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Background and Introduction

� Engineering materials contain flaws
• Inclusions, porosity, lack of weld fusion

� Flaws may cause cracks to form and grow 
over time: fatigue

� A critical size crack can cause fracture
• Stress can be below the yield strength

� Evaluate cracks using fracture mechanics 
methods

� Accurate stress intensity values, KI, needed



© 2006 ANSYS, Inc.

Introduction: Using FEA For 
Cracks

� Use ANSYS FEA to compute KI when 
existing values are not available for:
• Geometry
• Crack location or crack shape
• Boundary conditions, loads

� Insert a 3D crack mesh into a larger FEA 
model for more complicated structures

� Use the definition mesh method for a crack 
mesh in an arbitrary volume
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3D Crack Mesh Features
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Example: Set -In Nozzle With 
Pad

� Insert the crack mesh in the internal weld
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The Definition Mesh

� Create the desired shape 
of the crack mesh region

� The definition mesh 
includes part of the 
nozzle and all of the shell 
to nozzle internal weld

� Remove the definition 
mesh from the model
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Definition Mesh Requirements

� Must have 6 surfaces to match the 
preliminary crack mesh shape

� Use a grid mesh of brick elements
• or tetrahedron mesh for most cases

� Brick elements are used directly for the 
geometry transformation
• More elements give a better final shape
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Insert The 3D Crack Mesh

� Replace the definition mesh with the 3D 
crack mesh in the nozzle model

� 3D crack mesh 
generated using 
FEACrackTM

� Combine meshes in an 
ANSYS input file 

� Connect the meshes 
using bonded contact

� 2c = 8 in, a = 1 in
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Weld Residual Stress

� Include the weld residual stress when the 
crack is in or near a weld
• Post weld heat treated to 20% of yield

• Simulate by DT thermal strain

� Welds have regions of tensile stress
• Increases the stress intensity KI

• Reduces the critical crack size for fracture

� Map the stresses from an uncracked FEA 
model onto the 3D crack mesh
• Use “Inverse Distance Weighted” (IDW) 

interpolation
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IDW Interpolation:
Shepard’s Method (1968)

fi, previous analysis stress values
wi, weighting value per data point
di, distance between new point and data points
p, exponent parameter, typically p = 2.0
n, number of data points; can use nearby subset 

to speed up the algorithm
F, mapped residual stresses on the crack mesh
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ANSYS Stress Results

� Verify that the bonded 
contact connected the 
meshes

� Use stress, strain, and 
displacement results to 
compute the crack front 
stress intensity, KI, in 
FEACrackTM post-
processing
• J-integral to compute K
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Results: Close Up Of The 
Crack

� 500x displacement 
scale

� Verify that the crack 
opens

� Residual stress also 
visible in the other 
nozzle welds
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Summary

� Used the definition mesh method to insert a 
3D crack mesh into the weld in a set-in nozzle 
example

� Use IDW interpolation to map weld residual 
stresses onto the 3D crack mesh

� Obtained crack front stress intensity values 
for use in a crack evaluation

� Copies of example files available on request


