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(25) Seismic Behaviors of Discontinuous Rock Under Shearing

by Chikaosa Tanimoto ,Shojiro Hata,Jun Tamaki and Hitoshi Matsuda
Dept. of Civil Engineering. Kyoto University

Summary

P wave velocity is an overall parameter of discontinuous rock which ,in addition to being related
to the rock properties,is directly related to the discontinuities present in rock. This is because
the seismic wave is affected by the frequency and nature of the geological discontinuities present
For example compression wave velocity of a fractured or weathered rock is lower than that of an
intact rock.

The compression wave velocity is often used for discontinuous rock mass as an index of rock
quality.This is because seismic method is comparatively easier to perform than the other field
measurements for evaluating the rock mass. Because the static deformability and the strength of
the rock mass is needed for designing the rock structure,it is important to understand the
correlation between the property of wave propagation (compression wave and shear wave velocities
and wave dissipation ) and the static mechanical behavior of rock caused by discontinuities. However
in present stage this relationship has not yet been well researched.

In this study,joint stiffness is chesen to be a parameter of the mechanical behavior of
discontinuities,and the relation between "joint stiffness” and " wave propagation properties”
was investigated by experimental and theoretical approaches.

In the laboratory,the acoustic method was used to observe the process of closure and shearing of a
single joint,and the relation between the joint deformation and the elastic wave property was
studied .

For the case of a single joint closure experiments,the joints ot the test-pieces were artificially
made by inserting wet paper filters between two intact sand-stone test-pieces,and the number of
paper filters was altered from one to four. However,for the case of single joint shearing
experiments,plaster test-pieces were used,and nothing was insearted between the joints,due to
restriction of the laboratory instruments.

From this study,the following conclusions were obtained:

1) The P wave velocity is clearly related to joint closure caused by the normal stress and the
dilation caused by the shear deformation.
2) It is possible to model discontinuous rock by an "equivalent” continuous material. Once the
elastic properties are found,the P and S wave velocities are easily determined with elastic
properties given directly in terms of the intact rock properties and "the dynamic joint stiffness
(kn,d and ks,d)".

kn,d and ks,d calculated from wave velocity measurements does not have an one-to-one
correspondence with static values kn,s and ks,s which are needed in the design stage of a structure.
The relationship between the dynamic and static stiffness was investigated and preliminary results
were obtained ezperimentally.The experimental results showed that the dissipation of wave amplitude
was found to be a good parameter to show the joint static stiffness. Further experimentation is

needed to clarify the relationship.
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