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Study on the Ground Vibration Characteristics in Noshiro City, Akita Prefecture (2)—
Characterization of Short-period Microtremors at the Liquefied Ground by the 1983 Nihonkai-chubu
Earthquake—By Research Group for Short- and Long-period Microtremors (Tokumi Sarro, Mamoru
ABE, Naota KOBAYASHI, Naoyoshi NAKAJIMA, Misao NAKAMURA, Mitsuo NocosHI and Teruki MaiGuMA)

The previous study (Research group for short- and long-period microtremors: 1988), proved that the
damage due to soil liquefaction in earthquakes could be estimated by measurements of short-period
microtremors. As a series of the previous study, intensive measurements of microtremors and S-wave
velocities were made on and around the most heavily damaged areas, Shonan-cho, Hamadori-cho, and Aoba-
cho, in Noshiro City in 1985.

Results of this investigation are as follows:

1) Most of the sites undamaged by soil liquefaction have S-wave velocities above 130 m/sec and the
ground water level deeper than 3 m below the ground surface.

2) Most of the sites damaged by soil liquefaction have S-wave velocities below 130 m/sec and the ground
water level within 3 m below the ground surface. These sites have type a of microtremor spectra, which have
peaks above 4 Hz, with high probability.

3) Itisfound that type a of microtremor spectrum corresponds well to the liquefied sites with very shallow
level of ground water below the ground surface and very small subsurface S-wave velocities. Therefore, the
measurements of short-period microtremors give a high probability prediction of damage from soil liquefac-
tion.
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Fig. 1 Map showing the sites where microtremors
were observed (solid circles), S wave
velocities were measured (open triangles),
and well velocity surveys were made (open
circles) in 1984. The area enclosed by the
heavy dashed line is the one that the present

study was made. Stippled parts show liquefied -

areas caused by the 1983 Nihonkai-chubu ear-
thquake.
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Fig. 2 Map showing the location of liquefied areas by
the 1983 Nihonkai-chubu earthquake (stippled
parts). Solid circles are the sites where
microtremors were observed.
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Fig.3 Map showing the measurement sites of short-
period microtremors.
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Fig. 4 Comparison between Fourier amplitude spectra measurement in 1984 and those in 1985. No. 222 and No. 223
are measurement sites as seen in Fig. 3. E-W and N-S mean horizontal components, and U-D vertical compo-
nent. Spectral patterns in 1984 and 1985 are quite similar each other.

Q.4mkine

08 mkine

Fig. 5 Examples of wave form of short-period
microtremors. No. 233, No. 266, No. 269 and.
No. 278 are measurement sites those are
shown in Fig. 3.
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Fig. 6 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 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 some peaks from 1.0 to 10.0 Hz. No. 266, No. 233, No. 269 and No. 278 are measurement sites as seen in

Fig. 3.
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Fig. 7 Examples of type a of microtremor spectra, with some peaks above 4 Hz in spectra.
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- Fig. 8 Distribution of spectral types of short-period
microtremors (type A, B, C'and D) and li-
quefied areas. Stipped parts show liquefied
areas. Spectral types shown in the figure in-
dicate features of the spectra obtained for
horizontal component of microtremores.
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Fig. 9 Distribution of spectral types of short-period
microtremors (type a and b) and liquefied
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tral types shown in the figure indicate features
of the spectra obtained for horizontal compo-
nent of microtremores.
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Fig. 10 Frequency distribution of liquefied and non-liquefied sites versus spectral types of short-period microtremors.
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Fig. 14 Frequency distributions of liquefied and non-
liquefied sites versus ground water level.
Most of the sities with ground water level
within 1m below the ground surface are
damaged by soil liquefaction, but the liquefac-
tion is not found at the sites with ground
water level deeper than 3 m.
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Fig. 17 Comparison between S-wave velocity structures and spectra of short-period microtremors. S-wave velocities
were measured by the plank-hammer technique. A frequency corresponding to the law of quater wave- length
can be found in each spectrum of short-period microtremors.
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