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ABSTRACT: This study summarizes the predominant periods of the H/V spectral ratio of
microtremors and sedimentary layer thicknesses above the engineering bedrock using
topographic locations with varied landform evolution as objectives. The derived regression
equation was unique to each location, indicating the evolution of the landform. Using the
regression equation and earthquake observation data, we estimated the values of the
ground’s predominant period, which were consistent with the actual measured values. This
result confirmed the significance of topographic classification. When creating ground
hazard maps, the hazard-prone area should be classified into topographic areas based on
the landform evolution as the basic information for the zoning. Then, these topographic
areas should be further classified based on the H/V spectral ratio of microtremors and
sedimentary layer’s thickness.
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1. INTRODUCTION

It is well known that the susceptibility of the ground to shaking varies according to the formation process
and topographic variations in the landform"-?. Thus, earthquake hazard maps use topographic data and
other information to analyze the ground from a seismic engineering perspective, with themed maps
showing the ground susceptibility to shaking and vulnerability to liquefaction and slope failures. Boring
surveys are typically used to collect ground information. However, in places where boring data is scarce,
microtopography is frequently used as the primary source of information. The Cabinet Office (disaster
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management) proposed using microtopography to obtain AVS30 (mean S-wave velocity from the
ground surface to the depth of 30 m) for preparing “Earthquake Disaster Hazard Maps™ across Japan®.
Microtopographic data published by the National Research Institute for Earth Science and Disaster
Resilience (NIED) is based on consistent nationwide data®, and AVS30 obtained from such data are well
suited to obtain a rough idea of the ground information from a wide area. AVS30 obtained from
microtopography, on the other hand, shows more variations®; thus, it is suitable for acquiring a basic
understanding of the entire country but not sufficiently accurate to understand seismic characteristics of
local places like municipalities.

The use of microtremors is beneficial for making a detailed evaluation of ground vibrations in small
areas. In particular, single-point ground surface observations can be made easily in a short period; thus,
several studies conducted in the past have used microtremors® ”. Several points need to be considered
when evaluating the ground using the H/V spectral ratio (hereafter referred to as MHVR) from single-
point observation of microtremors, such as foundation amplification characteristics®, the basic mode of
the Rayleigh wave?), the use of diffuse-field theory'®- 'V, and the type of waves, i.e., surface and body
waves'?. However, all approaches have one thing in common: the ground structure of the surface layer
around the observation point has an impact. Various studies using microtremors are investigating these
MHVR characteristics: one study found that stable ground vibrations could be roughly evaluated
independently of temporal variations'®, another study estimated the spectral amplification factor from
MHVR'", and a third study evaluated the risk of direct ground shaking'®. Other studies derive bedrock
thickness from MHVR!®" 17 where areas are classified in the same way as in the current study (based
on microtopography) and bedrock thickness is obtained from the predominant period'®. The current
authors investigated the construction of hazard maps using the predominant period and its peak value
(amplification factor) where local characteristics are taken into consideration, confirming its
effectiveness'”. At the same time, it was confirmed that when the predominant period of MHVR for
each microtopography result is summarized, variations within the same microtopography became larger
than variations between different microtopography.

Ground vibration characteristics obtained from MHVR, such as the predominant period, do not
always correspond to microtopography. This is because the actual landform borders and mesh
boundaries may not be consistent, and microtopography may not accurately reflect the ground structure.
In other words, microtopography is the final stage of landform evolution, and the ground formation
process up to that point (i.e., landform evolution) is not always reflected.

Because landform evolution is the formation history of the ground, it appears as different thicknesses
and properties of the bedrock, significantly contributing to the different vibration characteristics of the
ground surface. The authors believe that by considering this landform evolution, variations in MHVR
can be reduced, and by estimating the bedrock thickness from MHVR, hazard maps that precisely reflect
local ground vibration characteristics can be generated. Thus, using the City of Yokohama (including a
part of the City of Kawasaki) as our target, we identified four topographic areas with different landform
evolutions—lowland created by small to medium rivers, lowland created by large rivers, loamy plateaus
created by the sea, and loamy plateaus created by rivers—and summarized the relationship between the
predominant period of MHVR and the thickness of the sedimentary layer above the engineering bedrock
(hereafter referred to as sedimentary layer thickness) for each topographic area and showed different
regression equations (regression coefficients of a, f) for each topographic area. Furthermore, we
validated its applicability using actual earthquake records. We focused on the predominant period of
MHVR because, in estimating seismic disasters in urban areas and analyzing damage of low to medium
buildings in a case of massive earthquake further away, damage explained by the vibration of the ground
surface layer is especially important®”,

2. TOPOGRAPHY AND BEDROCK OF THE TARGET AREAS
2.1 Summary of landform evolution

Figure 1 shows the surface geology of the survey target area". The topography of the eastern part of
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the Kanagawa prefecture, the study target, is roughly divided into lowlands, plateaus, and hills. These
landforms reflect crustal movements, glacial eustasy, and volcanic ash supplied by Mount Hakone and
Fuji in the west??. The hills are covered by Tama Loam, located in the southern part of Tama Hills,
consisting of middle pleistocene sediments older than the last interglacial. Their elevations are higher
than 60 m, with the hills are being dissected by valleys. Plateaus are divided into two types. A summary
of the landform evolution is presented below and in Section 2.2; for details, refer to the literature?.

The Shimosueyoshi Plateau, which is covered by the Shimosueyoshi Loam, is a landform developed
from the former Tokyo Bay during the last interglacial 120,000 to 130,000 years ago. The period
following this is known as the Late Pleistocene. Elevations of the plateau range from 40 to 60 m, and
the plateau is dissected by small valleys and has more flat areas than in Tama Hills. The plateau covered
by Musashino Loam is the Musashino Platea, which originated from lowland of an alluvial fan that was
formed by the Sagami River as the sea level dropped during the last interglacial. Emerging about
100,000 years ago, it is covered by Kanto Loam, which is younger than the Shimosueyoshi Plateau.

The climate continued to cool until the last interglacial reached its apex around 20,000 years ago.
The sea level dropped, Tokyo Bay became land, and vast valleys developed. The lowlands were created
when valleys filled up to that point. Drowned valleys emerged in the survey area roughly 7,000 years
ago during the Jomon Transgression's high sea level. It created a long, narrow inlet, which was buried
to make way for lowlands. Through reclamation, most downstream area became land.
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Fig. 1 Surface geology of the target area®"
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2.2 Bedrock of the survey area

2.2.1 Target topographic areas
The topographic areas in this paper were as follows: the Tama River lowland created by large rivers
(hereafter referred to as the Tama River lowland), lowlands created by small and medium rivers, the
Katabira River/Ooka River, the Shimosueyoshi Plateau created by the sea, and the Sagamino Plateau
created by the river. The hills in the City of Yokohama are highly influenced by artificial creation and
are thus unsuitable for studying landform development; thus, they were eliminated. The landform and
bedrock of the Tsurumi River Lowland are very similar to those of the Katabira River/Ooka River; thus,
they were excluded from the study.

By crustal movement and glacial eustasy, the landform was separated into plateaus and lowland. The
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lowland was created when valleys built by the last interglacial's apex were buried as the sea level rose
because of the subsequent warming. This is a common process in lowlands, but the manner of burial
depends on each river's reaction to rising sea levels particularly, the sediment supply from the basin,
different ability of rivers to transport sediment, whether they are facing an inner bay or an open ocean,
and so on, which leads to different sediment (bedrock)®. Because plateaus are elevated lowlands, their
bedrock structure is based on the landform evolution of the original lowlands.

Sediment above the engineering bedrock is highly significant when preparing a bedrock hazard map
and estimating seismic damage; hence, we defined sediment above the engineering bedrock as the
sedimentary layer, which is the study goal. Figure 2 shows the representative log for each topographic
area’® %, and Table 1 shows the landform, engineering bedrock, and sedimentary layer*”- 2D, The S-
wave velocity of the engineering bedrock (hereafter referred to as V’s) was obtained from the PS logging
sites of Chapter 5. It was around 400 m/s for all four areas, similar to engineering bedrock for
construction. In general, sediment from the climax of the last interglacial is defined as alluvium?®. This
study focuses on the sediment layer in the lowlands. We present the mean Vs calculated weighting the
sedimentary layer with the layer thickness; however, this is mainly for reference because the mean was
obtained from a few points.
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Fig. 2 Representative logs of the target 2429
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Table 1 Landform, engineering bedrock, and a sedimentary layer of the target area

22), 27)

Engineering bedrock Sedimentary layer
Area Landform Vs . Average Vs(m/s)
Layer () Era Soil layer N value () is number
Upper : clay * silt 2~5
Alluvium base pp Y
Tama River River rock 10~15 137
. . 400 |Alluvi .
lowlands plain Middle vim Lower : sand * clay - silt (clay) (€))
Pleistocene alternate layers 20~30
(sand)
Katabira River
: clay - silt ~
and River  [Middle 5 | Al Upper : clay * s 0~3 114
Ooka River plain Pleistocene uvm . 6)
Lower : clay = silt 5~12
lowlands
Kanto loam 5~10
Shimosueyosh Loam plateau Middle Kanto loam 6~15 142
i Plateau (formed by Pleistocene 445 new pleistocene (clay) ?)
the sea) P sand * clay - silt Y
around 20
(sand)
Kanto I 2~12
Sagamino Loam plateau . Kanto loam anto foam 185
(formed by |Sagamino gravel 435 .
Plateau . new pleistocene . 3)
the river) clay = silt 2~15

2.2.2 The Tama River lowlands and the lowlands of Katabira River/Ooka River*” *”

The Tama River lowlands and the Katabira River and Ooka River lowlands originated when valleys
carved by the culmination of the last interglacial became drowned valleys that were later submerged.
The engineering bedrock in the Tama River lowland is the basal gravel layer of an alluvial fan at the
valley's base. Middle Pleistocene deposits become the engineering bedrock where this gravel layer does
not exist. A sand layer with an N value of about 30 at a depth of about 30 m exists in the Tama Lowland,
which was created by a big river. This sand layer comprises sediments from the Younger Dryas period
(the final stadial interval that separates the Late Pleistocene and Holocene epochs), and it is separated
into upper and lower sections. The lower alluvium is made up of alternating layers of sand with a high
N value deposited on a floodplain and clay/silt. The higher alluvium is made primarily of clay and silt
deposited in the Jomon Transgression inlet. The topmost layer contains sediment from the delta that
covered the inlet. The sediment from the river that forms the microtopography is found above this sand
layer.

The Katabira River/Ooka River lowlands contain a thin base gravel alluvial layer, and the engineering
bedrock is typically the Middle Pleistocene deposit underneath. The alluvium contains little sand and
has an N value of five or above. The Younger Dryas or older floodplain deposit is thin. The Jomon
Transgression inlet's sediment is thick, with a dominant weak clay and silt layer with small N.

2.2.3 Shimosueyoshi Plateau and Sagamino Plateau’” "

The Shimosueyoshi Plateau and the Sagamino Plateau are both loam plateaus. However, the
Shimosueyoshi Plateau was formed by the sea when shallow seafloor emerged during the last
interglacial's climax, whereas the Sagamino Plateau was formed by the river when alluvial fan lowlands
formed during the last interglacial were terraced. Their sedimentary environment and emergency era are
not the same. The Middle Pleistocene deposit serves as the basic bedrock for the Shimosueyoshi Plateau,
with the Late Pleistocene deposit (the Shimosueyoshi layer) and the underlying Kanto Loam serving as
the primary sedimentary strata. The deposit comprises alternating layers of sand, silt, and clay from the
Late Pleistocene period. The places that were valleys during the preceding glacial epoch have thick
distribution, whereas the areas that were wave-cut platforms have thin distribution.
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The river gravel layer that forms the plateau (Sagamino gravel layer) is the engineering bedrock of
the Sagamino Plateau, whereas the sedimentary layers are clay and silt that formed during emergence
and the underlying Kanto Loam. The Kanto Loam is thinner than the Shimosueyoshi Plateau due to its
later era of emergence.

3. MIROTREMORS OBSERVATIONS
3.1 Observation and analytical methods for microtremors

Since the 1990s, the authors continuously observed high-density microtremors around Kanagawa
Prefecture®- 2. The authors examine the ground vibration characteristics of each city in eastern
Kanagawa Prefecture by observing the center of a 250 x 250 m mesh. We used part of the data in the
present study.

The observation was performed with two horizontal components (EW and NS components) and one
vertical component (UD component), where sampling was done every 180 s at 100 Hz. Table 2 shows
the properties of the microtremor measurement device used for the observation'®. Microtremor
observation used three types of microtremor measurement devices, A, B, and C, depending on the timing
of the measurement. A huddle test was performed as needed between these observation devices. We
confirmed that there is hardly any difference between devices in the periodic band targeted in this study
(0.1t02.0s).

We identified numerous steady intervals (2,048 points) with relatively low noise from the waveform
of three observable components and calculated the Fourier spectrum. The Fourier spectrum is smoothed
using a Parzen window with a bandwidth of 0.3 Hz. A geometric mean was derived for the spectra of
the two horizontal components at each interval, and the MHVR was calculated by dividing by the UD
component. Finally, the MHVR of the detected periods was averaged, and the dominating period was
read. We selected a period with an MHVR of at least two to read the dominant period. We decided if
several peaks could be confirmed based on the observation results and ground structure of the
surrounding areas. Figure 3 shows a microtremor observation record as well as an example of the
spectrum.

Table 2 A list of microtremor observation devices used!®

A B C
Recorder SPC-35 SPC-51 Ju410
Amp Tokyo Sokushin Tokyo Sokushin Hakusan kougyou
VSE-15D (Recorders, amplifiers, One

Tokyo Sokushin sensor)

Sensor
Velocity sensor Accelerometer

Frequency characteristic : Frequency characteristic :
0.2-10.0 Hz 0.2-10.0 Hz

-63 -



et analysis section

Time (s) . .
Predominant period
10 r Average Horizontal and Vertical 10 £ Average H/\i Spectrum
F Hor. Avr. -
:ei F CH-3 Avr. — - — L
(2
~
& o
o =
Rl ©
S L S
= o 1k
3 E
> =
= o
a S
S <
<<
s s L M | )
0-10.1 0% 05 1 5 01 R A A i
Period (s) 0.1 0.2 0.5 1 2
ero Period (s)

Fig. 3 An example of microtremor observation data and analytical result
3.2 Predominant period distribution of microtremors

Figure 4 shows the distribution of the predominant period obtained from MHVR for the eastern
Kanagawa Prefecture. The prominent period was the longest in the current target topographic areas in
the downstream area of the Katabira River and Ooka River lowlands, where there were several places
with a predominant period of 1 s or longer. The Tama River lowland's dominant period saw slight
variation between downstream and upstream locations, with values ranging between 0.5 and 0.8 s overall.
The predominant period of the Shimosueyoshi Plateau was roughly 0.3 to 0.8 s; points with a
comparatively long predominant period were located in small valleys that dissect in a dendritic manner.
The predominant period of the Sagamino Plateau was often 0.3 s or less.

Though not the focus of this study, the Tsurumi River lowland, which cuts through the
Shimosueyoshi Plateau, features points where the predominant period is 1 s or longer, similar to the
Katabira River/Ooka River lowland. This is because the clay deposit similar to the lowland of Katabira
River/Ooka River is dominant. The predominant period of the hills where the Tama Loam is widely
distributed is frequently 0.3 s or shorter in the north of the Katabira River Lowland and 0.3-0.8 s in the
south, which is slightly longer. The reason for this is likely the impact of topographic changes associated
with different thicknesses of Tama Loam and large-scale landform creations®?, but this is outside of the
scope of this study.
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Fig. 4 The predominant period distribution of MHVR

4. THE RELATIONSHIP BETWEEN BEDROCK THICKNESS AND PREDOMINANT
PERIOD

4.1 The relationship between sedimentary layer thickness and predominant period

We read the thickness of the sedimentary layer from the boring log summarized by the City of
Yokohama®”, summed the relationship with the predominant period, and obtained the regression
equation. The regression equation was transformed into a linear regression Eq. (1), with a coefficient a
where the unit thickness of the sedimentary layer contributes to the predominant period and a coefficient
p that cannot be explained by the thickness. If § = 0, theoretically, @ = 4/ Vs because of the quarter
wavelength rule (T = 4H/V;); however, in reality, f might not be 0. £ is a constant term generated by
linear regression, related to the residual difference after regression. Though the regression coefficient
is reported as a single number for simplicity, in reality, there are multiple implications such as
underground structures below the engineering bedrock and modeling of the sedimentary layer.

T, =a X H+ B (D
For boring logs to read layer thickness, we examined topography and elevation and chose data within

100 m of the microtremor observation points to assume the same sedimentary layer. In other words, our
investigation includes mistakes in bedrock thickness caused by differences in boring points and
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microtremor observation points. To eliminate false variations in thickness, we chose data from places
with the fewest artificial adjustments for plateaus. For hills, we omitted data from developed land that
had undergone significant modification. We eliminated data from landfills in coastal areas.

First, we used the complete dataset without taking into account the topographic areas to describe the
association between sedimentary layer thickness and the predominant period. The outcome is depicted
in Fig. 5 and Eq. (2).

T, = 0.018 x H + 0.180 (R = 0.73,n = 255) )

Ty: predominant period (s), H: sedimentary layer thickness (m), #: number of data,
R: correlation coefficient, a, f: regression coefficient (common for Egs. (1)—(11))

Generally, when the thickness of the sedimentary layer increased, the predominant period increased
in a positive correlation. The correlation coefficient is not poor, although there are notable differences.
Figure 6 shows the predominant period and sedimentary layer thickness for points where PS logging
was performed based on the whole dataset (see Figs. 1 and 4). Though the amount of data is limited, we
obtained regression equations for small and medium rivers of lowlands (7o4) and loam plateaus formed
by rivers (7op) and displayed these together. The regression coefficient a was large for lowlands and
small for loam plateaus. In the next Section, we increased and reorganized data for four topographic
areas with different landform evolutions.
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Fig. 5 Relationship between sedimentary layer thickness and predominant period
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Fig. 6 Relationship between sedimentary layer thickness and predominant period at PS logging points

4.2 Relationship between sedimentary layer thickness and predominant period for each
topographic area

Figures 7(a) and (b) show the relationship between the sedimentary layer thickness and predominant
period for the Katabira River and Ooka River lowlands. Equations (3) and (4) show the regression
equations. The value of regression coefficient oo was consistent, and the correlation coefficient R was
high for each at 0.91, which is a coincidence. Both lowlands are close and of similar size, having similar
landform evolutions. Thus, we combined them in subsequent discussions.

The Tama River lowland result is shown in Fig. 7(c) and Eq. (5). The thickness of the sedimentary
layer and the predominant period have a strong correlation. However, the slope of the regression
equation, a, was smaller than the two rivers discussed above. In other words, contribution by a unit
sedimentary layer thickness to predominant period is small. As discussed in Section 2.2, this is because
their landform evolution is different, and the geology of sedimentary layer is also different.

Katabira River Lowland T, = 0.030 X H + 0.072 (R = 091,n = 54) 3)
Ooka River Lowland T, = 0.027 x H + 0.158 (R = 091,n = 83) 4)
Tama River Lowland T, = 0.013 X H + 0.160 (R = 0.87,n = 57) (5)

Figures 7(d) and (e) show the relationship between the Shimosueyoshi Plateau and the Sagamino
Plateau. Their regression equations are shown in Eqs. (6) and (7). All results show a smaller slope o
compared to the lowlands result, while £ is larger. The correlation coefficient was low. These results are
consistent with the trend seen in the result that used PS logging (Fig. 6). S wave velocity of the
engineering bedrock is similar for plateaus and lowlands (see Table 1); thus, the small a likely reflects
the difference in the S-wave velocity of the sedimentary layers. As previously discussed, multiple
impacts of different f are feasible; however, its constant term of regression equation is beyond the scope
of the current dataset (extrapolation portion).

Shimosueyosi Plateau T, 0.007 x H + 0.239 (R = 0.56,n 34) (6)

Sagamino Plateau T, = 0.004 X H + 0.228 (R

0.35,n = 27) (7)
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Fig. 7 The relationship between sedimentary layer thickness and predominant period for each
topographic area

4.3 Reorganization of the relationship between sedimentary layer thickness and predominant
period for each topographic area

We observed in the previous Section that the Katabira River lowland and the Ooka River lowland were
both lowlands formed by minor rivers and had similar bedrock formations during their landform
evolution. We integrated them since their regression equations were comparable, as shown in Fig. 7.

The Shimosueyoshi Plateau and Sagamino Plateau were both classified as loam plateaus, and
although they share a small a and a large . However, a differs by a factor of 2, and the process of
bedrock formation (topographic evolution) is also different. As a result, we employed various regression
equations for them (Egs. (8) to (11) and Fig. 8).

Let us analyze the relationship between the sedimentary layer thickness and predominant period with
prior studies. In a previous study of the Sagami River basin *®, o was 0.014 (sandy bedrock) and 0.024
(clay bedrock), which is similar to the Tama River lowland. Toshinawa et al.'” summarized the upstream
area of Tsurumi River in the City of Yokohama in a similar manner and found the regression coefficient
o. to be 0.056 (since the definition of regression coefficient in the paper was different, we recalculated
with our definition). The four topographical areas of the present study are closest to the cases involving
small and medium rivers, which is consistent with the present result. Since topography has dramatic
variations along the coast of Japan, comparison is difficult; however, Kojima et al.'” analyzed the
relationship between alluvial thickness and period of the Fukui Plain based on microtopography. The
result showed a similar linear regression trend, but the correlation coefficient ranged between R of 0.43
and 0.85. Thus, our alluvial result that considered landform evolution had a higher correlation (lowlands
formed by small, medium, and large rivers).
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Lowland formed by small to medium rivers
To = 0028 x H + 0.127 (2 < H < 45)(R = 091,n = 137) 8)

Lowland formed by large rivers
To = 0.013 x H + 0.160(5 < H < 50) (R = 0.87,n = 57) Eq. (5) reposted (9)

Loam plateau (formed by the sea)
To = 0.007 X H + 0.239(7 < H < 40) (R
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Fig. 8 Relationship between sedimentary layer thickness and predominant period for each topographic
area reorganized

5. CONFIRMATION BY OBSERVATION RECORD OF EARTHQUAKES
5.1 Record of earthquakes used for the examination

In this study, we determined whether actual seismic properties in strong quake observation points with
known sedimentary layer thickness are consistent with regression equations. The examination points
consisted of 12 points from the Yokohama City Strong-Motion Network®? and K-NET*? that were
located within the target topographic areas (see Figs. 1 and 4). The breakdown is as follows: Six points
in lowlands formed by small and medium rivers, one point in lowlands formed by a large river, two
points in loam plateaus (by the sea), and three points in loam plateaus (by rivers). For the name of the
observation points, we used the names from the Yokohama City Strong-Motion Network and K-NET.
Five significant earthquakes were selected from strong quakes observed between 2012 and 2018 (about
270 quakes). We assumed vertical propagation from below for all observation points and used the
following conditions 1 to 3 for the selection of said five earthquakes. The maximum acceleration of the
selected earthquakes was about 100 cm/s®. Table 3 shows the list of earthquake records.
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1. Relatively large earthquakes of M (magnitude) 4.5 or higher
2. Earthquakes with the epicenter depth of 30 km or more
3. Earthquakes that were recorded at almost all observation points

We performed Fourier transform on the earthquake records including the main motion (60 s from
the start of the record) and smoothed in the same manner as the microtremor record in Section 3.1
(Parzen window with a bandwidth of 0.3 Hz). The H/V spectral ratio was calculated by dividing the
geometric mean of two horizontal components by the vertical component (hereafter referred to as
EHVR). Figure 9 shows an example of observation records (point: KNG002, time: 2014/5/5 5:18). All
earthquakes stopped within 60 s, which confirms that when EHVR is calculated using the coda part of
seismic motion it provides a similar trend to the present interval'®.

Table 3 A list of strong quake records for the examination

. Epicentral location Depth Scale
No. | Time of occurrence
Lat. Lon. (km) M
1 [2012/11/24 17:59 35.64 140.20 72 4.8
2 [2013/4/14 1022 36.00 139.50 97 4.6
3 12014/5/5 5:18 34.95 139.48 156 6.0
4 12014/9/16 9:16 36.90 139.86 47 5.6
5 12016/11/23 3:45 34.54 140.07 101 4.5
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Fig. 9 Record of strong quake observations and analytical results (KNG002, 2014/5/5)
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5.2 Relationship between ground amplification properties and sedimentary layer thickness

Figure 10 shows the calculated EHVR. The figure shows the EHVR of each earthquake and the mean.
Generally, each quake and the mean overlap. Thus, we assumed that the mean EHVR represents the
seismic characteristic of each point and read its predominant period (shown with | in the figure).

However, we estimated the predominant period of the bedrock using sedimentary layer thickness of
each point and Egs. (2), and (8) to (11). The sedimentary layer thickness was read from boring data
published for each point*” 32, Additionally, KNGO001 did not reach the engineering bedrock in the
bedrock data from K-NET; thus, we set the sedimentary layer thickness by assuming that the depth at
which Vs becomes 400 m/s as the engineering bedrock based on the nearby boring data and underground
structural model of the seismic headquarter®?.

Figure 11 shows the result of the comparison. The horizontal axis shows the predominant period
determined using the microtremor observation regression equation. The vertical axis represents the
dominating time as determined by the seismic observation record. It also displays the estimates from
regression Egs. (8) to (11) for each topographic area, as well as the overall data estimates from regression
Eq. (2). Estimates using regression equations of each topographic area are more consistent to the main
period of the powerful seismic observation record than estimates from the entirety of the data. This
demonstrates that the predominant period determined by the regression equations and reexamined by
topographic areas is more consistent with the predominant period determined by the strong quake
observation record.

V
@ na06g @ KNG002 @ hd06g

period(s)

@® as08g

period(s)

& iz06g

period(s) | period(s) ' period(s) ' ‘ period(s)

@ : Lowland formed by small to medium rivers (6 site)
A : Lowland formed by large rivers (1 site)

M : Loam plateau (formed by the sea) (2 site)

@ : Loam plateau (formed by the rivers) (3 site)

: EHVR
S Average EHVR
: Predominant period

Fig. 10 EHVR and mean EHVR of strong quake observation record for each earthquake
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6. SUMMARY

In this paper, we calculated the predominant period of MHVR for four topographic areas in the City of
Yokohama (including parts of the City of Kawasaki) with different landform evolutions (i.e., lowlands
formed by small to medium rivers, lowlands formed by large rivers, loam plateaus formed by the sea,
and loam plateaus formed by rivers) and showed the relationship between the predominant period and
the sedimentary layer thickness above the engineering bedrock using linear regression equations. The
result showed that regression coefficients differed for each topographic area (« and ). For the obtained
regression equations, we confirmed the validity using the actual strong quake observation records. The
results are as follows:

1. The relationship between the predominant period of MHVR and the sedimentary layer thickness
varies between topographic areas with different landform evolutions.

2. The values of a and f differ for lowlands and plateaus. The value of a is large for lowlands and
small for plateaus, while the value of 8 is small for lowlands and large for plateaus.

3. The value of a for lowlands formed by small to medium rivers is clearly larger than lowlands
formed by large rivers.

4. Though landform evolution of plateaus formed by rivers and formed by the sea is different, the
value of a is small for both; thus, practically, these plateaus may be summarized as loam plateaus.

5. The predominant period estimated from the regression equations obtained for each topographic
area through microtremor observations and sedimentary layer thickness was generally consistent
with the predominant period of strong quake records. Thus, the use of microtremors for bedrock
hazard maps is effective.
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