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The mechanical behavior of limestones at room temperature is brittle at low confining pressure and becomes
semi-brittle with the increase of the confining pressure. The brittle behavior is characterized by a macroscopic
dilatancy due to crack propagation, leading to a stress drop when cracks coalesce at failure. The semi-brittle
behavior is characterized by diffuse deformation due to intra-crystalline plasticity (dislocation movements and
twinning) and microcracking. The aim of this work is to examine the influence of pore fluid and time on the
mechanical behavior. Constant strain rate triaxial deformation experiments and stress-stepping creep experiments
were performed on white Tavel limestone (porosity 14.7%). Elastic wave velocity evolutions were recorded during
each experiment and inverted to crack densities.

Constant strain rate triaxial experiments were performed for confining pressure in the range of 5-90 MPa.
For Pc≤55 MPa our results show that the behavior is brittle. In this regime, water-saturation decreases the
differential stress at the onset of crack propagation and enhances macroscopic dilatancy. For Pc≥70 MPa, the
behavior is semi-brittle. Inelastic compaction is due to intra-crystalline plasticity and micro-cracking. However, in
this regime, our results show that water-saturation has no clear effect at the onset of inelastic compaction.

Stress stepping creep experiments were performed in a range of confining pressures crossing the brittle-
ductile transition. In the brittle regime, the time-dependent axial deformation is coupled with dilatancy and
a decrease of elastic wave velocities, which is characteristic of crack propagation and/or nucleation. In the
semi-brittle regime, the first steps are inelastic compactant because of plastic pore collapse. But, following stress
steps are dilatant because of crack nucleation and/or propagation. However, our results show that the axial strain
rate is always controlled by plastic phenomena, until the last step, during which the axial strain rate increases
significantly because of crack interactions leading to the macroscopic failure

Our results show the complex interplay between confining pressure, pore fluid and strain rate (i.e. time),
which has an influence on the micromechanisms of deformation and thus on the macroscopic behavior.


