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The Problem: Meskensitivity in Stress
Calculations for Welded Joints

A Stress singularity at sharp
notches

A Meshksensitivity In stress
calculations

A Existing Codes/Standards:
based on nominal stiess
the distance from the weld
toe Is very subjective

Normalized Stress

Batielle

Peak stress at Weld Toe
from FE Model
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BS7608 Joint Classificatio@urrently Used by
Various Industries

Weld Classes andNSCurves Used by

o direse R 1w, Eurocodes, AWS, AASHTO, AP, etc
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Extrapolated hegpot stress (HSS)

Objective to define a weld toe stress that characterises the f
life of the weldand therefore a singld 8urve for all welds

]

5 0.4)

i
el
g
i,
i
F i

_£
SR s /O
\/

Should it be 0.4t and 1t ?
0.5tand 1.5t ?
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Extrapolated hegpot stress (HSS)
SCF f?
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Extrapolated hegpot stress (HSS)
SCF f?
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Procedures Extrapolated HSS is very mssinsitive
and very sensitive to extrapolation methoc
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Requirements for a FE Based Stress
Parameter Definition for Fatigue Evaluation

A Consistency In stress determination:
AMeskinsensitive
ARobust for complex struciuadsays get the same ans

A A single 8l curve should apply to:
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Ifferent
Ifferent
Ifferent

Batielle

joint geometries
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nlate thicknesses
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The VerityStructural Stress Definition

Structural Stress: Equilibrium Equivalent

Weld

Sm Sb

Notch Stress: Selfuilibrating
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The VerityStructural Stress Definition

Structural Stress: Equilibrium Equivalent

Weld

Farfield stresiscontrols S~
OPari so6 c c k

Local notch efféahfluences
Oshort cCr
Not available from FE analysis.
Obtained from fracture
mechanics studies.
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Numerical Implementation in FEA

A Displacement based FE procedures:

ANodal forces and displacements are most reliable st
guantities

AEquiIibrium conditions are only guaranteed in terms

nodal forces at nodes, but not in terms of stresses
N1

Nodes at
Weld Toe
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Automated Procedures for Shell/Plate Models: Transforr
Nodal Forces/Moments to Line Force and Moments

Coordinate rotations and solvin% N1
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simultaneous equations: Weld Toe Weld
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Automated Procedures for Shell/Plate Models: Transforr
Nodal Forces/Moments to Line Force and Moments

Structural stress at any given location: [\/We'd

fy  6m,
t t?

ss :Sm+5b =

Is the value 8f meshnsensitive ?
Is it a valid fatigue parameter ?
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A Tubular Joint
(Zerbstetal, 02) = |- —

(c) Structural stress SCF results
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Meshlnsensitive SS Demonstrat@ussets on
Plate Edge (FPSO Detall 5)
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" Structural stress is meshsensitive
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A Recent Comparative Study on HSS and
Structural Stress Methods by B. Healy
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A Recent Comparative Study on HSS and
Structural Stress Methods by B. Healy
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Stress Intensity Factor Estimation Using Structur:
Stresses

The structural stress at the weld toe tmssesitive, but is that enou
I what about crack growth / specimen compliance effects ?

General 3D Welded Joints
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Crack growth / compliance

(2) Remote Loading (b) Thickness Effects
Mode Effects
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Stress Intensity Factor Estimation Using Structur:
Stresses

General 3D Welded Joints
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The Fatigue Governing Parameter. Equivalent
Structural Stress ParameRS,

Modify the structural stress for effects of

-loading mode r=—">_=>¢

5m+ss SS
'thiCkn ess Notch Stress: S&§uilibratin
4+ nclude | ocal n

€ to produce an equi val et
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The Fatigue Governing Parameter. Equivalent
Structural Stress ParameRS,
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The Fatigue Governing Parameter. Equivalent
Structural Stress ParameRS,

Equivalent structural stress
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Correlation: All Pipe and Vessel WdNi[3ata
(~500 test) ASME Div 2 Rewrite JIP)
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