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Ansys, computation of J
>>sqrt(0.15890E-01 * 100)
ans =

1.2606
>> sqrt(pi*0.5)
ans =

1.2533

Continue with the theory of J integral computation using equivalent domain integration (EDI)

* Shape of decreasing function g:

g(x. X,)

Pyramid g function Plateau g function

* Plateau q function useful when inner elements are not very accurate:
e.g. when singular/quarter point elements are not used
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— =0 These elements do not contribute to J
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EDI for Jk
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WE (VT = %= Ga) + VI + 5= C3))
WE (Vi = % —Ga) - /T + /> — Gs))

2uGs Nikishkov and Vainshtok 1980

L) &3 E* = ﬁ., for plane strain and E* = E for plane stress

K/ Through Thickness Crack in Flat Plate

—';_ Subject to a Unifoem Crack Face Pressure
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Through Thickness Crack in Flat Plate
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Uniform Crack Face Pressure
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What if we use finer meshes? Is that going to help?
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Theough Thickness Crack in Flat Plae
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Even element h-refinement cannot improve K values by much particularly for
stress based method

6.1.6. Computational crack growth
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® Element edges must conform to the crack geometry:
make such a mesh is time-consuming, especially for
3D problems.

® Remeshing as crack advances: difficult. Example:
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* Nodal release method (typically done on fixed meshes)
* Crack advances one element edge at a time by releasing FEM nodes
* Crack path is restricted by discrete geometry

O\é}/idu M
o\‘\’f .

Fixed mesh

* Also for cohesive elements they can be used for both extrinsic and intrinsic schemes. For
intrinsic ones, cohesive surfaces between all elements induces an artificial compliance (will
be explained later)

Crack tracking
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alignment by refinement operation ligument in spacetime by tent pitching operation

Spacetime mesh adaptive operations align
element boundaries with crack path.
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Brief overview in
continuum damage models
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6.1.7.Extended Finite Element Method (XFEM) ass q(ﬂ“s\ -
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6.1.7.Extended Finite Element Method (XFEM) N NFXA q(ﬂm

* Direct incorporation of singular termss: iﬂ.u,.
e.g. enriched elements by Benzley -
(1974), shape functions are enriched B
by K, K, singular terms re (o E s () e (2 )

* XFEM method falls into thi

(discussed later)
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* Quarter point (LEFM) and COE‘?QdCan be easily used in FEM software
half point (Elastic-perfectly pkestic)

elements: By appropriate positioning 1"’ ;
of isoparametric element nodes ., C 4/ /A
create strain singularities S e i e B
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crack tip with known
displacement
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Crack tip enrichment functions:
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Embedded discontinuity method:
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Some of difficulties with XFEM / GFEM?

1. For the crack tip to be inside an element, we need to have the particular enrichment functions. For
example, what are the enrichments when we want to use PFM, or cohesive models?
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No crack tip solution is known, no tip
enrichment!!!

not enriched to ensure zero
crack tip opening!!!

H(x)={ +1 if (x—x*)-n>0

—1 otherwise

2. Complex fracture patterns:
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An alternative is adaptive meshing
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6.2. Traction Separation Relations (TSRs)
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TSRs remove crack tip stress singularity:

Macro-crack Tip
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MIcrocracking

f tati
LEMENAREN and branching

e Traction Separation Relation (TSR): Relation between traction (stress)
and displacement jump

Cohesive Zone

o= ﬁf‘h“;ﬂ

e Parameters of a cohesive model(Only 2 out of 3 are needed)

Stress (traction) scale : Maximum traction in TSR

Displacement scale o: Separation corresponding to maximum trac-
tion [insic moc or maximum nonzero traction

\(\dL‘ . .
\Q\A Area under o — 4 curve is the work needed to
M a unit surface area. This can be associated with

{—— G, in LEFM theory.
————
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