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Thelinear elastic solution for the crack tip fields in a general orthotropic medium has
been solved by Sih and Liebowitz (Ref.1). Knowledge of the stress and displacement
fields then leads to the energy release rate, and hence the relation between K and G.
Although thisrelates only to linear elastic behaviour, the resulting equation can be
used as the definition of the effective K (i.e. the toughness) after yielding, just asit is
in the isotropic case.

Equ.(4.51) of Ref.1 isthe required relationship, athough expressed in terms of a non-
standard definition of K and a general “a-tensor” of elastic constants. The
conventional K differs by afactor of V. The “a-tensor” for a 2D problem reduces to
the following relation between strain and stress components for the general
orthotropic medium,
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The crack istaken to lie on the x-axis. Only the Mode | problem is considered here
(though Ref.1 addresses all three Modes). The applied tension isin the y-direction. In
this case the crack tip fields turn out not to depend upon the constants a;s and ags. The
remaining constants are more familiar in the following form, for plane stress:-

e a1 = 1/E;, where E; isthe elastic modulus in the x-direction;
e a = 1/E,, where E; is the elastic modulus in the y-direction;
e ag = 1/, where n isthe shear modulus in the x-y plane;

There are two Poisson’s ratios, depending upon whether the x-strain due ay-stressis
considered (vy), or vice-versa. But they are not independent, being related by,
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Provided that the crack is constrained to grow in the self-similar direction (i.e. in the
x-direction) the energy release rate is given in terms of the conventional K by:-

be: e
Plane stress: G|t E+E—V1 K?
2E,E, E, 2u

A similar expression appliesin plane strain with the usual adjustments to the
constants, i.e.,
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where, E; = L

The above expressions are the most general, since the four constants E;, E,, p and v,
are independent in general. However, if we make the assumption that the shear
modulus can be approximated by,

then the following G-K relationships hold,
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Plane strain: G= K2
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