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Isoparametric singular elements

Quarter point Quarter point collapsed
Quad element Quad element
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Improvement:

P 3p - Better accuracy and
singular form ﬁ-nly along these lines Im pl'll)\fement: less mesh sensitivity
NOT recommended - ~rominside all element

Problem
- Solution inaccuracy and sensitivity
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How should the finite element mesh look like around a CT?
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We'll create meshes like this next week

Now that we have the FEM mesh around the crack tip, how do we calculate K and G?

6.1.3. Extraction of K (SIF), G
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- With special CT elements (1/4 3/4 mid-node location), we can also calculate K from nodal displacements
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or alternatively from the first quarter point element: @(@ 8 A0
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What about mixed mode fracture? Can we used behind the
crack displacements to extract Kl and KII?

K 126 fax[o0 1]| =30, +4(Tp-7p) - (W -7)
Ku [ “2:+1VI [ 1 0]| 37, +4(7,-7)) - ?,}_ﬂ—-a—.'}_:)

Mixed mode generalization:
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2. Stress

K| = ,IEIO (\/27rr 022|0=0) ; K= ‘lypo (\/27rr 012|o=0)
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or can be done for arbitrary angle (0) taking ¢ 4
angular dependence f{0) into account

Computationally, it's much better to use the displacement approach for the following reasons:
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Other approaches indirectly calculate K from G (or J)

2. K from energy approaches

1. Elementary crack advance (two FEM solutions for a and a + Aa)
2. Virtual Crack Extension: Stiffness derivative approach
3. J-integral based approaches (next section)

After obtaining G (or J=G for LEFM) K can be obtained from

9 ! Y X/ E plane stress
K? = E'G e (P |
= Tz Plane strain

iz

2.1 Elementary crack advance

For fixed grip boundary condition perform two simulations (1, a) and (2, a+Aa):
All FEM packages can compute strain (internal) energy U,

PN
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1. Delta a small -> bad run into finite precision errors AT — Q
2. Delta a large -> derivative approximation is getting worse

Other pitfall is that we need two FEM solutions

2.2 Virtual crack extension
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