Continuing Education and PhD Course on
Reliability, Probabilistic Design and Risk Analysis of
Wind Turbines

Organized by:
e Department of Civil Engineering, Aalborg University, Aalborg Denmark
e The Joint Committee on Structural Safety (JCSS)

Increased Interest In Risk and Reliability

Methods of reliability, risk and safety assessment are increasingly gaining importance as decision
support tools in various fields of engineering. In order to utilize these methods and to exploit their
potential in industrial applications, an understanding of the fundamental principles is necessary. The
Advanced School aims at educating engineers and researchers to work more efficiently in supporting
decision makers and clients for a sustainable societal development.

JCSS

The JCSS is a committee in the field of Structural related Risk and Reliability, acting on behalf of the
Liaison Committee of the following six international professional associations:

e CIB International Council for Research and Innovation in Building and Construction
e ECCS European Convention for Constructional Steelwork

o fib International Federation for Structural Concrete

e |ABSE International Association for Bridge and Structural Engineering

e RILEM Reunion internationale des Laboratoires et Experts des Materiaux

e |ASS International Association for Shell and Spatial structures

The goals of the JCSS are:

* Toimprove the general knowledge and understanding within the fields of safety, risk,
reliability and quality assurance, for all types of civil engineering and building structures, on
the basis of sound scientific principles and with an open eye for the applications in practice.

* To take care that inter-associational pre-normative research in the field of Risk and Reliability
is performed in an effective and adequate way.



Benefits

The participants benefit by becoming able to master the methods of reliability, risk and safety
assessment in the application field of wind turbine engineering. Furthermore, based on the
knowledge gained from the course, the participants can offer clients new services related reliability,
risk and resilience informed decision support.

Who should attend?

The present course is targeted PhD students and professionals working in the field of wind turbine
design, operations and management. However, the course is also of interest to engineers involved
in probabilistic structural analysis, design and reliability assessment, as well as engineering
supervisors and managers. Participants are expected to have basic knowledge on basic probability
theory, statistics, linear algebra and elementary structural analysis (static/dynamic).

Information and course plan

Time and Place

Time: November 11-15, 2019.
Place: Aalborg University, Department of Civil Engineering, Thomas Manns Vej 23, 9220 Aalborg.

Learning Methods and Activities

Learning methods and activities comprise lectures, practical exercises and self-studies. Self-study
assignments will typically consist of calculations that develop understanding of the materials
presented in class. Participants will be made familiar with the state-of-the-art computational
methods and software in this field.

Evaluation and Diploma

Course Diplomas are issued by the JCSS on the basis of active course participation and a positive
evaluation of the provided material by the participant.

Lecturers

John D. Sgrensen
Professor, Department of Civil Engineering
Aalborg University, Denmark




Jannie S. Nielsen
Associate Professor, Department of Civil Engineering
Aalborg University, Denmark

Michael H. Faber
Professor, Department of Civil Engineering

Aalborg University, Denmark

Costs and Registration

The course is free of charge for PhD students. For other participants the cost is DKK 10.000.
Registration at https://phd.moodle.aau.dk/course/index.php?categoryid=162

Contact

The course is organized by Professor John Dalsgaard Sgrensen, Department of Civil Engineering,
Aalborg University, from whom further information may be obtained.

Phone  +459940 8581 or +45 2077 5805
e-mail: jds@civil.aau.dk

Course Plan

Lecture contents

Monday, November 11
e 9:00-12:00
Introduction
Uncertainty modelling (strength, loads, lifetimes, models, ...)
= Bayesian statistical methods
= Characteristic values
o Example — STATREL + Matlab + Excel
o Exercise 1 — statistical analysis for strength data
o Exercise 2 — statistical analysis for wind and wave data
e 12:00-12.45 lunch
e 12.45-16.30
o Estimation of failure probability by FORM
o FERUM (Matlab) + STRUREL - examples
o Exercise 3 —reliability index

Tuesday, November 12
e 9:00-12:00
o Estimation of failure probability by SORM and simulation



https://phd.moodle.aau.dk/course/index.php?categoryid=162
mailto:jds@civil.aau.dk

o Design Load cases in IEC 61400 — probabilistic modelling

o Exercise 4 — model uncertainty

o Classical reliability of mechanical and electrical components (failure rates)
e 12-12.45 lunch
e 12:45-16:30

o Partial safety factor calibration + Target reliability
Calibration of partial safety factors in IEC 61400
Exercise 5 — calibration of partial safety factors
System modelling: Reliability of series and parallel systems
Example — SYSREL
o Exercise 6 - system reliability

O O O

Wednesday, November 13
e 9:00-12:00
o Time-variant reliability - Load combinations - Inverse FORM
o Probabilistic design of wind turbines — extreme loads and fatigue
o Exercise 7 - partial safety factor calibration for wind turbines
e 12-12.45 lunch
e 12:45-16:30
o Site suitability analysis — probabilistic approach
o Surrogate Models in Wind Turbine Reliability
o Lifetime extension — probabilistic approach
o Exercise 8 — Lifetime extension

Thursday, November 14
e 9:00-12:00
o Operation & Maintenance planning for wind turbines
o Accessibility
o Maintenance optimization
o Exercise 9 - OM
e 12-12.45 lunch
e 12:45-16:30
o Reliability- and risk-based planning of Operation & Maintenance
o Bayesian networks for maintenance planning
o Exercise 9 - OM continued

Friday, November 15

e 9:00-12:00

Decision analysis

Probabilistic systems risk modelling and analysis

o O O

Risk, robustness and resilience of systems
o Exercise 10 — Decision analysis
e 12-12.45lunch
e 12:45-16:30
o Value of Information in Assets Integrity Management
o Resilience informed integrity management for wind turbine parks
o Exercise 11 — Systems




Lecture Material

The following notes and papers form the basis for the lectures. Additional material may be provided.

1.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.
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2019, 12, 2729.
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Robustness and Resilience. Procedia Engineering, 198, 1070-1083.
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Notes:

1. Characteristic values

2. Model uncertainty

3.

Maximum Likelihood

Additional material:

Madsen, H.O. & S. Krenk & N.C. Lind: Methods of Structural Safety. Prentice-Hall, 1986.
Faber, M. H. (2012) Statistics and Probability Theory: In Pursuit of Engineering Decision
Support. / Springer Publishing Company, 2012. 206 p. (Topics in Safety, Risk, Reliability and
Quiality, Vol. 18).

Faber, M. H. (2009) Risk and Safety in Civil Engineering, Lecture Notes,
http://civil.aut.ac.ir/Binary/UploadedFiles/2009-08-

30/znsnztiikk Risk%20and%20Safty%20in%20Civil%20Engineering.pdf.
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