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1. Introduction.

In his previous paper® the writer discussed the conditions supposed
to prevail within the seismic focus as based on observations so far made
in connexion with the initial phase of seismic waves, and arrived at
the conclusion that the maximum shear stresses, which might be con-
stant within the seismic focus, reaches the limit of ultimate strength
of the material immediately preceeding the earthquake.

In that paper, the writer treated the problem without taking into
consideration the external and internal forces that bring about the
earthquake.

In the following paragraphs, he attempts to make clear the forces
that bring about the condition that the maximum shear stresses within
the seismic focus are constant.

2. The Conical Type.

(a) It is supposed that the elastic body, which is stressed in one
direction, has a spherical grain imbedded in it.

The problem has already been solved by Prof. K. SEZAWA and Dr.
G. Nishimura.?

The boundary conditions, assuming the radius of the grain to be a, are
at =00 ; =T cos2l, 00="T sind,
where T may be either uniform tension or uniform compression; and

at r=qa the stresses and displacements are continuous.
The stresses in the internal portion are then expressed_by

r<a:

o — T[ (A+21) BN+ 2¢)
(B142p) (BN +24/ +4p)

+ 4/1’-%1P2 (cosb) ] ,

1) Win INOUYE, Bull. Earthq. Res. Inst., 15 (1937), 686.
2) K. Sezawa and G. NISHIMURA, Bull. Earthq. Res, Imst., 7 (1929), 389.
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where 2, ¢ are the elastic constants of the external medium and #, ¢/
are those of the internal grain, while
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The maximum shear stress at any point is given by
R @—_r@)zsz(&lBl)zEKz.
2 D

Thus, in the spharical grain, the condition that the maximum shear
stresses are constant is fulfilled.

As will be seen in the expressions of the stresses, there are two
terms; the one which has no azimuthal differences, and the other which
has azimuthal differences in the form P,(cost). ‘

The former term, that is the P,(cost) term, makes the maximum
shear stress zero. In other words, the P,(cosf) term has no part in the
value of the maximum shear stress at any point in the spherical grain.
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The latter term, that is the P,(cost/) term, is derived from the
displacements, independent of dilatation (J) and rotation (w); and it
only satisfies the condition of the maximum shear stress. These facts
were already noted in the previous paper.

(b) We next consider the stress distribution in the interior of a
spherical inclusion in a gravitating semi-infinite elastic solid, assuming
that the state of the gravitating semi-infinite medium is one of plane
strain.

This problem has already been solved by Dr. G. Nishimura and
Mr. T. Takayama.”

Let u, v be the components of displacement in the directions of
radius 7, co-latitude #, and ", 517, 9'5;5 the normal components of traction,
78 the shearing component of stress in the outer medium. And let «’,
v’ be the radial and co-latitudinal components of displacement, and 7,
(7(7’, ﬁ’ the normal components of stress, 70 the shearing component of
stress in the spherical inclusion, the radius of which is a.

The boundary conditions of the present problem are:

At re=a; w=w, v=v, r=1", =10

Secondly, the displacement and the stress in the whole of the space in
the medium far from that point where spherical inclusion is, are the
same as those found in solving the problem relating to a gravitating
semi-infinite elastic solid without any heterogeneous matter within it.

If we assume &3>a, where & is the depth of the centre of the in-
clusion from the free surface, the stresses in the inclusion are given by

r<a:—

ﬁ'—_—(z' E/i')DOPO(cosa) + 44/ E,P,(cosl) ,

" = (/ + _z_’i\DoPo (cosf) + 44/ E,P, (cost)

3%P, (cosfl)
ST

¢"=<)~'+_2?;i,)D0P0 (cosd) + 4 E Py (cosl)

20 E

’

+ 20/ By cot8- 2P aP,(cost))
o
0P, (cost) ﬂ)

[7, = 2//E
ol

3) G. NisHIMURA and T. TAKAYAMA, Bull. Earthq. Res. Inst., 11 (1933), 196.
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where
— 309s

0=.——

(4n+81+2p7) °

Bpgéy

while 7, 2 are the Lame’s elastic constants in the outer medium, and
#, ¢/ those in the spherical inclusion,

o is the density of the outer medium, and

¢ is the acceleration dile to gravity. :

The Py(cosfl) term in the expressions of the stresses has no part
in the value of the maximum shear stress at any point in the inclusion;
while the P,(cosf) term, which is derived from the displacements, in-
dependent of dilatation and rotation, satisfies the condition that the
maximum shear stresses are constant throughout the inclusion.

Therefore, the maximum shear stress at any point in the spherical
inclusion is given by

' G 2 . 15/ 2
762 4 " = (pg?)*? > =K?
( 2 )= (rg=) (32(3/1-1—2/4’) +2p(Tp+8¢)

3. The Quadrand Type.

Now, we shall study the case where the elastic body that contains
a spherical inclusion is subjected to a uniform simple shear.

The problem has already been solved by Dr. G. Nishimura.?

Let a be the radius of the spherical inclusion, #, ¢/ the Lame’s elastic
constants, «/, v/, w’ the components of displicement, and 77/, 667, ¢¢', 7",
7@’, (752’ the components of stress in the inclusion, and let the symbols
without dash represent those in the outer medium.

The boundary conditions are then as follows.

At r=a;
u=1u, =1/, w=1w,
=i, =10, Th=1¢,
and at r=o;
=S sin%0 sin2¢, ?77:»‘25;. sin29 sin2¢ ,

#0=S cos?0 sin2¢ , r¢=S sind cos2¢ ,
dp=—S sin2¢ , 0¢=S cost cos2¢,

4) G. NISHIMURA, Kaheigakkaisi, 35 (1931), 191.
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where S is the shearing stress applied to the elastic body.
The stresses in the spherical inclusion are given by™

r<ai—
7= 12//F sin?0 sin2¢ ,
00’ =124/ E cos?0 sin2¢ ,
¢ = —124/E sin2¢ ,
70 =64'E sin20 sin2¢ , -
7§ =12//E sinf cos23,
04’ =124/ cost) cos24 ,
where

_5 (1+2p) S

4 {p(9i+14p) + 24/ (32+8p) )

The stresses shown above are derived from the displacement that
satisfies J4=0, »,=0, w,=0, and »,=0.

The maximum shearing stress at any point in the spherical inclu-
sion is given by

1 7 —(l(i’\ o — <f)¢)’ <j)¢ - ]
| ("))
+o B (7072 4+ 09" + %) = 10822 =K .

The condition that the maximum shearing stress is constant through-
out the spherical inclusion is now fulfilled.

4. Remarks.

In the preceeding two paragraphs, the writer studied the forces
that bring about an earthquake and treated the problem according to
the ordinary theory of elasticity. Nevertheless, the condition that the
maximum shearing stress is constant throughout the seismic focus sug-
gests that the seismic focus may be in a plastic state.

Thus, it seems to the writer that seismic waves may be generated
as the result of changes in stress in the elastic medium about the seis-
mic focus due to plastic yielding within the said seismic focus through
the action of external forces.

As the external forces that are operating in the earth’s crust, we

5) The writer made some corrections in the caleulations carried out by Dr. G.
Nishimura.
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may take the compressing stresses prevailing in the orogenic events, the
forces due to gravity, and the forces operating from the magma reser-
voirs.

The variations in temperature and the changes in the state of those
substances that are within the seismic focus may play an important part
in the plastic yielding within the seismic focus.

5. Summary.

The writer, after a study of the forces that bring about an earth-
quake, concludes that seismic waves may be generated as the result of
changes in stress in the elastic medium about the seismic focus due to
plastic yielding within the said focus under the action of certain ex-
ternal forces.

In concluding this short note, the writer’s cordial thanks are due
to Prof. Ch. Tsuboi and Dr. G. Nishimura for their encouragement and
advices.

1. BRIy T GBS

=

% w1 S S

HARITR-ToEho “BRUK” I ONEMIGIITBEH YL, HTORETS
ERICACIEEORRITEY , HRUEEAVREOHFERIZIIZR (L0 THARVI IR
FRBUTS T,

JWORRITIL, IS eGP HEIL LD oD ChOBE TN 2 B~ERIESF L <
a1
HOHERIRRO RB L ST PN A T ENOMEM LR s 8BA 1T R TL . —EET M
FIFIMENDIEM S ITRTL , SIEARE I D M 1812 AC L 3o RipEs
ATRHEBOBRIEA Y —EDOM P I s Y P ino7:.

HOTHEDHDE 2 RELERAR O CRMERO ERIEADBMEOBIEREIZRT 5 »,
HEEOHOMEMTIT AR R OB IO BME 12K 2 THETOFES IR ko
WY ITMRI M2 ¥ 5 1 610, HOREO R R OEMENE H2 Sk ML O -CR Mk 2 4
Li32LDTE~GNS. _

BOHADOTPMD G D 5 APV BFEIHE L T ORREL YA T BRI Tk T2
KLt TH 5.




