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By using 1/4, 3/4 positioning of the middle node not only we get singularity, but also we get the right power of singulariter LEFM Q}\ M S o'b»@\ (AN} Q\é

In practice, we'll have a spider web mesh around the crack tip:
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* Transition elements:
According to this analysis N
mid nodes of next layers move —— ::‘f’:_}-_- = o
to % point from % point O SR )

Lynn and Ingraffea 1977}
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1. K from local fields %@(\\) O . A @
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or alternatively from the first quarter point element: P
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1. K from local fields

2. Stress £, /3

K= }]Eln (\/ﬁ 022 |9:0) o K= rlE]-ln (v”ﬁ 012|@:0) 5CY/ Q 36) - t<r

or can be done for arbitrary angle (8) taking o T
angular dependence f{8) into account

§

Why the stress approach is very bad:

1. Stress tends to infinity as we get close to the crack tip, whereas displacement goes to zero. FE shape functions have a much easier time to capture bounded displacement than a stress
solution going to infinity (even with using 1/4 nodal position elements).

2. Displacement is the interpolated field in FE methods so it's one order more accurate than strains and stresses that are obtained from the gradient of displacement field.

3. Stress method performs poorly when there are tractions on crack surface

Calculating K from G: /\/\ o &1 ‘& Ro rﬁ\g\ QA
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2.1 Elementary crack advance -
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2.2 Virtual crack extension
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e We may not even need to forn 3 ssemmble »‘
e L . ok -

a and a + Aa to obtain -{-JJ—E‘- W icitly ain "I"L or w

elements affected by crack growth by computing derivatives of "

actual geometry of the element to parent geometry,

+ This method is equivalent to J integral method (Park 1974)




2.2 Virtual crack extension: Mixed mode

* For LEFM energy release rates G, and G; are given by

5 o= G = Ki -'—_r-f\',i',. N Ky
: 2
—2K Ky
J = Go=——
2 2 5

= Using Virtual crack extension (or elementary crack advance) compute G; and G, for

crack lengths @, a + Ag 0=*
. I (1 A_H e=0
* Obtain K and K, from: s /a2 %52 | Note that there are two sets
Ky = a “ of solutions!
6.1.4.] integral
Methods to evaluate J integral:
1. Contour integral: du
J= J{ (u'ﬁrlu -t ‘__J—:f]
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Jo = _wdr — t—-dl’
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J integral: 1.Contour integral

+  Stresses are available and also more accurate at Gauss points
+ Integral path goes through Gauss points t1r 111
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the integrand, evaluate - » -
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