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1. Introduction

The problem of the possible existence of surface waves in a stratified
medium was investigated by a number of authors and its nature was
elucidated pretty well.

Of the various kinds of surface waves which are propagated upon
the stratified medium, Love-waves have very simple property and will
require no explanation today.

However, the range of existence of Rayleigh- as well as Sezawa-
waves (M,-waves), which consist of P- and SV-waves has not been
clarified enough to satisfy us and make it possible for us to see into
the details of the subject. The investigation was given this direction
by K. Kanai® some years ago, and his graphs show the critical boundary
of existence and non-existence of surface waves under a given condition
of L/H, ¢'|p and (v/v').

(Where L; wave length
H; thickness of the layer
¢, ¢y rigidity of the layer and the substratum respec-
tively

v',v; velocity of S-waves in the layer and the substratum
respectively.)

Now, we will calculate this critical boundary more precisely, giving
the parameters with smaller intervals.

2. The fundamental equation

Here, we will follow the investigation performed by K. Sezawa
and K. Kanai.

1) K. KanNAIL, “On the M,-waves (Sezawa waves),” Bull. Earthq. Res. Inst., 29
(1951), 39.
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The equation of dispersion curves of surface waves transmitted
through a stratified body is, as presented originally by the above two
authors®
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The critical condition of the existence of surface waves is that
one of the functions exp(rz) and exp (sz), which give the vertical
distribution of amplitude, fails to be a real function that decreases
exponentially and becomes a circular function®. Since % is larger than
R, the above condition is given by the relation

s=0, or =K.

Putting this into the equation (1), we have?

2) K. SEzawA and K. KANAI, “Discontinuity in the Dispersion Curves of Rayleigh
Waves,” Bull. Farthq. Res. Inst., 13 (1935), 237.

3) In the semi-infinite part the type of waves must be [E]. (Cf. Y. SATO, “ Definition
and Classification of Surface Waves,” Bull. Earthg. Res. Inst., 32 (1954), 161.)

4) K. Kanai, loe. cit., 1).
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Fig. 1. Critical lines
separating the existence
and non-existence of Ray-
leigh waves. Above the ol
curves Rayleigh waves are
allowed to exist, while
below them they cannot
exist. Sezawa waves are
not allowed to exist iy
throughout the domain.
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Table I. The values of L/H that give the critical boundary
conditions p//g¢ and (v/v’)?
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lines of the existence of Rayleigh and Sezawa waves, when
are given. (A=p, 2=p').

L . . ' . | . . . . V‘ . . 1

1.899 | 2.098 | 2.418 | 2.683 | 2.913 | 3.120 | 3.310 3.479 | 3.570 | 3.652
1.883 | 2.069 | 2.368 | 2.618 | 2.843 | 3.055 3.263'| 3.475| 3.581 | 3.688

0.945| 1.195| 1.563 | 1.878 | 2.185 | 2.513 | 2.868 3.279 | 3.508 | 3.752
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3. Numerical calculation

Assuming various values of (v/v') and putting them into the above
equation, we have calculated that relation between L/H and p'[/p which
gives the critical condition of the existence of Rayleigh and Sezawa
waves. (In this calculation 2 and 2’ are always assumed to be equal to
# and g’ respectively.)

The result is illustrated in Figs. 1, 2 and 8 and the numerical
values are found in Table I. (In Fig. 3 the unit of abscissa is reciprocal
to that of Fig. 2.)

4. Discussion of the result

Three of the curves in the Figs. 1 and 2 (curves corresponding to

L

H
sk
30

Fig. 2. Above the critical lines only Rayleigh waves can
exist, while below the curves both Rayleigh and Sezawa waves
are allowed to exist.
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Py

Fig. 3. Above the critical lines only Rayleigh waves can exist, while
below the curves both Rayleigh and Sezawa waves are allowed to exist.
This figure has the same content with the former one, but the abscissa
is reversed.

(vfv')*=0.5, 1, 2) were already
given by K. Kanai®, but in that
case three curves were isolated
and the connection between them
was somewhat difficult to grasp.
Now, however, the tendency of
the shift of curves has been made
fairly clear.

At first, when the parameter
(vv')* is large, namely the velo-
city of S-waves is much higher in
the substratum than in the upper
medium, the Rayleigh waves is
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Fig. 4b.

Fig. 4c.

allowed to exist throughout the

domain of , L -plane while the
¢ H
Sezawa waves can exist only be-
low the ecritical boundary line.
(See Figs. 4a and 4b. In these
figures, the range of possible exis-
tence of Rayleigh waves is indi-
cated by the hatched area, while
in the double hatched area Ray-
leigh and Sezawa waves can both
exist.) As the value decreases,
the boundary line shifts down-
ward and its middle part droops
(see Fig. 4c), and finally when
(v/v’')* becomes unity it touches
the axis of p’/p. (Cf. Fig. 4d and
K. Kanai’s paper Fig. 9.). If the
value (v/v’')* still decreases, the
domain of the existence of Sezawa
waves diminishes further and is
separated into two areas (see Fig.
4e) until it vanishes when (vfv’)
takes the value 0.8453-..9, And
in this case the tendency of the
shift of curves can be seen better
in Fig. 3 than in Fig. 2.
If (v/v’) is smaller than 0.8453
-+, no Sezawa waves are allowed
to exist, and even the existence
of Rayleigh-waves is somewhat

6) This condition implies that the
velocity of Rayleigh waves in the layer is
equal to that of S-waves in the substratum.

As the value (v/v')® diminishes, the
point A in Fig. 4e approaches to 0 and the
area I vanishes, while the point B tends
to+e and thus the area II becomes null.
This property may be proved from the ex-
pression (3) by a iittle calculation.
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L limited. If (v/v’)* decreases fur-

H/ . ther, the domain of the existence

2 / (%)= 084 of Rayleigh waves above the

Fig. 4f critical boundary line diminishes,

I ** namely the blank area (domain
} ] ]

without surface waves) increases.

, (Cf. Figs. 4f and 4g.) The details

0 | 2 3 4/5;/“ of the nature of this matter will
, be found in Fig. 1.

This investigation was per-

5 / formed under the kind guidance
of Dr. K. Kanai, to whom the

authors’ heartiest thanks are due.

Hatched area; Rayleigh waves only can exist.
Double hatched area; Rayleigh and Sezawa
waves can both exist.
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