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1. Introduction.

Since the problem of comparing the earthquake motions in the depth
with the motions on the surface of ground has attracted the attention
of many researchers, many mathematical studies® as well as observational
ones® have been made till now.

Recently this problem has been given so much importance even in
the fields of architecture and civil engineering, that the ground survey
is under way at various places in Japan.

This paper, in comparing the earthquake-motions in the depth with
the motions at two. points on the ground which are of different ground
property and very adjacent to each other, concerns the vibration at sur-
face layer.

2. Observational results.

Observations were made at the following three places: 300 m in depth
under the ground of Hitachi Mine (paleozoic system) in Ibaraki Prefec-
ture; the ground surface of the same mine; Hitachi First High School
(on alluvium) about 6 km east-south of Hitachi Mine.

These places and the epicentres treated in this paper are shown in
Fig. 1. The representative seismograms of the earthquakes used in this
investigation are illustrated in Figs. 2-5. And Table I shows the maxi-
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mum amplitude of S-waves and the average period of those waves of 14
earthquakes treated in this paper. This average period was struck with
10-20 waves in the vicinity of the maximum amplitude (the waves within
the range, containing the wave of maximum amplitude, limited by the
waves of a half amplitude of the maximum). The amplitude shown in
Table I is the average of 3 waves in the vicinity of the maximum.
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Fig. 1.

From Table I, we get the ratios of the amplitudes at the surfaces
of paleozoic system (Mine) and alluvium (School) to the amplitude at the
point of 300 m underground. The relation between the ratios thus ob-
tained and the period of earthquake-motions at 300 m depth is represent-
ed in Table II and Figs. 6 and 7.

" Then, from the seismograms of the surfaces of paleozoic system
(Mine) and alluvium (School), the frequency of the number of waves con-
cerned with the period of earthquake-motions is plotted in Figs. 8-11.
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Table 1.
Hypocenter Average Period (sec) Amplitude (n)
No. Date . ; H | 200m Surface 300 m Surface
(km) | Depth | yrine | School | PePth | Mine | Sehool
374 1952 XI 16/ 36.1 141.9| 40| 0.68 0.38 0.88 10 17 53
378 11952 XI 18 36.1) 140.6| 60| 0.29 0.15 0.31 4.4 16 16
?;'79 1952 XTI 19| 36.4| 141.2] 40| 0.25 0.12 0.19 2.2 10 12
382 1952 XI 19 36.1) 140.8] 40| 0.87 0.15 | 0.24 5.0 10 15
390 11952 XI 22/ 31.0, 137.0; 800 | 0.29 0.26 0.32 2.9 7.5 13
399 1952 XI 27| 87.8 141.3 60| 0.30 0.12 0.17 1.9 4.6 7.4
409 11952 XIT 111 87.2) 141.5] 80| 0.22 0.14 0.21 4.5 16 40
414 11952 XII 16/ 86.1 139.9, 40| 0.13 0.10 0.16 1.0 6.0 3.4
420 1952 XII 25| 85.5) 140.3] 50| 0.30 0.21 0.24 4.0 12 18
423 1963 I 12| 36.6| 189.5| ‘10| 0.21 0.13 0.24 1.2 4.7 10
428 1953 1 14/ 86.0 141.8] 60| 0.41 0.31 0.48 1.7 27 70
441 1953 I 26| 36.1 189.8] 40| 0.28 0.14 0.21 6.5 16 50
446 11953 II 8 85.5 140.8) GO | 0.26 0.19 0.28 8.b 19 70
452 1953 II 14| 86.2) 140.1] 50| 0.22 0.11 0.24 2.5 6.0 11

Fig. 6. Relation between the amplitude ratio of Mine to
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800 m depth and the period at 800 m depth.
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Relation between the amplitude ratio of School to

300 m depth and the period at 300 m depth.

Table II.

Average Amplitude ratio

No.  |ooomodeat
ooy | Mine/300m Sehool/300m

374 0.68 1.7 5.3
378 0.29 3.5 3.6
379 0.25 3.4 | 5.3
382 0.87 1.9 2.9
390 0.29 2.6 4.8
399 0.30 2.4 3.9
409 0.22 3.3 9.0
414 0.13 6.3 3.5
420 0.80 2.9 4.7
423 0.21 3.9 8.3
428 0.41 1.6 .2
441 0.28 2.4 7.6
446 0.9 2.2 8.3
452 0.22 2.4 4.5

[Vol. XXXI,
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Figs. 6, 7 and Figs. 8-11 make it clear that the amplitude at ground
surface becomes maximum when the period of earthquake-motions in the
depth of 800 m coincides with the period which corresponds to the peak
of period frequency. Supposing that the period corresponding to the peak
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Fig. 11. Period frequency of No. 446 earthquake.
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frequency of the period at the ground surface indicates the natural period
of the ground, the relation between the amplitude at the surface and the
period of earthquake-motions shown in Figs. 6 and 7 coincides very well
with the results of mathematical study.

3. Theoretical examination.

As this paper treats only the waves of short period, about 0.1-0.3
see, waves which are reflected at the surface come back to the point of
300 m deep under the ground with the delay of more than one period
compared with waves which come directly from the origin. Consequent-
ly it can be considered that the amplitude and the period of waves in the
vicinity of the maximum amplitude of S-waves at the point of 300 m in
the depth are under little influence of the waves reflected at the free
surface.

In other words, even if the waves in the depth of 300m are the
ones incident upon the under surface of surface layer, the error may be
small as far as it concerns few waves in the vicinity of the maximum
of S-waves.

When the periodical waves continue infinitely, advance vertically
upward and synchronize with the natural period of the surface layer,
the ratio between the amplitude at the free surface and that of primary
waves, that is A4,/4,, will be

A [A=2V,0,[ V101, (1)
in which V,, p. and V,, p, represent the velocities and the densities of
surface layer and subjacent medium respectively. In that case the damp-
ing due to the solid visecosity of media is neglected.

From the maximum value in Figs. 6, 7 and equation (1), we obtain the
value of V,p,/Vip,. At Mine V,p,/Vip;=3, while at School V,p,/V p,—=4.5.

Then, in case the waves of finite train which synchronize with the
natural period of the surface layer come, the ratio between the maxi-
mum amplitude at the free surface and amplitude of incident waves,

A,[A,, becomes
GGV *

Where a=V.0,/ V.0, and n represents the number of successive waves
(See Fig. 12). From equation (2) the relation between the amplitude

8) K. SEzAwa, loc. cit., 1).
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ratio and wave number in the case of «=1/3 (Mine) and a=1/4.5 (School)
is plotted in Fig. 12.
Fig. 12 makes it known that, in the
AS/% case of observation at such places as treat-
ed here, if 3 or 5 waves of which the pe-
riods are nearly equal to the natural peri-
od of the surface layer appear in succes-
sion, the amplitude at free surface may
become approximate to the amplitude in
the case of perfect synchronization.
From equation (2) and Fig. 12, it is
also seen that with the surface layer of
soft substance the amplitude at the free
Fig. 12. surface becomes very large if there come
such a seismic-waves as will cause synchro-
nization in the surface layer. But even if the period of primary waves
is very approximate to the natural period of surface layer, the amplitude
at the free surface may be almost constant, regardless of hardness of
the substance of layer, unless the number of primary waves appearing
in sucecession is satisfactory.
In brief, such a property is the same with the forced vibration of
pendulum in consideration of damping.

4. Conclusion.

The results of the comparative observations made at Hitachi Mine,
both on the surface and in the depth of 300m under the ground, and
at Hitachi First High School (on alluvium) about 6 km from Hitachi
Mine, proved the followings more evidently.

(1) In case where the period of the earthquake-motions in the depth
of 8300 m coincides with the period which corresponds to the peak. of
period frequency at the surface, the amplitude at the ground surface be-
comes maximum. Suppose such period as corresponds to the peak of
period frequency to be the natural period of surface layer. Then it is
possible to admit the above-mentioned fact to be a synchronization (re-
sonance) of surface layer.

(2) If the surface layer is of soft substance, the amplitude at the
surface becomes very large if there come seismic-waves which may cause
a synchronization (resonance) at surface layer. But if the waves which
appear in succession are few, the difference of ground property have
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little influence upon the amplitude at the surface, even if the period of
primary waves may be approximate to the natural period of surface
layer.

In conclusion, we wish to express our hearty thanks to the members
of Motoyama Office, Hitachi Mine and the authorities of Hitachi First
High School for their contributions to this investigation. We also wish
to express our thanks to Messrs. T. Tanaka and T. Suzuki who took
part in the observation. ‘
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Fig. b-c.

Earthquake No. 446. School.
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