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It looks like you’re trying to 
understand Bayes’ Theorem

𝑃 𝐴 𝐵 =
𝑃 𝐵 𝐴 𝑃(𝐴)

𝑃(𝐵)
The posterior probability of P(A|B) 
expresses the conditional probability 
of event A given the observation of 
event B 1.
When new evidence becomes available, 
the belief related to the outcome of a 
system has to change!

Bayesian BELIEF Networks

Conclusion

• The full design network will 
be modelled and solved 
forward to show which input 
distributions have the 
greatest influence on the 
overall design life of the wind 
turbine. 

• Next stage: to develop a 
dynamic network which will 
use operational data to 
update prior beliefs
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Me

• Approximately 400 WTs in UK waters will reach the end of their design
life (20-25 years) by 2030 2

• Lifetime extension of WTs is becoming more important, however, it has
not yet been demonstrated in an offshore setting

• There is a lot of uncertainty in the design, operation, and condition of
offshore wind turbines. But, Probabilistic Bayesian methods cope well with
uncertainties

• The aim of this project is identify if we can apply Bayesian methods to
determine the remaining useful life of offshore wind turbines

Extreme Utilisation, 
U

Von Mises Stress, 
σVM

Tower Loads, 
Mx,y,z, Fx,y,z

Tower Geometry,   t, 
D

Material yield,         
σy * fm

• Probability distributions are 
assigned to source nodes.

• Dependencies are mapped 
using mechanical equations

• Forward solve using direct 
integration approach

• Direct integration approach 
is an alternative to random 
sampling which is more time 
consuming and might not 
always cover full the range 
of inputs

• The direct integration 
approach is suitable as the 
network is made-up so that 
there are only two inputs to 
each node

𝑈 =
σ𝑉𝑀
σ𝑌

1. Create initial 
BBN of critical 
WT structural 

components as per 
design codes

Divide each bar of 
distribution x (σVM) by 

distribution y (σY) to get new 
(overlapping) bars. 

New bins are then created and 
contributions within each bin 

are added to get new 
distribution, z: z = f(x,y)

𝑝 𝑧 = න𝑝 𝑧 𝑥, 𝑦 𝑝 𝑥 𝑝 𝑦 𝑑𝑥𝑑𝑦

• Variance-based sensitivity analysis can be used to 
determine which inputs have the greatest impact on 
the total variation

• z can be broken down into its constituents:
𝑧 = 𝑓0 + 𝑓1 𝑥 + 𝑓2 𝑦 + 𝑓3 𝑥, 𝑦

𝑓0 = 𝐸 𝑧 , 𝑓1 𝑥 = 𝐸 𝑧 𝑥 , 𝑓2 𝑦 = 𝐸 𝑧 𝑦 ,
𝑓3 𝑥, 𝑦 = 𝐸 𝑧 𝑥, 𝑦 − 𝑓0 − 𝑓1 − 𝑓2

• Total variance in z can be written as:
𝑉𝑎𝑟 𝑧 = 𝑉𝑧 = 𝑉1 + 𝑉2 + 𝑉3

𝑉1 = 𝑉𝑎𝑟𝑥 𝐸𝑦 𝑧 𝑥 , 𝑉2 = 𝑉𝑎𝑟𝑦 𝐸𝑥 𝑧 𝑦 , 𝑉3 = 𝑉𝑧 − 𝑉1 − 𝑉2

• So that the first order Sobol indices are:

𝑆𝑥 =
𝑉1
𝑉𝑧

; 𝑆𝑦 =
𝑉2
𝑉𝑧

Note: The boxes in 
the BBN above are 
coloured by Sobol
Indices. Green boxes 
show the input 
distributions that 
have the greatest 
affect on the output 
variance

Introduction

𝑝(𝑥)

𝑝(𝑦)
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