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Development of Stress Measurement System by
Overcoring Method Suitable for Soft Rock
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Although the measurement of rock stresses has become more common in recent years, most of the data
are from hard or moderately hard rock, with very few from soft rock. It has been felt necessary to develop
a convenient method for stress measurement in soft rock. Overcoring methods, although the most reliable
methods of rock stress measurement, require much time as well as heavy equipment and a skilled
technician. This research aims to develop a system that measures in-situ rock stresses in hard, moderately
hard and soft rock, while affording greater efficiency than existing methods, keeping in mind that the

expense and measuring period be small as possible.

A stress meter has been developed that measures seven components of diametrical deformation and axial
deformation in a pilot borehole during overcoring and records the measurements on a small data logger
installed within it. From these deformation data, three-dimensional stress states in rock are determined
using the observation equation derived from the analytical elastic solution. The stress meter is inserted
into a 40-mm pilot borehole that can range in water content from dry to completely wet. The advantages
of this stress meter are its smallness, ease of use, reusability, ability to measure at any borehole depth, and
efficiency, since very little time is required for insertion and withdrawal and no time is needed to shift
from insertion to overcoring. Moreover, elastic properties of the rock can be measured using the core in
which the stress meter sits. Although the system is particularly suited to soft rock, it is applicable to any

type of rock since the stress meter is highly sensitive.

Laboratory experiments were conducted to confirm the functioning of the stress measuring system by
using three welded tuff blocks (40 x 40 x 40 cm) with boreholes of 40 mm in diameter at different
orientations. The stress meter was inserted into the borehole and two cycles of uniaxial loading and
unloading were carried out to simulate the stress relief. At the same time, elastic properties of the rock
were measured using the radial and axial deformation data recorded by the data logger during the loading
and unloading cycles. The calculated stresses were found to correlate closely with the applied stresses in

all the three cases, indicating that the stress meter functions well.

A vertical borehole of 50m depth was drilled in the diatomaceous mudstone, which is classified as weak
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rock, at Horonobe, Hokkaido and stress measurement by the borehole deformation method was carried

out at different depths. The rock is massive with density as low as 1.48 g/cm’, reflecting high porosity of

45%, and mean value of the compressive strength is 3.21MPa. Fresh water and bentonite was inevitably

used as the drilling fluid to maintain the fragile borehole wall.

In spite of the frequent occurrence of fracturing of the core due to overcoring, six measuring results were
obtained. Maximum principle stress directs EW and the stress is almost uniaxial in the subsurface region
of Horonobe district. This characteristic of stress condition is in harmony with the direction of the active
folds distributed in the vicinity of this district. Two types of fractures, longitudinal and cross, frequently
developed in the thick walled cylindrical core could have been induced by overcoring under relatively
high stress condition with low rock strength. Effect of these cracks to the accuracy of the measured stress

has been discussed.

The efficiency of measurement was highly dependent on the condition of borehole and three sets of
measurements were taken within eight hours working period, at section where fewer cracks occurred. It
has been proved that the stressmeter is applicable in weak rock and that the measuring system adopted is
practical, although the stressmeter suffered some damages at sections where the core was highly

fractured.
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