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This PhD fo
uses on safety instrumented systems:
➤ On how they are used in the oil and gas industry, and

➤ On what methods to apply to determine if they aresu�
iently safe and reliable
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➤ Safety instrumented systems (SIS) represent one type of safetysystems

They are often split into three subsystems:

http://www.puffer.com/It is important that the SIS is safe (�does the right things�) andreliable (�when required�)Reliability is often referred to as safety integrityAs a measure of safety integrity, we often use the probability offailure on demand (PFD)
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Logic solver

Final elementsInput elements
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➤ Safety instrumented systems (SIS) represent one type of safetysystems

➤ They are often split into three subsystems:
Logic solver

Final elementsInput elements
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Example:

➤ It is important that the SIS is safe (�does the right things�) andreliable (�when required�)
➤ Reliability is often referred to as safety integrity

➤ As a measure of safety integrity, we often use the probability offailure on demand (PFD)
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➤ Safety and reliability assessments in
lude various analysis andevaluation te
hniques to determine the reliability of SIS

Su
h assessment should address, e.g.,:

The overall approa
h to the assessments should follow keystandards for SIS design, 
onstru
tion, and operation:IEC 61508, IEC 61511, OLF070
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The main obje
tive of the PhD proje
t has been to 
larify key
on
epts and fa
tors that a�e
t reliability and suggest meansto improve their treatment in safety and reliability analysis � indesign as well as in operation.
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➤ A
quire state of the art knowledge
➤ Understand relevant methods and their strengths andlimitations

➤ Develop resear
h skills
➤ Contribute with new 
on
epts and methods
➤ Develop international and national relationships
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PhD project plan 
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Development of research articles
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Part I : Main report:

➤ Introdu
tion

➤ Resear
h prin
iples and approa
h
➤ Main resultsPart II : Arti
lesPart III: Supplementary information:
➤ Safety instrumented systems

➤ SIS related standards and guidelines
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➤ Ten arti
les have been developed:
➠ Five published in international journals
➠ Two submitted for publi
ation
➠ Three have been presented in 
onferen
es and
onferen
e pro
eedings

➤ Co-authors:
➠ Marvin Rausand (8 arti
les)
➠ Stein Hauge (1 arti
le)
➠ Odd Nordland (1 arti
le)
➠ Ingrid B. Utne (1 arti
le)
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Arti
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Fault tree analysis is useful for assessment of
omplex SIS, but many software tools performnon-
onservative approximations for the proba-bility of failure on demand (PFD).
www.emeraldinsight.com/

Fault tree

This PhD proposes:New approa
h for 
al
ulating the average probability of failureon demand (PFD) with fault tree analysis that:Is based on 
onservative approximation formulas as basisUses minimal 
ut sets as basis for identifying CCFsProvides formulas for in
luding CCFs for non-identi
al
omponents
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The 
on
ept of spurious (unintended) a
tivationis not well de�ned, leading to many di�erentways of 
al
ulating the spurious trip rate. Flame detector

alarm

or

This PhD proposes:New formulas for 
al
ulating the spurious trip rate that:May be used for any -out-of- 
on�gurationRelate the 
ontributing fa
tors to the underlying 
auses of spu-rious tripsDistinguish between safe and dangerous CCFsThree new de�nitions: spurious operation, spurious trip, and spuriousshutdown
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The partial stroke testing may improve SIS reli-ability, but insu�
ient fo
us has been given onhow to determine the PST 
overage.
www.franklinvalve.com

This PhD proposes:New pro
edure for determining the partial stroke test (PST)
overage that:Requires a joint e�ort from end users and valve vendorCombines histori
al data with plant spe
i�
 (operational)
onditionsThree new 
on
epts: PST reliability, PST revealability, andweight fa
tor

http://www.ntnu.no/~lundteig


Determining the partial stroke test 
overage

OverviewBa
kgroundObje
tivesResear
h approa
hThesis stru
tureMain results

• PFD&FTA

• STR

• PST

• SFF

• CCF

• Monitoring

• Guidan
e

• ValidityCon
lusionsA
knowledgements
Mary Ann Lundteigen, February 6th, 2009 PhD defense, NTNU � 23 / 36

The partial stroke testing may improve SIS reli-ability, but insu�
ient fo
us has been given onhow to determine the PST 
overage.
www.franklinvalve.comThis PhD proposes:

➤ New pro
edure for determining the partial stroke test (PST)
overage that:
➠ Requires a joint e�ort from end users and valve vendor

➠ Combines histori
al data with plant spe
i�
 (operational)
onditions
➤ Three new 
on
epts: PST reliability, PST revealability, andweight fa
tor

http://www.ntnu.no/~lundteig


Using the SFF as a design parameter

OverviewBa
kgroundObje
tivesResear
h approa
hThesis stru
tureMain results

• PFD&FTA

• STR

• PST

• SFF

• CCF

• Monitoring

• Guidan
e

• ValidityCon
lusionsA
knowledgements
Mary Ann Lundteigen, February 6th, 2009 PhD defense, NTNU � 24 / 36

SFF is used to determine the ar
hite
tural
onstraints. Many SIS manufa
turers andend users question the use of the SFF asa design parameter. Logic solver

Input elements

This PhD provides:New insight into the ambiguity of the SFFRationales for why the SFF should not be used as design pa-rameterNew insight into why added redundan
y may not have the in-tended e�e
ts
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Common 
ause failures (CCF) are given mu
hattention in the design phase, but, unfortunately,not followed up in the operation phase.

This PhD proposes:New pro
edure for defending against CCFs in the operationalphase that:Provides tools (
he
klists, tools for analysis) to prevent,reveal, analyze the root 
auses of CCFsMay be integrated with 
urrent industry pra
tises for fun
-tional testing and follow-upSuggests how to interpret CCFs in light of periodi
allytested systems
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Key standards require that the SIS reliability ismonitored during operations, but the industryla
ks pra
ti
al guidan
e on how to do it.

This PhD proposes:New (pra
ti
al) approa
h for follow-up of safety integrity in-
luding:How to de�ne integrity targets and measure integrity per-forman
eWhen to allow or require adjustments of the fun
tionaltest interval

http://www.ntnu.no/~lundteig


Monitoring safety integrity in operations

OverviewBa
kgroundObje
tivesResear
h approa
hThesis stru
tureMain results

• PFD&FTA

• STR

• PST

• SFF

• CCF

• Monitoring

• Guidan
e

• ValidityCon
lusionsA
knowledgements
Mary Ann Lundteigen, February 6th, 2009 PhD defense, NTNU � 26 / 36

Key standards require that the SIS reliability ismonitored during operations, but the industryla
ks pra
ti
al guidan
e on how to do it.

This PhD proposes:
➤ New (pra
ti
al) approa
h for follow-up of safety integrity in-
luding:

➠ How to de�ne integrity targets and measure integrity per-forman
e
➠ When to allow or require adjustments of the fun
tionaltest interval

http://www.ntnu.no/~lundteig


Main 
ontributions: Guidan
e

OverviewBa
kgroundObje
tivesResear
h approa
hThesis stru
tureMain results

• PFD&FTA

• STR

• PST

• SFF

• CCF

• Monitoring

• Guidan
e

• ValidityCon
lusionsA
knowledgements
Mary Ann Lundteigen, February 6th, 2009 PhD defense, NTNU � 27 / 36

Many SIS manufa
turers and end usersstill la
k guidan
e on the appli
ation ofthe IEC 61508 and IEC 61511 standards.

The previous 
ontributions may all be seen as guidan
eIn addition, this PhD thesis provides guidan
e on how to:A

ount for requirements in IEC 61508 as well as se
torspe
i�
 standardsIntegrate other RAMS requirements with IEC 61508 forprodu
t development
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Many SIS manufa
turers and end usersstill la
k guidan
e on the appli
ation ofthe IEC 61508 and IEC 61511 standards.
➤ The previous 
ontributions may all be seen as guidan
e

➤ In addition, this PhD thesis provides guidan
e on how to:

➠ A

ount for requirements in IEC 61508 as well as se
torspe
i�
 standards
➠ Integrate other RAMS requirements with IEC 61508 forprodu
t development
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➤ Validity is an important property of resear
h.
➤ In this PhD proje
t, validity has been ensured by:

➠ Publishing arti
les in journals and 
onferen
es withreferee

➠ Presenting results at 
onferen
es and in industrialnetworks, su
h as the PDS forum
➠ Collaborating with relevant expertsTwo methods have been used in industry proje
ts.

...however, the methods require further testing in theindustry
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This PhD thesis provides:

➤ New methods, insight, de�nitions, and guidan
e that:
➠ Improves our understanding of `what makes a SIS reliable'

➠ Leads to improved de
ision making in design as well as inthe operational phase
➠ Complements requirements in IEC 61508 and IEC 61511All 
ontributions aim at integrating theory with pra
ti
al experien
e.
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Spe
i�
 areas of further resear
h are to:
➤ Further test the proposed methods
➤ Follow up ideas of further work that are proposed in ea
h ofthe spe
i�
 topi
s
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A relevant question to ask:

➤ Is the resear
h �eld soon to be
ome mature?

t
Today

Advances

in research area

Current level

Future needs

Near future

Where we think we are today
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Thank you for the attention.
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