
planning 2022 lectures Reliability

Monday 14 november 2022 green = activing element

13:45-14:00   introduction SE Track Base by Dr. Ravenshorst

14:00-14:25   part 1 t/m part 4 (slide 1-28)

14:25-14:30   calculate reliability index b for given example (slide 29)

pauze

14:45-14:55   part 5 consequence classes (slide 30-34)

14:55-15:10   part 6 partial safety factors (slide 35-60)

15:20-15:30   part 7 combination factors (slide 61-73)

Thursday 17 november 2022

08:45-09:15   part 8 and 9 service life, ULS/SLS, load combinations
(slide 74-78)

09:15-09:30   recap / in-class exercise with load combinations

09:45-10:30   Dr. Ajay Jagadeesh (pavement)
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Learning objectives of these lectures

▪ Understand the concepts of reliability and 
apply these in practical verification of the safety (lecture 2.1.1 and 2.1.3a)

▪ Identify and quantify the most important 
loads on structures, roads and railway (lecture 2.7.1)

▪ Schematise and combine them as input 
for the determination of the force distributions 
and deformations (lecture 2.7.3)
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Assessment

▪ Formative (no grade) homework assignment on Load Analysis
for a container port terminal (week 2.1)

▪ Formative (no grade) homework assignment on Reliability (week 2.7)

▪ Part of written exam (approx. 20 minutes) (week 2.10)

5



Reference materials

▪ Lecture notes “Loads + Reliability”, 
Module CIEM5000 – Structural 
Engineering Track Base, November 
2022 (PDF, Brightspace: study this
reader)

▪ Eurocodes
(online, for information and reference
only)

▪ Quick Reference 2022 
(PDF, Brightspace, for reference only)
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Voluntary and involuntary risks

(number of yearly casualties in The Netherlands - risk is determined by number of 
cases divided by total population of approx. 17.6 million, CBS StatLine 2022)
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Voluntary and involuntary risks

“In The Netherlands, as a starting point it is assumed that the risk from a hazardous activity 
to a member of the public should not add significantly to the risk in every day life. 

The risk in every day life is taken as P = 10−4, the probability of death 
for an unspecified individual person per year”  

(Ale, 1991)

“For new hazardous installations the maximum acceptable level for individual risk was set to 
P = 10−6, which implicates an increase of the risk in every day life of 1%”

(Ale, 1991) 

“For existing structures, an individual risk of P = 10−5 for death of an individual person 
due to failure of a structural element is considered acceptable” 

(Vrouwenvelder and Scholten, 2008) 
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Voluntary and involuntary risks

“For the risk of flooding, which can have massive consequences 
in terms of loss-of-life and economy, generally an 

individual risk limit between P = 10−5 and 10−6 was used for 
the design of hydraulic structures and dikes”

“In 2013 the Ministry of Infrastructure and the Environment proposed to use an 
individual risk P = 10−5. The Ministry explained that this choice was made 

because this risk is caused by nature, which is harder to influence than a 
manmade hazard. In addition, it was explained that a level of P = 10−6 for the 

entire area of the Netherlands would not be cost-effective”

(Terwel, 2014)
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Voluntary and involuntary risks

10 x 10-6

10000 x 10-6
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Voluntary and involuntary risks
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Voluntary and involuntary risks - conclusions

Acceptable individual yearly risk as result of structural failure  Pf = 10−5

At least four factors affect the accepted level of risk:

1. expected consequences of a failure

2. voluntariness of undergoing the risk

3. possibilities to reduce the risk

4. cost-effectiveness of reducing the risk
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Methods for the verification of adequate 
reliable performance of structures
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Risk-informed decision making

Exceptional design situations in regard 
touncertainties and consequences or 
derivation of reliability requirements.

example: 
storm surge barrier Oosterschelde
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Reliability-based
design and
assessment
Unusual design 
situations in regard to 
uncertainties, code 
calibration

example: 
working in construction 
materials for which no 
code is available

Bamboo Bovenstad 
Rotterdam Pavilions

18



Reliability-based
design and
assessment
Unusual design 
situations in regard to 
uncertainties, code 
calibration

example: 
working in construction
materials for which no 
code is available

Bamboo Bovenstad 
Rotterdam Pavilions

19



Reliability-based design and
assessment
Applied to design situations where uncertainties in 
the representation of loads, load effects, material
resistances, and system-effects mean that the 
reliability-based approach gives a significantly better 
representation of reality than the semi-probabilistic 
approach:

▪ situations where relevant loads or hazard 
scenarios are not covered by the loads and 
actions described in the code

▪ the use of building materials or combination of 
different materials outside the usual application 
domain

▪ new materials, behaviour at very high 
temperatures

▪ ground conditions, such as rock, which are 
strongly affected by discontinuities and other 
geometrical phenomena
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Semi-probabilistic
approach

Default method in the 
Eurocodes, i.e. to be 
used for usual design 
situations.
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Methods for the verification of adequate 
reliable performance of structures
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Probability of failure Pf and reliability index b

Probability of failure Pf

reliability index b

Eurocode: Pf  10-b

order of magnitude 24



How is reliability index b determined?
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How is reliability index b determined?
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How is reliability index b determined?
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How is reliability index b determined?

https://gitlab.tudelft.nl/roelschipper/ciem5000/-/blob/main/Z_curve_highgamma_uc0.81_beta6.8.ipynb
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partial factors

Rd-Ed

https://gitlab.tudelft.nl/roelschipper/ciem5000/-/blob/main/partialfactors.ipynb

https://gitlab.tudelft.nl/roelschipper/ciem5000/-/blob/main/partialfactors.ipynb
https://gitlab.tudelft.nl/roelschipper/ciem5000/-/blob/main/partialfactors.ipynb


effect of shift of sR (SD R)
mR remains constant
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effect of shift of mR (mean R)
sR remains constant
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effect of shift of mR (mean R)
COVR remains constant
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Partial factors for LOADS are in three main categories:

G permanent loads (e.g. self weight, soil pressure, pretensioning) → gG
Q variable loads (e.g. wind, vehicles, people) → gQ

A accidental loads (e.g. blasts, impact, seismic) → gA
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https://gitlab.tudelft.nl/roelschipper/ciem5000/-/blob/main/combination-factors_v2.xlsx
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exceedance is extremely unlikely (≪ 5 %) design value

only very occasionaly, e.g. 5% of the time characteristic value

used in combinations with other variable loads combination value

value to be expected frequently frequent value

value to be almost always quasi-permanent value
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https://gitlab.tudelft.nl/roelschipper/ciem5000/-/blob/main/combination-factors_v2.xlsx
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Design service life



Design service life – load correction



Design service life
– load correction

Factor

between

( )

0.94

0.96

0.98

1.00

1.02

1.04

1.06

0.0 0.5 1.0 1.5 2.0 2.5

Adjustment of characteristic value of variable loads 
for adjusted design service life

y=0.7

y=0.5
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Ultimate Limit State (ULS)

If failure or collapse is at risk, we call this limit state 
the Ultimate Limit State (or ULS). 

An ULS often is an irreversible state that leads to 
significant and permanent damage or even 
collapse, concerning safety of the structure itself 
or the people using it. 

Examples are loss of equilibrium, instability, material 
yield due to excess stress or fatigue.
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Example ULS: collapse stadium grand stand
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video NEC-stadium

https://www.youtube.com/watch?v=2uLyuqw48kE
https://www.youtube.com/watch?v=2uLyuqw48kE


Serviceability Limit State (SLS)

The Serviceability Limit State (or SLS) is reached when 
deformations, vibrations or deflections are becoming 
so large that proper functioning (service) of the 
structure is no longer possible 

or when comfort of occupants is at risk, although the 
structural reliability is not (yet) at stake. 

Beyond SLS, the structure is no longer able to perform 
its service or the durability of the structure might be at 
risk (e.g. crack width in concrete becomes too large, or 
corrosion occurs). 

Also architectural damage (e.g. discolouring, cracks, 
problems with airtightness) is often considered as SLS. 

An SLS may in many cases be a reversible state, that 
can be made undone after the load has reduced again. 

However, it can also be considered as irreversible 
damage which is not of major and direct significance for 
the structure’s structural reliability (you might think of 
small cracks in walls or permanent deformation as a 
result of creep). Repair or maintenance is considered an 
acceptable way of mitigating the effects of passing the 
SLS-threshold.
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Example SLS check: Zalmhaventoren Rotterdam (guest lecture BAM)
modal shape analysis - torsional acceleration and displacements
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Load combinations

ULS:
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Load combinations

ULS:

86

choose one variable load as 

the dominant variable load

(numbered i=1)

choose all other variable loads 

(numbered i = 2, …, n) as non-dominant by

using combination factor y0

repeat this procedure by alternating all variable

loads as governing ones until you find the load 

combination that results in the worst effect on the

structure

this will generally result in MANY combinations!

and it can be tricky to find out if a combination is 

governing.
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