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Example Design requirements for a Breakwater

Regulations and recommendations Ÿ Exceedance probability or return period

5

Country Standard TR (years) DL (years) pf,DL (-)

England BS 6349-1-1:2013 50-100* 50-100 0.05*

Japan TS Ports-2009 50-100 50 0.40-0.64

Spain ROM 0.0-01/1.0-09 113-4,975 25-50 0.01-0.2

*Not well defined

Where do these 

ñrequirementsò 

come from?



Deterministic design 

10 kN
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Probabilistic
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A rational and quantitative method for evaluating safety

éand determining an acceptable safety level

Уlimit P(bad stuff) to a safe level

Week 2.8 Focus



Probabilistic Design

What is it?

ÁUncertainty quantification (randomness, lack of information,é)

ÁLoads and boundary conditions

ÁResistance of structure / process

ÁAlternative models of structure / process

A rational and quantitative method for evaluating safety
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A decision-making process prior to construction / implementation

Probabilistic Design

What is it?

ÁEstablish functional requirements

ÁUse models of structure / process

ÁAssess whether model results meet criteria
This is important!
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Probabilistic Design

What is the design 

process like in 

your field?

How is safety measured?

How is uncertainty taken into account?

How is an appropriate safety level determined?
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The FN (or FD) Curve

Empirical Exceedance Probability 
Distribution of Consequences

An infamous figure
see backstory in Chapter 8.1
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Risk = combination of

probability and consequence

 Risk management 

Qualitative analysis 

Quantitative analysis 

Risk Evaluation 

Risk reduction and 
control 

measures 

System definition 

Risk assessment 

Our ñfunction of random variablesò methods

Probabilistic Design
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Flood management used as case study

ÁCovers many fields in CEG

ÁWide range of risk and reliability applications

ÁLocal expertise (NL)

ÁRelevant!

This lecture, last year!

San Francisco Chronicle é Jan 9, 2023.

Increasing Coastal Flood Risk Worldwide
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Before During During

Van Sickle Island, Jan 2023

éAfter?
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Safety Standards

ÁLow!

ÁNo year-round residents

Á Little infrastructure

Ąconsequences are ñsmallò

ÁCosts becoming unmanageable by the district

Á Flooding occurs every 10 years

Áéperhaps more like 3-5 years is the new trend

Á Is it cost effective to continue maintaining?

ÁWhat about a ñlargeò consequence case?



Initial Approach in NL:
Higher than last time!

Image from ILH Chapter 3
St. Elizabethôs Flood in 1421

Centuries-old cost-cutting dike design?
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1953 Flood: Netherlands (and UK)

ÁNational wake-up call in NL

ÁDecision: 

ÁHow safe?

ÁDesign: how to meet safety criteria?

ÁPost-1953ï2017: probability of exceedance approach (design water level)

Erith, UK

1953

flooding

1953 flooding
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NL safety standards for flood protection (since 2017)

Annual probability of death 
due to flooding

(from 2014)

Maximum allowable annual 
probability of flood, per dike ring
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NL Flood Defence System Today

Southwest Delta

Rotterdam

Holland Coast

Afsluitdijk

Rivers

Wadden Coast
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The 2021 floods in the South of the Netherlands

Limburg
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Foto: Marcel van den Bergh

24



Foto: Jos Simissen
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Fact finding
Rain 14 July
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Summer return periods

See Fact Finding report 
for more details:

enwinfo.nl/publicaties/  
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See note at beginning of 2021 section

enwinfo.nl/publicaties
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What is this?



FD Example УPart I

ÁA risk analysis has been completed.
Your job is to check whether the system is ñsafe enoughò

ÁP[N>10] = 1 e -3

ÁP[N>100] = 5 e -5

ÁC = 0.1,‌= 2



FD Example УPart I

ÁA risk analysis has been completed.
Your job is to check whether the system is ñsafe enoughò

ÁP[N>10] = 1 e -3

ÁP[N>100] = 5 e -5

ÁC = 0.1,‌= 2

Solution:

- The figure looks like a step function, where the point at 10 and

100 has value 1e-3 and 5e-5, respectively.

- Can also find P[N<=10]=1 ï1e-3 ï5e-5

- Can easily check that for N = 10, C/N^a is just safe, but this is 

not the case for N = 100

- Note that because of the way the step function works, it would

also be implied that all the values greater than N = 10 would 

also not satisfy the criteria; it is hard to tell if this is appropriate

for this simplistic model. In reality we should include more 

points

- Note also that this case has 2 ñscenariosòéthe flood exercises 

to follow are computed in the same way, but there are many 

more scenarios!



FD Example УPart II

ÁHow can we fix the system?

ÁImagine that this is small polder (flood protection area) where 100 people are 
protected by a wall.



FD Example УPart II

ÁHow can we fix the system?

ÁImagine that this is small polder (flood protection area) where 100 people are 
protected by a wall.

Solution:

There are 3 main ways we can improve things:

1. Reducing the probability of exceedance

2. Reducing the consequences

3. Changing the limit line (policy decision)

Depending on the application, some of these may not be possible. 

For example, in the flooding exercise to follow, it is hard to reduce 

consequences by asking people to move out of NL. However, it is

possible to reduce consequences by improving evacuation 

effectiveness.



South -Holland

What type of consequences govern

design of the flood protection system

in South Holland?



South -Holland Flood Protection System


