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Presentation Outline

� What is a crack?
� When to use FEACrack™
� Crack mesh features and pictures
� Crack meshing and analysis challenges
� 3 crack analysis examples



What is a crack?

� Model the crack as a sharp defect
� Cracks cause fracture failure due to local 

stress intensity
� Cracks can grow over time due to applied 

cyclic loading: fatigue
� Evaluate cracks as safe or unsafe 

• Use a Failure Assessment Diagram (FAD)
• Use elastic results for stress intensity KI

• Use elastic-plastic results for reference stress



When to use FEACrack TM

� When stress intensity values, KI, are needed for 
crack evaluation calculations
• Fracture assessment
• Fatigue analysis
• Parametric case study: crack and geometry dimensions

� When stress intensity values are not available for a 
particular:
• Geometry
• Crack shape, location, or size
• Loading or constraint condition



What values to compute?

� Use FEACrackTM to generate 3D crack 
meshes and FEA input files

� Use FEACrackTM to post-process the FEA 
results to obtain:
• J-integral values
• Stress intensity K values
• Reference stress values



Crack mesh features

� High amount of mesh refinement near the 
crack front 

� Focused mesh at the crack front, collapsed 
brick elements, required for J-integral

� Surface or buried cracks: use ellipse curve 
� Through crack: use straight line or custom 

shape
� Use symmetry in the crack plane and normal 

to the crack plane



Semi-elliptical surface crack in a flat 
plate; half symmetric



Close up of the semi-elliptical 
surface crack



Flat plate, membrane stress results 
and crack opening



Internal circumferential crack in a 
cylinder, quarter symmetric



Internal circumferential crack 
in a cylinder, close up



Close up of the crack, corner crack 
in a plate with a hole, half symmetric



Surface crack at the nozzle to shell 
connection, half symmetric



Through-thickness crack

Straight line crack front

“Thumbnail” custom crack front



Crack Analysis Challenges

� Many crack meshes, case studies
� Range of crack sizes, small to large
� Variety of geometric shapes
� Crack shapes: semi-elliptical, constant depth 

“canoe” shape, through thickness
� Crack locations on curved mesh surfaces
� Curved crack surface
� Crack mesh in an arbitrary geometry
� Focused mesh at the crack front, and ...



More Challenges

� Must use brick elements in the focused mesh
� Crack input data, sorted node sets for the              

J-integral at each crack front node
� Correct node constraints for symmetry
� Including residual stress in the crack mesh
� Post processing, extract and compare crack 

results from many models (case study)

The sum of the challenges makes crack 
meshing and analysis a time consuming task



Crack Mesh Methods

� Reusable crack mesh primitive; generate it as an 
isoparametric dimensionless geometry

� Geometric method to transform the crack mesh 
primitive to the desired shape

� Automatically locate and list crack front nodes
� Read J-integral results to an easy copy-paste 

format for other crack evaluation calculations
� Quest Reliability’s FEACrack ™ software 

automates crack meshing



Crack Analysis Examples

� Example 1: crack analysis and evaluation, 
cylinder with an external surface crack

� Example 2: user-defined geometry, a curved 
tube with a surface crack on the flank

� Example 3: fatigue analysis, crack remesh
method, wind turbine main shaft



Example 1: Crack Evaluation

� Cylinder with an external circumferential 
surface crack, internal pressure

� Elastic analysis for stress intensity KI

� Elastic-Plastic analysis for reference stress

� Cylinder: Rin = 8 in, T = 0.65 in, L = 10 in

� Surface Crack: 2c = 3 in, a = 0.3 in

� Maximum pressure 5000 psi, 20 load steps, 
evaluate four elastic cases



Build the cylinder surface crack mesh, 
quarter symmetry



Crack Evaluation Calculations

� Reference stress, s ref, from ratio of total J to 
elastic J

� Lr, Kr point on FAD for each evaluation
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Definition of surface crack ffff angle
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Example 2: Curved Tube

� Crack mesh can be a sub-model or “part”
� Definition mesh gives the desired shape, mapped 

brick mesh preferred, import into FEACrackTM

� Use tied contact to connect the crack mesh to the 
master model

� Master mesh can use brick or tetrahedron elements
� Multiple crack sizes in the model is easy by using a 

single definition mesh



Separate the definition mesh from the master 
mesh, import the definition mesh into FEACrack TM



Use the definition mesh to generate the crack mesh,  
then combine meshes and connect with tied contact



Combined master mesh and crack mesh
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Example 3: Wind Turbine Rotor

� Thick-wall cylinder, external surface crack
� Paris equation for fatigue crack growth:

� Determine operation life for a given initial 
crack size

� Remesh the crack after each cumulative 
integration step, update load cycles N

� Animation of fatigue crack growth
• See file “Turbine Rotor Crack Growth Animation.pdf”
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Wind Turbine Rotor Initial Surface Crack

Small Initial 
Surface Crack



Surface crack depth fatigue 
results, wind turbine rotor
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