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SANDSTONE/PERMEABILITY/DEVIATORIC STRESS/FLOW

The objectives of this research are to experimentally determine the effects of
anisotropic stress states on the permeability of porous rocks. Numerical modeling is
performed to study the hydraulic conductivity of rock around single opening in
infinite plate and of pillars between parallel circular openings under deviatoric
stresses. The effort primarily involves conducting constant-head flow test on intact
cylindrical sandstone specimens under a variety of confining pressures and deviatoric
stresses. The rock specimens are prepared from Phu Phan, Phra Wihan and Phu
Kradung formations of Khorat group, representing ones of the aquifers in the north and
northeast of Thailand. Hoek cell is used to apply constant confining pressures (ranging
from 1, 2 to 3 MPa) to the specimens while the axial stress is increased until failure.
During loading the rock permeability in axial direction is monitored by performing
constant-head flow test with water injection pressure up to 0.3 MPa. The changes of
rock porosity are measured from the volumetric changes of the specimen. The
permeability results are presented as a function of confining pressure, deviatoric stress.

The results from the constant head flow tests under deviatoric stress states
suggest that before dilation strength the permeability decreases with increasing
volumetric strain. This is probably due to the contraction of the pore spaces in the
specimen. Within this stage the change of rock hydraulic conductivity to the change

of volumetric strain (AK/Agy ratio) decreases as increasing the confining pressures.



After dilation strength the rock permeability increases with specimen dilation
probably because of the initiation and propagation of micro-cracks due to the applied
axial stress approaching failure. Two finite difference mesh models are constructed
to represent single circular opening in infinite plate and parallel circular tunnels under
deviatoric stresses. The results suggest that the hydraulic conductivity of rock around
single circular tunnel increases from 107 x 10 to 120 x 10™° m/s for PW sandstone,
and 140 x 10 to 300 x 10™ m/s for PK sandstone as the horizontal-vertical stress
ratio decreases from 0.8 to 0.2. The hydraulic conductivity of rock pillars between
parallel circular openings increases from 120 x 10° to 180 x 10° m/s for PW
sandstone, and 350 x 10™*?to 1350 x 10™> m/s for PK sandstone as the vertical stress

increases from 10 to 40 MPa.
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