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Motivation and Background 

  - Where are we going? 

The goal of this presentation is to: 
• Present information describing structural/mechanical 

system integrity assessment techniques, and   

• Describe their use in fabrication acceptance and in-

service maintenance programs 

• Beyond welding standard workmanship criteria 

 

Because . . . some discontinuities / 

features 
• Do not affect the design strength or life of a component 

• Will not grow in service 

• Can be tolerated in-service for a defined period of time 



Motivation and Background 

  - What are features or anomalies? 

Discontinuities / Features 
• Fabrication 

• Angular or lateral misalignment 

• Weld porosity / worm holes 

• Weld lack of fusion or incomplete penetration 

• Metallurgical / material discontinuity 

• Degradation 

• Corrosion pitting or general 

• Cracks (fabrication or in-service) 

• Damage 

• Deformations (fabrication on in-service 

• Fire heating 

 



Motivation and Background 

  - Integrity Assurance  

For Structural/Mechanical Systems 
• Considers the balance of material strength, 

structural geometry to support loading   

• Must consider immediate and long-term fate of 

the system including degradation, damage 

accumulation and load variability  

In doing this we consider 

• Features and Defects 

• Degradation or Damage Accumulation 

and Failure Mechanisms 

• Service and Ultimate Loads 

• Specified and Component Properties   
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Motivation and Background 

 - Integrity Assurance / Fitness-For-Service   

Consider damage accumulation over time 

Damage 

Accumulation 

Failure Criteria 

Structural 

Analysis 

Load 

Analysis 

Material 

Behaviour 

Structural 

Geometry 

Operational 

Environment 

Performance 

Requirement 

F
e
a
tu

re
 

S
iz

e
 

Time 

• Features grow in service 

• Critical feature size based upon 

maximum load experienced 



Motivation and Background 

 - Integrity Assurance / Fitness-For-Service   

To Complete an Assessment / Infer Structural Integrity 
• Material . . . . strength, toughness, fatigue crack growth rate, chemistry 

• What are the properties of the structure or component? 

• If we don’t know . . . . Expected properties (experience) 

 . . . . Conservative assumption (minimum specified)  

• Structural  . . . . structure, scantlings, feature geometry 

• What are the designed or measured structure and feature geometry? 

• If we don’t know . . . . Expected geometry (experience with similar)  

• Operational . . . . load, stress, pressure, temperature, impressed current  

• What are future service and extreme (upset) operations or loading? 

• If we don’t know . . . . Design conditions (upper bound on operations) 

 . . . . Forecast expected operations (experience)  



Motivation and Background 

 - Damage Tolerance / Fitness-For-Service   

Uncertainty Management  

– Information is unavailable or unreliable  
• Design conditions – assume conservative design or specified conditions  

• Response to proof loading – test system to infer defect absence  

• Historical records – assume no geometry, material, operation change 

• Performance of similar systems – Infer data from experience 

• Sensitivity analysis – response to bounded data 

• Probabilistic analysis – response to statistically distributed data 



Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

To preclude unnecessary repairs 

alternate acceptance criteria for 

porosity & cracking developed 
• Pipe sleeve fillet welds are considered 

• Specific range of pipe and feature geometries 

• Specific base and weld materials  

• Well defined service and peak loading 

• Weld feature acceptance standard (BS 7910) 

does not include SIF solution for this geometry 

• Employ FEA to consider potential for plastic 

collapse, fracture and fatigue    



Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Materials 
• Consider base, weld and HAZ material measured strength & toughness 

• Consider BM and HAZ to have the same properties in the model 
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Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Completed convergence study to demonstrate 

sufficient mesh refinement in FE model 
• Developed coarse model with a sub-modelled region surrounding feature 

• Sub model comparable in size (number of elements) to global model 

Close-up of the FE mesh around 

the pore region 

Pore 

coarse 

model 
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Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Consider a range of feature sizes, locations & spacing 
• For each geometry consider service load and peak load conditions 

• Pressure and axial load on pipe 

• Modelling demonstrates that maximum pressure loading induces minor 

amount of weld root plasticity (yielding) away from feature 

• Typical response to be noted 

Von Mises Stress Eq. Plastic Strain  



Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Consider a range of feature sizes, locations & spacing 
• Repeat analysis for various feature sizes and spacing to understand behaviour 

sensitivity 

 

Consider various pore 

sizes at weld toe 

Consider various pore 

sizes and spacing 



Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Similar Sensitivity FEM Completed for Weld Cracking 
• Considering three weld root crack types 

• Modelled crack tip to develop stress intensity factor and stress state for a 

range of crack lengths and applied loads 

• Considered service loading to understand potential for fatigue crack growth 

• Considered peak loads to understand potential for plastic collapse or 

fracture using failure assessment diagram approach 



Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Developed Pore Acceptance Criteria to Prevent  
• Material yielding and fatigue crack initiation 

• Different criteria for each system (maximum load and pipe geometry) 

• Essentially limits pores to weld metal avoiding root interaction 

 

Lower Pressure System Higher Pressure System 



Pipe System Weld Porosity and Cracking 

   - Fabrication Feature Acceptance Criteria 

Developed Crack Acceptance Criteria to Prevent  
• Injurious fatigue crack extension 

• Demonstrated minimum fatigue life for deepest crack >200 y)  

• Failure of large cracks 

• Consider FAD approach for plastic collapse and fracture 

• Feature acceptance criteria for each pipe size, feature location and pressure 

 

20 mm Diameter Pipe 



Ship Deck Cracking Acceptance Criteria 

   - In-Service Assessment 

To support continued operations, 

feature assessment criteria were 

considered to understand 

significance in-service 
• Halifax class deck cracking was considered 

• Range of operating / environmental 

conditions 

• Range of crack locations  

• Position in the vessel 

• Materials 

• Range of crack sizes  

• Employ BS 7910 standard FAD approach for 

assessment 

 



Ship Deck Cracking Acceptance Criteria 

   - In-Service Assessment 

Materials 
• Consider base, weld and HAZ material measured 

strength & toughness 

• Employ material property database developed for 

each combination of base material and welding 

procedure 

• Provided visual characteristics of each weld type so 

that they can be easily identified 

• Location in vessel 

• Materials being joined 

• Weld cap size and characteristics 

• Hardness and chemistry 

 



Ship Deck Cracking Acceptance Criteria 

   - In-Service Assessment 

Consider Failure 

Assessment Diagram 

Considers potential for 

• Plastic Collapse 

• Fracture 

Based on 

• Applied load 

• Crack size  

• Residual stress 

• Materials 

• Structural geometry 
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Ship Deck Cracking Acceptance Criteria 

   - In-Service Assessment 

Apply Seakeeping Code (ShipmoPC) 

To Estimate Wave Loading 
• Identify sea state of operation 

• Vessel heading and speed 

• Calculate local loads considering hull girder transfer functions for each 

location in the vessel 

• RAO’s developed in advance for each sea state, speed, heading and 

loading 

• Section modulus at each frame 

• Apply local stress concentration factor, as required 

• SSC Guide to Damage Tolerance Analysis 

 

 



Ship Deck Cracking Acceptance Criteria 

   - In-Service Assessment 

Developed 

In-Service 

Acceptance 

Criteria 

Considering 

Surface and 

Through 

Thickness 

Cracks 
• Residual stress 

• Applied loading 

• Material / Temp 

 

Material Specific Feature Acceptance Matrix  



Ship Deck Cracking Acceptance Criteria 

   - In-Service Assessment 

Developed In-Service Acceptance Criteria  
• Residual stress 

• Residual stress reduces permissible crack size (higher fracture potential) 

• Residual stresses tend to relax with in service loading 

• Applied loading 

• Higher applied loads reduce permissible crack size 

• Material 

• Higher toughness or strength material can permit larger flaw sizes 

• Adjacent material properties can limit this effect 

• Effect of lower temperature operation on toughness is considered 

Conservative guidance permitting rapid assessment of 

feature significance . . . Long-term significance remains 
 



Concluding Remarks 

Not All Discontinuities or Features Need Repair 
• Can accept features beyond workmanship standards 

 

• Need to consider the specifics of the scenario 

• Material    . . . Actual properties if possible 

• Geometry . . . Component and feature (in-service growth) 

• Loading    . . . Service and peak loads 

 

• Techniques can be applied as 

• Fabrication acceptance criteria 

• In-service acceptance  

• Maintenance scheduling tool   



Concluding Remarks 

 - Alternative Assessment Techniques 

Reliability Centered Maintenance 
• Use survival statistics to infer maintenance requirements 

. . . Time based replacement 

• Applied with large experience base (testing or in-service) 

Condition Based Maintenance 
• Use measured behavior to identify degradation  

. . . Degradation based replacement  

• Applied when degradation process is known (in-service) 

Risk Based Maintenance 
• Maintenance regime based upon probability and 

consequence of component failure 

• Applied to high risk components 



Concluding Remarks 

Techniques to assess the significance of features exist 
• Reliability of assessment dependent on knowledge of  

• Current structural and feature geometry  

• Expected material properties 

• Estimated future loading  

 

• Alternate fitness-for-service assessment techniques 

• Can apply sensitivity to investigate uncertainty 

• Can apply testing as a demonstration of condition 

• Can use past experience to quantify reliability 

 

• Assessments made without information are guesses 



 

 

 

 

Thank you for your attention 


