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1. Intr oduction

A numberof recentpapershave studiedthe evolutionin time of the shapeof thefront of planar
crackspropagting in brittle materialswith heterogeneoufacture properties. The ultimate goal
of suchstudiesis to get a betterunderstandingf the path of propagtion of cracksin composite
materialsandgeologicalfaults. Favier etal. [1] consideredor instancehe caseof atensileslit-crack
propagtingin fatiguein aninfinite bodywith spatiallyvarying Paris constant.

Theaim of thepresentork is to lay thegroundsfor anextensionof Favier etal.’s [1] work to
asystenmof two coplanarparallel slit-cracks Theaim of this extensionwill beto studythe evolution
in time of the shapeof thefronts of the cracksduringtheir coalescence.

2. Presentationof the problem

Figure 1. A systemof two coplanamparallelslit-crackswith slightly perturbedcrackfronts

Thegeometryof theproblemis representeth Figurel. Thetwo slit-crackdie in the plangzz.
Theunperturbedronts 1 and2 of thefirst crackarelocatedat x = « andx = b respectiely, andthe
fronts1 and2 of thesymmetriccrackatz = —a andz = —b. All frontsareslightly perturbedwithin
the planeOzxz; the local perpendiculadistance betweetihe unperturbedandperturbedpositionsof
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thefront o (o = 1,2,1,2) is denoteds,(z). The cracksare loadedthroughsomeuniform tensile
stressop; exertedatinfinity.

Thediscussiorof crackpropagtion of coursedemandsletailedknowledgeof the distribution
of the(model) stressgntensityfactorsi,(z) alongthe perturbeccrackfronts. Thevariationso K, (z)
of the K, (z) aregiven, tofirst orderin the perturbationpy thefollowing formula(Rice[2]):
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In this expressiorthefunctionsC,, dependn boththeunperturbedjeometryandtheloading,but the
functions f,, andg,g, which aretied to BuecknefRice’s fundamentaiveightfunctions,dependonly
ontheunperturbedyeometrythatis ontheratio k = a/b.

Althoughthework of Rice[2] doesestablistthe existenceof thefunctionsf,,, g.s, it doesnot
provide their actualvaluesfor the specificgeometryconsideredyhich areof courserequiredfor the
discussiorof crack propagtion. The presentpaperis thereforedevotedto the calculationof these
functions.
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3. Method of analysis

The methodof calculationof the functions f,, g.s is similar to thatalreadyusedby Leblond
et al. [3] in the caseof a singleslit-crack. Anotherformula of Rice [2] provides thevariation of
the functions f.,, g.s arisingfrom an arbitrary perturbationof the fronts. This equationis applied
to specialperturbationgpreservingthe shapeandrelative dimensionof the crackswhile modifying
their sizeandorientation.Sincefor suchperturbationsthe unperturbedéndperturbedgeometriesare
identicalup to a changeof scalecombined witha rotation,the variationsof thefunctionsf,,, g.; are
tiedto thesdunctionsthemselvesRice’'sformulathenyieldsasystenof nonlinearintegrodifferential
equationon thefunctions £, g.3, which aretransformedvia Fourier transformin the directionz of
thecrackfrontsinto nonlinearordinarydifferentialequation®nthe Fouriertransformsf,,, g.s. These
differentialequationsaresolved numericallyonceandfor all for all valuesof the parametef.

Thecasea — 0 or equialently & — 0 is of specialinterestfor the future study of the coa-
lescenceof the cracks. Taking this limit is a non-trivial taskbecauseét raisesa problemof singular
perturbationin Fourier's space,implying the presenceof a boundarylayer for small valuesof the
wavenumber(large valuesof the wavelength). Thisgproblemis solved throughmatchedasymptotic
expansions.The outputconsistf a systemof two nonlineardifferentialequationson the solefunc-
tions f1, g1, whichis againsolved numerically

It is thus possibleto obtainthe functions f.,, g.s, atleastnumerically for both finite andin-
finitesimalvaluesof the parametek, andthis opensthe way to the studyof the evolution in time of
the shapeof the fronts duringthe propagtion of the cracks,includingtheir coalescence.
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