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Abstract

This paper deals with the near-tip singular fields for Mode-IIT crack growing
quasi-statically and steadily in a power hardening medium. In Seetion 2 the basic
equations are set up and in Section 3 the contiguity conditions for neighbouring
domains (3.1), (3.7) and also the supplementary conditions (3.8) for the unloading
boundary and (3.15) for the reloading boundary are derived. As shown in Fig. 1,
the near-tip region (upper half-plane) is composed of the active plastic zone II, the
unloading wake zone III, and the reloading plastic zone IV, subtending angles 6,
(z — 0, — 0,) and 8, respectively.

In Sections 4 and 5 the stress fuetion ¢ is solved in the form of a series (4.1) in
[In (A/r)]7", and the near-tip stress and strain fields are obtained to within a
parameter, say the parameter 8 (= ¢F""*G, n, ¢ being material constants, @ the shear
modulus and F the intensity of stress singularity), which varies in a range S.<S<<
8., corresponding to the segments M.N. on the § versus 0, curves in Fig. 4. 6, versus
g, ecurve is given in Fig, 3. M, state corresponds to a trivial solution (5.16),
with the same values of angles 0,. and 6,. as for elastic perfectly-plastic medium"™.
N. state corresponds to the upper bound 6, of the angle 8,. 6, is the natural boundary
for the solution of the differential equation (5.11), i.e. 8, is determined by the condi-
tion that the coefficients of the highest-order derivative f*7(6) in (5.11) should
vanish at 8 = 0, (see (5.17)). For elastic perfectly-plastic material (n — c0), M.N,
in ¥ig. 4 shrinks to a point (8, = 6, 8 =0.5), which corresponds to the solution
given by Chitaley and McClintock™. For several values of n, the near-tip stress
and strain distribution is shown in Fig. 5 and 6. It is seen from these Figures that
the difference between the extreme states M. and N, is only slight. It is expected
that a inner boundary-layer type of solution exists in the neighbourhood of the unload-
ing boundary I' (Fig. 1). The consideration of this boundary-layer solution will
be necessary for the determination of the unique true solution (corresponding to
some state on the segment M.N. in Fig. 4), with vanishing plastic strain rates on
the unloading boundary, Alrs =0. The determination of this unique true solution
will be given in a separate paper.



