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Crack mesh basic ingredients

Multiple crack analysis examples:
e Steam drum, 1 to 4 cracks
 Welded pipe, up to 6 cracks

Definition mesh method

Combining input files, inserting the cracks
Multi-crack K, and J-integral results
Summary, list of all necessary ingredients



Focused crack mesh for J contours
» Crack front stress singularity

Crack front node sets for J
e *CONTOUR INTEGRAL

Obtain J-integral and K results:
* Fracture assessment, Fatigue




Cracks in the ligaments
o Corner and full width crack shapes
1 to 4 cracks per model
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Internal and external surface cracks in the
girth weld

Include weld, HAZ, and base materials

/'

4 or more cracks per model
90° arc per crack zone




Ligament definition mesh for each crack
In the steam drum

« Curved surfaces along the edges of
the hole, drum curvature

3D crack mesh in any geometry

Extract the definition mesh from the
larger model, replace with the crack

6 surfaces, grid mesh for geometry
transformation, more elements for
edges with curvature

Generate each crack mesh using
FEACrack ™, Quest Reliability
commercial software

definition mesh crack mesh



definition mesh, 90arc

t

crack mesh

Circumferential segment definition meshes, 90° arc
Include weld crown profile on ID and OD
4 or 6 cracks around the girth weld



Use “parts” syntax in
Abaqus/CAE

Or renumber the crack
meshes, use a text editor

Node set labels per crack
front, retain crack identity for
post-processing K results

Connect crack and larger
meshes with tied contact

Combine constraint, load,
and material data

Run the analysis with the
combined input file



Tied contact between crack
meshes and pipe mesh

Tied contact at the ends of the
crack meshes

Definition mesh can be small:
tied contact one thickness away
from the crack

Combine internal pressure
loading on all meshes

Crack face pressure on internal
~ surface cracks




Plot and compare K results for each crack front
K values more accurate using the actual geometry
Single long surface crack underestimated maximum K
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Girth Welded Pipe J-integral Results
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J-integral, F/L

Crack front location, normalized phi angle (  ff /p)

‘—Top external surface crack —e— Right side internal surface crack ‘

Elastic-plastic analysis, stress-strain curve for each material
J values higher for internal cracks due to crack face pressure
Weld crown geometry affected the J results



User-defined geometry crack meshes

Definition mesh method to match model geometry

Improved accuracy for K and J results
Necessary ingredients:

Large, complicated, FEA model with multiple cracks
Definition mesh for each crack location

3D crack meshes

Crack node sets for J contours, retain each crack’s identity
Tied contact to connect mesh surfaces

Combine input files: “parts” or renumber each mesh
Combine load, constraint, and material data

Multi-crack post-processing, K and J results for each crack



