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Preface

This book explains how plane elastostatic crack problems may be

formulated and solved in terms of hypersingular integral equations.

The unknown functions in the hypersingular integral equations are

the crack opening displacements. Once the hypersingular integral

equations are solved, the crack tip stress intensity factors, which

play an important role in fracture analysis, may be easily com-

puted.

Chapter 1 gives a brief account on the linear theory of fracture

mechanics and the importance of the crack tip stress intensity

factors in predicting crack extension, lays down the mathemati-

cal equations in linear elasticity needed in subsequent chapters,

and provides basic definitions of the Hadamard finite-part inte-

grals which appear in hypersingular integral equations for crack

problems.

Chapter 2 shows how Fourier integral representations for plane

elastostatic displacements and stresses may be used to derive hy-

persingular integral equations for coplanar cracks in idealised elas-

tic spaces. A detailed step by step derivation of the hypersingular

integral equations is given for coplanar cracks in an anisotropic

elastic full space under antiplane deformations. The analysis is ex-

tended to include generalised plane deformations, periodic copla-

nar cracks, and coplanar cracks in an infinitely long elastic slab

and between two dissimilar elastic half spaces. Formulae for the

stresses near the crack tips are also given in this chapter.

Chapter 3 presents two different numerical methods for solving

a general system of hypersingular integral equations in linear crack

problems. The first method approximates globally the unknown

crack opening displacements over a crack by using Chebyshev poly-

nomials of the second kind. In the second method, each of the

cracks is discretised into small elements and the crack opening
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displacements are approximated locally over each of the elements

using spatial functions of a relatively simple form.

Chapter 4 shows how the boundary integral equations in lin-

ear elasticity may be employed to obtain hypersingular boundary

integral equations for the numerical solution of a plane elastosta-

tic problem involving arbitrarily located planar cracks in a two-

dimensional body of finite extent. The boundary integral equa-

tions are also used together with special Green’s functions to de-

rive hypersingular integral equations for arbitrarily located planar

cracks in elastic spaces with certain idealised geometries.

Chapter 5 describes the numerical construction of an elasto-

static Green’s function for arbitrarily located traction free planar

cracks in an elastic full space. The Green’s function, which is con-

structed by solving numerically a suitable system of hypersingular

integral equations for the cracks, is used to formulate a plane elas-

tostatic problem involving planar cracks in a elastic body of finite

extent in terms of boundary integral equations that do not contain

any integral over the cracks.

Chapter 6 deals with the extension of the analyses in the ear-

lier chapters to include edge and curved cracks and plane electro-

elastostatic crack problems.

FORTRAN 77 programmes for generating the numerical re-

sults in Figure 5.1 and Tables 3.1, 3.2, 4.2, 6.1 and 6.2 are listed

in full for the benefit of readers who may be interested in program-

ming the numerical algorithms in this book.

I would like to thank David Clements and Jeng-Tzong Chen,

who are both well accomplished researchers on the boundary in-

tegral method, for reviewing and supporting the idea of writing

this book; Harriet Clayton, Fenton Coulthurst, Ed Gibbons, Glyn

Jones and George Knott at Woodhead Publishing for their prompt

attention to matters pertaining to the publication of this book;

and Xue Wang, a postgraduate research student under my super-

vision, for reading parts of this book and alerting me to some

typographical errors.

Singapore W. T. ANG

18 November 2013
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