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1. The problem of earthquake movements of the superficial layer was
studied observingly by Ishimoto,? Saita,?’ Minakami® and others. The same
problem was treated mathematically by Sezawa?®, Takahasi® and others.
Owing to its increasing importance in connection with earthquake-proof con-
structions in our country in recent years, I again attacked this problem,
particularly extending the solution to case of visco-elastic solid bodies.

In the present paper I attempt to examine the simplest case in which a
distortional wave of a purely plane type propagated vertically upwards in an
elastic semi-infinite medium is partly transmitted through bottom boundary of
" the superficial visco-elastic layer and partly reflected at this bottom as well
as at the surface boundary of the same layer.

2. In the present investigation, the problem of forced vibrations will be
discussed.

Let the axis of x be drawn vertically upwards from the lower boundary
of the layer of thickness H and let #, p; py, ' ; %3, p2, p2, p2’ be the displace-
ments, densities, elastic constants and coefficients of solid viscosity of the
subjacent medium and the stratum respectively. In the case of distortional
waves, the equations of motion of the two media are expressed by
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In the case of dilatational waves, it is necessary to replace p, py, pa, g2 by
M2y, M2, Npt2p, N2y
If the incident waves in the lower medium be of the type

U= e (3)

the resulting displacement of the subjacent medium and the stratum are
expressed by
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where .
p=2=/T, T'=the period of transmission, . ... ... .. .. (6)
fi=ptl(m+ip'p), f3=p 0/ tigdD) s oo (7)

and A, B, C are the arbitrary constants determined by the boundary
conditions.

The boundary conditions at x=0 are
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while at the free' surface, x=H is
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Assuming, for simplicity, p,/—0, and substituting (3)~(5) in (8)~(10), we get
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...... (11)
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141
In order to avoid comple.‘iity in numerical calculations, we treated a particular
case in which w, is very small, then, if small quantities higher than the second
order in uy'p/p; are omitted, a characteristic equation of superficial layer
becomes
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where ¢, =cos P cosh @+,/P2 (R cos P sinh @ —Ssin P cosh Q),
M1P1

@,=sin Psinh Q+ / P2 (R sin P cosh @+ S cos Psinh Q)
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Using (13), (14), some special cases are plotted x

in the following drawings. In Figs. 2 and 3 the
cases of uy’=106 and puy=107 C.G.S. besides the

conditions v;=633m/s, v,=200m/s, u;=9 %105, p,— /1‘ ,

6x108 C. G. S,, p;=225, p;=15. Figs. 4 and 5
gives us the cases of uy’=106 and u,/= 107 C. G.
S. provided the conditions ;=200 m/s, »,=100 \
m/s, p=6x10% p=15x10° C. G. S, pr=po=15. N\ N N
In the results of the experimental investiga-
tions,® the assumed values of coefficient of solid
viscosity proved not to be improbable values in Fig. 1.
the superficial layer of the earth.

The principal results obtained in this investigation are enumerated as
follows: ’
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Fig. 2. ps/=105C. G.S., 1, =633 Fig. 3. py/=107 C. G. S,, other
m/s, v2=200 m/s, p1=9x 109, pa= constants are the same of the
6x105C. G. S., p =225, pp=15. case of Fig. 2.
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Fig. 4. po/=106 C.G. S, v,=200 © Fig. 5. po/=107 C. G. S., other
m/s, v:=100m/s, p1=6x108, constants are the same of the
p1p3=1.5x108 C. G. S,, py=p2=1.5. case of Fig. 4.

(i) The case of large solid viscosity in superficial layer.

Fig. 3 shows that, when the elasticity ratio of two media py/y; is small, a
peak corresponding to fundamental synchronous pzriod appears more clearly.
While, as has been shown in Fig. 5, in case the elasticity ratio of two media
is relatively not small, the frequency-amplitude curve is flat and then the
vibration amplitudes corresponding to ordinary synchronous periods do not
grow to large value.

(ii) The case of small solid viscosity in superficial layer.

It will be seen from Fig. 2 that, when the elasticity ratio of two media is
small, the synchronous conditions of higher order occur successively. However,
if the elasticity ratio of the two media is relatively not small, such phenome-
non is not so clearly noticed as shown in Fig. 4.

At all events, the diagrammatical features of the results of the present
investigations closely resemble the features? of the spectrogramic diagramms
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.of earthquake movements of the ground which were obtained by the acceler-
ometer at several places in Tokyo and Yokohama.
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