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(23) MECHANICAL BEHAVIORS OF SOFT ROCKS UNDER CYCLIC LOADING IN TRIAXIAL COMPRESSION

by
Ryoji KOBAYASHI, Koji MATSUKI and Hiroyuki KUDO
(TOHOKU University)

In recent years, foundations of such as power stations or bridges have been
constructed on so called soft rock mass. In these cases, soft rock mass is subjected
to pretty severe cyclic loading in comparison with its strength under both confining
pressure and pore pressure. For the safe design of soft rock foundation, it is
prerequisite to clarify the cyclic fatigue characteristics of soft rock under triaxial
compression.

In this work, cyclic fatigue test using 1Hz sinusoidal wave was conducted under
confining pressure for two kinds of rocks; Hirono sandy mydstone and Kimachi sandstone.
Their uniaxial compressive strengths are 59 and 540 kg/cm®, respectively. In addition
to the cyclic fatigue test, repeated loading-unloading test was also conducted using
ramp wave of increasing maximum strain in order to know the fundamental relationship
between differential stress and visco-plastic strain (permanent strain).

This paper mainly describes the cyclic fatigue process discussed from the view
point of visco-plastic axial strain. Except the condition where the maximum
differential stress is below the fatigue limit, the visco-plastic strain rate per
number of cycles &xF initially decreases with the visco-plastic strain e3” until EXP
reaches its minimum. After that, &YP begins to increase and finally the specimen
collapses. On the other hand, in the relationship between differential stress dq and
visco-plastic strain e¥P , od-e}P curve, which is obtained in the repeated loading-
unloading test, differential stress o3 increases with visco-plastic strain until oy
becomes maximum, and, then, oy decreases and finally reaches the residual strength.
Furthermore, the relationship between the maximum differential stress om and the visco-
plasbic strain e3P at the failure point in the cyclic fatigue test well coincides with
the od-eyP curve as shown in Figs.6 to 9.

Considering the facts mentioned above, the fundamental concept of cyclic fatigue
process is presented as schematically shown in Fig.10. 1In this concept, it is assumed
that the visco-plastic axial strain rate per number of cycles &3P strongly depends on
the difference between the differential stress dq in the og-edP curve and the maximum
differential stress oy in the cyclic fatigue test (og-op) at the corresponding visco-
plastic strain egt.

As shown in Figs.ll to 14, the relationship between the visco-plastic strain rate
¢4P and the stress difference (03-0,) in the process of cyclic fatigue lies within a
region except the cases where On is below the fatigue limit. This relationship is
almost independent of the magnitude of the maximum differential stress Jy
in the cyclic fatigue test. Thus the concept presented in this paper well explains
the fundamental behaviors of the visco-plastic axial strain e3P in the cyclic fatigue
process of rocks.
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