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The present paper is the continuation of our research work on the
problem of earthquake movement of superficial stratum and deals with
the case where the primary seismic waves are incident upwards normally
to trebly stratified layers residing on the surface of a semi-infinite body.
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The typical solutions of this equation are expressed by
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where 9 is the amplitude of the incident waves and B,, B;, B,, B,; A,
A., A, are arbitrary constants to be determined from the boundary con-
ditions. 2z/p and 2z/f mean the period and the wave length.
The boundary condition at the plane z=0 is
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and the boundary conditions at the planes z=H,, z=H,+H,, z=H,+ H,
+ H, (=H) are as follows;

Un= Z]n—H ’ ( 4 )
12200y O 1,28 (5)
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In the case of dilatational waves, it is necessary to replace p# by 21+ 2p.
Putting equation (2) into equations (8)-(5), we find finally
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Some special cases are cal-
culated using equations (6),
(7) and (8), and are plotted
in the following drawings.
Figs. 2, 8 and 4 are the
cases of (i) Hy:H,:Hy:=1:
2:8, Vi:V,:V3:V,=1:2:3:
4, (iiy H,:H, :H;=1:2:6,
;l | | ViV V3:Ve=1:2:3:4 and

|
0 2 3 wT
ri, rl % — (ii) H,:H,:H,=1:8:6, V;:
Fig. 2. Hy:Hy: Hy=1:2:3, Vi: Va: Vs V,:V3:V,=1:2:4:8 respec-
Vi=1:2:8:4, py=pa=p;=ps. tively, besides the condi-

tions p=p,=p;=p, are in
common. In these figures, T\, 7., and T; represent the period of free
oscillations of the first layer, the upper two layers and the whole layers
respectively, that is, Tv=4H,|V,, T.=4(H,|V,+H,|V.) and T,=4(H/V:+
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Fig. 8. Hy:H,:H;=1:2:6, Vi Vi Vi Vi=1:2:8:4, p1=ps=p3= 04

H,|V.+H;|V;). Figs. 2, 3 and 4

show that, even when the period |Up=o|
of seismic waves synchronize with 2“{0‘
T, or T;, the amplitude on the free

surface becomes slightly larger than 3
the cases of other periods. In other ’
words, Figs. 2, 8 and 4 tell us that, i

neither in the upper two layers
nor in the whole layers, resonance-
like phenomena appear clearly.

On the other hand, the resonance- T A
like phenomenon of the first layer
appeared clearly, and the maximum
amplitude on the free surface is
somewhat small compared with that of a superficial layer.

The cause of the phenomena mentioned above is the coherent effect
which exists among the waves reflected at different boundary planes.

In order to ascertain the coherent effect of the seismic waves in the
surface stratum, we illustrate the results of the numerical calculations
of such cases as doubly stratified layers,” a stratified layer® and a surface
layer of varying elasticity,® which were studied previously, in Figs. 5-8.
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Fig. 4. H;:H,:H;=1:8:6, V1: Va:
Vi: Vi=1:2:4:8, p1=pa=p3=p14.
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Fig. 5. The case of doubly stra-
tified layers. H;:H,=1:4, Vi: Vs Vs
=1:2:4, p1=ps=p03.
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Fig. 6. The case of doubly strati-
fied layers. Hy:H.=1:2, Vi:V.: V=
1:2:4, O1=P2= 3. )
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From Figs. 2-8, it appears
that the differences of the ampli-
tude on the free surface with
respect to the period of incident
waves decrease with the increase
in the number of layers. And, it
seems that the maximum ampli-
tude on the free surface decreases
with the increase in the number
of layers, when the ratio of the
velocity of the surface medium to
that of the bottom medium is
constant.

The results of the observa-
tional studies show that, when the
superficial stratum consists of more
than two layers as in the down-
town of Tokyo, the relation of
frequency to period of the ground
movements which are caused by
earthquake or ground noise is re-
presented by a flat curve. On the
other hand, when the superficial
stratum is a layer sueh as in the
up-town of Tokyo, the relation of
frequency to period of the ground

movements is deseribed by a predominant sharp peak.
Now, it is noteworthy that the diagrammatical features of the
results of the present theoretical investigations closely resembles the

L lUZ=O|

H

Uy =]
2|t
2
)
o 1 (__>_ﬁ__7

Fig. 7. The case of a stratified layer.

Vi Ve=1:4, pr=po.

Fig. 8. The case of a surface
layer of varying elasticity. Vp:
Ve=1:4, Viey/2, p1=p-.
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diagramms regarding the frequency-period relation of the ground move-
ments caused by earthquake or ground noise.

Though there are a number of subjects under consideration concerning
the present investigation, they will be discussed later.
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