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Delineation of S-wave velocity structure of pavements and
embankments by means of high-frequency surface wave
measurements
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It is important to monitor water distribution under the ground near repository sites of radioactive waste.
Water content in the ground and rocks can be evaluated via electromagnetic wave analysis.
Electromagnetic wave analysis has advantages to evaluate water content for the following reasons: (1) The
existence of pore water provides significant change in dielectric constant. (2) There is a relation between
dielectric constant and degree of saturation. However, it is difficult to evaluate the distribution of
dielectric constant in wave propagation direction by existing methods which are based on information of
arrival time and amplitude of electromagnetic waves reflected from gap of dielectric constant.

This study presents a method to estimate the distribution of dielectric constant via electromagnetic wave
analysis. The proposed method consists of an unscented Kalman filter and a finite element method. The
unscented Kalman filter is a nonlinear Kalman filter which can evaluate state values of a nonlinear system
from observation signals with zero-mean Gaussian noise. In the estimation process, the nonlinear Kalman
filter requires computation of nonlinear transform. In this study, the computation of a nonlinear transform
corresponds to the FEM analysis of reflected electromagnetic waves for arbitrary distribution of dielectric
constant.

The validity and performance of our proposed method have been confirmed by numerical and laboratory
experiments. In numerical experiments, reflected electromagnetic waves computed by FEM are used as
observed signals. The estimated distribution of dielectric constant is in good agreement with the correct
distribution. In laboratory experiments, reflected waves measured by a ground penetrating radar (GPR) are
used as observed signals. The estimation results are not well fitted with the distributions expected. One of
the reasons is that finite element analysis doesn’ t consider the effects of wave attenuation, and this
problem is a future task of this study.
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Title
Processing of ground penetrating radar (GPR) data for underground cavity by Convolution neural network

Background

For many years, GPR (Ground Penetrating Radar) systems have being used to detect cavities underneath
the road surface. A system on a vehicle are available to acquire a large amount of data with multi
channels, such as 21 channels, faster than about 40 km/h driving. Amount of the data has become larger
and larger. The accumulated surveyed road path is supposed to more than 150, 000 km.

Today, the experts take a long time to inspect visually such massive data to identify cavities. It also takes
years to become a skilled expert. These years, besides development of the new machine learning design,
the Machine Learning and parallel computation technology, such as Deep Learning and GPU frameworks
and computer hardware show drastic improvement.

Deep Learning approach is supposed to work with the acquired data directly and automatically. It means
that automation of recognition and classification of the types of reflectors with the acquired data directly.
In addition, the learning network can be improved with the accumulated training data less computation
effort as a transfer leraning. Such feature will fit the analysis of the GPR data for underground cavity
survey.

Iso et. al. presented “Processing of ground penetrating radar (GPR) data for underground cavity survey
by deep learning” , at the 135th SEGJ Conference in 2016 in Japan. It shows a possibility of the being
effective of usage of Deep Learning to distinguish cavities, metal pipes and others for 2D GPR
cross-section. However, this previous study, in order to classify the target reflectors, users need to pick the
specific reflection anomaly, the top of the shape of hyperbolic curves, manually. The classification result
failed in some cases, even though considering amount of training data is limited.

Purpose

The aims of new study are 1) eliminating the manipulation of users to pick the target reflectors and 2)
mitigating the errors of cavity classification, with the new Deep Learning network. Besides the limited
training data, the problems are supposed to be caused by the limitations of the Learning Network design
in the previous study. It uses Deep Neural Network with the hidden three layers as a Deep Learning. This
is a simple learning network, and it may not be fit to find out the target objective in the large image region.
The new study uses the Convolution Neural Network, CNN, design as a Deep Learning to distinguish and
locate cavities and the others. The CNN is one of the feed-forward artificial neural network and widely
used for 2D image recognition in the other industries these years. The study bases the real acquired data
for training images and evaluate with the other set of real 2D GPR data.
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Conclusion / Discussion
The results are compared and discussed with the previous study to the recognition accuracy and
efficiency of training effort (CPU time and training images) for initial training and transfer learning.
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Detailed GPR survey for delineating boulders buried in a roadbed of a
highway under construction
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Resistivity monitoring of water-leaking paddy field filled with water
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A large earthquake causes high hydraulic conductivity zones in the soil and the high hydraulic
conductivity zones of soil often lead to leakage of water from a paddy field. Although the locations of
infiltration have to be estimated, the locations cannot be observed from the surface. Electrical resistivity
survey can provide spatial geological information non-invasively because electrical resistivity is strongly
affected by the level of water saturation in the soil. After the 2016 Kumamoto earthquake occurred,
although the amount of leakage from a paddy field increased, the location of infiltration was not observed.
In this study, resistivity monitoring of a water-leaking paddy field filled with water was conducted. A
resistivity change derived from 2D inversion of resistivity survey data was small beneath the paddy field
and the resistivity beneath the bank of the paddy decreased 4 hr. after the start of filling with water. Since
some rain occurred before the filling test, there was a possibility that the high saturation level caused no
change beneath the paddy field. However, the resistivity beneath the paddy flied decrease 24 hr. after the
start of filling with water.

These results suggest that the leakage occurred beneath the bank of the paddy rather than beneath the
paddy field.

This work was financially supported in part by Science and technology research promotion program for
agriculture, forestry, fisheries and food industry.
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Imaging of the internal geophysical structure by means of near surface
geophysical surveys at a road embankment failure site.
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Geoelectrical monitoring of changes in water content in an
embankment using a large-scale rainfall simulator
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Case studies of the survey of induction method using GEM-2 -- along
the sand beach and above the intrusive rock --
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GEM-2 is the electromagnetic instrument used in this study. Since it can simultaneously operate multiple
frequencies in the broadband domain from 300 Hz to 96 kHz, we will be able to estimate the distribution
of the conductivity to the depth direction. The purposes in this study are detection of the boundary of
freshwater of the creek and seawater at Katsurahama coast in Akita city and examination on the anomaly
of the electrical conductivity above the intrusive rock at the quarry site in Sugisawa, Daisen city, Akita
prefecture.

On the exploration at Katsurahama coast, the freshwater of the creek has the characteristics of the low
electrical conductivity of O to 40 mS/m. On the other hand, the high electrical conductivity is seen on a
part of the western sea side. The change in the low conductivity to the depth beneath the creek cannot be
observed, but on the part of the high conductivity on the sea side the change to the depth can be
detected. The conductivity is higher at the shallower depth compared with deeper place at the part of the
high conductive western sea side. | consider that the high electrical conductivity of the shallow sea side is
more influenced by the invasion of the seawater.

At the quarry site in Sugisawa, the anomaly of the low electrical conductivity surrounded by the high
conductivity is seen above the intrusive rock by the exploration. The distribution of the high electrical
conductivity is considered to be due to alternation and mineralization in the contact part of intrusive rock
and pre-existed rock. Examining the tendency of the depth change of the distribution of the low
conductivity surrounded by the high conductivity above the intrusive rock, it is said that the structure
change cannot be seen to the depth from 5to 19 m.

| understand that the resolution by the exploration using GEM-2 is excellent at shallow depth, but that
GEM-2 is easy to catch the noise when the exploration depth exceeds 10 m. In other words, GEM-2 is
easy to catch the noise when we operate it with low frequencies. It is sometimes necessary to remove
noises on low frequency operation. In this study, | successfully remove the noises and improve the data
with taking the median values and using the running mean method on a finite length of data section.
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Changes in phase velocity of Rayleigh waves at the Hinode area, Itako,
Ibaraki, Japan, due to the construction by the ground water lowering
method: A case study of the miniature array analysis of microtremors
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mht, WEHANICEZSEREOEEIHMIESREFIREL R U9 -V aERTH, HOHMREO
5~6mLEURICIR > TIESKEEAENBICED - 2 (REHSR).

BOHEMRDZRIICOVWTDHAEEEBEDTISGESNZZ EITEEMICIXBRATHY, BINHEETLAD
RTFUvov )V EHEIHIRERTHS. SBRITLSVEENITHBINMIET L 1 OIEEERAEARTTEFET
HB.

Cho et al., 2013, Geophysics, 78, KS13-KS23.
#AskET, 2016, http://www.city.itako.lg.jp.

Yokota et al., 2016, Exploration Geophysics (in press).
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Earthquake, the ground water lowering method
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FEEATNAETEH. EEBIITREBICE T BB TKDIEK - KKD
va it

Distrubution of saline-freshwater in shallow groundwater in the lower
reaches of Nabaki River, the Kujukuri Plain, Chiba Prefecture, Japan

Rk AN, E B Rk BRRE'. Bk RsER

*Yuka Ito', Xinren Zhang', Tomochika Tokunaga', Katsuro Mogi'

1. RRKRER LB AR 7 2R

1. School of Frontier Sciences, The University of Tokyo

FER, ATABETEHFOBRICHET 2mA8)IITAEIE, BFLE I3 R/N2RETNDoH, mHk
IIET AL SBKNFANITRAT 5, SHICATNEFFRIAREROBBIL T THY ., FFTERE
SERDORRLTEIET4.86cmEMESNTH W HBEIL TICK ZMRRELZCADTE L LT, HTKDEK
EDOFRREMDAZFEITOND, TR AIC, MWL TERKILEDREFREEZL D ETET. RAKMEHTKEBKYE
MWTKODHE L CREANA BRI TKICEZBHEICOVWTEEY 2UENH S, TITHRFRTIE, i
TKDIBKIEHETME LT, KEBTKOEXRKRROEBAHFOLIEL, HTFKDEKETALZICON
TESRBELKERBEICIYRFZH IR >TWVWD, NI TILESKEEIR. mER/ITOREL TER5FH
SEM28F1TRETOHMIC, FH16EMTEREL ., EXREDAEIR. HERZRTREICEIYSEZ
Rofc, MITLLETMMEOLHLSIE,. 2N ERE LT TR (3~5m) [ZEEHREIS <. TR
%(%&JmiUu%)m@ﬁﬁvtuﬁﬁ%ﬁ%%hTBU\ﬂT%%EM%KﬁﬁEL\mﬂMﬁﬁF#
BWTKARHETEEEALOND, —AT, —EOMIFICEVWTIEIEABIIN SN ICRE>T, BRED
BUWTK (EEERRE) MBI SRBALERT 2L 500/ 2T L. ZOERD—D & L THS A

DHENTREINT,

F—U— R :BEARI HIERRE. 18K - KK REHBTK

Keywords: Nabaki River, Resistivity survey, saline-freshwater, shallow groundwater
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S EICH 1T DNMRIRE & GPRIC & % 7K E DFFM
Characterization of the aquifer at Tottori sand dunes using NMR and
GPR sounding

YN TR B IR AS BT 2/ E—°
*Chisato Konishi' , Kunio Aoike' , Takayukl KAWAIZ, Kuroda Seiichiro®

1. ISARERR R, 2. RIKZE, 3. RIS
1. OYO Corporation, 2. Tottori University, 3. Institute for Rural Engineering, NARO

ERAZEZRMAR LY 4 —ICB VT, HTFKFKEDFTHE % BHICNMRIZE & GPREZEME L 7=, NMRIR
Em WRICRBLAEL—TROTA WD SHTICERR/NIILAEZEL. FKBRADKDEBFHSDHE%E
S5 ETHRMSIFBIBRTHTAKBKBORE. BE. BLUORBEEKKEKRDZIFETHZ, BoNE
eﬁFMM%Lm%Tétw HERRIS & AW 2R 5 ONMRIZEDIFE. EBICESHEN NS KR
%, FDH, EfE/ A XL RIHAEVEHEAEMTITAEN R S L B84 ﬁ%m EIRAZOEIEMFR
VH—EBIRHEOHROHASHTIBMICHELTHY., /A XTRAIY—ICLDERHM/ 1 ALNIVOBIEES Z
NI ENE LA 1D, AERELRSEENTH >, BEEEIX. 1035mODEAFRE2DHEAEDLEL
SNFHEE L. A—aAM N ERAWVEEZREICLYI2ZBED/NNILRAE—AY MNERAW YO YTV T %
To7, JAIEEICIZ/ A XDBAD DRV, BRERKBERT—YDHE250ERERFL. RYvFUJIC

LUESDS/NOBELEER >, ZOER. HED/NILZAE—XY NTNMRESDHHUTH 2 RRIES &R
Lz BONAHERZIBEHEICLZETY VIRRELRLZEZ S, FEEIOMMEICEMDOTEKEBLNH S &
WEINE,

GPRLi;E%LLxF?&(mL,L&%i‘J%tTf%i% MNE L, FICHBARHERGEY., LA HTELEO%
BICIEREREIIISICEL RS, LIALEZEBHAREY S —HOWED L D IC. FEEICHERDHIE
mmtﬁ$LTV6$OE% ICIE, BEREIBRERISES< Y, FHROMTKAZRETEIEEAREER
%, SOliE, RORREA3SMHzO 7 v T+ ERWERR100mO 707 7 1 VAIEE1TL., & 5ICCMPHE
EICL Y BHREE A RO CREMEAERK L7, GPROEEMERD S, FEE29~30mHiaEIC s FKE I
5 2RETENERL TH LN, ZOMTKADREIR. AEICEEST 2HFOKMEAKBRESEBALT

W=,

mmﬁﬁ@%%#BMﬁi%mtauéﬁmE@LE%EtBB;%@EEﬁEET%% —7%. GPROD#E
B, FKEDOLEEREA ZRTHICIBETZ %2, BFEE2MHAEHLER I &LV, EEMFICS VT
R EKBOTEMITREICARZ EEZOND,

F—7— R : NMRZR®E. #tishL—4, #hFK, BE
Keywords: Surface NMR, GPR, groundwater, Sand dune
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Rock Physics Digital Library -A data and knowledge base for modeling
and interpreting shallow geophysical data -

= =
B =

*Toru Takahashi'

1. MEENRE BT FURT

1. Fukada Geological Institute

Fukada Geological Institute has opened a database called as Rock Physics Digital Library (RPDL) on its
website, which consists of data and information about physical models for modeling and interpreting
shallow geophysical data in civil and environmental engineering. Its website address is
http://www.fgi.or.jp/rpdl. RPDL is composed of four kinds of data and knowledge that are geophysical
and geotechnical datasets obtained in laboratory tests and well loggings, a comprehensive list of
empirical relationships between geophysical and geotechnical properties, a guide of procedures for
modeling of geophysical data, and a list of literatures on physical models and their applications. These
data and information can be viewed on the screen and also downloaded at user’ s preference The RPDL
is continuously updated by inputs of new data and information from its users as well as ourselves. This
paper demonstrates the data and information available in this database, and also shows a few
applications of physical models to shallow geophysical data for solving civil engineering problems.

F—O—R:OY 97499 IR TIR-R, ZXENMERET—¥
Keywords: rock physics, database, shallow geophysical data
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FHSAREMZ AW B LUEANAEOMREEEDHE LI Y T
Oy 7 OFE

Detection of surface displacement and landslide blocks in the
southwest area of Mt. Hakusan using interferometric SAR analysis

‘BRE ER AREHRS £FH. =BT MEAfx’
*Yukiyasu FUJII1, Kazuya Ishitsukaz, Makoto Kaneko1, Toru Takahashi1, Toshifumi Matsuoka'?

1. R EENRHLERFEAR,. 2. LBERERZER TE2HER. 3. RBKRE ZEMEHEMRELEE S —
1. Fukada Geological Institute, 2. Hokkaido University, 3. Center for the Promotion of Interdisciplinary Education and
Research, Kyoto University

ETPROMITARNYGEHMREHEOMFEL”IANY TOY 7 OHBNIE, HIRYKEONEKEELCDICHEY
BEETHD, YUE—M VIV IEBD1DTH 2 THSARENIZ., HERZEOEM AL 2 TN/ &
NTEBH, TOLODBEMIELTWE EEZONS, AR TIE. BEREHOMINY hETHZHLL
MANIEOMT RYMHICFEEEA L. THSARBNZAVZYZEOHMINY E=4 ) v TOBEMESE
MEtL7-, fB#riciZ. 2014F108B8H & 2015F 78158 ICIkEFECREI AT —492y—> &, 20155
9H20H & 20166812 ICHAME CREBINALT —92>—r DT —9 5 HW i, BIFOFER. 20144
10BH52015F7B/EICIE. EXBIACHEOAEIDOTOY 7 THI0cmDib g N Y thREFHHAFEE L T
ZEDDD o, —A, BEAERIOTOY JICEERRMREFHIIHESINLEN >/, 7=EL, EZBAT
&, 2015F98 M 52016 FE6AMICIE, BIFEICHIW I ARY JOy 2 LUEPPEVNTOY IHEELTWL
BT EDDD 0T, T BORELICEWTIE, 2014F108H52015F7BRBICEHWAREDS> 5. EIC
FHRIREDHH2015FIF N 52016 FE6BRICEFH L TWZ EDD 27z, TORRNSHDADKREH
TRYTOY 7IE, BEONIERITRY 70Oy JDEERERTHD I ENTBINE, ARAROBERIE. T
SARBETZFRA WM I RYMREEFE=Y ) VI OENEERLTWE EEZTWS,

F—7—NK:FHSSAR, I RY, E=ZHY YT
Keywords: InSAR, Landslide, Monitoring
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S-wave velocity structure using seismic interferometry in Zushi area

=/ /T A Et
Shunpei Misumi', *Yoshiya Oda’
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1. Tokyo Metropolitan University

SEEREBEISHERLICEVWTHBOTEERBERTH S, BF. HERTHEEHVASEERERSEDOHTE
MEEINTVEY, XEMERE~DBEAMIZ RV, AR TIE. HERTSEEAVREHEBOSHK
FEESHEORBEDKRN AT &HIC, EFHEICSVWTIEREICEIIhEREREHFEAVD I &
T, WERTSEERAVEREBEETIVOERET > 1=,

F—U— R SEREHEE. ZFiE. WERTHE
Keywords: S-wave velocity structure, Zushi, Seismic interferometry
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Seismic refraction survey on the tunnel pavement and evaluation of
seismic velocity of tunnel ground surface

*l_.llhj ll:l N Ihl?-lj:' %%1\ %*% %7_3':#1\ 1?% {::E%-I\ ;.Ig E;ﬁZ\ *T.]-IJ-I %%2
*Kenji OKAZAKI', Syusaku YAMAZAKI', Toshiyuki KURAHASHI', Yoshihiko ITO", Hiroumi NIWA?,
Hideyuki MURAYAMA?
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1. Civil Engineering Research Institute for cold region, PWRI, 2. Fujita Corporation

HAISHE~HTERBEDO MY IIICEVWTEIK N PHBEOHE LE, mUoBEELICER L 2
BkEEZE T 2EROBHI/RESNTEY, EABITAOHE, BEIXNDOBEANLKRERFRELE
BoTW3., MBAERRE LEREYSRIE, EROBRRICTHONZ2ON—KNT, KFEKEEEZET
ZERNBETEIL T BEIICEM T 272 DDRMHA T VDOHIIRIRTH 5.

ABETIE, BAKEEEZZITAERUEEXNUEFOMUTERIELCEFIH2 OO b RIVICBWT, %
EA LML AENRICEITNEMEIFRELEEL, TOREREEODMICEDVWTHILOREEZZINT 57-HD
FEAEBRALAEAMICOWTGERRS, AN XIILOELRMEIX, TERUE~FEEDOLILEEETH
3. b RILTIE, BEIRFICHI0OcmDBBEEI2EMTE LD EI TN, BNV XRILTE, =
B S 3ERICES DD T OY I TA VN— M PRIBDERIEELL, 2DELREERESEIEEINLZE
DOERICHIEZZHMEIENMThN., XBAETIE, BEROREBMESOCXET, HEA VNI S EFEAL
EREITEHEREICS 2HMEREEZAE L. FERICLZPROFEEIFIAETHEEZ IC3~6mDERETITE
L7. S/NttoE EABMICTEfRHAYIET ORIy o Lz, BIERIK, b RILT450m, IBM Y RIL
T1,500mTH 3. BIETIXEHEERICIKOMEMSE (Micro Electro Mechanical Systems)D2iRes & 3mAD
29 RERAWToMERTREL, SLHLARFE T —92BITRNES S 7 1 BT REL, BEREREES
ERDT-.

FNYRIICETZPEEEDDMIL, BR10MEGETIE3,400~4,000m/sIRETH Y, REIL Y HERH
IKEWMBRZRLEZ. £/, BN RIVICEIT2PEREDDMIE, BEEKEEEZET2ERIRBOHSNE
1~570y 7OFTEWMERICHS. MY RIOESIICHY T IEATIIHENTWV. b RILOER
&, &<iI2470y 7 TBRBIKNPHEDHLE LICKZ2EMIBEELD, BERKRTIE, 470y 7 TPRE
EMEVWERNREE CHRETE, EROTROFERTEESL TWS. HILOMEBEH REBS FICES
HZZWVWHHLEHWHETHY, BEKREEEZRD 2 WL, BABRBRICHES BAHICLZPREEDETH, xR
IWEAEDS, T§RHOLEREOmMSREBICAN > TRBICETTZEEA2E, FRIFERMBIOREEZITT
WARWHILNAKEDPEEEIGEWMEART EEZBIENTES. 2FV), REOPEKEENEVESEIX, &
HEEIEBMOEVWPEEEAZEGL TWIETED, MURILBHICE B AR>S TIREDEETETLAEEEZLDS
N3, ZO&DICRET DL, RKEFOPEEREINREBOPERE & DEETHARETLTVWEINEXkDDZ &
T, BRO MV RIIVEABEOHMBEORLEATMITEIENTEZEEAONS., BL2ETIE, PREEETER
8% ~16% & /NS WVDICK L, BEKEFEEEZET 2EROKEBMTIE, 1~470Y 7 T36%~44%, 57
Ay Zithn 70y ZICHRTHIWHA25%EHABEINS. AN RILOMBEDIZE, TRICEZAVpDEE
1$16%~25%DEIZH 2 TREM I REI NS,

F-U—KR: bV, BHEREE, BEKEFEEZETSIER

Keywords: tunnel, seismic velocity, time-dependent deformation
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Dynamic Basement Amplification Characteristics of Dam Site using
Reference Site Method

*Junkyoung Kim'
1. Semyung University

Observed ground motions are composed of 3 factors such as, seismic source, attenuation, and site
amplification effect. Among them, site amplification characteristics should be considered significantly to
estimate seismic source and attenuation characteristics with more confidence. Site effect is also
necessary to estimate not only seismic hazard in seismic design engineering but also rock mechanical
properties. This study applied the method of H/V spectral ratio of observed ground motion between
target site and reference site, namely reference site method. In addition to using vertical Fourier spectrum
of reference site, this study tried newly to use horizontal Fourier spectrum. This study analyzed H/V
spectral ratio of 6 ground motions respectively, observed at 4 nearby sites at Yedang Reservoir. And then,
site amplification effects at each site, using 3 kinds of seismic energies, that is, S waves, Coda waves
energy, and background noise were compared each other. The results suggested that each site showed
similar site amplification patterns among S waves and Coda waves energy. However, site amplification of
background noise showed much different characteristics from those of S waves and Coda waves energy,
suggesting that background noises at each site has it own developing mechanism. Each station showed its
own characteristics of specific resonance frequency and site amplification properties in low, high and
specific resonance frequency ranges. Comparison of this study to others using different method can give
us much more information about dynamic amplification of sites characteristics and site classification.

Keywords: S wave, Coda wave, background noise, H/V spectral ratio, resonance frequency, reference
station
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RBYIEREIC K BT ARIRE T ORIBRSR AR O FF YR SRR
Near surface geophysical survey of the ground in front of a road
embankment partially collapsed by a heavy rainfall

fEE BT AMEE B MNTRESE. BE NS
*Tomio INAZAKI", Hiroshi Kisanuki', Takanori Ogahara1, Kyosuke Onishi'
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1. Public Works Research Institute, Tsukuba Central Institute

201 6 FREARMER ICHR AIMEE 120gal DIEEF 52 21T TERIFEEL, SSHICHE2s BROEHRRRIC
EOTELTO—BIPREELAEHRBERICEWVWT, EBRBRTSSURIMBORNEYMEELIEET S L%
BHE L TREYMEREZER L. ERBIHIICHEBRIENEISINTWEI &, FAMERICELTAHZR
BRICHIEMAITRENTWAEZ EICE Y BRIERORBENIREN TH 7=, BETOEWIERZFICL>T, HRLEE
EKFEAAICKHAMBEIT 2 & & & ICRHEO B ICHEZN20m, KR 2mOERE %D EAROTRY -
HELE., ZOMBERNEDREDEIICETRATVWENAIBETZ I 2BME LT, HBERY —>
AAICIREARREZRE L TR EERE LEYEBREZEELEZ. BRALAEBREFERI2RTESEES LU
SEOHNERELIENAT) Yy RRERBEETHS. N1 7Yy RREKZEEINROEFNRERZEEEZH
HWREEFE (MEFEE) 2R L TERT I AHETHY, ZENBREELRERELZRCTEIL%T
BEE 3. BEDOHR, 2R TESBFEETIIEI20mMETCOLEBREEEB/ 2 & TE . LIEREIL R
HOWEMEEE AN TH o7, —ANAT )y RREREBICE BSREEZEICIE, HBTRY —V
NTESKEEENZ LMW &, BEEBOBEIE6M~10MZE CHRIZECHMITERBILL TWEZ AR
HoN, TOLIBREHBIE, FERY—VICKRELRFROBFEERE CIEEDONAI>7z. TDIE
&, gAY PETAIREMICE TS MEBNBOBRFEEEE, KEMEREICL > TIBETE2Z %2R0
TW3.

F—U— K XBEYVERE. BImER SEEE. LR

Keywords: Near Surface Geophysics, Embankment Collapse, S-wave velocity, Resistivity
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Three-dimensional structures of sand dykes revealed by X-ray
computed tomography of boring cores

e &N MR HF
*Yoshito Nakashima', Junko Komatsubara'

1. BEMAREAREAN ERRMEEHERR

1. National Institute of Advanced Industrial Science and Technology

Near surface geophysics is employed for the risk assessment of liquefaction induced by earthquakes. The
laboratory analysis of boring cores sampled at the liquefied sites is useful for the interpretation of the
obtained geophysical data because it contributes to the accurate determination of the occurring depth,
spatial extent, and degree of strength of the liquefaction, which is essential for the reliable risk assessment
of the sites. Three-dimensional imaging technique such as X-ray computed tomography (CT) is useful to
detect the liquefaction-induced sand dykes embedded in the cores without fail. We applied medical X-ray
CT to liquefied cores (depth 0 to 10 m) obtained from the Kanto region, Japan, where the 2011 off the
Pacific coast of Tohoku Earthquake occurred (Nakashima and Komatsubara, 2016). Sand dykes intruding
into silt layers can readily be detected by taking advantage of the significant difference in density and
mineral composition between sand and silt. In contrast, sand dykes (i.e., disturbed sand) embedded in
undisturbed sandy sediments with laminations were more difficult to detect due to little difference in
density and composition between the disturbed and undisturbed sands. However, we successfully
extracted the three-dimensional complex structures of sand dykes embedded in the sandy sediments (see
attached figure) using a specific digital image segmentation technique (i.e., cellular automaton model)
originally developed by Vezhnevets and Konouchine (2005). These results demonstrate that X-ray CT
coupled with advanced digital image processing is a promising tool for the liquefaction identification in
boring cores.

Reference:

Nakashima, Y. and Komatsubara, J. (2016) Seismically induced soft-sediment deformation structures
revealed by X-ray computed tomography of boring cores. Tectonophysics, 683, 138-147 (open access).
http://dx.doi.org/10.1016/j.tecto.2016.05.044
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Three-dimensional images of sand dykes in a core (diameter, 64mm)
obtained by X-ray CT (Nakashima and Komatsubara, 2016)
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Development of MASW using Rayleigh wave and Love wave

E M A &b
Kazuya Sugita', *Yoshiya Oda’
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RAKEBRECTRE T —INBHILEBENEZRIENLZLDHELI Y —FEE2AVLNTWS, —H. TTK
EHEIERETHZ D, SHENOSHMBPEREETHY., T TROFBICLYREREOR LI HZFING, 22
TAHRTIE. LA —BET T REARKFICAVWREAEKREEFEZARE LBERRE 71 —ILRT—9~D
HAZTR> T,

F—O—N: RERREE. L1)—K F7K
Keywords: MASW, Rayleigh wave, Love wave
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Surface wave surveys in the affected area of liquefaction which was
generated by the 2011 off the Pacific coast of Tohoku Earthquake

- A case study at Kozaki, Katori, Chiba -

T B2
*Tishiyuki Yokota'
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201 1 ERAL A R PHEIC & > TR THRE TIZERSRRIEBELIE Uz, HEREEBDZ <
I&, LWEBHPAFE CTHEELZKEMEDILITONLMBICEETT 5, AARDORAERIS TH 2 FEESFIE M
IBETEE - fHIFHELX TIE, 1987FEDTFERRAFMEOEICERRELR SN (B
[, 2003) , 2011 EFHILAKREEHEDORICE IZIFTEABAME TRIMEDIEREL TS Y, TORED—
D& LT, 1963FICIEDITOHNEHABRNDIBAEADREWBOEEINEZZ SN D,

AR TIE, HIFETEE - FIFHERXDO4ERDR
#®, GS13_KzZM1 (500m) , GS13_KZM2 (300m) , GS13_KZM3 (500m) , GS13_KZM4 (600m) T
RERIEEEERELz. T—YEEICIE, TmEROP-SVIREZ Y KA MY —v—%2BW:, BWEZIRED
O EEEE, 4.5Hz, RESAMERIE2mEL, KA 7ty MME96mE L=,

m/INiT—4%%, WD (2001) OHBEFREF+HF—%2HAWSHZE (CMPCCE) ICLWUIREL, #b
BA—RTHEE KEXBEE) THZHZEWIIREEEKRE LI-RUMRITRTHRTA21T o7, BEI N
F—YICHEAEEDBREIAR SN0, THBRAICIEERE—REZEERBICANZA U N—U3 0 51To7,

BONLESEREBEDD S, GSI13_KZM3DED %Y, Z DORHRIEEFIRIIDIEE AL 2 AE TH
Y, AFRDHTI00~300mOXE % IHAENE S & EZ bNE, BiTEREZR5E, 0~100mDXETIE%
ERICVsH 100m/sKRBDEEEDFEEN R O5NE, COBREEBIIVI MNEOTENHEREL TVWE EMERS
h, R=UYIERE—BT 2, IBAIICHEYET 2RBETIEVsHH140~170m/sOEMESENR SN, ZD
TFICVsH100m/sKFmDAMNEEN R SN2, ZOEEE, IBA)IOEEDRIBIREW B TIEDIITONE
EEZDERDEBRELYPTV., BRRIEEWIBANISEZ S E, HERNREZF OBREWBOTICVILNED
BhH 2D, KUDPEKUICELZNPTL, LHAHHEROENIERF LTV EREA>TWSEED, B
BEMENRELEBEICE ZOEFHIFRREIRELPTWVWZ ENFEINS, ARDOIHN300~500mXET
&, hEEBRMEREAMEIADERBEBENR 5N S,

F—7— N RERRAE. 201 TFERIEARTFhE. R, 1B

Keywords: surface wave survey, the 2011 off the Pacific Coast of Tohoku Earthquake, liquefaction, old
river channel
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Attempt to Self-potential in shallow groundwater area, Akita prefecture
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Survey for tree root system GPR by synchronized with self-tracking
total station
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Matching locations of survey lines and common reflection points
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Recent multi-channel ground-penetrating radar (GPR) provides high volume of survey data in short time.
Also, high accurate GNSS measurement can be easily used and the combination of GPR and GNSS
provides many repeated records in the similar locations. However, repeatedly acquired GPR records
cannot be acquired at the exactly same locations and must be surveyed at the slightly different locations.
Positioning accuracy of RTK-GNSS is not enough to set survey locations or detect relative survey positions
with between two different surveys. On the other hand, repeatedly scanned survey records using
multi-channel GPR in a similar survey line have large potential to improve the signal to noise ratios of
survey records and detect underground events. Matching locations of survey lines and common reflection
points between repeatedly surveyed multi-channel GPR records becomes an important technique for
future GPR processing. We will discuss methods of matching two or more different survey records of
multi-channel GPR and show results matched with relative positions of records which are actually
acquired on paved roads. A set of multi-scanned survey records has high dense information for space and
many CMP records which can be useful for making a velocity distribution map.
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Multi-offset reflection records from point scatterers and velocity
analysis
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Ground-penetrating radar records include a lot of reflection events from point scatterers. Soil and ground
in near surface includes many stones which are smaller than a typical wave length of propagated
electro-magnetic waves of ground-penetrating radar. This relationship is far difference from standard
reflection seismic records which include mainly reflection events from continuous layer boundaries.
Records of ground-penetrating radar show a lot of diffraction patterns from small scatterers which are
frequently main survey targets of the ground-penetrating radar surveys. When applying migration
processing for the ground-penetrating radar records, the events from point scatterers sometimes change
difficult to be detected in background waves. Therefore, migration processing is frequently skipped in the
processing of ground-penetrating radar. The other characteristic issue due to point scatterers in
ground-penetrating radar survey is much noise in a semblance panel for velocity analysis. Point scatterers
are not normally located just below the survey line. A point scatterer located with the same length of
propagation path but not located just below the survey line must be located in a shallower zone from a
point scatterer located just below the survey line. Different depth zones frequently have different
dielectric constant and the reflection event from a point scatterer not located just below the survey line,
which is frequently located in a different velocity zone, makes a strong error event in the semblance panel.
We want to discuss this issue and try to avoid it using 3D multi-offset records.
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