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Bir¢ok jeotekniksel miihendislik probleminde siklikla karsilagilmasindan dolayi, killi
kayalarin etki eden yiikler altinda mikro yapisinin nasil evrildiginin anlasilmasi son derece
onemlidir. Ornegin bu tiir kayalar, diisiik hidrolik iletkenlikleri ve yiiksek radyoniiklit tutma
kapasiteleri nedeniyle ¢ok sayida radyoaktif atik depolama projelerinde potensiyel depolama
kayasi olarak diisliniilmektedir. Bu ¢alismada, killi kayalarda gelisen yenilme mekanizmalari
ve deformasyon siireglerini incelemek igin zenginlestirilmis bir ayrik elemanlar modelleme
yaklagimi Onerilmistir. Killi kayalarin genel davranisinda etkili olmasindan 6tiirii malzeme
anizotropisi, sayisal modelde dnceden belirlenen bir mikro yapisal 6zellik olarak dogrudan
dikkate alinmstir. Yade agik kaynakli DEM yazilimina uygulanan bu model, tek bir diizlemde
anizotropi gosteren ve gilinliimiizde ulusal Fransiz radyoaktif atik depolama ajanst (ANDRA)
tarafindan incelenen Kallovo-Oxfordiyan (COx) kiltagimi temsil edecek sekilde kalibre edil-
mistir. Onerilen modelin performansini sinamak amaciyla ¢ok sayida iki eksenli ve {i¢ eksen-
li deney simiilasyonlart yapilmistir. Elde edilen sayisal sonuglar, laboratuvar gézlemleriyle
karsilastirilmis ve bunlarin gerilim-deformasyon davranigi ve yenilme paternleri agisindan
birbirleriyle son derece uyumlu oldugu goériilmiistiir. Dahas1 sonuglar, mevcut hasarin gerilim-
deformayon egrisinin yenime noktasindan ¢ok daha 6nce gelistigini ve diisiik gerilim kosullari
altinda (0.1 MPa) ¢ekme mikro ¢atlaklanmalariyla, yiiksek gerilim kosullarinda (20 MPa) ise
tetiklenmenin makaslama mikro ¢atlaklanmasiyla basladigin1 géstermistir. Ayrica gerilim-de-
formasyon egrisinin yenilme noktasindan 6nce gelisen bu mikro catlaklarin konum ve yo6ne-
lim dagilimlarinin, kayadaki makaslama birim deformasyonun birikerek olusturdugu zonlarla
bir etkisim i¢inde oldugu goriilmiistiir. Mikro catlaklanmadan kaynaklanan ve deformasyon
stirecinin erken asamalarinda beliren bu makaslama bantlari, yenilme sonrasinda malzemede
olusan makaslama bandinin yonelimiyle de uyumlu bir yonelim sunmaktadir. Genel olarak, bu
tiir mikro mekanizmalarin (mikro ¢atlaklanma ve birim deformasyon birikmesi vb.) daha iyi
anlasilmasi, kayalarda laboratuvar ya da yapisal 6lgekte gelisen yenilme siireclerini belirleme-
yi amaglayan ¢aligmalara bir temel saglayabilir.
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ABSTRACT

Understanding how the microstructure of argillaceous rocks evolves under loading is essen-
tial considering their ubiquity in numerous critical geotechnical engineering problems. For
instance, such rock types are considered as potential hosts in many radioactive waste disposal
projects due to their low hydraulic conductivity and high retention capacity for radionuclides.
In this study, we propose to investigate the failure mechanisms and deformation processes
taking place in argillaceous rocks through an extended discrete element modelling approach.
In particular, because of its importance with respect to the overall behavior of argillaceous
rocks, material anisotropy is explicitly taken into account in the numerical model as a pre-
defined microstructural feature. The model, implemented in the open source software Yade
Open DEM, is calibrated to be representative of the Callovo Oxfordian (COx) claystone, a
transversely isotropic argillaceous rock currently considered by the French national radioac-
tive waste management agency (ANDRA). A number of biaxial and triaxial compressive test
simulations are performed to illustrate the capability of the proposed model. The numerical
results are compared to laboratory observations and are shown to be in good agreement in
terms of stress-strain response and failure patterns. Furthermore, the results point out that
damage develops long before the yielding point of the stress-strain curve and that it originates
predominantly from tensile microcracking under low confining stress (0.1 MPa), while shear
microcracking is the local driving mechanism under high confinement (20 MPa). In addition,
it is observed that the location and orientation distributions of these microcracks nucleating
before the yielding point of the stress-strain curve are associated to well identified zones of
localized shear strain within the medium. These shear bands caused by microcracking and ap-
pearing at an early stage of the deformation process present a preferential orientation which
seems to be correlated to the shear band developing within the medium at failure. Overall, a
better understanding of these micromechanisms (e.g. microcracking and strain localization)
can provide a basis for studies aiming at predicting rock failure processes at the laboratory
or structure scales.
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