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ABSTRACT

1. The stress-sirain relations of -some igneous rocks for longitudinal
and laieral direciion were observed. The curves of the longitudinal sirain
versus siress were approximaiely linear up to the moment of rupiure, but the
sirain in the laieral direciion showed the abrupt increase in the fracture range.

2. It was found thai such abrupt increase of the lateral siragin was
closely related with the flow. The longitudinal creep during the moderate
period was almost recovered by the removal of the load, bui in ihe laieral
direction, large amount of residual sirain was observed afier the removal of
the load.

3. The empirical formulae of creep for graniie were given as follows,

S=Ao+Are M+ Ae ™+ Aye™ "'+ Blog t+Ct,
for the longiiudinal direciion, and
S=A+Blog t+Ct,

for the lateral direction, respeciively. In ihe former equaiion, the recipro-
cals of a1, @z and as denoie the reiardaiion iimes. The later equation con-

curs wiih the formula given by Griggs and others.

1. If we consider the problems of ihe occurrence of the earthquake, it
seems io be very imporiant io siudy ihe rupture mechanism of rocks con-
siifuiing the earth’s crusi in the deep place. However, ithe rocks which
exisi in the deeper part of ihe crusi must be differeni from the ones found
ai the surface of the earth. Moreover, ihey are under high pressure and
high iemperature.

In spiie of the above circumstances, it may give us some clue of the
interpreiation of the rupiure phenomena in the crust to siudy the mechanism

of fracture of rocks in ordinary states. The experiments reported here



were ‘carried oui under an aimospheric pressure and room:temperature. In
these experimenis the simple compressional force was applied io the speci-
mens.

The sirain was measured by the sirain gauge of the eleciric resisiance
type. The sirain gauge of this iype has high sensiiivity and considerable
accuracy. Besides, it has a very convenieni characierisiics such as ihe any
desired sirain componeni can be measured easily. The difficuliies caused
by the unstability of the indication, which we always encounter in the treai-
ment of the eleciric insirumenis during the long period observaiion, were
avoided sufficienily by the use of the unbonded iype of sirain gauge.

2. "It has been reporied in many papers ihai the siress-sirain relations
in the loading direciion for silicate tocks were approximately linear up io
the' moment of rupiure. Ii may be said that the rocks are the quiic elastic
and briiile material. Ii is well known, however, that the rocks are the very
porous maierial, and because of iis porous siruciure, they have ihe con-
siderably lower value of Poisson’s ratio at the incipience of loading than
ihat of the other materials?’. Then, it may be expecied at the rupiure
siage, thai the porous siructure will considerably affeci io the rupiure mech-
anism for the rocks.
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Fig. 1. Stress-strain curves and variation of Poisson’s ratio with stress, (a)
Aokiko-Nagano quartz monzonite, (b) Yakuno-Kyoto olivine basalt.
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According io the above consideration, the measurements of siress-strain
relations of ihe several soris of igneous rocks both in the longitudinal and
in the lateral direciions were carried out up o the rupture point, and the
ratio of the laieral io the longiiudinal sirain was calculated. The rock speci-
mens used for these experimenis are 30 mm. in diameter and 60 mm. long.

The longiiudinal sirain of each specimen varied almost linearly wiih
siress up i the rupture as above meniioned. As shown in Fig. 1, however,
it was found that the raie of increase of the lateral sirain increased gra-
dually with siress, and in the fraciure range the increase of the lateral
sirain becomes much larger than the longiiudinal one. Ai the first stage,
the Poisson’s raiio gives the less value compared wiih the other materials,
and with the increasing load it reaches at the ordinaly value, about 0.3.
When the rock specimen begins io show the aspeci of failure, the ratio
increases beyond 0.5, and finally it shows the exiraordinaly high value at
the rupiure stage. This suggesis the effect of volume expansion in the
fraciure or the plastic stage, which was found by P. W. Bridgman in his
volumeiric tests”. It is supposed ihat ihis effeci involves in iiself the
fundamenial meaning for the rupiure mechanism of rocks.

3. When the stress-sirain relaiion was observed in the fracture range,
lc was clearly indicaied thai all the abrupi increase of lateral sirain was
not produced insiantaneously ai the moment of loading, but the flow strain
afier loading had the close conneciion with such abrupt increase of strain.
Then it may be inieresiing o0 observe the amouni of flow along the lateral
direciion compared with the one along the longiiudinal direciion during the
moderate period at the fraciure stage.

To avoid the reasonable suspicion on the barrel shape deformaiion of
the specimen, the laieral sirain was measured at the ending portion of them.
The other condiiions were kepi the same as the previous experiments. As an
example, the resulis of sirain-iime relaiions for a Kiiashirakawa bioiiie
graniie under various siresses are shown in Fig. 2, where (a) denoies the
longiiudinal direciion and (b) ihe lateral direciion. The resulis of ihe
others were almost the same as the above. The normal strength of this
graniie is 1400kg/cm?, then it will be seen ihai the lateral flow is hardly
percepiible below the siress of one third of ihe normal sirengih. Beyond
the siress of a half of ihe normal sirengih, however, ithe laieral flow be-

comes larger than thai of the longitudinal one, and it surpasses the later
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Fig. 2. Strain-time curves for Kitashirakawa biotite granite under various loads,
(a), longitudinal direction, (b) lateral direction.

by far in the fracture range, in which the microscopic failure will rapidly
oceur.

Thus ihe deformation process of rocks can be divided into three stages,
that is, the first stage in which the pores are closed, the second stage in
which the maierial behaves almost perfecily elastic, and the final and frac-

ture stage in which the lateral sirain shows a distinciive increase.
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Fig. 3. Stress-strain relations, which involve the flow and recovery, for Kita-
shira biotite granite, (a) longitudinal direction, (b) lateral direction.



In ihese observations, the elasiic recovery was measured afier each test.
Fig. 3 shows ihe siress-strain-iime relaiton given from the successive iest
for flow and recovery. In ihe longiiudinal direciion, the sirain caused by
the creep almost returned, but the laieral creep sirain scarcely returned ai
the removal of the load. Then the large amouni of permanent sei, the
amount of which will be closely related with the duraiion of loading, was ob-
served in the lateral direciion. It may be said that the rocks have the unu-
sua] properiies, elastic in the direciion of compression and plastic in ihe
direciion iransverse io ii.

4. Many measuremenis have been reporied on the creep of rocks, and
ihe experimental equation of the resulis has been-given in the form of

S=A+Blog t+Ct,
where S denoies ihe flow sirain, ¢ the @ime and A, B, C ithe consianis.

In this secilon, the experimenial formula of the creep for graniie is
esiimaied. The specimens used in this experimenis are Shodoshima biotiie
granite, 30 mm. in diameier and 60 mm. long. The measuremenis were
done in iwo siages, the oneé was in the short period 1 0 10? second, and.
the other was in the long: period 1(? to 10° seconds. The creep of long
period was measured by the unbonded-type sirain gauge. This sensiivity is .
a quarter of 107 in the axial direciion and 10-% in the iransverse direciion.
The error of the observed value was within 3X107%, during the all period
of the observaiion. The change of the room iemperaiure, by which the
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Fig. 4. Creep curves of longitudinal direction for biotite granite, (a) short period
test for Kitashirakawa granite under load of 945 kg/cm?2, (b) long period test
for Shodoshima granite under load of 1170 kg/cm2,



observed values are materially affecied, was kept within £0.2°C in the axial
direciion and +0.5°C in the iransverse direciion. The results are described
separaiely in iwo direciions.

In Fig. 4(a) and (b) show the creep curves for ihe longitudinal direc-
ton in two periods plotted on semilogarithmic papers, respeciively. The
empirical formulae derived from these iwo curves are

S=A+A'e 4y,

S=Ao+Are” "+ Aze™*2'+ Blog t+Ct.
Let us assume that the term Ct of the former equaiion can be replaced by
the second and later terms of the laiter equaiion, as it was deiermined in
the short period 1 to 10? seconds. Then the full equaiion can be described
in the form

S=Ao+Are” M+ Ae ™% 4 Aye”*'+ Blog t+Ct

puiting togeiher, where the reciprocals of ai, @2, @s express the reiardation
times of Kelvin’s model of the order of 10, 1(?, 10¢ seconds respeciively.

The resulis of laieral direction in short and long periods are shown in

Fig. 5. These formulae are
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Fig. 5. Creep curves of lateral direction for Shodoshima biotite granite under
load of 1170 kg/cm2, (a) short period test, (b) long period test.

S=A+Blogt,
S=A+Blogt+Ct,

respeciively. Putting together, the empirical formula of the creep for the
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direction perpendicular to the applied force is given' as follows
S=A+Blogt+Ct.

This formula entirely’ coincides with the formula given by Griggs and
others?. The formula for the longitudinal direction, does noi concur with-
theirs, but has the differeni expression with the lateral one. While the
curves shown in Fig. 5 are approximaiely linear, the ones in Fig. 4 some-
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Fig. 6. Creep and rupture for Shodoshima biotite granite, observed in lateral
direction. Solid line dendtes the observed value, and the dotted line denotes
the normal creep cutve.

An example of rupture caused by creep is shown in Fig. 6. This curve has
the same three siages as the meials and other maierials have. However, it
was observed that the deformaijon did not continue smoothly, bui the ap-
preciable cracks occurred in succession on the way of creep, and finally
reached to rupture with coniinual crack.
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