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1. It has been established that if the primary waves were directed
vertically upwards, the damping constant of the vibration would in-
variably be the same whatever the type of wave form of the initial
disturbance.” If V,=1/ (X +24)/¢, =10, aa=1"p"p oy,
ay=vp (W +2u1)[p(2+2y), the coefficients of damping are
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for dilatational and distortional disturbances respectively. Although‘
the problem is greatly complicated, if the disturbance is directed
obliquely to the layer, the special case in which the obliquely incident
primary disturbance consists of transverse waves with movements orien-
tated horizontally, is particularly simple, the damping coefficient then
being uniquely determined as a certain function of the incident angle,”
namely, :
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where v=1/p ¢/ oy (cose’ [cose).

The nature of damping of free vibration due to obliquely mmdent
longitudinal waves or to obliquely incident transverse waves with
movements orientated in a vertical plane, however, is not simple. This is
because no point along the layer is ever subjected to the initial disturb-
ance simultaneously, and also because, after every free vibration, wheth-
er of longitudinal or transverse type, both longitudinal and transverse
vibrations are excited. Discussion of this problem from the elementary

1) K. SEzawa and K. KANAI, ““Decay Constants of Seismic Vibrations of &
Surface Layer,’”’ Bull. Earthq. Res. Inst., 13 (1935), 255.
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stage of the solutions is however extremely difficult. It appears

however that Nishimura’s result® in connection
with the forced vibration of a layer due to y
an obliquely incident disturbance renders it

possible to examine the problem without ~ //; ,07 o /

encountering serious difficulties. Although we

. . . . N > X
studied previously also a case® included in \\\\ Sa AN
Nishimura’s solutions, owing to its being a A\ AU
rather limited case, the result is of little © Fig. 1.
avail for the present discussion.

2. The elementary solutions are such that
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From the boundary conditions at y=0 and y=H it is possible to

determine 4, B, C, D, E, F, namely,
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3) G. NISHIMURA, “On the Effect of Discontinuity Surface on the Propagation

of Elastic Waves (VII ,”” Bull. Earthq. Res. Inst., 13 (1935), 540~554.

4) K. SEzawa and K. KaNal, “Reflection and Refraction of Seismic Waves in
a Stratified Body,” Bull. Earthq. Res. Inst., 10 (1932), 805~816; 12 (1934). 269~976.
" 5) G. NISHIMURA also expanded 4-! in a somewhat similar form for evaluating

the integral for free waves but not for obtaining the modulus of damping.
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M may be named as decay modulus of vibrations. The terms «,, 8,
...... 3 @y By ey gy Bry vty ety @y Bry eee... in (2), (), (4)
correspond to the respective coefficients of ¢?, e*/+¥) @i’ =2  o-iC+s)IT
e 8= 4, d,, dy, de, dy, dy, d,, in Nishimura’s paper®; the same
notations being arranged in Table I.

Table I.
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3. Fourier’s integral for a two-dimensional case is
L(x, y)= 41’125& df\‘gc (Z'r\‘ee deM 7 (5, p)efe—w-iti-ndy, (7)
from which we may write
$,=D{fa~ry—pt}, (8)
¢ being the type vof initial disgurbance, and
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6) G. NISHIMURA, loc. cit. 3).
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Since the form of decay modulus M in (6) is independent of the type
of original disturbance, ®, the behaviour of the free vibration of the _
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layer is invariably the. same, though it is not so simple as that in ex-
ponential damping.

In equations (9)~ (12), a,, B4y ...... 3 % Bry oeeeee. [ are func-
tions of densities as well as of elastic constants in the layer and the
subjacent medium, besides of the incidence angle of the primary waves.
Since, on the other hand, ¢, ¢, ¢/, ¢’ have the same and invariable
damping modulus M (shown in (6)), the respective vibrational modes,
namely dilatational and distortional, including both types of dissipation
waves, decay quite in the same way. The only difference between ¢,
¢, ¢/, ¢ is in the ratios of the general amplitudes, which differ with
the differences in a,, B4 ...... s &g PBryoeeeen. U , 1 8, 1, 8, so that
it is not possible for even one out of ¢, ¢, ¢/, ¢’ to prevail even with
lapse of time.

It may seem odd that the vibrations are not separated into two
kinds, dilatational and distortional. Such separation however would be
hardly possible unless the primary disturbance were composed of
dilatational and distortional waves even in the case of simultaneous
application of the disturbance at all points on the boundary surface of
the layer.

4. It has already been remarked that from the decay modulus shown
in (6), namely,
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no such simple decay constant as the coefficient of exponential function
is deduced. Were the disturbance, however, to be applied simultaneous-
ly at all points on the boundary surface of the layer just mentioned,
the modulus under consideration would immediately give the damping
constant. In that case the direction of propagation of the disturbance
should be in the vertical sense, from which results the condition that
f tends to zero, while », s, #/, 8 remain as finite values. It follows
then that Nishimura’s values 4, 4, 4, ...... , 4,7 tend to assume the
forms

ss’® , n i ) N
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7) G. NISHIMURA, loc. cit. 3).
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where a=/ ' (F+20)[o(l+2p), B=vp(+27)]p G+27).
If the primary waves
$o=P(—ry—pi) (15)

are incident on the bottom surface of the layer, free oscillation of the
layer of the type

¥ =283 (1) e =y =t 2 H)
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and the dissipation waves
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are excited, whence the vibration of the layer are of the purely ex-
ponential type
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e M
with the coefficient of damping
|4 1 + o

1
i

It should be borne in mind that, even should the initial disturb-
ance ® be of a very sharp type, the functions ® in ¢’ or ¢ would be
deformed to a fairly gradual type after every successive oscillation due
to inner resistance, etc., so that it would then be possible for the vib-
ration to assume almost sinusoidal and damped forms.

At all events, the special point in our ideas that differs from
the classical theory of free vibration is that in the present case, the
vibrations of higher orders are unlikely to occur. From results of
vibration experiment, however, it would be rather improbable for the
natural vibrations of higher orders in a body to exist under the action
of a single shock of very short duration (compared with its first
natural period) and of localized type, even though such vibrations
might be damped by other causes such as viscous friction, etc. The
only possible case of exciting vibrations of higher orders due to ap-
parent short duration is that in which the sources of disturbance are
initially so distributed in a body as in the case of statical deformation
of the same body that is to be released simultaneously.
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8) K. SEzawa, “Decay of Waves in a Visco-elastic Solid Bodies,” Bull. Earthg.
Res. Inst., 3 (1927), 43.
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