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ABSTRACT :

We attempted to illustrate the building damage in the central region of Anamizu town by characteristics of
earthquake ground motion and subsurface structure. We conducted the microtremor observation and cal cul ated
H/V spectra, the peak frequency of which is about 1Hz in the southeastern area and 1.5~3.0Hz in the western
area. Then we estimated the subsurface structure in the central region of Anamizu town simulating the peak
frequency of H/V spectrum, and found non-uniformity of the depth of subsurface structures ,which is ranging
from amost Om to around 20m. And we estimated the earthquake ground motion in the central region of
Anamizu town using equivalent linear analysis. Based on these estimations, we presumed that (1) the amplitude
of a little over 1Hz of the estimated earthquake ground motion coincides with the building damage level, and,
(2) earthquake ground motion might be affected by the 2- or 3-dimesional topographical effect.

KEYWORDS: Noto Hanto earthql_Jake, bu_l Iding dama_ge, subsurface structure, microtremor,
H/V spectrum, equivalent linear analysis

1. INTRODUCTION

Noto Hanto earthquake (M6.9) occurred on March 25, 2007. Many buildings suffered damage in the centra
region of Anamizu town that was about 20km away from the epicenter. The Epicenter, the location of
observation points, and Japanese seismic intensity during the main shock are shown in Fig. 1. Distribution of the
building damage in the central region of Anamizu town is shownin Fig.2.
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Fig.l The Epicenter, the location of observation Fig.2 Distribution of the building damage in the
points, and Japanese seismic intensity during the central region of Anamizu town (overwritten
main shock (reference of Japan meteorologica on reference of Nikkei Architecture)

aoencv web site)
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The damage was watched around K-NET Anamizu observation point , and particularly severe in the basin of
Mana river, where many buildings were collapsed completely. It is thought that the thick soft ground
amplified earthquake ground motion at dlightly long period.

In view of such situation, we estimate the subsurface structure in the centra region of Anamizu town from
microtremor recording. Then we estimate the earthquake ground mation by the equivalent linear analysis. Based
on these results we are clarifying the relation between subsurface structure and the building damage.

2. CHARACTERISTICS OF EARTHQUAKE GROUND MOTION

Maximum acceleration of about 800gal was recorded in EW component, which consists more ingredients of
around 0.7Hz than NS component (shown in Fig.3). Comparing the Fourier spectrum amplitudes of EW
component of severa earthquakes, the main shock have a predominant frequency of around 0.7~1.0Hz,
meanwhile, earthquakes of medium or smal maximum acceleration have that of around 1.5Hz as shown in
Fig.4. This difference suggests that the ground behaved nonlinearly during a main shock.

PS logging data and SH wave amplification characteristics of K-NET Anamizu are shown in Figb and Fig.6
respectively. The depth of upper boundary of layer, of which S wave velocity is more than 290m/s, is 16m. and
the very soft ground of S wave velocity 60m/s is distributed from 2m to 11m in depth. The first predominant
frequency of SH wave is 1.5Hz, which may correspond to the Fourier spectrum of small earthquake ground
motion (shown in Fig.4). In addition, the S wave of less than 1Hz is not amplified by these subsurface structure
for small or medium earthquake ground motion.
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3. MICROTREMOR OBSERVATION

To estimate the subsurface structure of the central region of Anamizu town, we conducted single microtremor
observation and microtremor array observation from August 3 to 4, 2007. We observed microtremor using a
portable three component seismometer (shown in Fig.7, AKASHI GPL, sampling frequency:100Hz) or the
record system which includes three servo accelerometer (shown in Fig.7, RION LS-10C, sampling frequency:
256Hz)and data logger (DA-20 RION). All measurement time is 15 minutes.

servo accelerometer

(vertical component) amplifier

servo accelerometer
(NS component)

servo accelerometer data logger

(EW component)

accelerometer (RION LS-10C), and right: configuration of the recording system.

16 _ .
‘,\ \ e
xS B N RN ' R T T 0 4.0Hz~ & no peak
o/1 1 (Fllg) fx -. @ 2. THz~3. 9Hz
61 AT i % Tl | @ 2.0Hz~2. 6Hz
i V?HZ) () 1. 3Hz~1. 9Hz
°°°idfh&’° e T () 0.8Hz~1. 2Hz
: ebifesaio ()
011 . ' . C
A (2) N RS
i A A O - : Anami zu
Anamizu junior T e T e T N :
high school " i s % o { ) tqwn.offlqe
~arrayk.- o '8
® S "
(::} : ") S P
- _{:) : : v _Z-ﬂti}{:gngl. :
array$ /~ Q3 N X : b
\ ¢ 8 =ih A e
1{} : * Emizu (B RE : i i LI
A : . station A4| ' / @,
w | Ll 10 X: -_ D \
01 i E s Lol qiill | Am\uuu '. I---'m @ —10— :
N (Hp) " g™ W ) - ] AR
o 1 10 108w RS X
A 01 1 10
{ ; 0 100 | 200 500 {m} o -l A | (Hz)

Fig.8 Distribution of peak frequencies of H/V spectrum of single observation points and location of array
observation points. Observational and theoretical H/V spectrum of some points are aso shown.
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We conducted microtremor array observation adjacent to K-NET Anamizu observation point (array-K) and at
Anamizu junior high school (array-S) shown in Fig.8. Array radiusis 48(array-S only), 24, 12, 6 and 3m.

We dso conducted single point three component microtremor observation. Peak frequencies of H/V spectrum of
observation points are shown in Fig.8. Peak frequency of H/V spectrum which is calculated using coda wave of
small size Earthquake in K-NET Anamizu is also shown. Peak frequency is about 1Hz in the southeastern area
and 1.5~3.0Hz in the western area including K-NET Anamizu and Anamizu junior high school in the figure.
Peak frequency isinvisible at some observation points such as A4.

4. ESTIMATION OF THE SUBSURFACE STRUCTURE OF THE CENTRAL REGION
4.1 Subsurface Structure at Array Observation Points

We calculated phase velocity by the SPAC method (Aki (1957) ) using the microtremor vertical component
record of 15 minutes. The phase velocity of array-K and theoretical Rayleigh wave phase velocity (Luco and
Apsal (1983) ) based on PS logging data of K-NET Anamizu (shown in Fig.5), mostly coincide with each other
asshownin Fig.9.

Phase velocity of array-Sis shownin Fig.10. The phase velocity of array-S is much faster than that of array-K in
arange of 2~4Hz and that of more than 5Hz of array-S is dightly slower than that of array-K. We conducted
inversion of the subsurface ground structure at array-S, using PS logging data of K-net Anamizu as a initial
value, and targeting at both H/V spectrum and phase velocity. The result of inversion is shown in Fig.10.
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Fig.9 Left: the phase velocity of array-K Fig.10 Left: the phase velocity of array-S and estimiated
and theoretical Rayleigh wave phase Rayleigh wave phase velocity dispersion curve. right:
velocity dispersion curve. estimated subsurface ground structure of array-S.

4.2 Subsurface Structure at Single Microtremor Observation Points

We estimated the subsurface structure of observation points in the western area by simulating the peak
frequency of H/V spectrum with Rayleigh wave fundamental mode, referencing the soil profile of surface-wave
method by Hayashi et al.(2007) and the above-mentioned subsurface ground structure at array-K and array-S.

The distribution of total depth of soft ground layers that the S wave velocity is less than 290m/s is shown in
Fig.11 and Fig.12. In those figures, horizontal distribution of the depth between the observation pointsis linearly
interpolated. It is concluded that the subsurface structure is not uniform in depth there. The depth of soft ground
layers is about 20m in the northeastern part where the damage is severe, and is about 10m in X part where the
damage is the severest. And the depth is very shallow in some areas as shown in Fig.12.
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5.ESTIMATION OF THE EARTHQUAKE MOTION DURING THE MAIN SHOCK

To discuss the relation between the building damage and subsurface structure, we estimated the earthquake
ground motion in the central region of Anamizu town. We conducted the equivaent linear analysis, using the
subsurface structure of K-net (Fig.5) and 1-dimesional deep ground structure (Fig.13) that was estimated by
inversion of receiver function by Yamanaka et a. (2007). We estimated G-g and h- g curves (Fig.14) referencing
the transition of peak frequency of Fourier spectrum during the main shock and peak frequency of earthquakes
before the main shock at K-net Anamizu, and also referencing the weak nonlinear characteristics of peat soil by
Noto and Kgjiya (1987).

We assumed that the top and the third-top layers have nonlinear characteristics of silt and the second-top layer
has that of peat (shown as a and b in Fig.5 respectively). We used the EW component record of the main shock
of K-net Anamizu as an input, and estimated the incident wave at 2,300m/s layer's surface as an output in this
anaysis.
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The estimated deep earthquake incident wave is shown in Fig.15 (time history) and Fig.16(Fourier spectrum).
The hypogeneous earthquake wave record of Kik-net Anamizu (partially missing data. location is indicated in
Fig.1) is dso shown for reference. Both waves coincide with each other in arange from about 0.5Hz to 2.5Hz in

Fourier spectrum. Main pulses are analogous with each other, except for the predominance of more than 4Hz in
estimated wave.

We estimated the surface earthquake ground motion at single micro-tremor observation points by the equivalent
linear analysis, assuming the non-uniformity only in depth, and using above-mentioned deep ground structure
model and subsurface structure, which is estimated by simulating H/V spectrum. For joining deep ground
structure and subsurface structure, the depth of upper boundary of layer of S wave velocity 540m/s is fixed as
30m except for points where the hard soil seemed to be cropped out.

The distribution of maximum velocities of estimated surface ground motion and that of maximum strain levels
(EW component ) are shown in Fig.17 and Fig.18, respectively. The maximum velocity and strain level around
X area (the severest damage area) are dightly smaller than those of K-net Anamizu, that isto say, the maximum
velocity nor strain level does not correspond to the building damage level.
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Fourier spectra of some observation points are shown in Fig.19. Comparing these spectra, the amplitude in a
little over 1Hz is large a A3 and X3 where the building damage is the severest. On the other hand, the
amplitudesin around 0.7Hz are large at B1, B2, Q2 and K-net Anamizu, and the amplitude in low frequency is
relatively small at A4 where the hard soil seemed to be cropped out .

It is thought that the peak of the earthquake ground motion of a little over 1Hz resonated the peculiar period of
the house which increased during the main shock ,and it increased the building damage. This estimation isin
accordance with the report by Sakai(2007) that the building damage correlates with the earthquake ground
motion of around 1Hz during Noto hanto earthquake, despite the strong correlation with that of around 0.7Hz
during other large earthquakes.

In addition, it is adso thought that earthquake ground motion was affected by the 2- or 3-dimesiond
topographical effect in the region because of non-uniformity of the subsurface structure in depth as shown in
Fig.11.
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6. CONCLUSION

In this study, we attempted to illustrate the building damage in the central region of Anamizu town in terms of
characteristics of earthquake ground motion and subsurface structure. First, we estimated the subsurface
structure of the central region of Anamizu town from single microtremor and microtremor array recordings, and
found non-uniformity of the depth of subsurface ground layers ,which is ranging from almost Om to about 20m.

Next, we estimated earthquake incident wave EW component at 2,300m/s layer's surface from the ground
motion record of K-net Anamizu by the equivalent linear analysis referencing the previous reports about
estimated 1-dimesional deep ground structure and nonlinear characteristics of subsurface ground. As aresult, we
presumed that (1) the amplitude of a little over 1Hz of the estimated earthquake ground motion coincides with
the building damage level, and, (2) earthquake ground motion might be affected by the 2- or 3-dimesiona
topographical effect in the region.

In the future, we are going to carry on a higher-density microtremor observation and study closely about
earthquake ground motions referencing further information such as borehole logging data and the change of the
river coursethat flows through the central region of Anamizu town.

We give an address of thanks to Waseda University Grant For Special Research Projects and National Research
Institute for Earth Science and Disaster Prevention for providing seismic wave data of K-net and Kik-net.
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