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MODEL STUDY ON BOREHOLE LOADING TEST APPLIED TO JOINTED ROCK

by Chikaosa TANIMOTO, Shojiro HATA, and Keizo KARIYA

Dept. of Civil Engineering, Kyoto University

SUMMARY

Borehole loading test is one of the simplified field measurements applied to bore-
holes with conventional size of 50 - 70mm in diameter, and recently it has been widely
developed for the reasons of its easy operation and low costs in feasibility study and
preliminary investigation concerning underground foundation, widely spread  fault and
fractured zones and long tunnels with wide variation of geological and geometrical
difficulties.

On the other hand, inspite of such wide applications the foundamental mechanism of
loading in jointed rock is not yet clearly discussed. So this study was initiated for
the purpose of analyzing the influence of joint spacing to defomation moduli obtained
through borehole loading test.

These several years the authors have been carring out field tests and model tests
in the laboratory by applying two different typed loading apparatus, that is the
pressure-meter G- type for mobilizing uniform inner pressure in a borehole and KKT - 65
of jack loading for mobilizing uniform wall displacement locally.

In this paper the contents of model study and some relationships among joint
spacing, applied load and resultant deformation moduli in comparison of the result
obtained through field measurement in the tunnel project are mentioned.

Tests were carried out in the two types of geology, tuff and rhyolite, whose defor-
mation moduli obtained by tri-axial tests in laboratory are 6--7xlOSMN/m2 and
30 x 10°MN/m? respectively. According to the result, the deformation modulus obtained
by KKT shows approximately two times of the value by the pressure-meter., And it is
considered both of that values were influenced somehow by the relaxation of rock.
Through KKT gave reasonable result comparing with the variation of geology, the result
by pressure-meter were considered strongly influenced by the degree of unevenness of
borehole surface and not to agree with engineer's observation. Further discussion is
required.

The result of deformability by KKT could be related very well with the joint fre-
quency, which is defined by number of joints per meter. It is concluded that the
deformation modulus for n= 20 is half of the one for n=0 concerning rhyolite dis-
tributed Arima Area located 15 km north of Osaka, and this relation can be applied to
evaluating the magnitude of convergence monitored in the nearby tunnel construction.

The dimension of the model ground provided for the laboratory tests is 40 cmx 40 cm
square in horizontal plane, 37 cm in depth and the block in this dimension is set up
in the cylindrical container made by steel with 25 mm thick. The four vertical
surface of the test block are covered tightly by the flat jacks with the same area.
The space between the outer surface of flat jacks and the container is filled with
high strengthened mortar. Jointed rock mass to be tested is simulated by the assembly
of plaster block,and the physical properties of block are : 3,620 MN/m? for defor-
mation modulus, 0.33 for Poisson's ratio, 10.9 MN/m? for uni-axial compression
strength. Three types of test block are prepared and I, II, and III type are cor-—
responding to the cases of n=0, 15, and 25 respectively.

From these laboratory tests, it is found that the models including ;oints behave
as plastic bodies under low confining pressure, such as below 0.5MN/m”°, and under
high confining pressure, such as 3 MN/m?, they behave as elastic bodies and have
higher deformation moduli. The ratio of the former versus the later is approximately
2.0. Further it is clearly confirmed that the deformation modulus decreases when
joint frequency increases as shown in Fig.8.



