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1 Introduction

It is well known that microcracks in brittle materi-
als, e.g., concrete, rocks and ceramics, often control over-
all deformation and failure mechanisms because the dis-
turbed microcracks in such materials not only lead to
macrocrack initiation and final failure, but also induce
progressive material damage. So, the study on the crack
problems is of significant importance in both mechanical
and civil engineering. The purpose of this paper is to
study the boundary element method for the crack prob-
lem in orthotropic materials. As an initial attempt, only
the homogenous and two-dimensional problem was con-
sidered in this paper.

2 Basic equations and crack problem

In the orthotropic elastic materials, the strain-
displacement relation, the equlibrium equation and the
constitutive equation are given as:
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gijj + Xi =0 (1)
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where €5, u;, 0;; and X; are strain, displacement, stress

and body force, respectively. cf! and s}/ are the elastic

and compliance tensors, respectively.

Based on the complex elastic potentials [1], the dis-
placement and the stress fields of orthotropic materials
can be expressed as:
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were <y;, 7y are the characteristic roots while dyx, pa
(A = 1,2) are parameters associated with the material
constants which are given as:
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were By = s33 — s3303, and a3 are the two roots of the

following equation:
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Also, v» and a) are related with each other by the fol-
lowing relations:
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Considering the existence of cracks, the boundary value
problems can be described as:
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Here, s; is the traction vector on the boundaries.
S1, 52, ..., Sy are the crack face boundaries.

3 Boundary element method

From Somigliana formula, the solutions to the crack
problem above can be expressed by:
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The kernels G;; and S;; are the fundamental solution
and the associated fundamental solution, respectively. In
order to solve these integral equations numerically, based



on the boundary conditions, they can be reduced to the
following system:
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In Fukui’s recent work [2], the influence coefficients ac-
cording to constant elements in Eqs.(10) and (11) have
been derived. However, because the displacement field
near the crack tip is in proportion to /s (s is the dis-
tance from the crack tip), the constant element is not
suitable for the crack tip area. So here, as did in Fukui’s
work [3], the basic function fi(x) = 1/2s/l is adopted
to derive the influence functions of the crack tip element
where s is the distance from the crack tip while [ is the
length of the crack tip element (see Fig.1).
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Fig.1 Crack tip element

Consider a linear element as shown in Fig.2. Then,
based on Eqs.(2), (3) and (4), the displacement and stress
fields due to the unit displacement of the crack tip ele-
ment can be obtained as:
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Fig.2 Linear element (a,b)
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From Eqs.(12), (13) and (14), the fundamental solu-
tions of the crack tip element could be obtained. Then,
the resulting equations (10) and (11) could be solved nu-
merically, from which we can analyze the crack parame-
ters further.

4 Conclusions

Based on the complex potentials, the boundary ele-
ment method for the crack problem of orthotropic ma-
terials has been studied. The crack tip element was es-
pecially introduced, and the fundamental solutions of it
have been derived, based on which the multi-crack prob-
lem for orthotropic materials could be solved numerically.
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