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Study on the Ground Vibration Characteristics in Noshiro City, Akita Prefecture (1)—Relation-
ships between Short-period Microtremores and Microtopography, Subsurface Geology, and Ground
Damage by the 1983 Nihonkai-chubu Earthquake—By Research Group for Short- and Long-period
Microtremors (Tokumi SaAiTo, Mamoru ABE, Naota KoBavAsHl, Naoyoshi NAgajMaA, Misao
NAKAMURA, Mitsuo NocosHI and Teruki MAIGUMA)

The 1983 Nihonkai-chubu earthquake occurred off Noshiro City, Akita prefecture, Japan on May 26,
1983. Damage due to soil liquefaction was found at many sites in Noshiro City and areas heavily damaged by -
soil liquefaction were located between sand-dune and soft alluvium with a very shallow level of ground
water. The results of investigations on the characteristics of microtremors around Noshiro City, which
suffered great damage, were described in conjunction with S-wave velocities of ground surface, geological
conditions (microtopography and subsurface geology) and the areas damaged by the 1983 Nihonkai-chubu
earthquake. The short-period microtremors were measured at sites in the above areas by 3-component
seismometers with a natural period of 1 sec. connected to amplifiers and data recorders in field, and were
analysed by means of micro-computer in laboratory. The digitized time A¢ of microtremors was taken equal-
ly at 0.02 sec., considering the frequency range (1-25Hz) under investigation. Fourier spectra were
calculated by means of FFT from 2048 digitized data of wave forms of mlcrotremors Overall frequency
characteristics were flat between about 1.0 and 25 Hz.

Results of this investigation are as follows:

1) All spectra of the microtremors were classified into four types (A, B, C and D) for about 1.0 to 10 Hz.
Type A has a single peak below 1.5 Hz in the spectra, type B has a single peak below 1.5 Hz and a peak from
2.0 to 3.0 Hz, type C has a peak from 2.0 to 3.0 Hz, and type D has plural peaks from 1.0 to 10 Hz. Further-
more, a different classification type a and b, from the previouse one, type A, B, C, and D were examined from
the point of view of soil liquefaction as a peculiar damage. The type a has peaks above 4 Hz in the spectra
and the type b has no peak there.

2). Average amplitudes of microtremors are particularly small at terrace, and they .are slightly larger at
natural levee and point bar than at terrace. Type A of microtremor spectra is found mostly at terrace and
type B tends to be found more at older alluvial soil.

3) Type a of microtremor spectra is measured mostly in areas damaged by soil 11quefact10n The spectral
peaks at frequencies higher than 4 Hz are found to be related to large velocity contrast between layers.
Therefore, microtremor measurements can be useful to estimate the damage due to soil liquefaction in earth-
quakes.
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Table 1 Stratigraphy of Noshiro City and its vicinity
(after Research group of Akita University
for ground failure caused by the 1983
Nihonkai-chubu earthquake, 1984).
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Fig.3 Subsurface geological map of Noshiro City
(after Research group of Akita University for
ground failure caused by the 1983 Nihonkai-
chubu earthquake, 1984).
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Fig. 4 Ground failure caused by the 1983 Nihonkai-
chubu earthquake. Stippled parts show li-
quefied areas, and another ground failure are
found in shaded areas.
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Fig. 5 Distribution of detailed seismic intensities by
the 1983 Nihonkai-chubu earthquake (after
Nogoshi, 1984).
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Fig. 6 Map showing the sites where microtremors
were observed (solid circles), S wave
velocities were measured (open triangles),
and well velocity surveys for P- and S-waves
were made (open circles). The area enclosed
by the dashed line is urban district area.
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Fig. 7 Block diagram of measurement and analysis
systems. Overall frequency characteristics are
flat between 1.0 and 25 Hz.
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Fig. 8 Variation of amplitude of short-period

microtremors with time at the Shonan-cho
park and the ground of Asanai elementary
school. E-W and N-S; horizontal component,
U-D; vertical component.
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Fig. 9 Variation of spectral characteristics of short-
period microtremors with time at the Shonan-
cho park.
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Fig. 10 Variation of spectral characteristics of short-
period microtremors with time at the ground
of Asanai elementary school.
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Fig. 11 Examples of wave forms of short-period
microtremors recorded in Noshiro City. No.
88, No. 51, No. 27 and No. 153 are observa-
tion sites shown in Fig. 6.
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Fig. 12 Contours of amplitude of short-period
microtremors in Noshiro City (E-W compo-
nent). '
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Fig. 13 Classification of spectral pattern of short-period microtremors. Type A has a single peak below 1.5 Hz, type B
has a single peak below 1.5 Hz and from 2.0 to 3.0Hz, type C hasa peak from 2.0 to 3.0Hz, and type D has some

peaks from 1.0 to 10 Hz.
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Fig. 14 Distribution of spectral pattern of short-
period microtremors in Noshiro City (type A,
B, C and D). Spectral types shown in the
figure indicate features of spectra obtained
for horizontal component of microtremors.
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Fig. 18 Frequency distributions of spectral types and average amplitude versus subsurface geology.
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Fig. 19 Distribution of detailed seismic intensities
and spectral types of short-period
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Noshiro City. Spectral types shown in thé
figure indicate features of spectra obtained
for horizontal component of microtremors.
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shown in the figure indicate features of spec-
tra obtained for horizontal component of
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Fig. 24 Spectra of short-period microtremors and physical factors of underground structure at the Shonan-cho park. P-
and S-wave velocities were measured by sonic log. A frequency corresponding to the law of quater wave-length
(S wave velocity of upper layer is 110 m/s, and bed thickness is 5 m), can be found in the spectrum of short-
period microtremors.
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Fig. 25 Spectra of short-period microtremors and physical factors of underground structure at the Osuga park.
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Fig. 26 Spectra of short-period microtremors and physical factors of underground structure at the ground of Asanai

elementary school.
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Fig. 27 Comparison between S-wave structures and spectra of short-period microtremors. S wave velocities were
measured by the plank-hammering technique. A frequency corresponding to the law of quater wave-length can
be found in each spectrum of short-period microtremors.

=

=)



AR BT 2B ORBHEE (1) FE - M8 - M- B8 - B - Bl - B 61

GROUND WATER

JAPAN SEA S/ \ LEVEL
=] 8 /fl-\ [y J
/ \E-xo‘ﬂ‘\
h,
YONESHIRO riv LI IR
e R
8 ‘{Q =
f =]
[ ]

~
IGASHINOSHIRO —
=] st
g — 7
N 7
8 Sl 20
i (2 I S 7
“ ‘m & B \--l_o---
| a2 8
| |98 s B
i jm Al [
i -I/'O a I
i ! 7
|® y
i /
o \ /
®ASANAL {
\\ @ boring,P.5 log
y m  ~-05m \
. / @ -05~ -1.0 \
/ S :;g: :g:g 0 500 1000 I500m
O -50~ 3

Fig. 28 Distribution of ground water level in Noshiro
City. Triangles indicate the results of in-
vestigations by Noshiro city office, and
squares those of question survey after the
1983 earthquake by the Noshiro city office.
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