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Epistemic

Aleatory

Introduction – Uncertainty modelling
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3.0 General
3.1 Concrete
3.2 Reinforcement
3.3 Prestressed steel
3.4 Steel
3.5 Timber
3.6 Aluminium
3.7 Soil
3.8 Masonry
3.9 Model uncertainty
3.10 Dimensions
3.11 Imperfections

2.0 General
2.1 Self weight
2.2 Live load
2.3 Industrial storage
2.4 Cranes
2.5 Traffic
2.6 Car parks
2.7 Silo load
2.8 Liquids/gasses
2.9 Temperature
2.10 Ground
2.11 Water/groundwater
2.12 Snow
2.13 Wind
2.14 Temperature
2.15 Waves
2.16 Avalanches
2.17 Earth quake
2.18 Impact
2.19 Explosion
2.20 Fire
2.21 Chem/Phys agencies

JCSS 
Probabilistic 
Model Code

1 Basis of Design
2 Loads Models
3 Resistance

JCSS: Joint Committee Structural Safety: http://www.jcss.byg.dtu.dk/
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Stochastic model – SAKO - 1999
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Stochastic model – Proqua - 2005
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Stochastic model – Proqua - 2005
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Stochastic model – Baravalle et al. 2017
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Stochastic model – Baravalle 2017
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Stochastic model – wind turbines (IEC 61400-1)
Extreme load cases
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Stochastic model – Fatigue – JCSS PMC 
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Stochastic model – Fatigue – JCSS PMC 
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Can be estimated e.g. by the Hohenbichler approximation

T
ij i k  α α
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General Daniels systems
Gollwitzer, S. & R. Rackwitz: On the reliability of Daniels systems. Structural Safety, 
Vol. 7, 1990, pp. 229-243.
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Reliability level
• ISO 2394:2015: General principles for reliability of structures

– Decision making / Design:
1. Risk-informed decision making

– → acceptable and target reliability level for probabilistic 
design

2. Reliability-based decision making – probabilistic design
– → partial safety factors for design by e.g. IEC 61400-1

3. Semi-probabilistic method – partial safety factor method

• JCSS: Joint Committee on Structural Safety: Probabilistic Model Code

• …
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Reliability level – ISO 2394
Risk-based decision making involves
 Optimization

Maximization of utility function 
(e.g. cost-benefit function)
→ target (nominal) reliability 

level, Popt

 Assessment of Acceptability
Is the decision acceptable from a 
societal perspective? 
Marginal Life Saving Cost - MLSC 
→ minimum acceptable reliability 

level, Pacc (wrt. risk to life)
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Reliability based code calibration

Optimality and Target Reliabilities – Civil engineering structures
• Acceptance criteria may be established on the basis of 

– cost benefit considerations  economic optimum reliability level
– LQI (Life Quality Index)  lower limit on reliability level

• JCSS and ISO2394 target reliabilities for ULS verification (1 year reference)

• Eurocode minimum reliabilities:
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IEC 61400-1:2017 (FDIS)
Assumptions:
• A systematic reconstruction policy is used (a new wind turbine is erected in 

case of failure or expiry of lifetime).
• Consequences of a failure are ‘only’ economic (no fatalities and no pollution).
• Wind turbines are designed to a certain wind turbine class, i.e. not all wind 

turbines are ‘designed to the limit’.

 Target reliability level corresponding to an annual nominal probability of failure: 

5 10-4 (annual reliability index equal to 3.3)

Application of this target value assumes that the risk of human lives is negligible 
in case of failure of a structural element.

Corresponds to minor / moderate consequences of failure and moderate / high 
cost of safety measure (JCSS)

Reliability level – Wind turbines
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Exercises, self-study and reading

Read / self-study:
• Additional slides on Daniels systems
• Paper by Gollwitzer & Rackwitz on Daniels systems

Exercise: 
• Exercise - Parallel system
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Additional slides on Daniels systems
- from S Thöns, DTU
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