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Fatigue Design/Life Extension – Conventional Approach

Global Response 
Analysis

Local Stress 
Analysis

Stress Histogram  Revised Fatigue Damage

Source: NORSOK
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Life Extension – New Approach

Measured 
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Artificial Neural Network 
(ANN)

Stress Time History  
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FlexAssure

▪ Vessel Translational 
& Angular Motion

▪ Riser Translational 
Motion

▪ Field Proven



INTEGRIStick

▪ Riser Curvature

▪ Proven Technology



Machine Learning

Machine Learning Model

Feedback 
Loop

Yes
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Stress
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Flexible Riser Fatigue Tracker

MACHINE LEARNING - NARX/LM STRESS TIME TRACE
FATIGUE DAMAGE, EXPONENT 6 - Seastate 7

Seastate 7 (ANN) Seastate 7 (FEA)



Fatigue
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MACHINE LEARNING - STRESS TIME TRACE
ENARX/LM, Exponent 6 - 251 Seastates, Rainflow Counting
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Application
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Flexible Life Extension with Innovative Monitoring
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Campaign I Campaign II

Red Limit = 10% of Accumulated Fatigue Damage

Amber Limit = 3% of Accumulated Fatigue Damage

Source: NORSOK
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http://www.2hoffshore.com/


Flexible Riser Fatigue



NARX/Levenberg-Marquardt

▪ Typically used for time series 

▪ High accuracy with minimal training datasets
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FlexAssure Case Study

▪ OSX-3

▪ 26 – 14 – 5

▪ Real Time



INTEGRIStick Case Study

▪ Motion & Strain

▪ Fatigue

▪ Unexpected
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