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The 46th Symposium of Earthquake Ground Motion (2018)

Introduction

KEFIEFT
Masayuki NAGANO

Subsurface structure and its effect on ground motion amplification have been important issues in the Sub Committee on Ground

Motion in related with ground motion evaluation, prediction, building damage during the massive earthquake, as well as the structural

design of various types of buildings. This year's symposium focuses on recent development of evaluation of subsurface structure and

ground motion amplification. We will discuss what we learned from the benchmark test project for microtremor exploration method

on subsurface structures using artificially generated ambient vibration. In addition to that, further discussion will be made for new

development for detection of subsurface structure and/or site amplification characteristics. Prior to the main topics, quick reports on
two earthquakes in this year, the 2018 Northern Osaka Prefecture earthquake and the 2018 Hokkaido Eastern Iburi earthquake, will

be presented.
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PRELIMINARY RESULTS OF BENCHMARK TEST OF ARRAY ANALYSES FOR
EVALUATION OF S-WAVE VELOCITY STRUCTURES USING
SIMULATED MICROTREMOR WAVEFORMS
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BEARA TS S, ISR, PREFAC, BOHRET™, AR, BIRG", /BN, vemee ™,
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Michihiro OHORI, Hirotoshi UEBAYASHI, Ikuo CHO, Hiroshi ARAI, Kunikazu YOSHIDA, Haruhiko SUZUKI,
Hirohito TAKAHASHI, Yoshinori HAGIWARA, Arihide NOBATA, Takashi HAYAKAWA, Takumi HAYASHIDA,

Toshiaki YOKOI, Shunsuke KISHI, Toru SEKIGUCHI, Keisuke KOJIMA, Sugun LING, Kentaro MOTOKI,

Hiroto NAKAGAWA, Tatsuya NOGUCHI, Kotoyo TSUCHIDA, and Masayuki NAGANO

In this study, we aim to clarify the applicability of the microtremor exploration method on irregular
subsurface structures, based on the simulated microtremor data calculated by the three-dimensional difference method.
A benchmark test was carried out in two stages using different structure models: a simplified model of one-layered
bedrock with inclined subsurface for the first stage and a realistic model of the Osaka sedimentary basin for the second
stage. For the first stage, estimated Rayleigh-wave phase velocity results from all participants showed a small

deviation and reproduced well the theoretical ones even in a case of inclined angle of 10 deg. For the second stage,

discrepancy of the estimated phase velocity and the S-wave velocity structure between array analyses and model
showed a strong dependence up on the degree of the subsurface irregularity beneath the site. The usage of the H/'V

spectral ratio as well as the phase velocity successfully constrained the searching range of the S-wave.
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Spatial Autocorrelation (SPAC)ZRIMENT LA & ZDiEAEEH

MICROTREMOR ARRAY PROCESSING METHODS RELEVANT TO THE SPATIAL AUTOCORRELATION (SPAC)
METHOD AND THEIR APPLICABILITIES

kAR
Tkuo CHO

In general, the SPAC relevant methods are superior to the FK methods in that they can deal with long wavelength ranges in terms of
simple seismic arrays composed of few seismometers. Such proerties of the SPAC relevant methods can be explained from an
algorithmic perspective: The FK methods need to rsolve multiple waves ariving from different direcions, but the SPAC relevant methds
do not. Therefore, the SPAC relevant methds do not need a number of sensors to resolve each wave; the upper limits of the analyzable
wavelength ranges of the SPAC relevant methods are deterimned only from incoherent noise levels. A miniature array with rasius about
1m is an application based on such understanding. On the other hand, the lower limits of the analyzable wavelength ranges for the SPAC
relevant methods are controled by biases called the directional aliasing, Based on the concept of the directinal aliasing, it can be explained
why we use a triangular array and wavelength ranges larger than twice the array radius or more in the standard SPAC method. It is also
shown that the concept of the directional aliasing is usable for the evaluation of the applicability condition of a simple two-point array.
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THE OVERVIEW AND EXAMPLES OF APPLICATION OF THE HORIZONTAL-TO-VERTICAL SPECTRAL RATIO
BASED ON THE DIFFUSE FIELD THEORY

NI
Shinichi MATSUSHIMA

Horizontal-to-Vertical spectral ratios of microtremors (MHVRs) have been traditionally interpreted as
representing either the Rayleigh wave ellipticity for a horizontally layered structure or directly the S wave amplification.
However, based on the diffuse field theory, we have derived an alternative theoretical basis that MHVR corresponds to the
square root of the ratio between the imaginary part of the horizontal Green’s function and that of the vertical one. Under
this condition, the one-dimensional (1D) horizontal layering assumption is not needed to interpret MHVRs. On the
otherhand, if 1D horizontal layering is assumed, the imaginary part of Green’s function on the surface is proportional to
the transfer function from an arbitrary depth, so the theoretical horizontal-to-vertical spectral ratios of earthquakes
(EHVRs) can be derived from the ratio of transfer functions. As observational evidence of non 1D MHVR, we discovered
significant directional dependency in the MHVRs observed at a site in Uji campus, Kyoto University and a site close to
the Onahama Port. At the Uji camups, The NS/UD component of MHVRs has a higher peak amplitude at around 0.5 Hz
and the EW/UD component has a slightly higher peak frequency. At Onahama, there are sites where strong directional
dependency is found.. Numerical analyses were perfomred by Spctral Element Method using a unit load on the surface to
examine the effect of the two-dimensional (2D) basin structure to the MHVRs. We found that the directional dependence

of MHVRs can be simulated, at least qualitatively, using a 2D velocity structure.
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OUTLINE AND APPLICATIONS OF SEISMIC INTERFEROMETRY

PR
Hiroaki SATO

Seismic interferometry has attracted an attention as one of the new data processing technique for microtremors in recent

years. In the seismic interferometry, Green’s function (synthetic earthquake record) is extracted by a cross correlation of

long-term microtremor records at two receivers. This means that it is possible to apply an evaluation technique of deep

underground structures using earthquake records even in low earthquake activity areas since microtremor records can be

observed anytime and anywhere. In this article, outline of seismic interferometry using microtremors and some application

examples which are applied to estimation of deep underground structures are also introduced.
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APROPOSAL OF APROXY TO REPRESENT AN IRREGULARITY OF SEDIMENT INTERFACES
USING MOBILE MICROTREMOR MEASUREMENTS

JEAMAER
Kentaro MOTOKI

The subject of this article is to see if a spatial variation of horizontal to vertical spectral ratios (HVSRs) of

microtremors can be regarded as a proxy of an irregularity effect of sediment-basement interface in order to readily

discriminate a flat layer site from an irregular layer site. We performed 3 investigations: 1) we evaluated coefficients of

variation (CVs) of HVSRs’ peak periods at 4 sites based on densely mobile microtremor measurements, 2) evaluated

sensitivity for CVs by numerical simulations for wave propagation with complex media, and 3) compared power
spectral density estimated from CVs with that calculated from subsurface structure model. We found that CVs were 1)
obviously different between flat layer sites and irregular layer sites in observed microtremors, and 2) sensitive to the

slope angle of sediment interfaces. We also found that 3) CVs were related to the irregularity of the basement

interfaces. As a result, we propose that CVs of 0.1 is a threshold to sort out flat layer sites where amplification factor

can be approximately calculated assuming stratified media.
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SITE AMPLIFICATIONS EVALUATED BY GENERALIZED INVERSION TECHNIQUE

frpiEpfg—!
Kenichi NAKANO

Strong ground motions are composed of source terms, path effects, and site amplifications. These are well

known characteristics for strong ground motions. Generalized inversion technique (GIT) proposed by Andrews (1982)

is an effective tool to evaluate the characteristics. In this report, I foucused on the site amplification evaluated by GIT,

because the site amplification affects the difference of building damage depending on the site. At first, I introduced the

summary of GIT and theoritical interpretations of the site amplifications estimated by GIT. Next, I presented the

relationships between the site amplifications and the pamerters of underground structures. Finally, I discussed about

the uses of site amplifications appllicated in the prediction of strong ground motions, evaluation of seismic hazard, and

seicmic zonation. Also I pointed out the future tasks with the site amplifications estimated by GIT.
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EVALUATION OF SITE AMPLIFICATION BASED ON AVERAGE SHEAR WAVE VELOCITY

=L
Hiroyuki Miura™

Average shear wave velocity in upper 30m (Vs30) has been used for the simplified site classification and site

amplification especially when the available soil profile data is limited.

In order to examine the applicability of the

Vs30-based site amplification model, the relationships between the Vs30 and the average velovities in less than and

greater than 30m, and the relationships between the average velovities and theoretical amplifications are discussed.

The empirical ground motion prediction equations for response spectra based on the attenuation relationship and the

Vs30-based site amplification model are applied to the observed data in recent large crustal earthquakes.

Although

the response spectra are underestimated at the sites located near the fault, the observed response spectra are well

reproduced at other sites.
empirical nonlonear site amplifications.
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It is also found that that the residuals are decreased in shorter periods by including the

iz B & LT, HTE X -OBREE O -G # & Vs30
DOEUREFIRD Z L2k v, JRIED Vs30 ~ v 7OV,
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AbND. £ TAETIE, RAQIRSETOV S
WEZFHEL, ThEThOBRE~5Z & & L. [
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FT, ARSI TVD SERERMEET VD, LUFD
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M

Vsz =
n

D h1Vs,
i=1

I R EOBE (M), Vsii3& B D S R (m/s),
n IIRBHRE £ TORBBAERT. KHUED PS 1@ Ehi
SNFERETIS U T, S =10m, 20m, 30m, 50m,
100m, 200m, 300m £ T Vsz (FILZFMN, Vsl0, Vs20,
Vs30, Vs50, Vsl00, Vs200, Vs300) Z%H L7z 22
T, K-NET CTIIfmRKTHES 20m ETOET /L LIMED
NTWRNW8, EFLDORE FEOES L @D S K
AR LT, Tk 007K L Y, £SO Vs30
ZEH Uz, 5072 Vs30 DNFRZ 3 1 1R
KiK-net 7—# DA% AT, Vs30 &Z Do Vsz D
ez 7oy hL2b0EK IR, K1 BXLUE2
FiZlE, T2 N, BIOWEDEEZ Fto Tl
L7e3rB D a, b OES L OMEEIMRE - OfE LR LT 5.

logVsz =a+b-logVs30 )

Xai 5 &, Vs20 & Vs50 13 Vs30 & b AHRE E <,
Vs10 <° Vs100 T Vs30 & OFRRIRENE 0.9 FLE & b
ROV, Vs200 LA EIZ/ D &7 =2V bianZ L b b
0, MHBIHMETT 5. £/, £3I1QE, KESOFEES
FdE R L OFBMRE DO —E A" T, R DNV DY
S POHE R IIFERREE 0.9 LLEEEWA, VsI0 &
Vs300 DX DITIRENKRES B n L, MHEAIX 05 LT
KT 5. Vs30 <0 Vs50 NENLIFA DI S Pk &
FAEAASENZ & AN D.

WIZ, RN K DU & SEBED logVsz DFk %R
L, EOEUERZE ores R OTZ. £ 21213 ores DIE R
LTV, Vs20 & D ores DIEIE 0035, Vs300 & D oges
DIEIX 0117 E72o7=. ZHUE, Vs30 75 Vs20 72 L
Vs300 DIEZHEE LT85, EALEI 0.92~1.08 1%, 0.76
~1.31 EFREORRENTIND Z L2 BT 5. X 10~
100m £ CTOHEAEZZ D L, Vs30 LZEDMD Vsz & D
NI FI NS N Enbmnsd.

&1 FERALHET—28
) Number of sites
Site class Vs30(m/s)
K-NET KiK-net

A (Vs30=1500) 0 2
B (760< Vs30=1500) 27 70
C (360< Vs30=760) 451 353
D (180<Vs30=360) 456 173
E (Vs30=180) 77 14
Total 1,011 612

T T —, T

t N=612 dd N=61
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& L ] & £
£ £
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g ]
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E £
2 3
> v
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100 | E 100 a=0.53,b=0.87
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“{oo 100 “foo 1600
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T N | T A | .
1000} 4 _1000F R
v o 19 s ]
£ E
S S .

o 1= .
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g N=51 g d N=27

100 a=0.86, b=0.76 o 100 5;1_38, b=0.56 3
E, r=0.85 ] F r=0.64 9
“{oo 100 00 " fo00
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1 ZRE30mDFH S KEE (Vs30) &ZDHDE

SDFY S FRE DR
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IT5%%%, FEEFRME S IRERE

N a b r ORES
Vsl0 612 -0.56 1.14 0.90 0.097
Vs20 612 -0.14 1.02 0.98 0.035
Vs50 513 0.16 0.97 0.98 0.042
Vs100 195 0.53 0.87 0.91 0.086
Vs200 51 0.86 0.76 0.85 0.107
Vs300 27 1.38 0.56 0.64 0.117
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Vs10 Vs20 Vs30 Vs50 Vs100 Vs200 Vs300

Vsl0 0.95 0.90 0.82 0.76 0.71 0.49
Vs20 - 0.98 0.93 0.86 0.81 0.60
Vs30 - - 0.98 0.91 0.85 0.64
Vs50 - - - 0.96 0.90 0.72
Vs100 - - - - 0.97 0.87
Vs200 - - - - - 0.98
Vs300

WEEE T /WZ X 2 BEREIER & OBRER~7-. £7,
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UNDERGROUND STRUCTURES AND EARTHQUAKE SITE AMPLIFICATIONS
—WHERE DID WE START AND WHERE HAVE WE REACHED ?

JIRE e
Hiroshi KAWASE

From as early as 1920’s researchers in Japan noticed strong effects of surface geology on seismic motions
and have been investigating the issue in order to quantify site amplification factors due to soft surface sediments. The
history of 46 times of the Symposium of Ground Vibrations shows our progress from 1972 till present. In the other
side of the Pacific Ocean the degree of influence of underground structures had been a target of discussion until the
1985 Michoacan, Mexico earthquake, which revealed strong long-period site amplification of lucstrine clay layers
inside Mexico City. Since then a lot of studies have been performed by many seismologists and earthquake and
geotechnical engineers on the effects of surface geology on seismic motions not only in both sides of the Pacific
Ocean but also around the world, especially in Europe. Yet we have not reached the common conclusions on how to
delineate the underground structures with sufficient precision and how to predict site amplification factors for strong
input. In this report the author would like to introduce a couple of key points for successful quantitative evaluation of
underground structures and subsequent site amplification factors. Despite of the main theme of this year’s symposium,
the author would like to suggest that we no longer need to have precise underground structures but can estimate site

amplification factors of input S-wave directly from the observed data, either from earthquakes or microtremors.
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VALIDATION OF SEDIMENTARY BASIN VELOCITY STRUCTURE MODEL
IN THE OSAKA PLAINS AND KYOTO BASINS

EEAZT, BANERT, EHEEET
Kimiyuki ASANO, Haruko SEKIGUCHI, Tomotaka IWATA

This report reviews recent studies for validating the 3D velocity structure models of the Osaka and Kyoto
sedimentary basins, southwest Japan. These three-dimensional velocity structure models have been developed by

integrating many geophysical and geological surveys in these areas. For the Osaka basin, the latest velocity model has

been validated by simulating low-frequency ground motions during moderate-to-large local earthquakes and the

interstaton Green’s functions obtained from continuous microtremor observations. The 3D velocity structure models

have also been used for analyzing source rupture process of the 1995 Kobe and the 2018 northern Osaka earthquakes.
For the Kyoto basin, its velocity structure model has been validated and imroved by using the dufused-wavefield H/V
ratio method and R/V receiver functions at many stations in the basin.
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MODELING OF THE SUBSURFACE STRUCTURE FROM THE SEISMIC BEDROCK TO THE
GROUND SURFACE FOR A BROADBAND STRONG MOTION EVALUATION IN KANTO AREA

JEA R, TR,

AHEFE? BB, AL, AT

Shigeki SENNA, Atsushi WAKAL Atsushi YATAGAIL Takahiro MAEDA, Hlsanori MATSUYAMA, Hiroyuki FUJIWARA

In order to estimate damage caused by strong ground motions from a mega-thrust earthquake, it is important

to improve broadband ground-motion prediction accuracy in wide area. To realize it, it is one of the important

challenges to sophisticate subsurface structure models. On the purpose of precisely reproducing characteristics of

seismic ground motions, we have ever collected as many data as possible obtained by boring surveys and microtremor

array surveys, and then have modeled subsurface structure from seismic bedrock to ground surface. At present, we are

modeling subsurface structure in whole Kanto area, Japan. In this study, we attempt to sophisticate shallow subsurface

structure models for Kanto area, where miniature array microtremor surveys have been conducted from the second

half 0f 2014 to 2017.
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EXAMPLES OF STRONG MOTION PREDICTIONS
FOR EARTHQUAKES ALONG THE SAGAMI TROUGH

PEfERSET, PN, /INLHES, (ol R, R, Jodn B

Toshimi SATOH, Hiroto NAKAGAWA, Shin KOYAMA, Toshiaki SATO, Masanobu TOHDO,

We develop long-period
Trough based on strong

Tzuru OKAWA, Shigeki SENNA

and long-duration ground motion prediction equations for earthquakes along the Sagami
motion records. The site factors at the engineering bedrock are estimated using shallow

structure models developed by NIED. The obtained amplification factors for acceleration response spectra are smaller
than those for earthquakes along the Nankai Trough. The obtained site factors for group delay time are dependent on
the shallow structure even in the period longer than the prediminant period of the shallow strucure. The developed
equations are applied to the 1923 Taisho Kanto type earthquake, the 1703 Genroku Kanto type earthquake and the
hypothesized south Tokyo metropolitan earthquake. The ground motions predicted for the Kanto type earthquakes are
consistent to the record observed at Hongo and ones predicted by 3D-FDM by HERP.
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SOURCE IMAGE OF THE EARTHQUAKE IN OSAKA-FU HOKUBU ON 18 JUNE 2018 AND
OVERVIEW OF THE STRONG GROUND MOTIONS IN THE OSAKA PLAIN DUE TO ITS EVENT

MR, AL R

Hirotoshi UEBAYASHI, Kimiyuki ASANO, Haruko SEKIGUCHI

The fault rupture process and the strong ground motion characteristics of the earthquake in Osaka-Fu Hokubu on 18

June 2018 (Mjya 6.1) were outlined below as a preliminary report. The focal mechanism was composed of the
strike-slip fault of the northeast-southwest strike and the reverse fault of the north-south strike. Among them, the
forward directivity effect of the former fault caused the strong motions in the southwest direction from the epicenter in

the Osaka plain. On the other hand, it was also suggested that the strong east-west directional motions observed at
Minoh city is due to the S-wave radiation pattern of the latter fault and the graben distributed in the east-west direction
along the Arima-Takatsuki fault zone. We reproduced the observed records of the target event in the Osaka plain at
frequencies below 2 Hz using the source model based on the above-mentioned fault rupture process and the existing

three-dimensional sedimentary basin model. Good agreement of the phases between the observed and simulated

velocity waveforms was obtained for most stations. However, underestimation of the waveform amplitudes was

recognized to be caused by setting of the source model.
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STRONG GROUND MOTIONS DURING THE 2018 HOKKAIDO EASTERN IBURI EARTHQUAKE

RHREET,

HypelT2, ALY, WS, AR

Nobuo TAKAI, Michiko SHIGEFUJI, Masayoshi ICHIYANAGI, Hiroaki TAKAHASHI and Takahiro MAEDA

On 6 September 2018, the Hokkaido Eastern Iburi earthquake (44; 6.7) occurred at depth of 37 km. The Maximum JMA
intensity was 7. Major damage occurred with large landslide around the epicentral area and wooden buildings were

destroyed in Mukawa town by the strong ground motions. Except for south-west area from the epicenter, high-frequency

strong motions were recorded also in Sapporo metropolitan area. This caused the serious liquefaction damage in Sapporo

Satozuka area. The maximum horizontal peak ground acceleration at the K-NET Oiwake station was 1,796 cm/s’. We

compared these values with the empirical attenuation formula for the strong ground motions: the peak accelerations and

the peak velocities were larger than the predicted values inside radius 100 km. Moreover, predominant period (1 - 2 s)

waves can be seen at K-NET Mukawa station where are near from serious wooden building damaged area.
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