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• Danish sector of the North Sea.

• Platform was installed in 1998.

• Initial design life of 20 years (2018).
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Introduction



In 2009, fatigue cracks were discovered in the 
Sponson part of the subsea structure.

In 2010, the seabed support was installed.

In 2012, the degraded concrete between caisson 
and sponson was fixed with steel wedges.
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Introduction



Introduction

Additionally, 6 cable stays between the platform 
legs were installed in 2014. 

The phase between 2010 and 2014 is called the 
pre-cable installation phase.
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2009 to 2014 …. Phase of uncertainty

• Can we produce or do we have to de-man an shut down?

• Is the structure presently save and how can we demonstrate this?

• Will the structure be save enough until all measures are implemented?

• Will the damaged structure be save enough after implementation of measures?

• How often do we have to inspect – during the pre-cable installation phase and afterwards?

• How can we demonstrate the fitness for purpose and get operation permissions?

Actions initiated by the owner (DONG):
Planning of engineering measures, measurement and test campaign, inspection 
campaign, FE-Modelling campaign, recalculations (ULS & FLS), back calculations of storm 
events (Bodil 2013), reliability based approach
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Reliability based approach – crack growth

Each crack has been probabilistically modelled and the crack growth has 

been predicted.

• Stresses are calculated by FE-Analysis. Wave loads have been 

modelled by using in situ accelerator measurements.

• Steel parameters have been modelled based on material tests 

from drilled coupons.

• Crack growth predictions are compared with in situ 

measurements
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Reliability based approach – crack failure

For each crack length (time step) the 

failure probability of the crack is 

calculated (sudden rupture).

• Probability distribution of extreme 

stresses is modelled

• The assessment of failure is based 

on the FAD diagram (limit state 

function).

• Material parameter and load 

characteristics are formulated 

probabilistically
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Reliability based approach

For each crack acceptable failure probabilities have been 

defined.

Cracks not fulfilling the acceptance criteria, repair actions have 

been defined (e.g. drilling). 

Cracks fulfilling the acceptance criteria have to be observed.

Hot Spot 

Reliability  

index  [1/a] 

Target reliability 

index  [1/a] Requirement 

HS-A-T1 >5.1 4.10 Fulfilled 

HS-A-T2 4.15 4.10 Fulfilled 

HS-A-T3 >5.1 4.10 Fulfilled 

HS-A-T4 >5.1 4.10 Fulfilled 

HS-A-N1 4.13 3.10 Fulfilled 

HS-A-N2 4.11 3.10 Fulfilled 

HS-A-N3 >5.1 3.10 Fulfilled 

HS-A-E1 >5.1 3.10 Fulfilled 

HS A UCL1 >5.1 4.10 Fulfilled 

HS-A-L6N1 4.89 4.10 Fulfilled 

HS-A-L6N2 4.61 3.69 Fulfilled 

HS-A-BCL1 >5.1 4.10 Fulfilled 

HS-A-BCL2 >5.1 4.10 Fulfilled 
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Results 2014

For the pre-cable installation phase it was demonstrated

• Some cracks need immediate repair measures.

• Some cracks need observation but are save enough until the cables are installed.

• The platform is save for production (under some conditions) until the cables are 

installed.

For the post-cable installation phase it was demonstrated that 

• the crack growth is stopped.

• the existing cracks have a sufficient small failure probabilities.

• The platform is save for production.
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Observations 2021

• Presently (2021), no further crack  growth is observed which is in agreement with the 

reliability assessment.

• No indication of cracks in non-observable structural parts (oil storage).

• Based on the predictions,  the time between inspections has been increased.

• The methodology is also used for identified hot spots and based on this, a RBI strategy was 

developed.
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Conclusions

• The methodology provides more information on the structure and the structural behaviour 

at each time and can be compared to observations.

• The reliability (and also a risk based) based approach has a large potential to demonstrate 

fitness of purpose for existing (and damaged) structures.

• Putting more engineering efforts in the analysis has a large potential for savings – saving of 

costs and natural resources without impairing safety.
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