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PERMEABILITY/FRACTURE/APERTURE/SHEAR STRESS

Groundwater in rock mass is one of the key factors governing the mechanical
stability of slope embankments, underground mines and tunnels. Permeability of
rock mass is path dependent, controlling mainly by the system of fractures as the
permeability of the intact rocks is normally low. For undisturbed rock mass (before
excavation) the joint characteristics that dictate the amount and direction of water
flow, can be adequately determined by means of in-situ measurements, and
sometimes assisted by numerical modeling. Slope or underground excavations
disturb the surrounding rock mass, alter the stress states on the fracture planes, and
often cause relative displacements of the rock fractures. In most cases the
excavations usually increase the surrounding rock mass permeability and sometimes
by several orders of magnitude. Even though this effect has long been recognized,
specific study on the rock fracture permeability as affected by the shearing displacement
has been rare.

The objective of this research is to experimentally assess the permeability of
sandstone fractures under normal and shear stresses. The effort primarily involves
performing series of falling head flow tests on tension-induced fractures in four types
of sandstone samples. The tested sandstones belong to the Phu Phan, Sao Khua, Phu
Kradung and Pra Wihan formations of the Khorat group. The changes of the physical

and hydraulic apertures, the water flow rates, and the applied shear stresses are



monitored and used to calculate the changes of the fracture permeability as a function
of shear displacement. The results indicate that the physical aperture e, and hydraulic
aperture e, increase with shearing displacement, particularly under high normal
stresses. The magnitudes of fracture permeability under no shear and under peak
shear stress are similar. For both peak and residual regions, the physical apertures are
about 5 to 10 times greater than the hydraulic apertures, as a result the fracture
hydraulic conductivity determined from the physical aperture are about one to two
orders of magnitudes greater than these determined from the equivalent hydraulic
apertures. This is probably because the measured physical apertures do not consider
the effect of fracture roughness that causes a longer flow path. The difference
between the permeability under residual shear stress and that under peak stress
becomes larger under higher normal stresses. The fracture hydraulic conductivities
exponentially decrease with increasing the normal stresses. Their permeability is in

the range between 0.1x107 m/s and 10x107 m/s.
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