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Problem Statement
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• Cracks may initiate at the triple-point 
from fabrication flaws, and grow during 
installation and subsea operation

• CRA layer is relatively thin and 
NDE has a finite detectability limit

• ECA is required to evaluate the integrity of 
the CRA layer during the pipeline’s life

• No crack driving force or stress intensity 
factor solutions available

• No fracture testing procedures exist

• No recognised ECA approach available

• MLP cannot be repaired at fabrication yard 
or installation vessel



Four Level ECA Approach 
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• Level 0: Workmanship Criteria
• Defines the min. detectable flaw height requirements for given fracture and fatigue loads

• Fatigue load: Fatigue damage expressed as a percentage of the DNV F1 S-N design curve

• Fracture load: Installation and operation strains

• Levels 1 to 3: Screening, Simplified and Comprehensive ECA
• Verify the integrity of the MLP with a triple-point flaw

• Starter flaw size = Detectability limit, PoD 90%|95% or PoR 85%|95%

• Fatigue assessment
• Fatigue crack grow calculation as per the Paris law with an MLP-specific stress intensity factor solution

• Fatigue crack growth curve for Steel in Air, R ≥ 0.5 can be used (crack grows in alloy 625 weld overlay)

• Fracture assessment
• Ductile tearing estimated with the tangency method (Level 1 & 2) or segment testing (Level 3)

• Crack driving force obtained from an MLP-specific CTOD solution (Level 1) or finite-element analysis (Levels 2 & 3)

• Lower-bound fracture toughness defined (Level 1)

• Higher fracture toughness can be used (Level 2)



Level 0: Workmanship Criteria
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• Application
• J & S-lay: Installation and operation strains ≤ 0.4%

• Conservative assumptions
• Fully circumferential triple-point flaws

• Pre-defined tensile properties

• Pre-defined lower-bound fracture toughness: dR = 0.24 Da0.32

• Fatigue load expressed as percentage of DNV F1 design S-N curve

• Usage
• Knowing two of the following, determine the third parameter 

• Installation/operation strains

• Fatigue damage (input) or allowance (output)

• Min detectable flaw height (input) or max allowed flaw height (output)



Level 0: Workmanship Criteria
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• Example
• Fracture loads

• Installation strain: 0.4%

• Operation strain: 0.2%

• Fatigue loads
• Apply relevant DFF (e.g., installation = 1; operation = 3) 

on given installation and operation histograms

• Combine histograms

• Determine the corresponding fatigue damage:  
7.82% of DNV F1 design S-N curve

• Required min detectable flaw height 
• PoD 90%|95% = 0.82 mm

7.82%

0.82 mm



Level 1: Screening ECA
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• Application:  R, J & S-lay
• Installation strain ≤ 1.75%

• Operation strain   ≤ 0.4%

• Assumptions
• MLP-specific K-solution

• MLP-specific CTOD-solution
(pre-defined tensile properties)

• Lower-bound toughness
(dR = 0.24 Da0.32)



Level 2: Simplified ECA
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• Application:  R, J & S-lay
• No limit on installation or operation strains

• No limit on number of strain or facture events

• Assumptions
• MLP-specific K-solution

• Applied CTOD from FEA

• Requires fracture toughness as input



Level 3: Comprehensive ECA
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• Application:  R, J & S-lay
• No limit on installation or operation strains

• No limit on number of strain or facture events

• Assumptions
• MLP-specific K solution

• Applied CTOD from FEA

• Ductile tearing from segment testing 



Fatigue Assessment
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• MLP-specific stress intensity factor solution
• Lower K than for an equivalent flaw in a plate or pipe
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Fracture Assessment 
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• MLP-specific crack driving force solution (Level 1)
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Fracture Assessment 
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• Crack driving force (Levels 2 & 3)
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Fracture Assessment
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• Lower-bound fracture toughness (Level 1)
• Based on generic SEN(T) and segment testing

• SEN(T) testing of alloy 625 weld overlay 

• Segment testing of triple-point region
(MLP with alloy 625 and 904L liners)

• Higher fracture toughness (Level 2)
• Based on historical segment testing for a specific vendor, 

material grades and weld overlay procedure, or 

• Obtained from non-standard fracture toughness testing

• Tangency method for ductile tearing estimation
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Segment Testing
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• Set-up and segment specimen geometry

Fillet welding
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Segment Testing
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• Fatigue pre-cracking
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Segment Testing
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• Fracture testing and fractography

1. Slightly pre-load a segment specimen
2. Identify the original crack tip and 0.36 mm 

offset locations
3. Identify the distance from the 0.36 mm offset 

location to the host pipe ID, 

Liner

Host pipe

0.36 mm Distance to host pipe ID, d

Crack tip

 CTOD

Distance to host pipe ID, d

Weld Overlay

New crack tip

4. After applying tensile load, mark the distance 
5. Gradually increase tensile load until the target 

CTOD, measured at the distance is reached

>>0.36 mm



Conclusions and Recommendations for Further Work
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• Four-level ECA approach proposed
• Level 0: Workmanship criteria defined 
• Levels 1 to 3: Combined fatigue and fracture assessment

• Fatigue assessment
• Levels 1 to 3: MLP-specific stress intensity factor solution defined for use with the Paris law

• Fracture assessment
• Crack driving force

• Level 1: MLP-specific crack driving force solution defined
• Levels 2 & 3: FEA used to determine the applied CTOD

• Toughness
• Level 1: Lower-bound CTOD-R defined 
• Level 2: Higher toughness based on historical segment or non-standard fracture testing can be used

• Ductile tearing
• Level 1 & 2: Tangency method applied to estimate ductile tearing
• Level 3: Segment testing procedure developed and validated

• Recommendations for further work
• Develop non-standard fracture testing method to be used within the Level 2 framework



Thank you for your attention


