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1. Intr oduction

A numberof recentpapershavestudiedtheevolution in timeof theshapeof thefront of planar
crackspropagating in brittle materialswith heterogeneousfractureproperties. The ultimate goal
of suchstudiesis to get a betterunderstandingof the pathof propagation of cracksin composite
materialsandgeologicalfaults.Favier etal. [1] consideredfor instancethecaseof a tensileslit-crack
propagatingin fatiguein aninfinite bodywith spatiallyvaryingParisconstant.

Theaim of thepresentwork is to lay thegroundsfor anextensionof Favier et al.’s [1] work to
asystemof twocoplanarparallel slit-cracks. Theaimof thisextensionwill beto studytheevolution
in time of theshapeof thefrontsof thecracksduringtheir coalescence.

2. Presentationof the problem
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Figure1. A systemof two coplanarparallelslit-crackswith slightly perturbedcrackfronts

Thegeometryof theproblemis representedin Figure1. Thetwoslit-crackslie in the planeOxz.
Theunperturbedfronts1 and2 of thefirst crackarelocatedatx = a andx = b respectively, andthe
fronts 1̄ and2̄ of thesymmetriccrackatx = −a andx = −b. All frontsareslightly perturbedwithin
the planeOxz; the local perpendiculardistance betweentheunperturbedandperturbedpositionsof
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the front α (α = 1, 2, 1̄, 2̄) is denotedδα(z). The cracksare loadedthroughsomeuniform tensile
stressσ∞

yy
exertedat infinity.

Thediscussionof crackpropagationof coursedemandsdetailedknowledgeof thedistribution
of the(modeI) stressintensityfactorsKα(z) alongtheperturbedcrackfronts.ThevariationsδKα(z)
of theKα(z) aregiven, tofirst orderin theperturbation,by thefollowing formula(Rice[2]):

δKα(z) = Cα(z)δα(z) + PV
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In thisexpressionthefunctionsCα dependonboththeunperturbedgeometryandtheloading,but the
functionsfα andgαβ, which aretied to Bueckner-Rice’s fundamentalweight functions,dependonly
on theunperturbedgeometry, thatis on theratiok ≡ a/b.

Althoughthework of Rice[2] doesestablishtheexistenceof thefunctionsfα, gαβ, it doesnot
provide their actualvaluesfor thespecificgeometryconsidered,whichareof courserequiredfor the
discussionof crackpropagation. The presentpaperis thereforedevotedto the calculationof these
functions.

3. Method of analysis

Themethodof calculationof the functionsfα, gαβ is similar to that alreadyusedby Leblond
et al. [3] in the caseof a singleslit-crack. Another formula of Rice [2] provides thevariation of
the functionsfα, gαβ arising from an arbitrary perturbationof the fronts. This equationis applied
to specialperturbationspreservingtheshapeandrelative dimensionsof thecrackswhile modifying
their sizeandorientation.Sincefor suchperturbations,theunperturbedandperturbedgeometriesare
identicalup to a changeof scalecombined witha rotation,thevariationsof thefunctionsfα, gαβ are
tiedto thesefunctionsthemselves.Rice’sformulathenyieldsasystemof nonlinearintegrodifferential
equationson thefunctionsfα, gαβ, which aretransformedvia Fourier transformin thedirectionz of
thecrackfrontsinto nonlinearordinarydifferentialequationsontheFouriertransformsf̄α, ḡαβ. These
differentialequationsaresolvednumericallyonceandfor all for all valuesof theparameterk.

The casea → 0 or equivalently k → 0 is of specialinterestfor the future studyof the coa-
lescenceof thecracks.Taking this limit is a non-trivial taskbecauseit raisesa problemof singular
perturbationin Fourier’s space,implying the presenceof a boundarylayer for small valuesof the
wavenumber(large valuesof the wavelength). Thisproblemis solved throughmatchedasymptotic
expansions.Theoutputconsistsof a systemof two nonlineardifferentialequationson thesolefunc-
tions f̄1, ḡ11̄, which is againsolvednumerically.

It is thuspossibleto obtainthe functionsfα, gαβ, at leastnumerically, for both finite andin-
finitesimalvaluesof theparameterk, andthis openstheway to thestudyof theevolution in time of
theshapeof thefrontsduringthepropagationof thecracks,includingtheir coalescence.
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