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1. Introduction.

It is certain that the ground is always vibrating at a minute
amplitude about 1 miecron. Such vibrations are called miero-tremor.

The studies concerning the micro-tremor were started soon after
seismology had been established systematically as a branch of science.
First it was noted that the mean period of miero-tremor of a definite
place has a particular value.” Since then, only several studies about
the amplitude besides those concerning period have been made inter-
mittently.?

The present paper describes the systematical measurement of micro-
tremor observed at various places in Tokyo, and the properties of ground
deduced from the characteristics of micro-tremor are utilized for the
determination of the coefficient of ground relating to earthquake-proof
construction. At the same time it is intended that by researching the
micro-tremor in full as a wave problem, contribution to the study of
earthquake motion will be made.

2. Measuring instrument.

As the measurement in the present study needs much time, for
financial reasons paper smoked by oil-lamp and needle for recording
are adopted.

, For measurement of horizontal motion inverted-pendulum-type

transducer is used, and the vertical motion Ewing-type is used. Both
have the natural period of 1.0sec. The motion of the pendulum is
transduced into the change of electrical quality by means of the moving
coil. The sensitivity is 7.0 volt/kine. The amplifier is of resistance
coupled 8 stages, the maximum amplification amount to 90 db and the

1) F¥. Omori, Bull. Earthq. Inv. Comm., 2 (1908), 1.
2) W. INOUYE, Bull. Farthq. Res. Inst., 10 (1932), 83.
M. IsHIMOTO, Bull. Earthq. Res. Inst., 15 (1937), 697.
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conductance between input and output is 28 mho.
In order to make the behavior of the amplifier stable and to improve
its characteristic, push-pull connection and the stabilized power supply

are adopted.

This measuring apparatus may distinguished by the recorder.®
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Construction features of the recorder.

Thus the
motion of the moving coil is magni-

Fig. 1.
the end of the straw arm.

fied 80 times. There are hardly any
golid friction and play in the magnifica-
tion system in which an Eden’s spring
is applied. The vibration system is
activated by the electro-magnetic
damping due to the coil bobbin made

of duralumin.
Two natural frequencies of the

recorder are available, viz. 20 c¢/s and
40 ¢/s, by exchanging IEden’s spring.
D. C. sensitivities are 0.5 mA/mm and
2.0 mA/mm respectively.

The sensitivity of the vibrograph
as a whole, that is the combination
of transducer, amplifier and recorder,
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Its
constructional features are
shown in Fig. 1. The mecha-
nism is as follows. A moving
coil supported by a bakelite
plate of suitable stiffness
moves back and forth in the
radial magnetic field ecaused
by a permanent magnet. The
back-and-forth motion of the
coil is changed into the rotary
motion due to an Eden’s
spring.” The FKden’s spring
has a straw arm at the end,
and a recording needle is at
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Fig. 2. Characteristic of the vibro-
graph. Trace amplitude means the
record-amplitude corresponding to
the 1, vibration-table amplitude,
as the case of 1/500 of full gain.

3) T. Tavaka and K. KaNal, Journ. Seism. Soc. Japan., [ii], 5 (1952), 43.
4) G. NISHIMURA, M. Suzuki and E. FURUKAWA, Bull. Earthqg. Res. Inst., 32

(1954), 87.
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amounts to the maximum of 1.0x10'em/kine. This means the magni-
fication is about 65,000 in case of sinusoidal wave of 1le/s. The
characteristic of the vibrograph as a whole is shown in Fig. 2. Fig.
3 is the photograph of the measur- T Moarai

ing equipment. Amlitier oA g Swicth
. [ewmi ] s _
This time the micro-tremor ob- Lae f. “‘\;'t:. Time Swictn
servations were continued for 30 rowe ?33 | R K sorrery

minutes in day-time and at midnight
respectively. Midnight observation
was performed automatically by
using time-switeh.

The sensitivity of amplifier was
regulated according to place and
time so that the maximum of the  s.cogimg orum
recorded amplitude may become 10
mm. The driving speed of records
is 10 mm/sec. Time was marked by interrupting the output of amplifier
at every 15see by using a specially made wateh.

Fig. 3. Measuring equipment.

3. Relation of frequency to period of micro-tremor.

By taking any part of two minutes from the records of miero-tremor,
the interval from the time the wave erosses 0-line till it ecomes to 0-line
again is measured. The time thus read is doubled and it is considered
to be the period. Then taking the period on the absecissa and the number
of waves of each period on the ordinate, the curve of frequency-period
is drawn as in Figs. 4-6. (Sinee this seismograph is an instrument
which measures the velocity of waves, the time during which waves
cross 0-line twice corresponds to the time needed for the maximum
displacement of micro-tremor to come to the next maximum.)

Any place has a definite frequency-period curve of miero-tremor
and it is very similar to that of the earthquake motion at the said
place.

From Figs., 4-6 it is found that the frequency-period curves of
micro-tremor observed in various place in Tokyo ean be roughly classi-
fied into three groups. The curves which have one sharp peak belong
to the first group, those having several peaks to the second, and to the
last very flat eurves belong.

Among the records of the micro-tremor in various places, the
representative records belong to the first, the second and the third
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Fig. 5. Frequency-period curves belong to the second group.

groups concerning day-time and midnight are shown in Fig. 7.

Sueh a classification is illustrated in Fig. 8 as a geological map
from which we can deduce the following: The curves of the first group
belong to such geological formation as very thin alluvium, diluvium
and tertiary. The curves of the second group belong to alluvium of
over several meters’ thickness. The curves of the third group appear
at the special ground among the geological formation of alluvium with
thickness of over 25 m.

On the other hand the curves of the first group correspond to the
mathematical results concerning the relationship of amplitude-period in
case of a surface layer.” The curves of the second group are very
similar to the calculated results concerning the case when there are two
or three layers of different vibrational impedance between the bed rock

b) K. Kanar, Bull. FEarthq. Res. Inst., 28 (1950), 31.




204

K. KaANAI, T, TANAKA and K. OSADA. [Vol. XXXII,

Nnber-
30|

20+

L 1 .\I"‘“n

"t . L .
0 ol Q@ 03 04 05 06 07 08

—=sec

17) KOTO-Ku, OSHIMA-MACH!

Number

‘ooa
aoa

ihan dpor.
06 07 08
— 5ec

(180 KOTO-KU, FUKAGAWA=TOYOZUMI-GHO, 3-CHOME

0007 03 04 03

26 Number

10F

It L !

. . L

k% 0i 02 Q3 04 05 06 07 08 09
—»Sec

(19 SUMIDA-KU, AZUMA-CHO

Number

ior

0~ ) ——
08 09 1.0 1

: . :
07 0Z 43 04 05 0F 07
. —»Sec
(20) KOTO-KU, FUKAGAWA-TOMIOKA-CHO, I-CHOME

Number

A0

0BT 0Z 43 04 05 06 07 07 oF
—»5ecC
(21) MINATO-KU, SHIBA-NISHIKUBO -AKEFUNE - CHO

10 | Number

1 1 ! ! ! 1 ! L
0 G 02 03 04 05 06 07 08 Q9

. 1A
—w»5€C
(22) EDOGAWA-KU, KOMATSUGAWA, 5-CHOME

3
o

Number
[0

f ; . . ; A L S
0 Of 02 03 04 05 06 07 08 09 10 I

—>5eC
(23) MINATO KU, SHIBA-KAIGAN-DORI, I-CHOME

IO-ane' )
t B —> Period(sec)

NS
0 07702 03 04 05 06, 07 08 0% 10 4 12
(24) GHivopa-xi, OTE MACH:, I-CHOME,

1ol-Number

w

NN , , : :
0 6/l 0Z @3 04 a5 06 07 G8 09 1o LI 12
25) EDOGAVA-KU, NiSHI-MIZUE, 4-CHOME

Fig. 6. Frequency-period curves belong to the third group.

&Y



Part 2.] Measurement 'lvi" the Micro-tremor. I. 200

and the surface,
of the third group ecoincide with ;

' while the curves - o

the caleulated results in the case
when surface layer consists of many e
layers of different vibrational im- ‘
pedance.”

®

From Figs. 4-6 it is elear that ; 'O

in some places, for example, (2) 0 &7
and (14), the curves of frequency- :
period retain similar figure re- e
gardless of day or night, while in

other places, for example, (15) and

(18), there are differences between 8‘ 4
the curves obtained at day-time :
and those obtained at midnight.

®

By comparing miero-tremor with T

sarthquake it is found that the
. p . N Yig. 8. Relation of the classification of
eurves of fL‘U‘IHUHC'\'?M‘I-”)E] of miero- h'{‘tl!I"ll(')'-ii(’l"uul curves of micro-tremor
tremor observed at midnight in to  geological formation in  Tokyo.
lst group; @: 2nd group: @: 3rd
group. Hatched zone: diluvium or ter-
earthquakes of near distance from tiary ; blank zone: alluvium. Large and
the origin observed at the same  smalllettersof number represent position
number and the thickness of alluvium

any place corresponds to those of

place, and the curves observed at in m respectively.

day-time resembles those of earth-

quake of remote distance from the origin.’

4. Relation of amplitude to period of micro-tremor.

If the period and amplitude of the waves of miero-tremor are read
one by one from the records, they can be plotted as shown in Figs. 9-12.

From these figures it is known that the amplitude is at its maximum
at the period when the waves reach the maximum in number. Also it
is found that the relation of the lower limit of amplitude to the period
which traces a going-up slope appears to follow a certain law. Picking
up the minimam amplitudes of respective periods and their ratio to the
minimum amplitude of a definite period they are plotted in Fig. 13

6)

<. KaNAL, Bull. Farthg. Res, Ins
. KANAI and S. YosHIZAWA, 13

., 31 (1953), 219,

arthg. Res. Inst., 31 (1953), 275.
7) K. Sezawa and K. Kanat, Bull. Farthg. Res. Tust., 13 (1935), 1481.

8) M. IsHIMOTO, Sull, Harthg, Res. Inst., 12 (1934), 284 and 13 (1935), 592,

~
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Fig. 10. Amplitude-period curves of
micro-tremor at, (14), 2-chome, Kasu-
migaseki, Chiyoda-ku.
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Fig. 11. Amplitude-period curves of Fig. 12. Amplitude-period curves of

micro-tremor at, (18), 3-chome, Fuka-
gawa-toyozumi-cho, Kota-ku.

micro-tremor at, (20), 1-chome, Fuka-
gawa-tomioka-cha, Koto-ku.

which, roughly speaking, proves the relation of VecT", at least, at the

period ranging 0.1~1 sec.

Such a relation is. represented by the lower
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curves written in Figs. 9-12. 3
Now let the lower limit of
amplitude be the amplitude of the
original waves of micro-tremor.
Then it may be considered that the
upper boundary indicates the ampli-
fication concerning every period. | — 52 -
The maximum amplitudes shown in — .
Figs. 9-12 being divided by the / -
amplitudes of lower limit at the a5
corresponding periods, the numerical (oY} 0503 OIS |10
values of the maximum amplifieation 0.3 ’
of grounds are given as shown in —+Pr140D (sec)
Table I. Fig. 13. Relation of lower limit amplitude
The maximum amplification  to period.
which shows slight difference between day and night at every place
Table I. and is independent of the property of
ground becomes 3-4 in general. (As
the amplitude of lower limit is con-
sidered to be twice as large as the

o (2) DAY
& 4 NIGHT
x o~ DAY
@ (8) NIGHT e
2F-— © = DAY

@ (20) NIGHT @9 ..
* . DAY * { ¢

— AMPLITUDE RATIO

The values of the maximum
amplification of grounds.

Position Time Value original amplitude, which is due to

@ Day 44 the reflection of waves at free surface,

the doubled values of the calculated

1) Night 8.6 results mentioned above are regarded

Day 3.6 as the amplification of ground. Those

Night id values coincide with the amplification

18) of earthquake motion at ground sur-
Day 4.1, 8.8 face®.)

Night 3.2 Vee T means that displacement

(20 Doy 2.2 D is in the relationship of Do<T"" and

this coincides with the displacement-
period relation of earthquake motion which was described in the pre-
ceding paper.'®

5. . Conclusion.

As the results of the measurement of micro-tremor made at many
places in Tokyo, the following become clear :

9) K. KAaNAIl, K. OsADA and S. YOSHIZAWA, Bull. Earthq. Res. Inst., 31 (1953), 227.
10) K. KaNAl and M. Suzuki, Bull. Earthq. Res. Inst., 32 (1954), 187.
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(i) The relation curve of frequency-period of micro-tremor shows

a definite form for respective districts. This form coincides with
that of earthquake motion and has a close relation with the geology of
a district. On the firm ground a sharp peak appears at 0.1-0.3 sec
period, and on the soft ground at 0.4-0.6sec. On especially soft ground
the curve is flat at the period ranging 0.3-1 sec.

(ii) The frequency-period curve of earthquake motion of near
distance from the origin has a similarity to that of micro-tremor ob-
served at midnight, and that of earthquake motion of remote distance
from the origin is similar to that of the micro-tremor observed at
day-time.

(iii) Presuming the cause of micro-tremor, the relation of displace-
ment to period at every place is considered to be DocT', at least, at
the period ranging 0.1~1sec. This is coincident with that of the
earthquake motion at bed rock.

(iv) In the case when the presumption in (iii) is taken into con-
sideration, the maximum amplifieation of micro-tremor is considered
almost independent of the property of ground and becomes 6-8 in general.
Such values correspond to those of earthquakes.

From the results of the measurement of micro-tremor deseribed in
this paper it is shown that there seem to be some similarities between
the generation mechanism of micro-tremor and seismic waves which
arrive at bed rock.

In conclusion we wish to express our thanks to the Science Section
of Educational Ministry and the Bureau of Architecture, Tokyo-Metropolis,
for the financial aid granted us for the present investigations. Thanks
are also due to the residents of the observation districts for their
cooperation, and to Miss S. Yoshizawa who assisted us in preparing
this paper.
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Fig. 7. Representative records of micro-tremor belong to the 1st, 2nd and 8rd
groups. Upper: midnight; lower: day-time. Original size.
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