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ACTION OF LOCAL TEMPERATURE FIELD ON
CURVILINEAR CRACK RETARDATION

Abstract

The action of local temperature field on crack retardation is investigated.
It is considered the case when the linear dimension of the heated area is small
compared with the crack length and with any other typical linear dimension of the
plate in the plan. The obtained formulae enable to define local stress intensity
factors near the crack’s end and to analyze the action of the introduced stress
temperature field.

Problem statement. In real materials, the cracks surface have unevennesses
and distortions because of structural and technological factors. Let’s consider a
failure mechanics problem on a crack in a plane assuming that the crack’s contour
has roughnesses (small deviations from the linear form). The crack in the plane
is assumed to be close to the linear form assuming only small deviations from the
straight line y = 0. The equations of the crack is accepted in the form y = f(x).

Consider an unbounded thin elastic plate weakened with a curvilinear crack at
the origin of coordinates. The crack faces are free from external loads. The contrac-
tive stresses zone is created for retardation of curvilinear crack on its propagation
way by heating the domain S to the temperature T0 by means of thermal source.

The goal of the paper is to determine the stress-strain state out of the crack and
also to define the quantity of the ultimate external load by attaining of which the
crack propagates in the plate’s section.

Accept the following assumptions.
1) all thermoelastic characteristics of the plate material are temperature inde-

pendent;
2) the plate’s material is a homogeneous and isotropic body.
It is assumed that at moment t = 0 the arbitrary domain S on the crack propa-

gation way in the plate heats up instantly to the constant temperature T = T0. The
remaining part of the plate at the initial moment has the temperature T = 0.

In the case when the typical linear dimension of the domains S is assumed to
be small compared with the crack length or any other typical linear dimension of
the plate in the plan, the effective asymptotic solution of this problem based on
representation of thin structure of the crack end is possible.

A problem on thin structure of the crack end (i.e. on stress and strain distribution
at distances r from the crack end, satisfying the condition L À r À ρ may be stated
as follows [1]. Here ρ is the curvature radius of the crack end.

Let’s consider the vicinity of the curved crack end that is small compared with
the typical linear dimension in the plate’s plan but is greater compared with typical
linear dimension of the domain S.

Then the crack on the plane Oxy is represented by a semi-infinite through curvi-
linear section along y = f(x), −∞ < x < 0, free from external loads, the domain
S may have any (but finite) dimensions and configuration. The stress field charac-
teristic for thin structure of the crack end is realized at the infinity. This field is
assumed to be given and has the following form
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