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Outline

� Compare custom to semi-elliptical crack shape
� “Complex” crack shape
� Remeshing crack growth method
� Node redistribution algorithm
� Nuclear power plant application example
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Compare Crack Shapes

� Semi-elliptical: standard crack shape for fracture 
mechanics, enter c,a crack dimensions

� Custom: enter table of ci,ai values; can start as 
semi-elliptical and evolve to arbitrary shape

semi-elliptical custom
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Custom “Complex” Crack

� Unusual crack shapes 
possible with the 
custom crack

� Through-wall at the 
OD crack tip

� Part-depth along ID 
circumference

� Outward normal 
vector, q
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Complex Custom Crack Mesh

� Quarter symmetric pipe, 
complex custom crack
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Remeshing Crack Growth

� Use linear elastic fracture mechanics (LEFM)
� Cyclic fatigue or stress corrosion crack growth
� Remeshing method analysis loop:

1. Generate custom crack mesh, FEACrackTM

2. Solve FEA model, Abaqus, get J, K

3. Using Ki update crack growth and ci, ai

� � = outward direction, each crack front node �
� = cycles or time
����� = fatigue parameters
� � = crack front stress intensity
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Node Redistribution

� Option for growth analysis of custom cracks
� Relocate updated crack front nodes
� Maintain original element spacing along crack
� Avoids element collapse and numerical 

problems at the crack tip
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Nuclear Power Plant: 
Application Example

� Reactor schematic 
from EPRI report

� PWSCC = primary 
water stress corrosion 
cracking

� Crack indications in 
nozzle welds

� Standard semi-
elliptical crack shape 
overly conservative

Reference: Materials Reliability Program: Advanced FEA Evaluation of Growth of 
Postulated Circumferential PWSCC Flaws in Pressurizer Nozzle Dissimilar Metal Welds 
(MRP-216, Rev. 1): Evaluations Specific to Nine Subject Plants. EPRI, Palo Alto, CA: 
2007.  015400.
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Nozzle Close Up

� Primary piping system loads, plus 
weld residual stresses

� Compressive regions in pipe wall 
due to weld residual stress

� Use custom crack growth to 
account for crack arrest and 
smaller crack area

� Larger uncracked ligament area to resist fracture
� Results demonstrated leak before break
� Avoided costly unscheduled shutdown of 9 plants
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Crack Growth Profiles
� Custom crack front growth compared to a standard semi-

elliptical crack
• From the report by EPRI and Dominion Engineering

Custom crack
fronts

Semi-elliptical
crack front
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Complex crack fronts



Summary

� Compared custom crack fronts to standard 
semi-elliptical shape

� Outlined the custom crack shape remeshing
crack growth method

� Showed that the custom crack shape was 
beneficial in the nuclear power plant analysis 
project
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