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Rock Properties and Their Effect on Thermally Induced Stresses under
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ABSTRACT

In this paper, laboratory experiments and thermal stress analysis by the finite

element method were performed to investigate the behavior of rocks under thermal
stresses.

The materials used in the investigation were intact rocks (granite) and randomly

jointed rocks which were made by heating the intact rocks. The rock specimen used
was a cube of 30 cm with a 3.8 cm borehole in the center. The temperature of the
borehole wall was lowered by liquified nitrogen at the rate of -20°C/hr and the
outer surface of the specimen except two surfaces having the hole was kept at 10°C.
Temperatures, strains and acoustic emission (AE) events were measured during the
experiments.

Since mechanical and thermal properties of rocks depend on the temperature

according to previous rock experiments, the thermal stress analysis was executed
considering the temperature dependence.
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The main results obtained are summarized as follows:

Even rocks with a small porosity such as granite indicated a freezing expansion
phenomenon in a wet state. The freezing of rocks excelled in the direction of a
heat flow and had influence on the thermal stress distribution of the surrounding
rocks.

Beyond the minimum temperature of LPG storage, cracks observed by the naked eye
and AE generated have not produced in the specimen of randomly jointed rocks

as well as intact rocks. The tensile fractures by the thermal stress analysis
were not produced, either.

On the other hand, at a LNG storage operating temperature, cracks have been
observed in only one case of rock specimens. However, the number of AE
generated increased and temsile fracture zones by the thermal stress analysis
were rather progressive in every specimen at the operating temperature. As a
result, we could conclude that it is difficult to maintain a rock stability
under thermal stresses at this temperature.

For the specimens in a wet state, there were no distinctions between intact

rocks and randomly jointed rocks among the initiated temperature of AE generated,
the initiated temperature of the tensile fracture and the propagation of tensile
fractures by the thermal stress analysis.
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