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Abstract

This paper proposes a simple method to estimate quantitatively ground characteris-
tics of surface layers based on the seismic intensity map by questionnaire survey after
an earthquake’s occurrence and also discusses its applicability to seismic
microzonation. The questionnaire surveys have been performed for three moderate
earthquakes which occured around Kumamoto City. This paper shows that the
subtraction of seismic intensity by the empirical attenuation formula from local
seismic intensities by questionnaire surveys reflect the differences of local ground
characteristics of surface soft layers. Finally, the seismic microzoning map in
Kumamoto City was shown as an application of the proposed method.
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1. Introduction

Immediately after an earthquake occurrence, the JMA seismic intensity scale Iym4 which is usually
shown in Roman numerals is publicized by the Japan Meteorological Agency at every station. This
seismic intensity informations are on no more than a few sites in each area. Ohta et al. "> 2 has recently
developed a more reliable seismic intensity scale by questionnaire survey which is shown in Arabic
numerals and called “questionnaire seismic intensity Ig”. This Ig is presented as two significant figures
and gives a particular seismic intensity at each local site.

In 1972, Kawasaki City, Kanagawa Pref., the questionnaire survey method by Ohta et al. was applied
to three earthquakes. Eventually, the stability and reliability of Ohta’s method was verified through
results of the analyes V. After that, seismic intensity distributions for about 50 domestic and foreign
earthquakes have been decided through this method using 200,000 questionnaires ¥. These questionnaire
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survey analyses have been extended to across wide range; preparation of detailed seismic intensity
distribution maps, intensity attenuation with hypocentral distance 4 comparisons and reviews between
questionnaire seismic intensities and earthquake damages 5) human psychology and behavior during
earthquake , relations between seismic intensities and surface ground characteristics 7> 8- 9 19 and so
forth.

Many of these memoir are case studies of each earthquake. In this study, using seismic intensity
distribution maps by questionnaire survey for the three sample earthquakes, a general examination of
the local differences of seismic intensity in an area was conducted. The authors defined the
subtraction(;seismic intensity deviation dI) of seismic intensity I+ by empirical attenuation formula
from questionnaire seismic intensity Ip®. This seismic intensity deviation dI is expected to be a
statistical parameter to represent or extract local ground characteristics. It would be shown in the
analysis that strong cross-correlation between this deviation dI and stiffness or thickness of surface soft
layers exists and this deviation dI is a quantitative index for local amplification of shaking at each site
to surface ground structure. Finally, it is concluded that the proposed seismic intensity deviation df is
suitable and applicable to highly accurate seismic microzonation since it expresses several distinct
factors for local ground characteristics.

2. Seismic Intensity Distribution by Questionnaire Survey
In the anlyses, three moderate-class earthquakes which occurred in the vicinity of Kumamoto City
were used:
(1) the main shock of earthquake swarms located north off-Aso Somma (33D0°N. 131°08’E. M=6.1
H=0 km : hereafter called “ANE”) on Jan. 23, 1975,
(2) the main shock of earthquake swarms located north of Kumamoto Pref. (32° 54'N. 130° 43’E.
M =5.2 H=10km : hereafter called “KNE”) on June 28, 1977,
(3) the earthquake near Yatushiro Sea (32°27.6'N. 130°27.7E. M=5.0 H=13km : hereafter called
“YSE”) on July 28, 1986.
For the three sample earthquakes, questionnaire surveys were carried out in cooperation with staffs in
Kumamoto Pref. Police and Municipal Offices, etc. Seismic parameters for these three earthquakes and
the number of distribution and collection of questionnaires are shown in Fig. 1 and Table 1, respec-

tively.

Y
. - \

(3)3' "‘F‘ . Table 1 Seismic parameters and distribution or col-
75) lection of questionnaires for the three sam-
=Okm ple earthquakes.

p Earth. | Scale|Depth |l ma Questionnaires
; list (0 [ Ckm) Distributed| Collected
P _ANE 6.1 1 0 | IV 500 | 493(98.6)
/B _KNE 521 10| IV 112 | 112(100)

32 YSE 5.0 131 m 2300 1954(85.0)

30 } (determined by JHA> <sheets (%)>
kyushu

Fig.1 Locations of epicenter of the three sample
earthquakes. Dotted line shows the ana-
lyzed area.
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A prepared questionnaire contains 34 items of questions. Several items are for asking the respondent’s
physical situation of address, residental house, house plan, floor number, etc. and the non-physical
situation in which state he or she encountered a shock. Others (around 20 items) are directly related to
seismic intensity which are estimated from people’s perception of forced behavior under shaking, and
damage of structural and nonstructural elements and also physical deformation of indoor and nearby
environs. All items in this questionnaire are made in reference with the texts in JMA intensity scale.
The collected questionnaires are analyzed to get raw intensities first, as one intensity by one question-
naire sheet, and then by use of several raw intensity data in a unit area seismic intensity I at this site
is prepared for later statistical processing. This Ig is accurate to two significant figures and is equal to
the Isma rounded to one decimal place.

Table 2 The number of collected questionnaires ver-
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Fig.2 Seismic intensity distribution maps in and Fig.3 Frequency diagrams of seismic intensity Ig for
around Kumamoto City based on questionnaire the three sample earthquakes. @ marks indicate
surveys for the three moderate earthquakes. the averaged value
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According to statistical processing, questionnaire seismic intensities Ip are assigned on the third
standard mesh (normally called the 1-km? mesh diagrams, accurately being equivalent to 0.5’ in
latitudinal width and 0.75" in longitudinal width). Then seismic intensity distribution maps are obtained
as Fig. 2. The number of collected questionnaire sheets is shown versus meshes and topography, etc. in
Table 2. Frequency diagrams of seismic intensity Ip for each of the three earthquakes are shown in Fig.
3. In the case of YSE, seismic intensities o mostly appear in the range less than 2.0. Goto 'V and
Miyazaki '? have confirmed the validity of this excessively small seismic intensity.

From mutual comparison of these seismic intensity distribution maps, proper adjustments were made
for removing apparent inconsistency regarding earthquake magnitude and hypocentral distance. Also
the geographical non-uniformity between the coastal area of Ariake Sea and diluvial plateau area, etc.
or the difference of local ground characteristics even in adjacent areas were adjusted slightly in the
analyses. The causes of such unconformity in seismic intensity distribution will be reviewed in following

chapters.

3. Ground Characteristics of Surface Layers at Kumamoto City and Attenuation of Seismic
Intensity with Hypocentral Distance

When ground surface layers in Kumamoto Pref. are investigated, the stratigraphy and distribution of
the Aso pyroclastic flow deposit over 4 times ¥ ¥ are of importance. In addition, the history and
distribution of reclamation works along the shoreline of Ariake Sea have been clearly recorded and
stored in old documents '), The reclamation works are divided into five periods; the first stage is before
1587, the second in former part of the feudal age (in 1588-1763), the third in later part of the feudal
age (in 1764-1868), the forth and fifth in Meiji age (in 1869-1912) and Taisho age (in 1913-1926).
Refering to the results of analyses by the Ministry of Construction '®, Watanabe !” and Miyazaki '®
together with these records, an outline of topography and geology near Kumamoto City can be shown
as in Fig. 4.

Since ANE was located far from Kumamoto City and the other two sample earthquakes KNE and
YSE were of moderate scale, authors adopted the point source determined by the JMA. Hypocentral
distance r is defined as the distance from focus to central point in a mesh. Questionnaire seismic
intensities Jg are plotted versus epicentral distance A as in Fig. 5. Seismic intensity by Ohta’s attenua-
tion formula ! (hereafter refered as “Ohta’s formula seismic intesity 14”) was computed and plotted as
a solid line in the diagram.

Ohta’s intensity attenuation formula is

2
5.5 } 14+0.5X 10¢03/R)

Li(r) = {—zcm

where I(r) =2M —10.2+ 2log(ro/r) —0.01668(r—ro) : [Kawasumi’s formula]
R = 10 (0sM-212)

and M : the JMA magnitude, r: hypocentral distance (km), ro: r at epicentral distance of 100km (km),
R : limit radius to disastrous zone which is determined by magnitude (km).

X I{r) : [Ohta’s formula] (D

4. Statistical Evaluation of Seismic Intensity Deviation Based on the Ground Characteristics
of Surface Layers
The questionnaire seismic intensities Jo observed on the ground surface at each site generally appear
as the synthesized result of source process (scale factors of earthquake; fault plane and area, rupture
velocity, etc.), propagation path process (geometrical attenuation with distance, viscosity damping in
the path medium, etc.) and local ground characteristics (topography, geology, soils, layer thickness,
density, etc. of the ground). If these factors can be treated separately, a predicting method of seismic
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Fig.5 Attenuation of questionnaire seismic intensity I
@ with epicentral distance A for the three mod-
erate earthquakes.

O marks indicate questionnaire seismic inten-
sity at the soft ground group

X marks indicate those at slightly soft ground
group

@ marks indecate those at hard ground group
The solid line is an attenuation intensityby
Ohta’s formula in JMA magnitude scale.

130°50°

(c)Microtopography

Fig.4 Ground surface maps in and around
Kumamoto City. (the classification pattern
due to Table 3)

intensity at the sites for future earthquakes will be easily developed.

In this study, three sample earthquakes are used for seismic intensity analysis in same area. It is very
important to take account of the fault plane and areas or its dislocations from a mechanical viewpoint.
Some studies on seismic intensity distribution have tried comprehensive explanation by considering fault
effect and refering to Ohta et al 2. These would be available for ground motion near the field of
seismic center of a remarkable earthquake of M>>7. However, in this study, the magnitude M=6.1,
M=5.2 and M=35.0 of sample earthquakes are not so remarkable, and analyzed areas are out of source
region (hypocentral distance r=10 ~ 70 km). Therefore it is assumed that the seismic intensity
distribution in this study would not be affected by the source process.

Now, let “E” denote the input due to source and path process, “G” the system due to surface layers
and “I” the output gain response at the ground surface. Then the response “I” can be expressed as a
system function of E and G.i.e., I= f(E,G). Thus the characteristic value of system can be determined
in the form of the deviation or quotient of output and input. As shown in Ohta’s attenuation formula
(1), 14 is modified from Kawasumi’s formula and show the trend of general attenuation of Isuma with
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Table 3 Classification of surface layers in and
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Fig.6 Frequency diagrams of seismic intensity deviations df
for each category of the surface layers.m:averaged
value (@ marks), s:standard deviation
@ : Reclaimed land(after 1588), @ : Reclaimed land
(before 1587), @ : Fan, @ : Terrace gravel bed, ® :
Aso-pyroclastic flow deposit, ® : Pre-Aso volcanic
rock etc.,

: Clay, [2] : Sand, [3]: Sand gravel, [4] : Loam plus
gravel, [5]: Loam plus tuff, [6) : Loam plus andesite
/A\:Back swam, A\: Natural levee, A\: Plateau, A\:
Mountainous
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hypocentral distance. Therefore these I4 are seismic intensities observed on the baserock, and would be
considered as the “input” to the bottom of surface soft layers at each site. Since Io at the ground
surface are related to the “output”, the characteristic value of the system can be expressed by seismic

intensity deviation dI as follows;
dl = Io—1I4 (2)
This seismic intensity deviation dI is an index to represent a transfer function of the surface layer. In
this anlysis, the items of geology, soil types and microtopography of surface layers are taken into
consideration. These are classified into more detailed categories as shown in Table 3.

4.1 Geological Characteristics of Surface Layers
According to the analysis procedure denoted in Chapter 3, ground characteristics of surface layers

are classified into three modes as shown in Fig. 5. These are soft ground (O marks; alluvial plain with
a thick sedimentary layer composed mainly of clay, etc.), slightly soft ground ( X marks; alluvial plain
and fan with a relatively shallow sedimentary layer composed mainly of clay and sand, etc.) and hard
ground (@ marks; plateau, foot of volcano composed of loam plus sand gravel, andesite, etc.). In
common with sample earthquakes, the trend of attenuation of questionnaire seismic intensities Ig appear
as a characteristic patterns in every three classified modes of surface layers as shown in Fig. 5.

To investigate this problem in more detail, the geological characteristics are classified into categories
shown in Table 3(a) and Fig. 4(a). Then to analyze seismic intensity deviation dI statistically, fre-
quency diagrams of deviation dI are applied for each category of geology and earthquake, respectively,
as shown in Fig. 6(a). The geological characteristics are expressed in the averaged value m, and its
standard deviation s, in which circled numbers correspond to geological classification in Table 3(a).

These averaged values mg of dI in each geological category are shown in Fig. 7(a). Independent of
earthquake magnitude and hypocentral distance, the decrement of mg corresponds fairly well to the
category transition of soft to hard in the sense of stiffness which is equivalent to the transition of
geological age.

(a)Geology (b)Soil type (c)Microtopography

Mg ms Mm

(mw.) (m‘n) (mwm

1.0 [ 10 10
Rl " 9 8

° A @ o o 8

Do O3

@ 2 A
5@ S_é— aA—
-10 -10 -10
® 20 ®6 0 MRk B 6B E A A A A

Fig.7 Relation between the averaged values m for each sample earthquake and each category of classified surface
ground characteristics.[ ] : ANE, O : KNE, A : YSE, @ : superimposed data of ANE, KNE and YSE
(D : Reclaimed land(after 1588), @ : Reclaimed land(before 1587), @ : Fan, @ : Terrace gravel bed,
® : Aso-pyroclastic flow deposit, @ : Pre-Aso volcanic rock etc.,
(i]: Clay, (2] : Sand, (3] : Sand gravel, [4] : Loam plus gravel, (5] : Loam plus tuff, (6] : Loam plus andesite,
A: Back swam, &:Natural levee, Q: Plateau, A:Mountainous.
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4.2 Soil Type Characteristics of Surface Layers

As already described in previous section 4.1, frequency diagrams of the seismic intensity deviation dI
have shown considerable variation respecting geological characteristics. This requires another key item,
such as soil types, thickness and stiffness of soft layer in addtion to the geological one, or another
probable factor for the seismic intensity survey, etc. Here, the soil type of the alluvium sediment up to
the depth of 40m and the basement for the plateau or the foot of volcano have been classified into
categories as shown in Table 3(b) and Fig. 4(b).

The results are shown in Fig. 6(b) and Fig. 7(b) after same statistical analyses as above, in which
rectangled numbers correspond to soil type classification in Table 3(b). Independent of earthquake
magnitude and hypocentral distance, averaged values m; of dI in each category of soil type basically
vary depending in the category of the alluvium sediment and the plateau or foot of the volcano.

In the case of alluvial sediment, according to Fig. 7(b), the decrement of ms corresponds fairly well
to the category variation of small to large in the grading or the solidity, or from clay to sand and
gravel in soil type. In the case of plateau or foot of volcano where the soft layer is extremely thin, the
declement of m; corresponds fairly well to increment of grain size in upper surface layer (clay to loam)
in addition to stiffness variation (soft to hard) of the lower diluvium layer such as sand, gravel, tuff,

andesite, etc.

4.3 Microtopography Characteristics

Similar analyses have been done using classification of microtopographical category as shown in
Table 3(c) and Fig. 4(c). Their statistical results for dI are shown in Fig. 6(c) and Fig. 7(c), in which
triangled numbers correspond to topographical classification in Table 3(c).

Then according to Fig. 6(c) and Fig. 7(c), the averaged values mm of dI for the three sample
earthquakes corresponds fairy well to the sense of stiffness of surface layer according to the formation
process of microtopography. However microtopography shows the small changes between topographic
categories. More detailed surveys are required for microtopographic classifications in the furture.

4.4 Cross-correlated Evaluation of Averaged Values
To check the reliablity of averaged value m (:mg, ms and mm) of dI for each category of geology,
soil type and microtopography in surface layers, the cross-correlation have been investigated. Fig. 8(a)

KME
(mn m,, M) (}S,Emnmm)
1.0¢% 1.0+
Ao @y
g ‘ gﬂ !
-1.0 Yi 1.0 1.0 [ 1.0
AN GEY
(m..Em‘.m...) gfs (QTFm..mm)
®
-1.0+ -1.0t

Fig.8 Cross-correlation of averaged values of each category for surface ground characteristics between ANE and
KNE or YSE. D : Reclaimed land(after 1588), @ : Reclaimed land(before 1587), (3 : Fan, @ : Terrace
gravel bed, ® : Aso-pyroclastic flow deposit, ® : Pre-Aso volcanic rock etc.,

: Clay, (2] : Sand, (3] : Sand gravel, (4] : Loam plus gravel, (5] : Loam plus tuff, (6] : Loam plus andesite,
A: Back swam, 125; Natural levee, &: Plateau, A:Mountainous.
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and (b) are the diagrams of cross-correlation between these averaged values m for the sample earth-
quake ANE versus the earthquake KNE or YSE, in items of geology, soil types and microtopography
with different marks. These averaged values m for each category of ground characteristics are distrib-
uted around a straight line of an angle of 45°, which means almost perfect correlation between both
coefficients. These diagrams show the good correlation between averaged values for different earth-
quakes as well as for each category of geology, soil type and microtopography of surface layers. Thus
its reliability has been verified quantitatively.

Thus intensity deviations dI and these averaged values m can be defined as the reliable quantitative
measures for categories of local ground characteristics at the site. Using intensity deviations dI and
these averaged values m calculated for the three sample earthquakes, it may extend to the reliable
seismic microzonation.

5. Examination of Extent of Shaking for Surface Layers

These averaged values m;, m; and mm have been calculated for the sample earthquakes. There seems
to be a small variation in averaged values as shown in Fig. 6, Fig. 7 and Fig. 8.

Using the whole superimposed data of seismic intensity deviations dI for the three sample earth-
quakes, the same statistical analyses have been applied for each category of geology, soil type and
microtopography. These frequency diagrams and their averaged values (mwg, mws and mwm) for each
category are shown in Fig. 9 and also plotted these results in Fig. 7 (shown in @ markes). These
averaged values muwg, mws and mwm correspond fairy well to the trends of geological age or sense of
ground stiffness for geotechnical characteristics which was described above for each of the three sample
earthquakes. Therefore, the averaged values Mwg, mws and mwm can be defined as the reliable quantita-
tive indices for each category of ground characterisric of surface layers already shown in Table 3. These

(a)Geology (b)Soil type (c)Hicrotopography
Freq. we=0. 62 mw.=0. 59
5IL | nms:3.41 ® s:0.87
Dwe=(). B, ={. 32
5 l 04 ® s=0.78 [

Mwg=-4. 7 m..--(] 56 = 48
5 [! s= 831 I s= (.51 "";_ 8 60
- 10 0 10 20 0 0 10 20 30 0 10 20 d

Fig.9 Frequency diagrams of superimposed data of seismic intensity deviations dI for sample earthquakes
ANE, KNE and YSE for each category.
m : averaged value (@ marks), s : standard deviation
@ : Reclaimed land (after 1588), @ : Reclaimed land (before 1587), @ : Fan, @ : Terrace gravel bed,
® : Aso-pyroclastic flow deposit, ® : Pre-Aso volcanic rock etc.,
0): Clay, [2) : Sand, [3] : Sand gravel, [4]: Loam plus gravel, [5] : Loam plustuff, [6] : Loam plus andesite,
&: Back swam, A: Natural levee, & : Plateau, A:Mountainous.
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results are consistent with the results of Okada et al.  and Nogoshi ®.

Using about 1,500 bore samples in and around Kumamoto City, authors have analyzed the ground
structure up to 200~300m in depth and defined the engineering baserock (:hard layer of more than
SPT-N value of 50). Cross-correlation between intensty deviation dI and thickness Tso of surface soft
layers (less than SPT-N value of 50) or its regression line have been demonstrated in Fig. 10. The
regression line will be written by

dI=0.02Ts50—0.42  (correlation coefficient =0.38) 3)

dl

dl = 0.02Ts, - 0.42

L ) T L

L) A
0 20 40  Tso (m)

Fig.10 Relationship between seismic intensity dI and thickness Tso of surface soft layers(less than SPT-N value 50).

This regression line gives positive linear relation between intensty deviation dI and thickness T'so.
This shows that thickness Tso of the surface soft layer can be defined as one of efficient factors to
estimate intensity deviation dI at any site.

6. Applicatoin to Seismic Microzonation Based on the Seismic Intensity Deviation :

Seismic intensity deviation dI has been demonstrated as the index to characterize the amplification of
surface layers. Then these will be expected to be applied to seismic microzonation. Here, plotting simple
averaged values J of seismic intensity deviations dI in each mesh for sample earthquakes ANE, KNE
and YSE, approximate seismic microzoning map in Kumamoto City (hereafter called SMKM) is
obtained as shown in Fig. 11. In this microzoning map (; SMKM), variation of ¢§ is classified and
allocated to rank 4 ;6 =09, B; 0.9>6 =0.3,C;03>6=—-03,D; —03>36>-09 and E ; —09
= & which are constructed by intervals of 0.6 for convenience.

Rank A and B in relatively high-level risk correspond to thick clay-layer zones in the alluvium plain
and fans in the coastal areas of Ariake Sea where the geology is unstable. Also, rank D and E in very
low-level risk mostly correspond to terrace and volcanic piedmont covered with thin loam.

In order to verify these results, frequency diagrams of rank A to E for geological categories described
previously in Table 3(a) are determined as shown in Fig. 11. Rank 4, B and C are allocated at newly
reclaimed land in alluvial plains(: coastal areas). Rank C, D and E seem to be allocated in dilluvial
plateau or mountains where the geology is stable.

This seismic microzoning map (; SMKM) in Kumamoto City is considered to reflect fairly well the
geological characteristics of the actual ground. This fact will support the validity of seismic
microzonation by the seismic intensity deviation method proposed in this study. But in this microzoning
map (: SMKM), there are a few mashes in which averaged value ¢ was calculated from one question-
naire sheet, it is very important to repeat actual questionnaire surveys for future earthquakes.
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Fig.11 Seismic -deviation- microzoning map in and around Kumamoto City(: SMKM), and its frequency
diagrams of rank 4 to E for each geological category. 4: 6 =2 0.9, B:0.9>6 0.3, C:03>6 = —0.3,
D:—03>6>-09,E :-0926

7. Discussion
In 1889, about 100 years ago, Kumamoto City experienced an earthquake of M=46.3, which occured

south-east the city and suffered fairly large damage. After that, a remarkable earthquake of M_>6 has
not occured yet and the number of earthquakes with more than IV on JMA intensity scale are very few
around Kumamoto City.

In this paper, the sample earthquakes were of moderate scale, and seismic intensity Jo has been
calculated from a few questionnaires and some residential areas. Since a questionnaire survey must be
carried out in residential areas, which are far less than non-residential areas in Kumamoto area, the
accuracy of seismic intensity distribution maps are not really satisfactory.

Taking into consideration seismic activity and expansion of residential areas in the future, it is
necessary and important to repeat the questionnaire surveys for future earthquakes of moderate-class in
and around this region. Then seismic intensity deviation dI at the site will be able to be estimated more
correctly, and will develope the empirical formula for estimating seismic intensity at each site based on
the ground characteristics which are represented by qualitative data or thickness Tso data, etc. of
surface soft layers. If such empirical formula be in practical use in the future, the survey area will be
extended to non-residential areas and practical application of the seismic microzonation of Kumamoto
City will be expected.

8. Conclusions
In this study, using questionnaire surveys for the three moderate earthquakes which recently occurred

near Kumamoto City, a new method to estimate ground cahracteristics at the site has been presented

and extended to seismic microzonation. The analyses of seismic intensity and quantitative evaluation of
ground characteristics of surface layers have been made mostly by statistical procedures. The results are
summed up as follows;

(1) Local ground characteristics can be extracted in the form of seismic intensity deviation dI between
questionnaire seismic intensity Ip and Ohta’s formula intensity I+. The estimation of precise seismic
intensity distribution maps by questionnaire surveys for moderate earthquakes is possible.

(2) Intensity deviation dI in each mesh and its averaged values mwg, mws and mwm can be defined as the
quantitative indices of seismic response at local sites for each category of geology, soil types and
microtopography. Furthermore, this seismic intensity deviation dI can be explained by thickness T'so
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of surface soft layers (less than SPT-N value of 50).

(3) The proposed method shows that highly accurate ground characteristics of surface soft layers can
be obtained by increasing and overlapping seismic intensity distribution maps due to questionnaire
surveys, and the use of accurate ground chatacteristics leads to precise application for seismic
microzonation.

In addition, the effect of many other ground conditions such as the quantitative stiffness or amplifica-
tion factor, etc. will be investigated independently and mutually. These comprehensive results will be
reported soon after the examination and analyses.

Acknowledgments

The authors would like to express the deepest gratitude to Professor Ohta,Y. Earthquake Resistant
Division, Hokkaido University (currently Professor at Tokyo University), Professor Kagami,H.
Hokkaido University, Professor Emeritus Omote,S. Kyushu Sangyo University, Professor Emeritus
Kubotera,A. Kyoto University and other reseachers who provided many valuable and constructive
suggestions and factual information for the questionnaire seismic intensity survey in the present
research. Also, authors are deeply indebted to staffs of the Disaster Prevention, Fire Fighting Sections
and Police Department of Kumamoto Prefectural Office, and Disaster Prevention Section, Kumamoto
Municipal Office for their cooperation in distributing and collecting survey slips.

References

1) Ohta,Y.(1972)., A Seismic Intensity Survey on Actual Ground Mortion in Kawasaki City,
Kawasaki City Report: Techinical Commitee for Investigation Measures for Earthquake Damage
Mitigation in Kawasaki City (Interim Report I), pp.1-63(in Japanese).

2) Ohta,Y., Goto,N. and Ohashi,H.(1979)., A Questionnaire Survey for Estimating Seismic Intensi-
ties, Bull. Fac. Eng., Hokkaido Univ., N0.92, pp.117-128(in Japanese).

3) Ohta,Y. and Kagami,H.(1987)., Improvement of the Excution and Analtic Method for High-
density Seismic Intensity Survey : Organic Research based on the Communication, Interview and
Field Survey for Earthquake Disasters, pp.9-19(in Japanese).

4) Goto,N., Kagami,H. and Ohta,Y.(1982)., Intensive Seismic Intensity Survey on the 1982. 3. 21
Urakawa-oki Earthquake, Report of the Seismic Intensity Survey for Urakawa-oki Earthquake
Mar. 21, 1982, Part IV, pp.135-144(in Japanese).

5) Murai,I., Tsunoda,N. and Tsujimura,Y.(1978)., Damage, Seismic Intensities and Earthquake Faults
by the Izu-Oshima-kinkai Earthquake of 1978, Bull. Earthq. Res. Inst., 53, pp.1025-1068(in
Japanese).

6) S.Omote, A.Kubotera and T.Mitsunami(1979)., Geophysical Studies on the Oita Earthquake of
1975, Journal of NATURAL DISASTER SCIENCE, Vol.1, Number 2, pp.99-116.

7) Okada,S., Miyakawa,T. and Ohta,Y.(1985)., Questionnaire Survey for Describing Microzoning
Characteristics in Terms of Seismic Intensity, Journal of Struct. Constr. Engrg. AIJ, No.348, pp.
11-18(in Japanese).

8) Nogoshi,H.(1989)., Study on Seismic Microzonation(I), Butsuri-Tansa, Vol.42, No.3, pp.141-
164(in Japanese).

9) Miyazaki,M. and Kubotera,A.(1984)., Seismic Intensity Distribution by a Questionnaire Survey
and Its Relation to Subsurface Structures, Journal of Japan Society for Natural Disaster Sci., Vol.3,
No.1, pp.12-21(in Japanese).

10) Y.Ohta, S.Okada, H.Ohashi and H.Kagami(1986), A Dence and Precision Survey of Seismic
Intensity as an Effective Tool in Engneering Seismology, Proceedings of the 8th European Confer-
ence Earthquake Engineering, 1986, pp.31-38.

NI | -El ectronic Library Service



Japan Society for Natural Disaster Science

BHARKERE J JSNDS 14-3 (1995) 275

11) Goto,N.(1987)., Detailed Seismic Intensity Survey based on a Questionnaire Survey, Ref, [3],
pp.21-29(in Japanese).

12) Miyazaki,M., Kubotera,A. and Shirinashihama,S.(1991)., Study on the Urban Regional Geological
Characteristics based on the Detailed Survey of Seismic Intensity (2), Mem. Fac. General Educa-
tion, Kyushu Tokai Univ., Vol.3, pp.21-37(in Japanese).

13) Momikura,K. and Watanabe,K.(1978)., The Underground Geology in the Kumamoto Plain,
Kyushu, Japan -Stratigraphy and Structure of the Aso Pyroclastic Flow Deposits-, Kazan, Vol.23,
No.2, pp.283-284(in Japanese).

14) Ishizaka,S., Watanabe,K. and Takada,H.(1992)., Subsidence Rate of the Underground Quaternary
System for the Past 150,000 years in the Kumamoto Plain, Kyushu, Japan, The Quaternary
Reseach, Vol.31, No.2, pp.91-99(in Japanese).

15) Reclamation in Kumamoto Prefecture -Yearly Table for Reclamation by Higo Han, Kumamoto
Prefecture(in Japanese).

16) Report on the Rough Reviewing Work on Groundwater Disturbance in Low Land Areas in the
Kumamoto Plain, A Collection of Data, Kumamoto Construction Work Office, Ministry of
Construction, pp.4-14(in Japanese).

17) Watanabe K. and Tamura,M.(1981)., Terrace Deposits in the Western Flank of Mt. Aso-Somma,
Kumamoto Prefecture, Mem. Fac. Educ., Kumamoto Univ. (Nat., Sci.), 30, pp.19-27(in Japanese).

18) Miyazaki,M. and Kubotera,A.(1988)., Surface Layers Ground Condition to Seismic Risk,
Kumamoto City Report: Technical Committee for Investigating Measures for Earthquake Damage
Mitigation in Kumamoto City, pp.83-132(in Japanese).

19) Ohta,Y. and Kagami,H.(1978)., A Simplified Prediction Method for Seismic Intensity Distribution
-Utilizing the Results of Mail Survey-. 9th Proc., Co-ordinated Symposium on Natural Disaster,
pp.281-282(in Japanese).

20) Ohta,Y. and Ohashi,H.(1984)., A Modification of Empirical Equation for Describing Seismic
Intensity Attenuation, Zisin, Second Series, Vol.37, No.1, pp.36-38(in Japanese).

(Received December 20, 1994 ; Revised April 2‘8, 1995)

NI | -El ectronic Library Service



Japan Society for Natural Disaster Science

276 M.MivAazaKl, T.AKIYOSHI, S.SHIRINASHIHAMA : Extraction of Ground Characteristics Based on Questionnaire Seismic

7y — VEERERICK ARBHIBEEOMT &
W HOAR FE R AT FF At~ D B A

=i M - BKE =TT - UEEH =TT

® B

KHEMARERE L7 v - P EERABC I 25FEARENMNICES &, Motz
AR & SR T AL FEERREL, YA Ry s A 70V —= v S ADO@ERM
ARET U7z, A LB, BEAM & 2 OB ICRAE L BRNER </ =F 2 —
FOREL 3, 3FPOPPHEMETH 2, AL TR, MEEE IC X 2 HEMB R % 5T
M 2EEELT, Ty — ML 2EE L ERFEBCLIEEO—BNLTHELL Y
Boha77x—va VEEL LOBEAEA ZEAL, TOEEEA L, MEHMICE
Bfr7, RATHISHIEMBRHOERENRT 2 EEHoMIC L, Fh, AIEEZ b
L LT B L, AT E z0fdtigoy 4 23 v 7 =4 oy —=v
<y 7RAER L, T OBAILKORIREME AR L 7o,

- - K EEE, BEOMEHE Ty - NEEHEE YAR1y2 w470 -
=7, RBMEOHESY, ©PHEE

SN RIEAF TR
©OBEARFIFEETARRETEN
I /523 Fi 35 IR

NI | -El ectronic Library Service



