loop learning

(Tosey et al., 2012)

and

a generic maintenance

process
(IEC 60300-3-14)

@
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Learning 0

Learning | Single-loop learning

Learning Il Double-loop learning

Maintenance
management -
RCM purpose and
principles:
the driving element in
all maintenance
decisions is not the
failure of a given item,
but the consequences
of that failure for the
equipment as a
whole.

2023-09-27

Maintenance
planning and
execution

Maintenance
support
planning

An applicable
maintenance task is
one that addresses the
failure mode and is
technically feasible.

An effective
maintenance task is
one that’s worth doing
and successfully deals
with the consequences
of failure.

Learning IV




& TRAFIKVERKET CSI = Common Safety Indicators

Risk model

Rail defects (IRS 70712) Precursors CSI Accident CSI
Sub§ystem Subsystem Top event System
failure fault .
: : derailment conseguences
rail defects rail break

Critical Recover
—_— —| operational ti conditior31/
condition

Barriers Escalation Consequence
barriers barriers

Non-destructive Train driver Check rall
testing (NDT) Track circuit Derailment
detector

Reducing the frequency/probability of an accident to occur Reducing the consequences of an accident




System
safety
performance

Reduced
operational
condition

Critical
operational
condition

Accident

condition —_———

(top event)
Accident

condition ———

(top event)

& TRAFIKVERKET EN 15273-3 - Railway applications — Gauges —
Part 3: Structure gauges

Alert limit - The value which, if exceeded, requires that the track geometry condition is analysed
and considered in the regularly planned maintenance operations.

______________________________ JX Derailment with

consequence barriers

Derailment without
consequence barriers

System
operational time



S TRAFIKVERKET TDOK 2021:0311 — Safety inspection — track

System
safety

erformance o : : . : .
P Alert limit — Five fastenings are missing on a track length of 20 sleepers. The same rail has missing

fastenings on two consecutive sleepers.

Reduced
operational
condition

Critical
operational LAl
condition \
Accident
ol — — — — — — — — — — — — — e — — == -
(top event)

Derailment with
consequence barriers

Accident Derailment without

consequence barriers

condition kel T S ———
(top event)

System
operational time



Barriers

System consequences

System System System
condition safety availability

Subsystem Normally Escalation Consequence
failure active barriers barriers barriers
| . .
|

' Yes . Planned
¢ ; o availability
: with PM
|
Yes | 2. Reduced
: operational J U
No ! condition
|
|
L | operational '
No : condition
I
|
: 4. Acc_ic_lent Unavailability with
condition consequence
(top event) barriers and CM
5. Accident Unavailability with-
PM = Preventive Maintenance condition out consequence

CM = Corrective Maintenance (top event) barriers, but CM



Barriers

System consequences

System System System
condition safety availability

Subsystem Normally Escalation Consequence
failure active barriers barriers barriers
|

' NO

’ ‘ | i Planned
; o availability
No ! | with PM
1
Yes : 7. Reduced '
' operational
1 \ /
No | condition »
|
Ves | 8. Critical .
L | operational \ /
No : condition |
|
|
' Yes Planned
e availability
No » with PM
Planned
PM = Preventive Maintenance " availability
CM = Corrective Maintenance »\/

with PM
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Discussion

Rail transport with a safety performance that is
economically sustainable for society

Kurzweil’'s law

"Future chock”
stress
Too much change
In too short time

1Al

Innovation

(Inspirerad av Carnell, 2019)
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Some additional model support
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Description of organisational learning Learning models Management models

“Learn to do things the right way”.

Incremental continuous improvement
focused on compliance and productivity.

“Learn to do the right things”.

Incremental continuous improvement
focused on effectiveness and achievement of
goals.

“Creative learning, unlearning and
relearning”.

Radical innovation and creativity.

Single-loop learning (Argyris & Schon, 1978)

Assimilation (Piaget, 1968, 1973)

Adaptive learning (Senge, 1990)

Reinforcement of competence (Sandberg & Targama, 1998)
Lower levels of learning (Maltén, 2000)

Bourdieu — social capital (Broady, 1998; Olesen & Pedersen, 2004)
Double-loop learning (Argyris & Schon, 1978)

Accommodation (Piaget, 1968, 1973)

Generating learning (Senge, 1990)

Competence renewal (Sandberg & Targama, 1998)
Higher level of learning (Maltén, 2000)

Bourdieu — cultural capital (Broady, 1998; Olesen & Pedersen, 2004)
Triple-loop learning and unlearning (Wang & Ahmed, 2003)

Highest level of learning (Maltén, 2000)

Ziehe - cultural exemption, cultural expropriation and reflexivity (Lalander & Johansson,
2012)

Hyper-learning, i.e., continual learning, unlearning and relearning (Hess, 2020)
Treble-loop (spiritual) learning (Hawkins, 1991)
Intelligent trial-and-error learning (Woodhouse & Collingridge, 2019)

Informal and incidental learning (Marsick et al., 2015)

“Formal manager” (Blake & Mouton, 1964, 1985)

Guild system of craftsmen with apprentices, journeymen and
masters (Maltén, 2000)

Stability, structure, routines and instructions (Maltén, 2000)
Management by resources and regulations (Maltén, 2000)

Interpretation of regulations and administration (Maltén, 2000)

“Strong Ideal leader” (Blake & Mouton, 1964, 1985)
Goals, plans and means (Maltén, 2000)
Communication, coordination, cooperation and trust (Maltén, 2000)

Management by goals och decentralisation (Maltén, 2000)

"First among equals” servant leadership (Williams et al., 2017;
Greenleaf, 2008)

Scientific management (Taylor, 1919)
Creativity and creation of new knowledge (Maltén, 2000)
Super-flexibility (Evans & Bahrami, 2020)

Transformative leadership (Zimmerli et al., 2007)
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PDSA 5.0
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Peter S0derholm

Senior risk adviser

Control, risk and compliance

PhD operation and maintenance engineering

Associate and Adjunct Professor quality management and
technology

peter.soderholm@trafikverket.se

Mobile: + 46 10-12 38 167; +46 76-792 53 85

Trafikverket

Box 809

SE-971 25 Lulea

Sweden

Visiting address: Sundsbacken 2-4
Phone: +46 771-921 921
www.trafikverket.se
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