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Abstract

A cracked orthotropic semi-infinite plate under thermal shock is investigated. The thermal stresses are generated due to
sudden cooling of the boundary by ramp function temperature change. The superposition technique is used to solve the
problem. The crack problem is formulated by applying the thermal stresses obtained from the uncracked plate with oppo-
site sign to be the only external loads on the crack surfaces as the crack surface tractions. The Fourier transform technique
is used to solve the problem leading to a singular equation of the Cauchy type. The singular integral equation is solved
numerically using the expansion method. The influence of the material orthotropy on the stress intensity factors is shown
by comparing the results obtained for different orthotropic materials and isotropic materials in the case of plane stress. The
numerical results of the stress intensity factors are demonstrated as a function of time, crack length, location of the crack
and the duration of the cooling rate.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The composite materials have been widely used recently in many engineering applications. The important
failure mode in many applications is the cracking of the material under thermal stresses. As many engineering
components can be treated as a plate, the study of such cracked plate is quite important. If the crack length is
small compared to the width of the plate, the problem can be analyzed as a crack in a semi-infinite plate. Due
to surface cooling, high tensile stresses arise near the cooled surface which may cause crack propagation result-
ing in severe damage. The important correlation parameter in analyzing the subcritical crack growth is the
stress intensity factor which can predict whether catastrophic failure will occur due to unstable crack
propagation.

Studies of the cracked plate for isotropic elastic plates under transient thermal stresses had been conducted
by many researchers [1–7]. For orthotropic materials, the effect of the material orthotropy on the stress
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intensity factors under mechanical loading had been considered in the literature [8–15]. In these studies, the
results showed that there are differences between the stress intensity factors obtained from isotropic and ortho-
tropic strips with the same crack geometry and external loads. The analysis of the thermoelastic crack prob-
lems in anisotropic materials is also considered in the literature. Determined in [16] are the stress intensity
factors for an infinite anisotropic material with a crack caused by an arbitrary distribution of temperature
or heat flux over the crack surfaces. A crack in an infinite orthotropic plate under uniform heat flow has been
investigated in [17] and a pair of coplanar central cracks in an infinite orthotropic plate under uniform heat
flow in [18]. The transient thermal stress problem in an orthotropic thin plate with a Griffith crack perpendic-
ular to the surface of the plate is considered in [19] using the Airy stress function. The solutions of the ther-
moelasticity problem of an orthotropic plate with two collinear cracks subjected to uniform and linear heat
flow on the crack surfaces are investigated in [20]. The thermoelasticity problems of symmetrical and antisym-
metrical heat flow disturbed by three coplanar cracks in an infinite orthotropic plate are considered in [21,22].
Thermal stress intensity factors have been obtained [23] for a crack in an infinite orthotropic layer situated
parallel to the plane surfaces of the layer for two kinds of boundary conditions with respect to the temperature
field. In the first problem, the upper surface of the layer is heated to maintain a constant temperature T0 while
the lower surface of the layer is cooled to �T0. In the second problem, a uniform heat flow is applied to the
upper surface of the layer and the same amount of heat is removed from the lower surface of the layer.

In the present work, the analysis of the elastic homogeneous orthotropic semi-infinite plate with an internal
and edge crack perpendicular to the boundary under thermal shock is investigated. The thermal stresses are
created as a result of sudden cooling on the boundary by a ramp function temperature change. The formula-
tion of the problem is carried out by using the superposition technique. First, the transient thermal stresses for
the uncracked medium are obtained under appropriate initial and boundary conditions. Second, the isother-
mal cracked medium (the perturbation problem) is solved utilizing the thermal stresses obtained from the
uncracked plate with opposite sign on the crack surfaces as the crack surface tractions. In this analysis, the
problem is assumed to be uncoupled quasi-static, i.e. the inertia effects are neglected and the thermoelastic
coupling effects and the temperature dependence of the thermoelastic coefficients are negligible. The Fourier
transform technique is used to formulate the perturbation problem leading to a singular integral equation of
the Cauchy type with an unknown function which is defined as the derivative of the crack surface displace-
ment. The singular integral equation is solved numerically using the expansion method developed in
[24,25]. Numerical results of the stress intensity factors in the case of plane stress for an internal and edge
crack are calculated for different orthotropic materials and presented as a function of time, crack geometry,
and the duration of cooling rate and compared with the isotropic results.

2. Problem formulation

Consider a homogeneous orthotropic semi-infinite plate at uniform temperature T1 with a finite crack of
length l = (b � a) perpendicular to the boundary y = 0 as shown in Fig. 1a. It is assumed that the principal
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Fig. 1. Crack geometry and temperature boundary condition.
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