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Estimation of Initially Existing Stress Fields in
Underground Formations
By Shunsuke Sakurai
Shosei Serata

The study of underground structures such as tunnels, storage cavities or any other form
of opening, requires that natural state of stress which exists in the underground should
first be understood. The purpose of this paper is to develop mathematical equations to des-
cribe the state of stress in the underground based upon the constitutive equations which
were verified by the triaxial compression creep tests conducted on rock salt. The constitu~
tive equations might be applied for other general types of rock rather than rock salt. The
effect of tectonic pressure of the earth is disregarded, while the vertical stress in the
underground is assumed to be equal to the overburden pressure. Thig means that the surface
of the underground analyzed here are assumed to be rather flat.

The present stress condition is assumed to be the result of a sudden application of the
overburden pressure to the formation which took place millions of years ago. Although this
agsumption may not be entirely accurate, it should not affect the present stress condition.
Whatever the past history of the formation may be, the time lapse to the present is long
enough to assure a stable equilibrium of the state of stress in the formation.

The overburden pressure is assumed to be independent of time while the lateral stresses
have changed with time. No change in lateral strain is also assumed in the process of stress
ad justment in the formation.

In order to verify the mathematical equations derived here, the triaxial compression
test on a cubic specimen of rock salt was conducted in the laboratory, using the Absolute
Triaxial Testing machine which was developed in Michigan State University. The lateral
stresses were adjusted to create a state of no lateral strain while the vertical streas
was increased, so that the testing condition was quite similar to the underground. Since
there were some difficulties in the test to contrel the lateral stressea, the so-called
transition test which was first introduced by Serata was also conducted on various types of
rock. A cylindrical specimen of a testing material was encased in a thick-walled steel cylin-
der so that the cylinder restricts the lateral expanston of the specimen while the specimen
is compressed from an axial direction. The magnitudes of the lateral stresses created by the
strain restriction were measured by strain gages mounted on the steel cylinder,

Dahir tried to develop the transition test to study the stress relaxation in rock salt
of the underground condition.

The good agreement obtained between those experimental results and fhe theory indicates
a posgible application of the theory for determination of the underground stress field,
Based upon the principles given here, it is also possible to calculate the state of stresses
in mixed layers of the underground.

The results presented here have been obtained at the Geomechanics Laboratory of Michigan
State University. The authors acknowledges the National Science Foundation for their support
of this study.
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