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1. Introduction

Studies of destructive earthquakes occurring throughout the world
revealed that the design of earthquake resistant structures depends
mainly on the physical properties of subsoil layers on which the structure
rests. In general, damage is greater on soft and weak ground than it
is on rigid ground. Through the extensive studies of microtremors,
Kanai and others proposed that such properties of the ground could be
deduced from the analysis of mierotremors.

At present, however, there are two schools of thought concerning
the nature of microtremors. The first school says that microtremors
are mainly steady state body waves®. The second says they are mainly
surface waves®. Therefore, a better understanding of the nature of
microtremors is essential, before they can be applied to a problem.
This paper describes an approach to find out which one of the two
schools of thought really explains the nature of microtremors.

Several steps were carried out in order to approach the present
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problem. The first step was to determine the underground structures
and the elastic constants of the subsoil layers. This was done by
obtaining P- and S-wave information at various sites in the Tokyo
Metropolitan Area and has been reported already”. The second step
was to obtain microtremor recordings at those places in order to deter-
mine the predominant frequencies of microtremors. The third step was
to obtain the spectral responses of the ground, which were derived
through the application of the multiple reflection theory. This step
was needed to qualify the previously mentioned first school of thought
concerning the nature of microtremors. The fourth step was to derive
the dispersion curves of Rayleigh and Love waves and to calculate the
frequencies of the minimum group velocities at each place. This step
was needed to qualify the second school of thought concerning the nature
of microtremors.

After proceeding through these steps, the predominant frequencies
of the power spectral density functions of the microtremors were com-
pared with both of the frequencies of the minimum group velocities of
Rayleigh and Love waves, and with the predominant peaks of the
spectral responses of the ground.

2. Experiments and Results

The experiments were carried out at Otaku in the Tokyo Metro-
politan Area and can be seen in Fig. 1, as follows:

1. Yukigaya Junior High School

2. Tkegami Primary School

3. Ikegami Second Primary School

4. Omori Senior High School

5. Onnazuka Primary School

6. Omori Third Primary School

Seismic exploration was done at the aforementioned places to obtain
the ground structures and the elastic constants of the different layers
of each location.

The summary of the derived underground structures for P- and S-
profiles and the geological formations are shown in Fig. 2.

Microtremor recordings were made at the same places with two

8) H. Kawasumi, E. SHIMA, Y. OuTA, M. YANAGISAWA, A. ALraM and K. MIYAKAWA,
Bull. Earthq. Res. Inst., 44 (1966), 731-747, (in Japanese).
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Fig. 1. Map of the Tokyo Metropolitan Area showing the observation sites.

horizontal components to determine the predominant frequency of micro-
tremors at each site. We used two components and arranged them in
two different directions so that we could see the effect of outside
disturbances on the recordings.

The microtremors were recorded by a veloeity type seismometer
having a natural period of one second. The signals from the seismo-
meters were integrated and amplified. Hence, the output signals are
proportional to the ground displacement.

The only theory which is applicable to analyze the microtremors is
the generalized harmonic analysis®. Thus, the autocorrelation functions

4) For instance, see,
W.B. DavenrorT and W.L. Roor, An Imtroduction to the Theory of Random
Signals and Noise(McGraw-Hill, 1958).
N. WIENER, Extrapolation, Interpolation and Smoothing of Stationary Time Series
with Engineering Application (John Wiley & Sons 1950).
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Fig. 2. Summary of the derived underground structures for P-
and S-profiles and the corresponding geological formations.

were calculated by means of the automatic correlator, through which the
power spectral density functions were derived.

The dispersion curves of Rayleigh and Love waves were derived
from the P- and S-wave information to ascertain the frequency of the
minimum group velocity at each location. As we know nothing about
the source spectrum, we assumed that the spectrum of the noise source
is white, which implies that the amplitude is maximum when the group
velocity is minimum.

The spectral responses were derived to study the vibrational charac-
teristics of the ground at these sites. These could be computed from
the known elastic constants and densities of different layers of the
ground at the site by the application of the theory of multiple reflections
of seismic waves in the soil layers®.

The ground structure, which was derived from S-wave information,
is not the same as that derived from P-wave information. Due to
this fact, we derived the dispersion curves of Rayleigh waves for two
cases, A and B; (Fig. 38). We assumed two layers in case A and three
layers in case B. The thickness of the first layer in case A is equal

5 R. TAxamasI, Bull. Earthq. Res. Inst., 33 (1955), 259-264.

K. KANAL, Bull. Earthq. Res. Inst., 30 (1952), 81-87; Bull. Earthq. Res. Inst., 31
(1953), 219-226.




An Investigation into the Nature of Microtremors 47

Case A Case B
H S PP H S P P

Tm ms M8~ S3mgomeseomB 5
45 85 260 15 35 g5 1600 15

C,U ,
c 170 1600 I8 00 |70 1600 1.8

m/s —— Case A

S
7

Velocity

| |

0T - 200 © - os
Frequency

Fig. 8. Dispersion curves of Rayleigh waves for two cases, A and B.

to the sum of the thicknesses of the first and second layers in case B.
All the other parameters are the same in both cases except for the P-
wave velocity in the second layer of case B. As can be seen from Fig.
3, there is no significant difference between the dispersion curves of
M,, and M,, in both cases. This proves that the frequency of the mini-
mum group velocity in Rayleigh waves will not change much even if
the structure derived from P- waves is different from that derived
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from S-waves. Hence, in our cases, the differences in S- and P-profiles
will not make a significant change in the derivation of the dispersion
curves for Rayleigh waves.

If any physical phenomenon is considered to be a stationary random
process, then the properties of such a phenomenon can hypothetically
be considered at any instant of time by computing average values over
the collection of sample funections which describe the process®. As
microtremors are good examples of such stationary random processes,
in our problem we used recordings covering about five minute intervals.
We took four separate intervals of time from the recordings, each
interval lasted about fifty seconds. The power spectral density function
for each was calculated.

Fig. 4 shows a comparison of the microtremor derivations at three
places for both of the two horizontal components, H; and H.. The power
spectral densities for four sample functions were calculated from each
component as represented by A, B, C, and D. The dark line. represents
the sample mean of the sum of the four individual sample functions.
At Omori, the predominant peak is at frequency 2 cps in H, and H,. At
Omori Third the predominant frequency for H, is at frequency 3.7 cps,
while in that of H, there are two peaks, one at 3.7cps and the other at
4.5¢cps. At Onnazuka there are two peaks in H,, one at 2cps and the
other at 3.7cps, while in H, one is at 2cps and the other is at 2.7cps.

Comparing these results, we found that in Omori the predominant
frequency in H, coincides with that of H,. In Omori Third, the, coinci-
dence is not as good as that in Omori. In Onnazuka there is even less
of a coincidence between H; and H,. This may be due to the fact that
long sample records should be required for the analysis of microtremors.
In Omori the sample time was sufficient to give a good sample mean.
However, in Omori Third and Onnazuka the sampling time should have
been much longer to obtain good sample means. Also the number of
sample functions should be increased. Hence, the sufficient sampling
time and the number of sample functions must be selected for each
individual case.

We feel our assumption is justifiable in calculating the sample means
of the power spectral density functions in our cases. Also, to record

6) S. GoLpMAN, Information Theory (Prentice-Hall, 1953).
loc. cit., 4).
J.S. BENDAT and A.G. PIERSOL, Mecasurement and Analysis of Random Data

(John Wiley & Sons, 1966).
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of the sum of the four individual sample functions A, B, C and D.
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Fig. 5. The derivations at Yukigaya Junior High School. The underground
structure at Yukigaya is shown at the top of the page.
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Fig. 6. The derivations at Ikegami Primary School. The underground
structure at Ikegami is shown at the top of the page.
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Fig. 7. The derivations at Tkegami 2nd Primary School. The underground
structure at Ikegami 2nd is shown at the top of the page.
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Fig. 8. The derivations at Omori Senior High School. The underground
structure at Omori is shown at the top of the page.
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Fig. 9. The derivations at Omori 3rd Primary School. The underground
structure at Omori 3rd is shown at the top of the page.
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Fig. 10. The derivations at Onnazuka Primary School. The underground
structure at Onnazuka is shown at the top of the page.
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Fig. 11. Summary of all the results. The frequencies of the minimum
group velocities of Love waves and those of Rayleigh waves, the predominant
frequencies of the spectral responses and those of microtremors are represented
by the long dark strips. The other strips show the ones which are not so clear.
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microtremors at any site, we can use only one of the two components.

Our first place to make a comparison between the results is Yukigaya
Junior High School. The underground structure at Yukigaya is shown
in Fig. 5. The frequency of the minimum group velocity of M, is
3.3¢ps, of L, 3.2cps, the predominant frequency of the spectral response
which was calculated from the assumed structural profiles through the
application of the multiple reflection phenomenon is 3.2¢ps, and of the
microtremors which was calculated from the experimental results of
the sample functions is 2.5¢ps.

In the same way, derivations of the other places are shown in Fig.
6 to Fig. 10.

Fig. 11 shows the summary of all the derivations. We can divide
our results into two groups; the first group is Yukigaya, Ikegami and
Ikegami Second. In this group the frequencies of the minimum group
velocities of Love waves, Rayleigh waves and the peak frequencies of
the spectral responses coincide with those of the microtremors. The
second group is Omori, Omori Third and Onnazuka. In this group no
significant correlation between them was found. It is noted that the
peak frequencies of the spectral responses agree well with the fre-
quencies of the minimum group velocities of Love waves, even in the
case of the latter group. However, no attempt was made to explain
the above mentioned result in the present paper, and this has been left
for future study.

3. Discussion

As was shown in the first group, there is a strong correlation be-
tween the frequencies of the minimum group velocities of Rayleigh waves,
Love waves and the peak frequency of the spectral response and of
the microtremors. According to the boring data near the sites, the
third layers of these sites are believed to be hard, there being no
indication of the existence of a softer layer beneath the third layer.
In other words, the boundaries of the subsoil layers and the basement
are distinct in these sites. And it may be that the increment of the
wave velocities beneath the third layer is small enough so as not to
effect much the shape of the dispersion curves.

So, at least in these sites, we can say that the microtremors can
be treated either as steady state body waves and/or as surface waves
with the same result.
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Regarding the second group there is no significant correlation be-
tween the various frequencies. We believe this is due, at least, to
two causes; first, the microtremors have lower energies at higher fre-
quencies, due to absorption, ete. Second, the wave lengths of the
surface waves are very long at the frequency of microtremors, so that
the dispersion curves will be affected by the wave velocity of the deeper
portion. Actually, the boring data showed the possibility of the exist-
ence of low velocity layers at depth, however, we could not get the
insitu S- and P-wave information at such depths. For further study,
the necessity of this type of information is certainly indicated.

4. Summary

Many seismologists obtained different results concerning the nature
of microtremors. Some proposed that they are mainly steady state body
waves, and others suggested that they are mainly surface waves. To
qualify each hypothesis the following steps were followed:

1. P- and S-wave information was obtained at Otaku in the
Tokyo Metropolitan Area, from which the elastic constants, densities
and underground structures were derived.

2. Microtremors were recorded at the same locations. The power
spectral density functions were computed to determine the predomi-
nant frequency of the microtremors of each place.

3. The dispersion curves for Rayleigh and Love waves were
derived to determine the frequencies of the minimum group velocities.

4. The spectral response was computed through the application
of the multiple reflection phenomena to determine the predominant
peak of the ground response.

After proceeding through all of these steps, the predominant fre-
quencies of the power spectral density functions of the microtremors
were compared with the frequencies of the minimum group velocities
of Rayleigh and Love waves. Also, they were compared with the pre-
dominant frequency of the spectral response of the ground. From these
comparisons, we may conclude that the microtremors can be treated as
steady state body waves and/or as surface waves with the same results
at the places where the boundary of the subsoil and the basement is
distinct. However, for a definite conclusion more detailed study along
this line is inevitable.
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