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Summary

As the cause of frost shattering of a porous rock in the freezing state the authors propose
a frost heave mechanism with the coupled flow of heat and moisture in the texture instead of
a conventional explanation drawing on the volvume expansion of water contained therein.

Pore-water pressure profiles were obtained from measurements by means of tensiometers,
using a porous rock sample with an effective porosity of 36% and in a cylindrical shape 5cm
in diameter and 15 cm height. The tensiometers were inserted at depths of 3, 5 and 8cm
from the surface of the top end of the sample. A brass plate though which a cooling fluid
kept at —6°C was circulated was placed on the top end of the sample for controlling the
temperature.The sample was mounted on a water reservoir with the bottom end in contact
with water. Thermo-couples were each inserted at an interval of 1cm and temperature
profiles were obtained from the read-outs at each point. Pore-water pressures of the sample
were monitored by the pressure transducers connected to the tensiometers. More than 20
runs of the experiment disclosed the following: The pore-water pressure increased as the
freezing front descended. Then the freezing front was at a short distance from the porous
cup, the pore-water pressures rose and then dropped sharply due to the entry of air through
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the porous cup wall. An increase in pore-water pressure corresponded to a decrease in water
content.

In order to estimate the flow rate of water to the freezing front through the texture of
the unfrozen rock sample, hydraulic gradients between the depths of 3 and 5 em were calculated
from pore-water pressures measured during the freezing. As freezing began, the total
potential gradient increased sharply. When the pore-water pressure at the 3 cm depth reached
a maximum the potential gradient increased. The maximum potential gradients of each initial
condition were selected with the mean pore-water pressures at each depth. A simple regression
having an exponential form was performed. Thus, it indicates the following empirical relation
between pore-water pressure and potential gradient in the unfrozen part of the rock during

the experiment.

3
24 = Aexp(By) (1)
a¢ . .
where 57 = total hydraulic gradient (cm/cm)
¢ = pore-water pressure (cm H,O)

A, B = constants (A =4.158, B=0.022)
Z = distance (cm).

Using this empirical equation, it is possible to derive an equation involving the distance
from the rock surface and the pore-water pressure profile in the unfrozen part of the rock
in the freezing state. This empirical equation is a first -order linear differential equation given
by

¢=—%log{—A-B(Z+C)}—Z (2)
where Z = distance from the water table or bulk water level (cm)

C = integration constant

Constant C can be determined at the water table where the pore-water pressure is 0, and
was obtained as 10.9. By using this equation, it is possible to obtain the pore-water pressure
profile in the unfrozen porous rock. If the freezing front is stationary, there will be steady
state pore-water pressure profile with constant water movement to the freezing front.

From the result of the experiment, the author concludes that the pore-water pressure
measurements in unfrozen porous rocks can be used to indicate the maximum pore-water
pressure causing the movement of water to the freezing front; and that the shattering of
porous rocks is due not to in-situ freezing of water but such migration of water as moves to

freezing front.



