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Effect of brock shape and supporting condition of interlocking masonry walls
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Kyoto University
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Determination of Subsurface Structure by Microtremor Observation
in the Ketaka Area, Tottori Prefecture, Japan

Tatsuya Noguchi, Masayuki Kuno, Hiroshi Ueno,
Sho Nakaiakao and Takao Kagawa
Tottori University

Abstract

In this study, subsurface structures were determined and we grasped characteristics of ground motion
by microtremor survey in the Ketaka area, Tottori Prefecture. Microtremor single-point 3-components
observations and array observations were carried out at 195 and 7 sites respectively. As analysis of
microtremor surveys data, we determined S-wave velocity structures by using phase velocities obtained
from array observations and predominant periods of H/V spectrum obtained from single-point 3-
components observation records. Further, we estimated amplification factors of site amplification
effects based on predominant periods of H/V spectrum.
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Structure of Disaster Risk, and Engineering Technology for Protection

Okada Shigeyuki
Faculty of Engineering, Hokkaido University

Abstract

This paper discusses the essential characteristics of seismic disaster. The characteristics are summa-
rized by K. Takahashi, who is one of famous meteorologists, as follows: Natural disaster is characterized
by “abnormality” with regard to the magnitude of the disaster, “accidentality and concentration”
with respect to the occurrence time of the disaster, “localities and multiple occurrences” about the
place of disaster occurrence, and “recurrence and immunity” about the frequency of disaster repe-
tition. In addition, I point out “inequality” in disasters and will assert sharing equal risks to the
people as a goal of anti-disaster policy.
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PILEERZINZY A7 ZAUNICHIBI L T %2 EZ 2 0O0KERNKTH 2, T ANHIE A% dul
WA TICEMT 2, KEEMD O DREDIEARIILEMN K TH 2 2 LEFEHFIITRET S, —DOMK
PRI SN TH, ZETHHIT 2 Z L THRFIZMETE 2 [BEDE 200 TH 5, FHIZRH
—RR—FEL XV D SDOLENEZIRET 2, K217, DT, MESRKEZPOLIGERT 5.

(1) B S Bk

FENRZ KRG G, 20 MBI KEFERROFAENR T THIR, & THERNID, 1257
Hanz (M 2oRHEZNK) . [FIXIEREHE D TR TV 2, RSO NRIZ EZFEEL T

TOHARAERED D BEEOEO I LICRBMEI N LIS = FINIC—BRTH D 20 THESHBENIC b % S D HA
ADHE & U CORGRDSE <. HARPIRRER & v ) 3R T d o 72, L L ZOBRARE A INS, Th
IZDWTIE, 6% (8)TH MY A7 DRpsE ) ITB W THIET 2,
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- = SRR
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\ BOD nsds /I EHRREHE) J
\ 55708
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LemEn \
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2 | qmyﬂg A E&kﬁﬁﬂwﬁ &% sen wdi
nhu ""hn-
- . m m =55 20 SRR ] = B L
TWRNE C mams RAAR om0 tom
o 2 SONR O SARS NAARY 3NN . >
8 - 3 3 -2aan | PP .
{ ER | g - an
Eaxe = * |axwmu | 8n
[~ ¢ . ' }‘-_r“ 'EL > ﬁ‘i’ ‘:“1}" —3 { !. £ |
-‘: - . u,g = 5 P 1 = { % R
., n ; s : .:.—".‘---Q ::“ :.: | { ¢ (‘fk_“ | o
Lile & o - o2, Radvalial, £EL, o0 B 3 :"wj ‘.‘ AN y N |
.‘. / \ s { an { ’A 7!:-=~
\. Hazaed = Sesmicity * Attenuation < Ground ampification  / =t R - o
/ N e

X2 3l X B HIEER S SR

BROKETHY)FHELTDOIVRAITH S, ZONKEY R 7EM (Risk Management) &3 9., %
ZHIEICERE L 7256, HHE & 1Y s~ O EHE 1IN T 2 Rl b o Tth ., KEDH
Z Db D% AT ERBERE N PR I & D N — FINICH S AL PRI (Mitigation) & D%
4% b HREIFR L OO EZ IR I 72 OISR H 2 I FE SRR (Preparedness) 1247
BHIns,

IS & IFHTRE L 72 78 SO AN o 2 2k
T2HDTHY, ZONKE GG (Crisis

— S T3 ) S =
Management) &\, Yﬁ*iﬁ%b%lg%ﬁzﬁ% = | Risk Tolerance
DIGEX)E (Response) & EHEFTYIEILAGE D 8 ' ' T
BB (Relief). & 1Bl GEOREICET 2 HiR|gRiskReduction  Risk Aygidance
& Recovery) ® % \WIFEE (k) Xwvwkigic BN AW o
ET B Z & 1 Restoration) = HINE L7205 .~ Risk Protection
BE9. VA L IR R R g --Rigk Transfer.

RIS GmIC X CEBT 505, Ak, R
ICRAZOE B EEZHDOTHE Z EITHER
PHTETH D,

o . . - ) 2 7 G OB

TR L I D > RS O o H3 27 BIROBES
H2 HENTV RS, KB TIR, »oTiE
RN T WS ERPOTEEEIED ) DHEINTZ2RTPROME—-D LD TH o7, L L. 20074 10

Damage Impact
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A 1HXDRRITHRELSHERRO - BREEZFB L2 LIk D, BT 774 7 EIBIFEEK
ZHOTE, Tbb TRPPIK (V) 7VE A LFK © Real-time Management) 1 D30 & L Cifi Kt
g7, HERAE MR L 2RI E S T 2 F CoElIck I 2 /GREZFIHT 200259
BAEPRIEICENTOUIHTONEZERT 2% L8, U TAIA LDBFROEKRICIIZLDDIRIEH 2035, Hi
FEORRTORTPTETEAMEIN T2 b DIE, mdiuE (JRFERHR) 19 IChAFE S /e UrEDAS
(ZLFR) LR iﬂ"(lﬂ 5 PHIEBRAI SRS A T 2035 %, [RTORIMERRLEADOKE L H
PRI CCH b HIEEFE A 1A H DO YIS 2 BRI 65 TR A . mHion U < FEE2FE T 2 a7, £
ﬂ@ﬁ?g&ﬁLﬁﬁ%%ﬂLmﬁﬁ%/xTAT%% WRE D b, BNICE T 2 ARk 2
DY AT LM L E#ELEs 27 Azl Tw5 ,

I 2 DG X FAT & 88 &) RO, N—FEY 7 R Ew ) WROENIEN LI
Twb, N— FEGFIEBIRZ X D IR RS (Robustness) %1% 5 AR Z 5\, IR
LT EEA~ TR R Y 5, £/ 7 PEDRIZTTORE~DIE S (Resilience) % &% % X}
g, R RSN R~EIH £ T4 T 5,

HHTNK (Risk Management) (3 FIELTHOV A7 Z T F 20K THD, X (1) Ikl 271k
FAMER (Probability) & #EEET) (Damage Impact) D 28 TRITE S, K 313 A7 &L Huixf
HEDBR, Thbb Y RAVEHOMENTH 2, FAEMRIE L, HEHE SO RE % HPHC (High
Probability — High Consequences) TISEEIZDWTIXZ DT 6 0l (Risk Avoidance) T % L7
WV, YARAZ ZXIGED T 2IKICIE 2 5D HERS D WHEANE L £ X 2 KER MR EZ S
Z 5V A7 ¥ (Risk Protection) & BEHEEGHEIZ: 8 ICRE I N2 FFEIGIC X 2 HulHeEfs CIRIGREZ
T3V A7 (Risk Reduction) DFiED3H %, HEREL3I/NS 2SI LT, HEMIG
D HTHRIGATBE & HIWT T Z AUSFRTE IHE 2 KRS TR ED Y R 7-F (Risk Tolerance)
WEE D, —~HOEBEIXESHEESED LPHC (Low Probability — High Consequences) HISEET
HH. ZOLEIIRBRIC X 2 88EEE. bW b Y A TERE (Risk Transfer) dXEDERELE L TE
A TCESBELD 5,

HEMIG (Crisis Management) DX RIFH Z > 72O KFEWN)IBR DT, X (1) T8 W THAEME
(Probability=100%) = 1.0%2fWAT % &, K (2) DWEFEES) (Damage Impact) DIFEREDORGR &
552035, R (2)DRRY B EBD, BEEEIZFER (Hazard) &FEKE (Vulnerability) DO

FOHLLTRHEIN TV DT, ZONRIZRRATHRBLIT 2 D500 ) £ 9\,

o CJB -

Mupuancn GNe t 'm o« 59 e
J\_\MA_O cas m\/\/\ / s

N7 Seismichy ' Engineering base surface

i - ;5 TEIEBEE
'.‘“ i \'f E LT “_' por
Cis <EERG R
N . / Seismic bedrocl: surface
~ Attenuation 7~ =R
~ — —

T — —

4 HbERSEE O A S
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(2) ER#H 5 Bioxdtk

4 2T (KR Z5Eb L 72 o Th h MR E 2 KR oEEEE 7L Tl L Th 5, K
(2) 1ZZ ST E, SERD Hazard IHEEISEEICE W CIdi o MIESH) IH4 L, DT
KBITE 5,

WIEEE) (Hazard) =HIEETEEIEE (Seismicity) X BHEEREE (Attenuation) X HIFEHEE (Ground Ampli fication)

(3)
FERIZOWT IR HEEcEED 5 &, LFORRAEHTE 2 (KH,1982).,

Y, aq 0 0 - OYH Y,=>ay, i=12,,n

Y, 0 a, 0 Y, -

L,I=| 0 a, a, 0 Y, a,¥, TlZL . Y,=H

AR g (4)

al]

o+ ayt, L, a,=0

a, Y, +a,Y,+a.Y, TIEL. a,=0

ol o Je
" I

]

s

0 a, a; - a,

B

ol 0;\ HZ Hazard, a;; \$FEEEHE (Vulnerability) . Yil3#E (Damage Impact) TH %, KX D
BENEBROWPWELZFET L2 T 2ATHET NV E>Tws, KB o Bz, X (2)~ () ik
JEEEREZNSILTEILETHY, FKUEHOOLBY) 2WbY5Z L Th b, FEUETILYMN
WHIEIATRE 72 b DI (3) D Ground Amplification &3 (2) KO (4) D Vulnerability 3 XI5 (2)
H D Population TH 5, Ground Amplification DHIGENEILREL AR RS DX FICHY LA - KT
DY LT3, Vulnerability DHIIONREGNIREEY OEEN K CTH D | BT TIINE - fiE -
HHREAN 238 %, Population (Z M40 2 HlEI§ 2 M TH O . oMb D iRE R = 2% 0 el X457 5 o
R X 2 NORBEEEE 2 3 & 2 80HEHEN R D 5, —77, TR aEZR K (3) h D3R Seismicity
 Attenuation |FHISEER 0 HREEH) O FHTFAMN P B S EHERICHTF 5§ 2 1ET Pl Z2 &1 X D [HHdet
EWV)ETH RGBSR I Tw 5, M EOREEHD) S R MEREEROMET EZEL 11Cx L d
%, RRMCTHKEZHMET 2 LI2LD, BN NEEM ORI OB 5,

(3) MET BN 5 B/ A5

Bl 24T (G oo 3E L oL LR SEORIH) & OBRZRIRLcbDTH S, ff
NTVLRMIADTPRED L2 F 5 NETH Y, HATHIGE I 2 2F00iETTH 5, bk
F o LERBEIERBOL 2R T 21TE KD 5 5, BENBELPEZ B L ETPHLAD Sk

# 1 KRED & R 7= SEH R ol 7 1%

fE B DamageImpact = Hazard X ZPopulamnVulnerability
Hazard = Seismicity X Attenuation X GroundAmplitude
T | KEHEE HY 5% HARKH
il 8 | Ground g Mg T HEHE WORAAIR MR R
Amplification | TR
HIETATRE | Vulnerability | EEEEkGE CEIEE IS
Hill#HF#E | Population AT I THO DX EPERE P FE | MBI T . MG, BT
HlfABE | Seismicity Hin = A AE
SR | Hazard Wi (L) Hazard Map (AEE) ¥ ) Risk Map (B2 211l
HHi Ml | Attenuation WEEYE MR R E S ES 2 T L
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Bitr. KIRDWHIIO T THHEEHESHIE L 225 9, T s B H S M OME AR COREITE 2 —#i) i
A EMES, KENRE OGS, (TROMESAE? 7 IcidEr v, Zo5E, sEROIT&
wbi%k&%oﬁﬁ®ﬂﬁi%b£%?%® ZPRAIR EE KR K DRI iBHW HHAKREK DRI
FR DERZEL - E v, ORI OGS 2 M B E RS, KB E I B ITECCIE DR D 44
YL SN2 DIFHBEIBERORETH 2, TD X I ITRITITNEZ FET 5L )L 2 L Ic&#loiH
D h ., HIEORKINE e AP < L X RO EA L L GHiI NS, $4abb, —DOTb+4
ICHERE L Ze iU, MSRIEZRIC 2> T L 9 2 Z2EHL 2 U s,

FERHIE SHHCOLZEMEITMZ . FMATOLEMLICHAEET 2 D3R TH 5, DUT., &KilA
TOZEMICOVTEEDTEL,

1. Wi c o % HIE
THATAE (PRI S SIER) ~Y 78 A LS~ FR R

2. KRt % EME
MR (RIRE TIV) ~HB T (EEEhEE) ~Hof 727 (HER) ~@Es 1y (Rast
) ~PErE g An) ~thads (R~

5. FEHErcO%EHIE
TH B X B X AP

g II\\ ((<E0)$F£

Ux7®ﬁﬂﬁ£ﬁﬁ@;0mfﬁﬁ§nt®f REWCZFOHELIRE L ZA2ERT 5, WK
HIEIIREOREZHEL, Z2 ZIWCEARIAL E A 6HRE 5, KEOKRKEIZOWTI I TALmLT
Ao, MO FMRICEL RNEF I L2HET27-0TH 2, P LEHOVERE 2305, [R¥EHEBIGE—
%Q@%W#6%§®$E%W$LT&%kﬁT@iit&6o%%@%O%@k@

1) B EAME
2) IR & i
3)  JaHbiE & %
4) PRSI & R

TR I NG, T INLITODWTHIEHH L, AERETAHDO T —~ T H 2 KFEDOAVEMEN

KEORHTHY, INZMBLRRT 2 2 LDEEICTO VLTI TWL L,

(1) EEEEENME o
I
MRS L EMEE R ORI TR TE
N miﬁmmuihktuéﬁﬁf%ékw A%:”::::::ﬁ:::::::;::
22, 72 LT, WEDDEOEEIZHEENSE D, $§ B e S
FNTIEH ADERFNPEFEDORES L EENRLID N S T T T T
NTOX S A N §
ZNREVHATRS &, 2FEOh RS R#A TS ESSE
i 5, LEFORTRIEL T2, 145135 R
WoF— 51k E, EEPHULL 72D TH B, il
Bl > DM TR L SEE R R L, 2 [ESRERE () FEAF 0]

VFDIEE %) RO EREZE T 7T, 2D X 5 FEFEBIC X 2R (HA) [EETs B
S - 2 558 =
Y5 ADHE R RN 7 7 TR LTH S, umnm%d%mﬁ
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X6 HECCHM L 2 BERRS [FEZE (2001)7]

77706, WEBDS 72 2RI E AR - T EHIAIDSFEAINL S — 5T, ERATHE
31,500 NUA_LDFEEDFEE L 7e—D DHIE (1923 4EBIHIRES) CTHEGFTD 80 %A EITEL Tw3 2
EDRINT VS, KEOREME L BIMERIINORT 777 Th D, MEICEI S R0 I 2 LR
BREREISEITOVPRKEOARETH 2 LEBIZE>T05, BOEDSETE ) % 613, R EHE
(LPHC': Low Probability — High Consequences) TR EDNEDIRELE Y —7 v FEFH) L TH 5,

(2) BN & E ik

N SRR L B2 KFEORED 2F/BICIND LIFTws, TREIIBAMICEFUCHET 28
%T%%#\E“&“giﬁﬁmum¢b?iu%i&%ﬁﬁ%kﬂofw&uk%@@*?ﬁ&fb

o BARMIZOVTIZ, FNICRIZBERTHE I LT, JVHEBEIXRITHI2ERZAD T, FHH
F@ b TRFERIENLEIIPSTL %) 2EBIEFIHL TV, EhEiconTid TEEERR
BRI BICRoTL S, ZELRERFICHERMLZKEORE L LS A X, BRI & EhEOHE A
m%i B 6 DHIFEDEAR L3 )L X — RO FERIA LISEIIC X D BT E 2, FKNIIFETEM S 1

EE 6L 5OMEBOFRERZINTH 5,

mglzw% $% 5T /NS IR TSRS 1T, (RS ClEH 2 DBIRICEE 6 40
Nz b0 TREGHEREICLVMHIN, ZOBLIES CIFHEZ RV —OEREPHEAR (HIEE
EE) . H2REDEADHE - HEICHOK E BN E LRy GUERH), Z ofiEl &%
IR AICHE DR Z Eick 5, FRIIEFRAE TR WM L, B SRR T8
i LREAI NG, BRI FLX—OERE LR —~ED Y X L2 FFORKIE, HAGIE NI
L— b —EHE (2 21E, KR L — M 10em/4E) T D ALBRIK > Tw 3,
fEARME & Erp PRI R R AR E U CHEAEE TH O, MR ENICE A7 Y v afitRkah
TEDBSH, RAEMERP p LR 2H5BR%2EZ 5, nll 2 BICOOTHET 2HRUL 2 (TH 5
D TV ) OARERLEDLT VY LBROKRE, ZDEERE (PMF: Probability Mass Function) 13Dk
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:éz. | B - TR | RRAEE RRRAK

— 193 —
ﬁ 1 60 —
it — 116 —
[iic] 6 65 —
=ap 5 93 —
=] 3 42 —
HaFn — 162 —
Fnfl 7 65 5
ZLH 4 104 1
il 23 504 5
3] 1, 454 1, 362 377
HE 368 1, 305 300

7 IEIC X B AR ORI 8 £ RSO (4R © PRI () X )
oSN, CHDA IR S,
PMF = P(X =) =y Cy* p"+ (1= p)""" (5)

COZHDMRIZENT, A=pnétBE . n—> K. po>/NelitE (Thbb, MEinzREL,
AR p /NI LI EETHD, FNCHET L7 VY LBIREEZ L2 LITHYT %), JHDA
BUTORT?Y v Hhitk b,

PMF = P(X, =) = (A% /a)e? (6)

ICHERZAR X, BRHERZ BR S 2, SfFbFERICE LT K7V vafizflvicarEa—8y
Sal—Yvarzftoe, FRBAEOMHMARME L EPEZMEHL T b, ORI IFHIEOFETIRIC
RAHWoN 2D, HEBHHRIEIHEAERFEICOWT I V¥ A TIER K 6108 LT & 9 Ic—EDFHRIR
(#E DR LK) 23 20T, IEMERBEKRTORT7 Y VoA Tldk v, wikld BPT(Brownian Passage
Time) 534 1 DSV SRS,

(3) Bt & SRt

uﬁi%ﬁmﬁ$@%“%@%gk%ﬁht$@@@5# 22 2 S I R HE & % g (5

BEHICSHT2) Lw)F—7—FTHIL TWw5, ZRNICEERET L, SEENLIT 2 i
>M?%%omﬁ(ﬁé:w)ﬂki*l(kgéﬁﬁﬂgt TANCET2HEHAD 2 L) BT 25
MWTh o 7h, KHED R & % 7MEI1E K ERR (KEZZT 2 8FNRFFOSEEFERRER D Z &) 12
BT 2b0Thbh, SEMRTHIEE L CEENFHHBKRNES ISR TH 5, Eigiaf & Ll
2P, HisRirE 0V 7 AR HEE 2 B LT 28l LB Tw i, e, KERREARELO
Eﬁt&okJ%yﬁﬁﬁﬁémmia%ﬁ%ﬁmmw%%m%%eLf%ffwé(Iwo%z&ﬁ
XD RN CHERDEFEICECREL T0E, WHWaHEkE T X — FVHIETH b | RFEK
MSE L Ak TH 5, F7iRFEHUEIE BRI X 2 i EIc— L@ EER LTS ﬁ\w
PRI Gl M T IS & 0 JE0EIZES 0 & KB ER D 2L ot, FKERIEFHHRZHVEL T3,

(4) BRI
KEFLND S ) =D DRHEN Z DIESRME & R TH 2, KEORZITFT (NLBEET 28N (£5)

TSSO SEFCIE DEAY A5 EWEh Wb B,
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ZIERY %) DIRHR & A2 AL U iid
SEFVERE 2 MG L T HE et 2 ff
A9 2 (KFH 2k LRI
SET LIHIRZ S ) K, 725

18 10 DA DAV I Y N

H L LTS TR S h B 3 a2 w oom @ s h
T2 IEFITRT L TUETR &R i 1 1w ’ b ' ' ~
REETHEZBVIEL T2 (HHE 0 B R S
E DT EmKHEDRELNE LWL i 0 1" 19 9 M« ) 1
7). ElEIREEO R, FIER BN 3 8 e % s W 3 e
DFREDREL (1964) %FIHL, % . 3 T 1T 2 P TR
DIERBIFKEERICOVTER LTV . ' 6 = ou 1w ) .
% (K8, 10t 108 " ‘ v 1 ‘ 4 " \
FLIES SRR L T 5 56F L B ® % s 2 on 7
(UK, BEKSEE) . A LT3 N . 4 0 R w R
KE (TRE. B9 . ié%lﬁi’%ﬂ:@%%& e o ‘ : ¢ __ 0 3 w w
LWwiE (G, fIEE, K5,
o5l 5E (i k*0ﬁ> B8 AERBISSER (HA)  [FSREE—HE (1977) 137 3 ]
5 k%?tf%b %n%n@“
%, /\Fa‘i;‘.%@{i&ﬁ (i%@%ﬁ MALKE BEMICE  BiEst
@%ﬁ%ﬁ%ﬁ&ﬂmﬁ%<ﬁmb hneh

I L S B IRpR & HeiaEfk
ff%o Z DZ T FIDRE 2> & HHHKE ETEHOH —HEERT Yem=ic B

EIR I OER DY — 12 X D §~101¥*-=“1 e

§8 2 HAL S - AT S - #E -

WHED SHEICHRTL Tw2 (K BHKE  EFEH00 FHE AHy- 4ty KA
9). SFRL bYL LS HERE R fEREE BERHE

¥ —v— FTHh B, EEHHICH

F B BEE L LT B R L O 9 #hi D& & KEDHE GATHERE KD ER)

E - 4fRIc G 2 2 BEORE I DECE, HHLL Do 3 FEE LM T 2 $EL2E T
ERFEER L, 7l & UL 7B ISR 5§ 2 SEE R AR E L ER L. A 1000 HN%
M2 AN T4 DK T 2 HKELHHKELERL, Z2OKEFEOFREEBLL w5

WA TBMTER N ED 2 LI X 2 HHTER O £ 2 olfigibic, XV EEICREIRETHSH, ¥
10 FERET 2 2 LIk 2B ERTHEICOWTE L DRI DTH L, DD EFEHIIMEMEZ K 23,
FERIC X 2B EOBRNDE O —EFLZIE L, FPEICEIT2EHS LT I IS % Huldik
FRIET B E 72 503, FIRFICHIBE AR 2> DEBHTEHEI 2SS 6 ISREFEAIVIC Sl TREFICHE
WIEEZED L TW 2 EEbLI 22580, BIBT 2K EHE O BEEL T3 1995 EREN Z O
CEIHEELTVBEDTH AT,

(5) TFPHHE

PLED fODFKEOREDH b, EHIZHE 2 LF SOBEHEICER L2\, EiEid TR ES:, &
FEfIERE L L CoRit:, 2L Tw3 3, EhiEix s IR & EE oA TRV, KEIXES
FEZPDICEFTE, 2O EEMLT, TREOAQVENE) LEZIIFATS, MROFM E LT,
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KEDNVPENEZIE T XY R DVPENDDH ZDTREVL LRI Do THL, 2L T, KEFEOK

EEHMTOBN LB Megacity A 100075 ALLL®D#RH (2009)

%ﬁ@ﬁﬁ Rank |Megacity Country Population 2:2;::1
= 1 Tokyo ° Japan|33,800,000 |0.60%

1. $t‘j]$ﬂ3 *'HETEI"']J: 2 Seoul o South Korea 23,900,000 |1.40%

3 Mexico City | [I*ll Mexico| 22,900,000 |2.00%

3&"- 2. g:}:ﬁﬂio) gﬁﬁfﬁ_‘\ 4 Delhi o ] India| 22,400,000 |4.60%
1t A EE (EREOH-LHEAADOEICLS Y —ERREDTAHEN) KE 5 (MBE%) - India| 22,300,000 |2.90%
| TTBEEROL—FUHERNEH) TR 6 NewYo:,k City | W= USA|21,900,000 |0.30%
ﬁk‘- 7 S&o Paulo m Brazil|21,000,000 |1.40%
E 3. 54N —DFER 8 Manila 22 | Philippines| 19,200,000 |2.50%
| 9 Los Angeles | M= USA|18,000,000 |1.10%
= 10 |shanghai |l China|17,900,000 |2.20%

H 4. HISHEIRK 11 |Osaka ° Japan|16,700,000 |0.15%
: = 12 |Kolkata g India 16,000,000 |2.00%
ﬁ 5. a5 - aEHEF 13 |Karachi Pakistan|15,700,000 |4.90%
14 |Guangzhou | China|15,300,000 |4.00%
6. FILLWSAIREAILDIRERTHEE KX 15 |Jakarta -— Indonesia 15,100,000 |2.00%
16  |Cairo — Egypt| 14,800,000 |2.60%
=EICKDEBR 17 |Buenos Aires Argentina|14,100,000 |1.00%
18 Moscow |- Russia 13,500,000 |0.20%
19 |Beijing ] China|13,200,000 2.70%
1. EX#BHOHER 20 |Dhaka [ ] Bangladesh 13,100,000 |4.10%

o
fn —— - 21 |Istanbul Turkey 12,500,000 |2.80%
1)) 2. Ezﬂﬁgiaggﬁigﬁ 21 |Tehran —— Iran|12,500,000 |2.60%
2] | 21 |Rio de Janeiro |83 Brazil| 12,500,000 |1.00%
& RS HE (REH. rvhD—O0BE. REREE) OAEEHEX 24 |London £}= United Kingdom|12,300,000 |0.70%
53 25 |Lagos (N} Nigeria| 11,400,000 |3.20%
= , “ s

8 HEQRMLES NATR. W) H#RDAD AT DLE (EEF A
. HEDADfEA] #MAAOMEA]

4. gD KERKRERE BN REROEL . KEXLMESNT) Z0E 62.6 32.0(51.2%)

2025 85.1 55.0 (64.6%)

10 7c) SRS Ok & egst: ) AT T 4 LR LOMERE

BV A AR INTWE E/I 6 TH S, UT, BRAEZZZPLET. YV AZEEIIOWLTR
AL TR,

R BEIZ L TA LI, KETPoNAZEIEE LTS, KFicronedu Az KEREE
EWRS, 2 L COIRRESSH 2/ E LTS, REFRERICE T 2 @& OB IR ZRIC 0.5 % (POAELE
T HEE) = 0.005) L L X9, 2L THREFHFOWPIKRIL, @EEOHEKED 105D ) 2 7 AV
MZHL 5% (PHEIEE |59 ) = 0.05) £ L& 9, £7o. HMIBICE T 2@HE L HEOFEEEHEGZ
8:2(PEH) = 0.8, P(354&)=0.2) L L7z &, WL L A ON, KFEFFHIIEDOBELZ 5D
572590, THUIEMN SHERTRBII NS MELZ DT, XA XDEH (X (7)) 12k D 2 L3
k2,
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Damaged Building Recognition of the 2016 Kumamoto Earthquakes
Using Deep Learning with Aerial Photographs

Yuma Kamagatani, Masashi Matsuoka
School of Environment and Society, Tokyo Institute of Technology

Abstract

In wide-area disasters such as earthquakes, quick grasp of building damage situation is important in
order to become a decision-making material for recovery and reconstruction planning. Although there
is a visual interpretation using aerial photographs as a method of grasping building damage after a
disaster, it takes a great deal of time and labor and there is a limit to the damage that can be readable
from the building appearance. Also, for the purpose of quickly grasping building damage, estimation
of damage is attempted by image processing by machine learning, but it is limited to extraction of
severely damaged buildings. In this research, we conducted Convolutional Neural Network (CNN)
for the 2016 Kumamoto Earthquakes to learn images of damaged buildings in the aerial photograph,
generated classifiers for building damage, and estimated the building damage level based on the field
survey etc. Also, for the purpose of supplementing the point that not all damage parts can be judged
from aerial photographs, estimated seismic intensity at the location of the building was added to the
input of learning of CNN. As a result, it was shown that there is a possibility of detailed estimation
of building damage degree based on the severely damage probability output from CNN.
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Behavior of Vehicles During an Earthquake Focusing on Brake Operation

Junji Kiyono, Ryotaro Mabuchi, Takuya Iwahashi

Abstract

Probability of a large earthquake such as the coming Nankai-trough earthquake is extremely high,
therefore sufficient attentions should be paid to the occurrence of severe accidents of vehicles on the
highway. When such severe accidents actually occur, not only the damage of the accident itself but also
the trouble of transportation route cause a delay of emergency response. The influence of earthquakes
on running vehicles and the countermeasures to avoid such accidents have to be considered in advance.

In this paper, we developed a vehicle running model during an earthquake based on the experiments
by using driving simulator. We conducted simulations by focusing on the brake operation which is
highly relevant to the accidents. Collision rate of a car group is adopted to judge the factors which
affect to the car behavior under seismic excitation. The difference of braking operation depending
on the seismic intensity, reaction time depending on the age strongly affect to the collision rate.
Automatic driving technology being developed rapidly was also considered for practical application
during an earthquake.
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Future plan of Community Disaster Management Plan
ISOUCHI Chikako, Kagawa University

For emergency responses, it is necessary to prepare the community continuity response by residents.
Residents working on planning CDMP is to be required diversity and continuity of activities In this
study, we elaborate the ripple effect of CDMP planning.
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Energy Input of Strong Ground Motion Generated by Inland Crustal
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Human Casualties in Earthquakes and Their Reduction Strategies
(Short Report)
For Introducing Ichushi Web Database

Tomoko SHIGAKI, Inst. of Elderly Housing Science
Yutaka OHTA, Tono Res. Inst. of Earthquake Sciences
Michio MIYANO, Osaka City University

Summary

We attempted to collect human casualty equations based on published reports in ordinal earthquake
engineering journals and made clear that the proposed equations concern either during the ground
shaking or the following immediate situation. We should expand our handling over the traditional
approach to the medical field assisted by the Japan’ s Medical Database called “Ichushi” . The most
peculiar characteristics of retrieved papers between two different DBs are essentially two. One is the
covered time length. Papers from the engineering journals concentrate limited time zones of duration
of shaking and immediate instance. On the other hand, most papers retrieved from the Ichushi DB
deal with quake-originated short and long term diseases as internal medicine, psychic trauma and so
on. So we ascertain additional data retrieved from IchushiWeb DB works far decisively.
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Study on Rescue and Emergency Activities by Kumamoto City Fire

Department after the 2016 Kumamoto Earthquake
- Comparison with the 2004 Niigata Chuuetsu and
the 2005 West off Fukuoka Prefecture Earthquakes -

Hitomi Murakami , Yamaguchi University

Abstruct

This study examined SAR and emergency response activities by Kumamoto Municipal Fire Depart-
ment which covers Kumamoto city, Mashiki town and Nishihara village most heavily damaged by the
2016 Kumamoto earthquakes. Responses and records of fire departments in the 2014 Niigata Chu-
uetsu earthquake with continuous aftershocks and high number of sheltering population and those in
the 2005 West off Fukuoka Prefecture earthquake are compared. SAR by the fire department was 3.7
cases per 1000 households in Mashiki town, which was 3 times more than in Ojiya region in the 2004
earthquake. Mashiki-Nishihara fire station had various difficulties due to serious damages to bridges,
roads and lifelines
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A distinct advantage of internet to develop volcano disaster
at Ontake Volcano, central Japan

Fumiaki Kimata Tono Research Institute of Earthquake Science

Abstruct

Now, we can recognize the crater location of the Jan.25, 2018 Kusatsu-MotoShirane volcano on the
site of GSI Map by smartphone or tablet in the outdoor activities. The information via internet
is distributed more promptly and wide-ranging than existing mass media such as TV, radio, and
newspaper et al. In volcano disaster mitigation, we should construction more effective and convenient
Web-sites using with digital map sites to inform the volcano activity and the volcanic control to

climbers and tourists in the field, and to save their lives.
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