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Abstract

The primary phenomenon responsible for rock failure called damage is described

as the nucleation and evolution of voids in the rock matrix. The damage of rocks

especially under the extreme conditions of High Pressure and High Temperature

(HPHT) is studied. Rocks demonstrate ductile behavior in HPHT conditions,

which is attributed to high confining pressure due to which fragments are held

together and a continuum flow is possible. A new 3D non-local macroscopic

continuum ductile-damage model is developed for realistic modeling of behavior

of rocks under HPHT conditions. The model uses a damage variable, which is a

volumetric quantity, called the void-volume fraction. It is assumed that damage

is initiated and then driven by the onset of plasticity in a coupled non-local

system. The numerical model is applied to a uniaxial compression and the dy-

namic indentation problems respectively. The dynamic indentation problem is

of particular interest to rock drilling at ultra deep depths. Numerically, inden-

tation introduces high stress concentrations and strain localizations, which are

generally very hard to handle, owing to issues like loss of hyperbolicity, material

length scale and shear deformation bands, using classical methods. The selected

problems are solved by local and non-local approaches respectively. The uniax-

ial compression problem demonstrates the large difference in failure strains of
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