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Outline

Â Background and needs

Â The VerityTMstructural stress definition

Â Formulation of the master S-N curve

Â Validations and applications

Â Concluding remarks
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The Problem: Mesh-Sensitivity in Stress 
Calculations for Welded Joints

Â Stress singularity at sharp 
notches

Â Mesh-sensitivity in stress 
calculations

Â Existing Codes/Standards: 
based on nominal stress ï
the distance from the weld 
toe is very subjective 
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The Problem: Mesh-Sensitivity in Stress 
Calculations for Welded Joints

Â Stress singularity at sharp 
notches
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Â Mesh-sensitivity in stress 
calculations

Â Existing Codes/Standards: 
based on nominal stress ï
the distance from the weld 
toe is very subjective 



Center for Welded Structures Research 
6/2/2010 5omae-ss.ppt

BS7608 Joint Classification - Currently Used by 
Various Industries

Weld Classes and S-N Curves Used by 

IIW, Eurocodes, AWS, AASHTO, API, etc

Based on nominal stress 

ïchoice of reference 

distance is subjective

Different S-N curves for 

each type of weld.
B C F F2
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Extrapolated hot-spot stress (HSS)
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Should it be    0.4t and 1t ?

0.5t and 1.5t ?

Objective ïto define a weld toe stress that characterises the fatigue 
life of the weld ïand therefore a single S-N curve for all welds
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Extrapolated hot-spot stress (HSS)

Extrapolated HSS is very mesh-sensitive 

and very sensitive to extrapolation method 
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Requirements for a FE Based Stress 
Parameter Definition for Fatigue Evaluation

Â Consistency in stress determination:

ÅMesh-insensitive

ÅRobust for complex structures ïalways get the same answer

Â A single S-N curve should apply to:

Ådifferent joint geometries

Ådifferent loading modes

Ådifferent plate thicknesses
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The Verity® Structural Stress Definition
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The Verity® Structural Stress Definition
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Structural Stress: Equilibrium Equivalent

-

Far-field stress ïcontrols 

óParisô crack growth.

Notch Stress: Self  Equilibrating

Weld

t

Local notch effect ïinfluences 

óshort crackô growth.

Not available from FE analysis.

Obtained from fracture 

mechanics studies.
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Numerical Implementation in FEA

Â Displacement based FE procedures:

ÅNodal forces and displacements are most reliable solution  
quantities

ÅEquilibrium conditions are only guaranteed in terms of 
nodal forces at nodes, but not in terms of stresses
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Automated Procedures for Shell/Plate Models: Transforming 
Nodal Forces/Moments to Line Force and Moments
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Automated Procedures for Shell/Plate Models: Transforming 
Nodal Forces/Moments to Line Force and Moments
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Is the value of ss mesh-insensitive ?

Is it a valid fatigue parameter ?
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Stress Intensity Factor Estimation Using Structural 
Stresses
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The structural stress at the weld toe in mesh-insensitive, but is that enough 

ïwhat about crack growth / specimen compliance effects ?
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Stress Intensity Factor Estimation Using Structural 
Stresses
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The Fatigue Governing Parameter:  Equivalent 
Structural Stress Parameter DSs

Modify the structural stress for effects of
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The Fatigue Governing Parameter:  Equivalent 
Structural Stress Parameter DSs
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The Fatigue Governing Parameter:  Equivalent 
Structural Stress Parameter DSs
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How well does it correlate with test results ?
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Correlation: All Pipe and Vessel Weld S-N Data 
(~500 tests) ðASME Div 2 Rewrite JIP)
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