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Objectives (Technol ogy utilized for what?)
Risk Management Crisis Management
before Earthquake after Earthquake
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Data Tm;smlsswn to Whom? IMA
Data Dissemination How? oce
GSLFEMATEC | JMA,GSLUSGS

Table 2: System Architecture for Practical Use
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System Issues oce
(Data Sharing, S ystem Extensibility) PWRLUSGS
Japanese Organization: O
NLA National Land Agency PHRI Part and Harbor Research Institute
PWRI Public Works Research Institute U Tohuku University
IMA Japan Meteorological Agency NIED Nati onal Research Institute for Earth Science and
GS1 Geographical Survey Institute Disaster Prevention
BRI Building Research Institute

U.S. Organization: @

FEMA Federd Emergency Management Agency
TEC US. Army Topographica Engineering Center
USGS U.S. Geolbgicd Survey
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Categories
Organization Crisis Management System Issues and Advanced Technologies Risk Ma -Loss Estimation
Japan National Land Agency Early Egimation System for Tsunami Hazard
JapanMeteorology Agency Real Time Provisio of Earthquake Inform ation
n Japan
KyotoUniv. Disaster Management through Norm al-service

GIS Based on Spatial4emporal Database

Modeling of Phase Characteristics of
KyotoUniv, Earthquake Motions in Spatial Field and
Interpolation of Observed Earthquake Motions

- Scismi Tool
PWRI], MOC SATURN- Seismic Assessment Tool for Urgent

Re panse and Natification
. The D. Edimation Syst f
TokyoFire Department T(*yE(;Bl.:irl‘:“l;J:pu m? imation System o
Hiroshima Univ. }Shmrz ::::zaa;c Information System for

“READY” A System for Real Time Assessment

Yokohama City Univ. of Earthquake Disaster in Yokohama City

NTT Sy stems Relaed to Disaster Countermeasure in

NTT
Tokyo Gas Co. Dewlopment of SUPREME

On the UrEDAS- its Development and
System and Data Reseach Co. Apglication for Eety Waming and Rapid

Inform ation against Destnx tive Earthquakes
Natinal Research Institute o FireF tk for Efficient Gathering of
Department Earthquake Damage Inform ation

Draft Mamal for Seismic Information System
PWRL MOC Development
. . GEONET, GPS Ezrth Obsrvation Network
Geological Survey Institute, MOC System ’ wrvation e
. 3 . A Scismic Hazard Map for the Earthquake

Building Research Institute, MOC Resistant Design of Buildings
Cental Research Instiute of Blectic Seismic Comtermeasures of Electric Power
Power System on the Basis of Risk Management

HAZUS Capabilities as A Near-Real Time v

US ~ FEMA Rapid Damage Ascssment Tool
Natural Hazards Exposurc M apping in the
FEMA United States
FEMA Eathquake Rescarch for Electric Utilities
American Lifelines Alliance- Reducing Risks to

FEMA Utility and Transportation Sy ¢e ms from

Natural Hazards
US. Amy Topogrphical Engineering
Center

- (4) RO, SROBREF
AXEEICBITO2MBER S AT LOBRREBECOVWTERZRZITV. HXMTH]REY
ZERGMOBMERDS EEDHIT,. —BOMEBNIVAENSXMNBEEIEHLTEETLI &
MTER, 5%, BEOUJ NREMEBHEFMIRCHXBBREEGE A M-y
TORMEFRAL T, ENEREART - FOTHREMET D2 ENEEND,

4. HFEEREMEZENSOER HEOHM. SHOEESE)
EHBOELNVHBHRIAFAICDNT, AXBITHEREOBRZEEL. #BTHER
EMOMERBETS CEREDTHS. 5%d. BENRENEREMET —5 ORBNE
¥NB, £ QBT V0V ORATERINS HRMBHXBERE TIE. BURNRE
ENSHBER AT LAOHNERANERINTED., AREBHRBICE D KIFHIENE
Fh5,

5. HARES

(1) ¥#4%Ek (RREA. BRREH. ¥246) FEak . (2) H

7. Hideki Sugita ,Tomofumi Nozaki: "Seismic Information System for National Land
Management”, 31st UJNR Joint Meeting on Wind and Seismic Effects




4. Stuart Nishenko, "Testing the HAZUS Earthquake Quick Assessment Model: October
16, 1999 M7.1 Hector Mine, California Earthquake”, the Second High-level
U.S.-Japan Earthquake Policy Cooperation Forum

(2) X% (EE4. 8B, L4 B54H) BEELK: () Hm
L

(3) B¥iFr%E (WEES. HRFEHRB. BREZOA4AFR. FAXF, HEAN) REE2E: () H
AR



7. BE - BROBERBRESMFMERTICHT SHRAL







7. B - BEROERBRE MR 2 HBRAE
WYSESAR « PRk T B~ 11 EE
% FREEHFE. EEMRE  BREX

€:3=)

AR, ERROHBBIMKICBIL T, FHEHICBT S
BKFHIEHEODDBEER v b T — 7 OMBRIEHEFES
JUHBRAEROBEBRERICET 25BN ZRNL. B
DHIBBE KR ICETHHDTHS. ¥kl 1 EER, B
Fw M7 J iR FEOBE A 2 E MBI T 50—
ARY T 4 THERLTZIZN, HBROERERERE S X5 L
WEA RN 2 BB Lz, £/2. S BRI 258k
ROEDFELDETO

MBI =52 hOT R 2
1. WgEHS Z£RXMOTHE EOWEIER L ?

HIEBFE ARSI RARMEETO/NN Y 7 B— > & UTHERET R

ZRHEATONTIL. WBRICHIEINDI XY NIV P AFAE LU TOBBEICEE LTS, #% - Fsy
SHECHE SR AR LTSRS 0., —F, HBRAERICI. HRRROEE, SBT3
S MEREREICTS REND B, AHETIE. ERXEOMBHICEINERY hT—224FELTO
B 2 0T 2 BaT RS FEEM B L UCHBRABERICHERIEBL., Xy M7 — DR
[E11 % BT BRI EBR T 3. '

2. Rk .
2. 1 EExRyNT—JBHAREEA O
BRI 2BXTFHETEERET 2201, BEOERRAOMNELZEYICHET 2HLENH S,

I TCTEBOMWEMEIT. BREREL D BRI — EHEMS P -

By OTEYCIHET 2751 C =8 ‘ L
Eiin R RN

<. HEIC k> TEBOKMAMES [T “ﬁzm&\ T

L. »5WIERAENB(L L 7235 LN

V]

BOXy bT—7 &L TOEREMEIC e/____/\‘
Lo THHAETNETH S, IR :

HRHEL S-S ENROBE| | ZHRBLSHROKE
T, HBEROERFY hT—FIZ

BUYBREREOL LT, REkE | IE?IM?” """" ET” Iﬁ?lw?d """" E%ﬂ
EBOMREERHMET SFEEM  oa (| s (| [we]]- i W || | B8 ... 7
545, AFETIE. HERAmo woil LEw(eal jEal [esljee]  |LES
EBOWRIREZOBETORE BT ~
RRBLUTIUCKHT DBME -

MAGDELT Y bT— 7 REBICH [@ENEHEBTSERREOHETR)
LT—DOMEIERF (R P A5 ®1 E#%y hU— 7 HEEHEFEORM A

HaNs, BEICEd DMEBEL X




ROBMYFIL, WBFHAKSTECEIERREZOMRIIL L TRy M= 42REL. ERHITHT D SP
EHBTEIEick> T, K0AZIMBHAMREZRNTE (K1),

EEERy NV HBEFEOEZAH IR 2EDEBD TH 5. BREBAEIL. RAHNUNDOHE (&
RRGE) OFBITI>TEELETHEEDS ETETL. %®Kﬁﬁﬁkmbfﬁﬁ?6¥%ﬁﬁﬁ%®ﬁ
RENEGHENDS (K24H).

E*
P L ©

1.0
H
i
HRTARE RRLARE 3
B
1 o ODMRRITESA] 1,
wBzEIO— UL TR ReZAIO— REZMONRB'
Tl’
z RREBOURER
%
)
B RRRAY 2 ) ROZMONRLL
N
] TR P ODRTIRTHM 1,

M2 BERy TS EO B TR RESAONEROE XS

2. 2 HEMEREHREED AT LABHORE

C BEROBROGHEECBOLTIE. BRREROKEEVERBEL., BYRYEEEEES I ENE
BETHD, FHRARICHI> T, BREHREOLFEEBTHHEEL TR 1) ANYATF %Ik
% B2 S OHERTINE. 2) BERCRELEFEMBE Itk HERA. 3) UE—hE2 )

BficEd L2550 IEEEN S OHERA. 4) HWEHF—yZICEIHERT. NEASNS,
AT, BB Y-k BBRERANOEZEZ FEBEET S EEbIC, HBEHT—& 1D IS

EFH AT LERRELE.

3. WMIEKER

3. 1 @EBEXYRNT—UWMBHFEDTr — AR T 4 —#E

Tkl 1EEICBWTIR. AFEZ2EROERR Y NT—2ICHEAL. FEOBRAMEZREEL/Z. 5t
HE L TIISEREEZ X, HRTNORREZREHICE DO MBHEEZTo /2. K3 ICHMTDERR Y
R—2 %277, HREHEL TEIEEERN S —REEETOERBIUBRBETEEZED TS, Xz,
BREHMCDONTIX. FTEMAHEL LOBRKRERRE L, BRREEREE L TIIRRAEHENZEEL.
MRS~ S~ IR HLR O & LTz, K3 IZBNT, @EMTHRHLSR, OENdRliil=Ekd. £k
BRTND24DB Y~ 2gke L., FADOAOICHLT—ERRBTRELZET 288ENRETZE
Uiz, SHEEEZGET S F VA EL TR FEROREDIEINPUTOZDOHK S F U ERELIZ.

TFUF A BEOTHRA—N—NADBHIBNTHEL & —REEITARA]

TF U A B EEBP DA —/N— /S ADTHTBNTEE BP &—REANEITAA
FEIFUFICKHL T, HEMH SHEERAZEIRT 25810, FEROXR Y M7 —7 BRUGEIRGRIC
BEOWTGERT BNy — (TEEEE) EBRBOX Y hT—27 BXUSGERMICE DN TS 2R
BENY— (FEREE) OZDDONRI—IZDWTHEZETH .




RREIEEOATRHIBIR B REE A 2K 4
IRT . R FUF, NY—IZDNT, Wiy
FERICHARTHRITHRMBEVWAHIZC 7 RLTNS
ZEBROMNE. . WThOTFUFITDONTSH,
TEEREE L D HITEXRLH/NY — > OB HRITHE
BEWN., &IFV)F. NY— st T BmEME
et SP OEZEK 5I1TRT. SPIZE->T. &TF
U, N — Tk SRt Hh i B — DK

ETRIN, HENER TS, B, SPIEIRTE®

EEMRELEDOTH DN, HRIBEORITH%
EHFEMICHET 5720, MAURRBERSEHIR
BEEICET 2 —HHZ0EHETEM (travel
time per vehicle:TTPV) HEIHEL. KS5ITRL TW
B

L5 E)
LHUFAORTREIRY Y
LHUABDRARFERI LY

350 350
300 300
250 250
4 200 18 200
= =
i@( 150 b( 150
100 100
50 50
0 0 -
(@ FHEB O FUAAER) BTUAAER | o FHE 02 rU4B(ER) M HU4B(E)
M4 RI2EEEDRITR MBI BHE SN
0.600 40.00
5 35.00
0.500 -
4 30.00
0400 -
5 25.00 ~
£
E
& 0.300 12000%
=
41500 "
0.200
4 10.00
0.100
5.00
0.000 0.00

FHE LFIAARE) FIAARR) LHIABEE) LHIAB(RR

SP ——~TTPV

5 HEMMmEE




3. 2 hEBFRENRAEEES AT LB

BRSEREROHBHES., HEREBERITRAT DD, BAETREDE S B— GPS BRI
DERMILIRE ) TV E A ATHBEN, 1TV IASKIBARNSERIATH S, —7F5. BRITH
o THETBBEROTRTICIOX D B ERET D Z ENBEYTRNWES, 4251 L EMREOT
—FRE DSV THBREBERICHEREE BT T8N bEN TH B, AR TIE. EHEHER X v
KD —5 OF—FicBETE ERMROKEEMBEZICHREET T 2HRBETRS AT AZRAR L (K
6).

( HMmERE )

A

BB T—SME

R T — 55T

B HEEE

( ROBRR-FA )

P46 RN EHEE BN

4. EZHEREY

- KESBH - BHEL EEERy N VHBEHMEFRICETAME (0 1) Xy MU JiEik
EORREFOHELHEORRE. LAMKFRERE 35895, 199849 A
HEBR - FHE - REFNE. 88Xy M7 -/ MREFMETEICEET 2% (20 2) #BkOE
RIS FREICET By —ARY T4 —. LAPFRERIE 3621 5. 199941 A
BE #-2A B-9F EE AT ARERICBYAABETHI AT A, 5 10 BIEAET
2RI LHDUE. pp3419-3424, 1998 4R 11 A
EHEH - FHE - BEHE - RRRE - KAFEE, %)&1*?&/27‘1:.%1}*7_17)1/ (). LA

ZEFTEDEIE 3674 . 1999 4F 11 A |
Tomofumi NOZAKI, Hideki SUGITA. A METHOD TO DETERMINE SEISMIC PERFORMANCE OF HIGHWAY NETWORK

SYSTEM. 12WCEE., Jan, 2000

Hideki SUGITA. Masahiro KANEKO, Tadashi HAMADA. DEVELOPMENT OF URGENT EARTHQUAKE DAMAGE
ESTIMATION SYSTEM FOR ROAD FACILITIES. 12WCEE. Jan. 2000

U7 A LBETHL A7 L Seisnic Assessment Tool for Urgent Response and Notification:
SATURN)‘]’D cy1 T (R AERBITBWTHEERY)




8. BEBHLRTAOBSICET IRBRES






8. MEFM AT LOHEIHT 5 HBWE
BYGEAAIE : PR O 46~ A1 24R
% %R BEBH. BRA KRR

(EH]

BSOS R T, TR 7 R & 0 S BRI L BB BT S S B BRI INE T B
HEBs Ry NT— 2 EMEL TS, AREE. BTy hT—/ L DESNERBHIEREFAL
T, EEHER ORI 2 B IEC FRT B EETH X5 A SATURY) Z#BR L. MO K%
BICHATB L EENETEHOTH B, TRIVEEETIC. MBOWRLO TN & BREEDH
M ETHT BMEEHA L TO M T ATLEMEL, BEEBEICE > TREEREMIBL T
B, FRIVEER, TR OUTRE FRT HBELHREL. BEL AT ANORE ER >/, £,
RBEREEL TR N KBS EBE L THEBEORA ST /.

1. HigeEl

AEEIT, WBFHFy FT—FIC LV NETNEMBIHIFREREL T, FESCEERRORER
REMBCFHLTEASBETHL AT LOMBET> TS, P 1 1EER. WIRBLETRT
B 27 ADBERROEE S AF ANOKE. BEBEORRETo 2. KEHERLEIITIZ. =K%
EEHIEL, HRITLDBEBORAERNMNRICIIET 301, BREELNEL TLELRAKES
#HUBOLHEIBO TEETH 5.,

2. W AHIE

2. 1 FIRBATRETFAUS ATLAOHRBRVEGES AT LNOHES

ERR 1 OFEORMERLD, BHESAICEIERTHFRRICLIMEEAWANIBRBL TRT
2T LERREL. BELATFLACHKELE. | |

2. 2 EEREOHRE _

AT LAOEEREZMLEIES-DIC. AERMARBREZRBICBII2EBRERNZEC THEEREADR
RIZEDE, PATFLADKBETO 72,

3. HERE

3. 1 MIRBLTFRTIAL AT LAOHRRVEE S R T LANOHKS
TR 10 FEORMGRICETE. WIRBOWES |,
RAEAMTONRIERMI 0k, S61KBIICDNT, 8 ,
ERPCETERTFRFRCEDRHOUTREHE T ,.5
Lk BECRAVEFERL. BOCHEERBHEELD.  _ 2n0 y

PLELHFROMIRE. 517 [HBHNSRK1IE. 150 i *
517 BB 53R 2 DM E®. ThEnall 5 Lo A T Sae
mEkok, TO%. EFHRMIIONT, #—U>y o5 ATV - .

-
ol | old Lo

EREDEFREREZHAWTCPLEZGEL. L TE 0.00 .
OFREE RO, TOFEHELD. THMEEB 024638 101214161820 2224 2628 50
11,00, EEWIIESEG, THWEEEA-1. oncsm PLE

M1 %471 #BEHoOPLE L TROBIR




HEOMMERDZ., TORKE. FHPEBHEML. OnE TUT IS EZFETORENT. 171

3.50 - 14
3.00 YD 12 é
E 2.50 /- 10 ;
. . 8 7
wn 2.00 : o E . é
1.50 . _ 7
iﬁﬁ100 : 4 Y
= [l 2 7 7 5 7
0.50 !. Py ® 0 Mr 4 I 2 L 6 . // I
0.00 - 50gal 50~ 100~ 150~ 200~ 250~ 300ga
0 2 46 8 1012141618 2022 24 2628 30 %7 100gal 150gal 200gal 250gal 300gal Lt
PL{A& [O547 1 #BH B5(T 1 HER)
X2 &4 7I#BEHOPLESILTREOMER K3 EIGYARERMEINIHL. On& 7B R E

WE TSR, 8. 5kn(K95%) . ¥ 7T HBE TI0IXR. 924, Tkn(15%) EOFREEE. The

NOXMEEREMEZEICLVEAL, K3KFT. |
PEDRBEHREZRANT, A THRORSEORREEFHTE AT LAEBETI AT AICHAA

N, RAEHERICE SR OBREFAERER4ICRT.

3. 2 BEEEORE

BIEEBEOHRIZ. FO®ED TH 5.

CEBEEEBLYTWE DI, WMIEHRUMES (EBERY ALBLIUAIOBRAFR4%) 26BmT
5 (™5) . |

- BB LERICDOWTIE, —BThN3ESIERRELET S,

- EBEXEERILLT T B0, BREAEER &2 OO TRRATEET S,

C BFREETH - AN OFEREOHEMARDOTA > RyDY A LEFENRTNE S KEE L TEET
x5k3127 5,

X4 (REMEICK DR OHEET » K5 AHERTREEDEM

4. ERHEDOHRR
- KBBE - ©TIEN, HEMERERCAYZIRBETRS X7 L, 2 SARAERRE, 238,
452-453, 1999.




9. WAl DOBEFOSIRAE






9. FINIFERR DMEET O RRFAE
BREESR « PR 11 R
H % RE:LESHE. FEEAK BAEME

(EE]
BBAVNHET DN LRMERO— MR
BERENT. B3 2F IR RRRE
NOBEAY LMISMACREBEF ZREL
THBEIN. k1 04E3 A%E. EF
&, hEERRR. MRASHEBEBHN
FES BN, EE. ¥ A, Bk ICH
RENA-8 7 IBEHOHBE MR TEHR
MEBEINTHD, BRISNHMBHERIIE
RIS OB Rt HEC BB OB |
RIEHAINTNW S, .
FFEIT, —RARBEHAOS LBRRAEN
MNERICRE L -BAERESRE L T, BEBOFE 1 HOBFERERE L L TORT AR, HBELEOREIL,
RUOBECLEEZITD ZEEZBNET S,

Rl 1EEIR2 7TEROBBHFETERECHEORIN. MEAETD &KIZ, FIIRNREETD L)l
BB 2Bt ACESE G5 3 | KR BINEEZN > 2.

1. BigehE H-1 WERICBY B RERERR |
1. 1 HEFORSAR (R RR124E3 A BFE)
TRk 1 24 3 B BE, ‘ AR IETAI FLAX 5
BRA. AL 7R R g © 0 | c has|—a| 28| Nw
WET BRI R R P =
B 7 RN MCEE 25 51 75 295 || 24 | 51 ] 0
xh726 5BAFTHR =L || 12, a1 80 212 || 52 ] 0 | 28
BEAER S T 5. jﬂﬂé 182 g? 8(2) fgg JB?; ? zg
= - 2 4 1
BERMAICRBEE TS g 9 73 36 108 9] 3 | 14
EERILLR-1OERE I 10 37 69 207 || 12 | 47 [ 10
BOTHB. AEARC] PE 10 24 38 114 | 18] 0 | 20
o, dEEFED 2 7 | L6 7 1 21 63 BT 1 | 7
%ﬁ@ﬁ;mﬂ:mﬂ, TR 12 21 53 159 | 43 | 0 | 10
P VR R &M R = 105 265 494 14571 || 259 [ 703 | 132

BERRAELL TORTR
BEERL., BRGESKOBENEEECLEZERLL .
1. 2 TEIRRGIC BT HmBatECE Rl GB 3 ) | O

TR ISERS 12451 5 RBEH L E S (5 3 1) ) (255 1 M1 (WA 5 34F). 38 2 I (CRAIEAR) 27Tic. BN
BOEH - WHRESHRARETTORUEGONELZBNICREINLODOTH D, FREFLDBAIO
BEET->THD. 7 0EFHORBHOERMVFHBEEINTNS,

ERR1 OEEIIR— 2ITRT I OIT, FE). KENREOBBIM ST, BB - FBUKEST ORBEHIE




EDOWTRBEBHBH ERARBRET,

FHEOESICEIDIZ.

y = = 5
F—2 F)IBRPHE IWIEEE HEREHT—EX
T RTEE AER 5 LA BHRE ARE T EERARE
BEA S Sl SEEE R
ki - ARIAT i SR
— SHACHERG 1L R A8 RER
BF AENTF  ([BFFHMER ARu
IEAURRE x;mkmmm PERARRR i
£ SHACEH CF RRNTA |[Aekes L —
i S SUACSE§i iﬁ!&tl $ER
E2: 1l MBBTEER B KiEH
ST [SEE® S ST BRTAA =) ERE )
HEFIH [ MIBFENAR E30 | D)l ERFFIREY L
| ) SHACTES mtan‘%ugﬁﬁ R
| ERREGNT | FH
il 5 EMIAL RS P} SUACEE# -
A SR ARinE) R nan = SEEE A=/ S RE
i 3 E1; ; ] e
WA [T LSERE (GILRfE) NERYBAT T SHACE 1 (%) w5
e T3] SaEm(ETRR) = T i SHACE# (X2) X
AEER RnF g B 1 WH (KL —" GR) a8
BEN SERN (EGHE et e, W 2aE® )
E:A]] LEH ol [fR{e A RREALT) BRRUSH
B FR{LBE DT RN hBRN  |SEER T
a1 SUACE R ViE AR RG] L8 (AT ERRUSH
RITA  |SmE R (X—/—Ak) AP I 2EER EMIEE ()
RIS =A%) ARS X0 SHACE S XENEY
FREIITA |2 EE N (oaRE) TR ENEA SEEFRES [ERN RS )88 (RED
ER2I 2EKR ____Ry+ (G SEKER
s mgs BN 2ERE (X —/— 185 SRR x#l SEKE Bk CY)
/M) 2| 1B ERER =5 ERTHNEY - N
AT ( FEE) SRR AT mELARRS [HHTI BN P T IR
RN T DEKN IR BEN| 2ERR NSEERy |
I TR 1mm(|~u—/) < BaNR X 2 RS TR
IEARID TG AR SEER T 3
HRIIT mgné:@n REA [T T atan
2] }' ' o l| 2 N 3
ms g [EABI 550 B 11885 AperEER S SEES TG I
€T 2EER ETL. R SEEE o
L Fe RN ETT ] AR AfLE 7[R ERET
L ek RIS | FHEFI 2 PEREHRR Fithl kit EAIE I
) SUACER - SHACE b ST AN D BH, o o —
LERE: LEOSRBAD/5 Y R REL THE CRUNERE
R B & > T MBS BFOICEL LTS EH~ORR
EANR: BFORUSACHARE (£> %) A8
2. WrEEkEE
2. 1 BBHORTAR
Ykl 1 EFEOSROEERE. KSR OBBER TUBBER2ME @httb%ﬁx@%T“%%@

HEM-, SEOARICIBITIRBFOBEERERIING.

T%THD. FR1 0FEED29.

6% &t

BLTKIEICHRELE, TARSEHFNEINLERFLL OMEZT SN, BRRROKENAK SN DD

H BN,
E YA

N3 EMEELW,

2. 2 BREGOREL

YR1148H21H58334M
LRI EBRETAHBMS. 4,
BEEZ70kn)IZX3K /)I3RE (H
B TORBRER—- 1ITRT. IN56D
FEABEBERICOVWTIREMBEILLT 2
—yR—ACERT B EHEETE [T

e 2 X527 _ﬁi%’lt LTHITL TW3,

3. ERARARY

RIE20FERBLEBRRN DD, RRRBBOEHNEEND,
TFOJRERFHEONH I, INSRTFIIINERHFRNBBLEINOEHORRITERS

1) EABIGRTRE | LAMBEYIC ST 5 MEERBEE (23),

2) FIR. EARBEERT : ARSI

BT 5 HBEECE R E

12/ NZRA (82, HARRSY)
hniEBE (gal) EQ-1999-08-057
70 ¢
60 E
B
1
20 E
10 E
Q B
iy
38
-40 £
-5
-6
-7
10 20 30 40 50 60
BSEBNRI (sec)
M—1 #/JIEE; BRRAGEE

T+ ARFFE AT B Vol. 67, FRRI124E3A

(B3 . EARRFERTBEISE34995




10. Bt Ry FT—0F—5 R— 2R ICET 2BE






10. BRIy FT—HF—FR—ZERICET HHE
e« SR VEE~ERIEE
H Y H BE:EESH. R XKBESR

€:3=)) .

1995E DR - KB ABROBZINDO—D &L T, HMBEBICRTHHKMBOREESCHIRTOHIE
DHEREEE OIS TEER I EAEREINSE. TNEZTT. BREATIIER7TEENS
WBstRy hU—2&28EL, FR1 1E3AIRIZ6 9 7 A0BAANBE T CE /. ZOMES
Fy RT =22 & DB L - BHEROFERFEDO LI DEL T BREEETZT—FIXR—ZLLTF.
DB) &£9%. ) 2HEL. HBRER. SHIEREEHLSREINTELMBHER (BAMH
B, SI#E%) 2HFMNICDBILT S AT LAEERLE. £ HBEKEEREZMEICRY T —
7 ETBRTEBZHEI AT LDERBIT- =,

1. HEED ’ _
HBETIE, HBEBZIIBITIA2HELMROBFECHLRAOEEBEZENE LT, 2EMNRBEBE XY
FNT—ZRE L. ZOXy MT—VZREDNEINIMBT 7%, RMICEBLETIERT
5012, WBHFREZDBALTEETSEEHIZ, HEICHEBERNIBEE TES AT LAZERL
7o

2. WEHE

2. 1 HMEEHEHD BOER

By NT—2IcE D EARREROY—N— KR EINTE - HBEEHEDBY—/N—DDB
CHBBET AEEEEER Lz, £/-. DBHEROMARMEERITOM Y —T —ABERLE,

2. 2 WBHIEROMES X7 LDER

Fy hT—HIZE0EELTHWANR—Y FII I Pa—F L0 MBEERAHRICEE TESLSIC.
HTMLIZCK BFRBEEEVERL /2.

3. BRgiEE

3. 1 MEEHEEDBOER D

Bt Ry b7 OBRESIT. K1IRT X immmﬂ
SITHBEZRML ., WERVBRETI L, BE  smsmo | [e®s | [emst]
EICEIR, BB, MR £ 8T EARE v A
RS NEF— I BERENE VAT AR5 T BEED (wpn] (wws]
5. Z0k®. DBEKRTHEL. &HRoOMH \emeg)y”
BUERERAT S0, H1KRTESS )  SH7Es ,
i1 DEEELE, e
WEHERRRCT. SERNATRELAENE e [CE DR
REAMEE. BERMYERSICEDE LD NG
BERERRE . BAFIMEEEZOE ERRLE ESErT

ﬂ%ﬁ&%%ﬁﬁ%éo%némﬁm%&ik‘g 1 mgﬁﬁﬁ%ﬁ®%ﬁﬁ%&#%g%




2ICRTEIISEEODBERRKEL. HWODB% ﬁ;?wl: ég?mm‘ ~$%WWJ
279 1 DCEEST . R WERD ;'.‘ MR
BEABMIC EAFATICEE SN WRTLEDN | gren | | |[ommo e EREED
EWBOATHD . MEMUHEEL, BBEEICE |20 s | b | Bxman
WEN, EARETICGEE NS, Z0kD, BEHK & | L=
EERICOVTIE, TARRFICRESNTELSAY !
MIcR# L. DBIBERTBT FUr—a > ElERL camEos | || [CammEse)
2o ZOHEBREGEI AT AL, BHE3. 2IRTHEE RABIO <'- -p{IERIBID
BHERERT 5L 27 i, BBESES, £ K3 wines | Toram
RS D BHEMEA 2 —T 2~ AEERL. BEEHO g uR i
WeR, BHE - BAHASOT—F 08BN - B &
BrusE s b, HAENENTE - HRBETER R2 DBOMRNE

B TIRETEMTE S L5 L, i

3. 2 WEBBHEROMES AT AOER

BEI N HEHEE SN 0T < HEICHET oamsmen
EBLEDCTBEDIERLEZS AT AL, BEHR

BEERT BH0 & EBICTY 7RI THifk
ERRTHBHEDICKREL O NDS, BERIEKRS AT
Ld. DBH#IRE I AT LS DORBER E%1T.
FEL-WBOBERRBIUVORFOHEBRBREY 7
ANEERT D, ERFRS AT LS. BREOHE
BRET 7 A NEBISNEZEBRT 71ILICKD, 1§
WERMRTSE, ZOYATAR HTMLIZKDE
RLTHED, —OF—LR—JERRIZ. UX

)IE)!!la A

L bmrsy

K3 DBA¥—7x—AEH

BED S THEORRC BRI OILA, SEAMSEROR RN TE S, HEEKICIE RAMERE
ERAELUCEGRE, SHEZZRRLAEZD 2EEZARL TS, KN4 KLERROEEZ. X5 I
R hEPLE L THALZERZRTY .

L oMADTERG B0 BRCAI® [ITADY AR LD L

Qe o wie
Lorn® SAD R IR0 7~;g.:v;; AR

aaen-x ARWEH7-200 dner-x ARRX3}7-290 7
Reed Lo SN v ma N o LI Y i S PR v -
Py Yol AR TOUERRER I sma U MR R Seamst Snemmi Cngew A“gm B e = g 75 L WEARAE YR himem
R AT 5 BRERRE i D AT z
A ANRINIE ]
E
P R T g (5}
iy} _'ggvy_aj Im n-:»o—n- g

X 4 ﬂ%ﬁﬁﬁ%%“(?! ) K5 HEREHREERE GOKER)




TREH







1st U.S.-Japan Workshop on Seismic Information System, UJNR
(1999.11.15~17 - RIZBE DL IE7h)

SATURN-Seismic Assessment Tool for

Urgent Response and Notification







SATURN- SEISMIC ASSESSMENT TOOL FOR
URGENT RESPONSE AND NOTIFCATION

Hideki SUGITA!, Yasushi OHTANI* and Tomofumi NOZAKTI®
ABSTRACT

Earthquake damage of road facilities does not only reduce their functions but affects the
socio-economic activities in and around the damaged area. Besides improving the seismic
performance of road facilities, therefore, post-earthquake emergency activities to reduce the
damage effects must be jointly promoted.

This paper presents a seismic assessment tool for urgent response and notification: SATURN,
which is developed at Public Works Research Institute, Ministry of Construction. By
providing rough estimation on damage states and damage distributions of road facilities in a
short time, the system will support decision-makers to facilitate emergency actions
immediately after earthquakes.

KEYWORDS: Damage Estimation, Ground Liquefaction, Highway Bridge, Accelerographs Network,
' Urgent Response

1. INTRODUCTION

Emergency activities at sections that are in charge of road facilities can be classified into four stages [1] ;
i.e. assuming magnitude of the earthquake, grasping a damage outline in a whole affected area,
conducting temporary repair works to secure transportation functions and conducting permanent
restorations. To establish a scope of works for a series of emergency activities, it is quite important to
grasp a damage outline as early as possible.

1995 Hyogo-ken Nanbu Earthquake was a first destructive earthquake attacked a highly integrated urban

area in Japan [2] . Based on that experience, following difficulties were pointed out for grasping a damage

outline;

1) Much time was required for setting-up damage inspection teams,

2) Much time was required for investigations of widely spread severe damages, and

3) Adequate amount of damage information was not assembled at the headquarter due to disruptions/
congestion of telecommunication lines.

Table 1 Grasping Damage Outline at Headquarter

Hyogo-ken Nanbu EQ | Sanriku Haruka-oki EQ (moderate)
(destructive)
EQ Occurrence 05:46 1/ 17/ 1995 21:19 12/ 28 /1994
Damage Inspection | 08:00 1/17— 08:00 1/18 21:50 — 23:22 12/28
Required Time Approx. 24 hours Approx. 30 minutes
1 Earthquake Disaster Prevention Division, Public Works Research Institute, Ministry of Construction, Japan
Emalil sugita@pwri.go.jp
2 ditto, Email: Ohtani@pwri, goJjp
3 ditto, Email: nozaki@pwri.go.jp



Table 1 shows the required time for grasping damage outline at the headquarter. The table also describes
the time required in 1994 Sanriku Haruka-oki Earthquake, in which severe damage was not developed on
road facilities. For promoting a series of emergency activities against a destructive event, quick
decision-making is indispensable in spite of the difficulty of assembling damage information.
Applications of information systems to support the decision-making of sectors are therefore considered to
be essential.

2. OUTLINE OF SATURN

Based on the past disaster experiences, development of information systems to support emergency
activities has been conducted in PWRI[3] [4]. SATURN was developed as an essential tool for grasping
damage outline automatically immediately after an earthquake by providing rough estimations on damage
states and damage distributions of road facilities.

Fundamental functions of SATURN are as follows;

1) The system estimates possibilities of ground liquefaction and highway bridge damage

2) Damage estimation is carried out using the pre-stored ground/ structural condition data and earthquake
ground motion data monitored by the accelerographs network

3) Damage estimation is completed within 15 min., by that time emergency investigation team can be
set-up

4) Estimated information is visually displayed on the CRT using digital map

Implementation of SATURN is considered to be effective in the following aspects;

1) Severely damaged area can be assumed in a short time. Damage inspections can be effectively
engaged by a restricted amount of inspectors,

2) Damage outline can be understood smoothly based on damage inspections, and

3) Decision-making on the buck-up organization and stuffs/ devices management can be initiated from
the early period of emergency responses.

Each 20-40 km along

Highways and Rivers Microwave

Network

P .
Public Works

Accelerograph " gl %Iﬁ Regional Const.
Research Institute
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a4 , / Work Ofﬁce

Accelerograph Work Office  Regional Const.
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Urgent EQ Damage Estimation
System (SATURN)

Fig.1 Accelerographs Network operated by MOC
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- Covers Tokyo Area (Tokyo and 8 Other Prefectures)
- Possibility of Ground Liquefaction (6,028 Highway Sites)
- Possibility of Highway Bridge Damage (368 Bridges)

Photo 1 Prototype System (under operation)

Fig.1 show a configuration of the accelerographs network operated by the Ministry of Construction.
Approximately 700 strong motion accelerographs are installed along highways and rivers with an interval
of 20-40 km. Ground motion data (maximum acceleration Amax and spectrum intensity SI) are
transmitted real-timely to the headquarter and sectors in charge of emergency activities.

Photo 1 shows a prototype system installed at the regional construction bureau of MOC. The prototype
system, which does not cover whole Japan but Kanto region (Tokyo and other 8 prefectures), has been
under operation since 1997.4.

Fig.2 Shows the measured ground motion and estimated damage by an earthquake on September 13,
1999 (M5.0). Rough estimation of ground liquefaction states (at 6,028 highway sites) and bridge damage
states (368 highway bridges) is available at this time. Maximum acceleration Amax and spectrum
intensity SI (designated hereinafter as ground motion characteristic values) monitored by 110
accelerographs installed at ground surface in Kanto region is adopted for the calculation.

(a) Maximum Acceleration Amax (b) Spectrum Intensity SI
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Possibility of Ground Liquefaction

(c) Possibility of Ground Liquefaction (d) Possibility of Highway Bridge Damage
Fig.2 Estimated Damage by Prototype System (1999.9.13, M5.1) |
3. DAMAGE ESTIMATION METHODOLOGY
3.1 Three Steps of Estimation

SATURN performs damage estimation by three steps as shown in Fig.3.
1) Estimation of Ground Motion Characteristic Values

For the judgement of ground liquefaction and bridge damage, ground motion characteristic values at ‘

the very site where the judgement is to be performed (designated hereinafter as a judgement site) are
needed. Because the locations of observation sites are different from judgement sites, ground motion
characteristic values have to be estimated analytically.
2) Possibility of Ground Liquefaction Poss1b111ty along Highway

P0551b111ty of ground liquefaction is judged for each divided highway section. D1v1510n of highway
sections is carried out so that the ground condition is assumed to be uniform in each section. Ground
liquefaction states is judged based on a P_ value evaluated in each highway section. The Py, value is
evaluated by eq.(1), where a liquefaction resistant ratio F.[5]is evaluated by a ground condition and an
estimated maximum acceleration in each highway section.

P, = [ (1= F,)10 - 0.5x)dx- -+ 0
F, =R/L
where,
X : Depth from the surface (m)
FL : Liquefaction resistant ratio
PL : Potential of liquefaction
R : Dynamic shear strength ratio
L : Shear stress ratio during an earthquake

3) Possibility of Brldge Damage
Possibility of bridge damage is judged individually based on the structural database. As the structural
database, bridge maintenance data accumulated at sectors are adopted in this estimation. Damage states
of whole bridge is judged by comparing damage states of major bridge components. Damage states of

major bridge components is judged by the SI value estimated at the judgement site. By using a SI value,

it is possible to consider the cyclic effect of ground motion. The SI value is evaluated by eq.(2), where




S.i means the i (sec) component of velocity response spectrum.

Values Monitored by Accelerographs
Interpolation on the Engineering Bedrock

Each Section along Highway
Judged by Maximum Acceleration Amax

B

Each Highway Bridges
Judged by Spectrum Intensity SI

Fig.3 Flowchart of Damage Estimation

3.2 Classification of Damage States

Estimated ground liquefaction states and bridge damage states are displayed in four categories, i.e.
“Serious”, “Moderate”, Slight” and “None”. As shown in Table 2, categories were defined as a
combination of an assumed loss of transportation functions and a necessity of emergency repair works.

3.3 Estimation of ground motion Characteristic Values

Fig.4 shows the estimation steps of ground motion characteristic values at judgement sites. Following

procedure is adopted in this system for minimizing the estimation time with enough accuracy.

1) Evaluating ground motion characteristic values right under each observation site by assuming a ground
response amplification ratio.

2) Evaluating a characteristic value right under a judgement site by an interpolation.

3) Evaluating a characteristic value at a judgement site by assuming a ground response amplification
ratio.

Table 2 Categories of Damage States

Classification Influence to Transportation Required Works
“Serious” Interruption for Weeks Demolition/ Reconstruction
“Moderate™ Interruption/ Restriction for Days Temporary Repair
“Slight” Restriction for Hours Temporary Repair
“None” No Restriction None




.
Step 1: Estimation of Amax, SI
at Engineering Bedrock

Step 3:
Feedback

T —
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Engineering Bedrock

@ Accelerograph Judgement Site

Fig.4 Estimation Steps of Ground Motion Characteristic Values

A ground response amplification ratio varies according to the cyclic characteristics of ground motions and
non-linear property of ground soil deposit. For each observation/ judgement site, the amplification ratio
a was calculated by “SHAKE” using a standard time history record. The Kaihoku Bridge record
detected in 1978 Miyagiken-oki Earthquake was adopted as a standard time history because it provided
the most average amplification ratio in trial calculations using five other typical records observed during
past earthquakes. The non-linear property of ground can also be considered by eq.(3).

a=a XD eeennanns ?3)

where, « :Ground response amplification ratio for each observation/ judgement site
X :Maximum acceleration (spectrum intensity) at engineering bedrock
a,b :Coefficients which represent the non-linear property of ground soil deposit

3.4 Estimation of Ground Liquefaction States along Highways

Table 3 shows a P.~Ground Liquefaction States Table. Ground liquefaction states is judged with the
Table by P, value that is estimated for each highway sections. The Table was developed based on a series
of experimental studies of past earthquake disasters at PWRI. By modifying the table in accordance with
the future research development, accuracy of ground liquefaction states can be easily upgraded. Here, the
P. value for the damage state “Serious” was not defined in the table. This is because the ground
liquefaction is hardly considered to induce serious damages to road facilities that would interrupt the
transportation for a long time period.

Table 3 PL~Ground Liquefaction States Table

Classification of . .
Ground Liquefaction State Serious Moderate Slight None
P value | e | p>1s 15 2P, >5 52P,

3.5 Estimation of Bridge Damage States

Table 4 shows the SI Value~Bridge Component Damage Table. Damage states of the major bridge
components is judged with the table by the SI value that is estimated for each highway section including a
bridge site. As for the damage states of major bridge components, following five failure mechanisms
were considered due to their large effects on a whole bridge system, i.e. 1) bending failure of RC column,




2) shear failure of RC column, 3) buckling of ST column, 4) failure of béaring and 5) movement of
foundation due to the liquefaction-induced ground flow.

Table 4 SI Value~Bridge Component Damage States Table (Bending Failure of RC Column)

Design Code Yield Seismic Da;m;ge State of Component o

Coefficient i clore i clore
Ultimate Ultimate Ultimate Ultimate
1979 | seeeemeeee- SI>50 SI>30 SI>10 10=S1
1990 e SI>50 SI>30 SI>10 10281
0.6>k,, SI>50 T B 50=SI

1995
Khyz 0.6 SI>100 SI>50 memmmasnna 5028l

Table 5 Bridge Component Damage States Table~ Bridge Damage States Table

D S f Brid
Damage States amage States of Bridge
f Brid, t
of Bridge Componen Serious Moderate _ Slight None
Bending Failure , Before - Before
of RC Column Ultimate Ultimate Yielding Yielding
Shear Failure Failure Before Shear Before
of RC Column Failure Cracking Cracking
Buckling Bucklin Before Slight Before
of ST Column g Buckling Deformation Deformation
Failure Failure Damage Damage Slight
of Bearing (tall bearing) | (short bearing) Damage
Movement | Large _ Small Slight
of Foundation Deformation Deformation Deformation

@ Damage state of bridge is evaluated by comparing estimated component damage.
@ Italic case: Bridge damage is judged as “Serious”.

The table was defined based on both a series of experimental studies and dynamic response analyses at

PWRI. Basic concepts for the judgement of damage states are as follows;

1) Bending failure of RC column: Relationships between SI values and damage states were studied for
several column types. Relationships were determined by the dynamic response analyses on
approximately 400 columns. Column types were classified by structural specifications such as section
size and weight. Damage states for each column type were classified by the SI value.

2) Shear failure of RC column: By a combination of /D value and design year, a possibility of shear
failure to be developed prior to the bending failure is estimated. h/D value is a ratio of a column height
against a section size. Damage states were classified by the SI value based on a series of experimental
studies of past earthquake disasters.

3) Buckling of ST column: A possibility of buckling is estimated by design year. Damage states were
classified experimentally by the SI value.

4) Failure of bearing: A possibility of failure was classified experimentally by the SI value. Because a
failure of bearing induces a gap of road surface, the damage states are to be judged by the bearing
height.




5) Movement of foundation due to lateral ground spread: Verifying the distance between foundation sites
and water lines, a possibility of the liquefaction-induced ground flow is estimated. Damage states were
classified by a combination of a distance and a ground liquefaction state.

Table 5 shows a Bridge Component Damage States~ Bridge Damage States Table. The damage state of a
whole bridge system is judged by comparing the damage states of major bridge components, i.e. the
maximum damage state among those of major bridge components represents the damage state of a whole
bridge system.

4. FEASIBILITY STUDY
4.1 Observed Earthquakes
Table 6 shows characteristics of earthquakes observed in Kanto area during 1997.4- 1998.9. There were

eight earthquakes with magnitude of 4.0 or larger in JMA scale. Feasibility study was carried out using
maximum accelerations measured by the accelerograph network.

Table 6 Earthquakes observed in Kanto Area during 1997.4- 1998.9 (= M4.0)

EQ No. Date Magnitude (JMA) | Depth (km) Epicenter
EQ1 1997/8/9 4.7 68 South suburb of Saitama pref.
EQ2 1997/9/8 5.1 108 Tokyo bay
EQ3 1997/12/6 4.6 - 56 North-west suburb of Chiba pref.
EQ4 1998/3/23 5.3 45 Far east of Ibaraki pref.
EQS 1998/4/9 5.4 93 Far east of Fukushima pref.
EQ6 1998/5/16 4.8 74 South suburb of Chiba pref.
EQ7 1998/6/24 4.6 51 South suburb of Ibaraki pref.
EQ 8 1998/8/29 5.1 67 Tokyo bay

As an example, Fig. 5 shows the measured ground motions and estimated damage possibilities by the
EQ8 on August 29, 1998. “Moderate” possibility of ground liquefaction and “Slight” possibility of brldge
damage were partially estimated around Tokyo Bay.

(a) Maximum Ground Acceleration along Highway » (b) Spectrum Intensity along Highway
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Fig.5 Estimated Damage Possibility by EQ8, August 29, 1998

4.2 Distribution of Ground Motion .

A feasibility of the analytical model was studied using ground accelerations measured at the ground
surface. As shown in Fig.6(a), measured maximum ground acceleration was compared with estimated
maximum acceleration supposing a observation site as a judgement site. Fig.7(a) and Fig.7(b) shows the
comparison of measured/ estimated maximum ground accelerations for the EQ8 and eight earthquakes
respectively.

4.3 Ground Motion Amplification Ratio

A feasibility of the ground motion amplification ratio was studied using ground accelerations measured at
the ground surface and the engineering bedrock. As shown in Fig.6(b), measured maximum ground
acceleration was compared with the maximum acceleration estimated by the amplification ratio. Fig.8
'shows the comparison of measured/ estimated maximum ground acceleration for eight earthquakes (EQ1-

EQS).
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Fig. 6 Comparison of Measured/ Estimated Maximum Ground Acceleration

£
b S
;g‘ ° [ Average:3.04,0:9.78 | <ieg | Average: 1.50,0°: 4.35
SE 7 T
Eg 6o & 12 g
%% 5. * 3 {
o © L < |
83 Sy . 3 ‘
o 2 +* [ ~. [ %
= L S ‘. ° . ©
('J W™ AN otep ™ g So . e =
0 20 40 60 80 100 120 0 40 80 120 160 200 240 280 320 360
Acc(GRm) Acc(GRm)
(a) EQS8 (b) Eight
Earthquakes (EQ1-EQS)
Fig. 7 Feasibility of Analytical Model for Estimating Ground Motion Distribution
~ 200
&
9,5 150 1 Measured Estimated
2 i p B
= 100 | g® &
[v4
S 50 Moa O
8 ¢ o, * o
< e ¢ .
40 60 80
Acc(UGm)
Fig. 8 Feasibility of Ground Motion Amplification Ratio
5. CONCLUSIONS

1. The seismic assessment tool for urgent response and notification: SATURN was introduced. By
providing rough estimation on the damage states and damage distributions of road facilities
immediately after an earthquake, the system will support decision-makers to facilitate emergency




works, i.e. damage inspections with restricted amount of inspectors, management of buck-up
organization, and management of construction stuffs/ machinery.

2. SATURN estimates possibilities of ground liquefaction and highway bridge damage within 15
minutes. Damage estimation is carried out using pre-stored ground/ structural condition data and
earthquake ground motion data monitored by the accelerographs network. Evaluation of damage

_ states is made by the maximum acceleration Amax and spectrum intensity SI as judgement indexes.

3. Prototype system that covers Tokyo area is under operation at the regional construction bureau of
MOC. For activating this system to the disaster prevention practice, further research will be required
on the following subjects;

1)  Verification of damage estimation methodologies with use of the prototype system.

2) Developments of damage estimation methodologies on the other road facilities, such as the
slope failure, embankment sinking and damage of underground lifelines.

3) Clarifying the seismic information system architecture including SATURN and other advanced
information technologies, such as the wide area monitoring technology, data collecting
technology, data analyzing technology using GIS, and decision-making support tools.
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ABSTRACT
When large earthquake occﬁrs, organizations in charge of civil infrastructure must
investigate the damage of facilities that exist over wide area and analyze the information
to make proper decision to secure and restore the function of facilities. Considering the
importance of the civil infrastructures, information of damage and decision making
regarding the facilities needs to be managed promptly after an earthquake. Recent
technologies to process the information are incredibly advanced and those are promising
for the elemental technologies of the seismic information systems (SIS). However, as
such technologies are usually developed only in the respective professional field, the
users encounter problems. For example, the performance of some technologies is not
sufficient for earthquake response activities, or the data may not be able to be shared
between different systems. Being aware of such problems, Public Works Research
Institute (PWRI) has developed a guideline to develop SIS. This paper introduces outline
of the “Draft Manual for Seismic Information System Development”. The manual
includes general idea of SIS development concept and the references to elemental
technologies, which helps personnel in charge of developihg SIS who is not necessarily '

professionals of information technology.
KEY WORDS: Earthquake, Disaster Prevention, Information System

1. INTRODUCTION
When a large earthquake occurs, earthquake response system encounter such difficulties as below.
- Earthquake usually occurs without any sign, and the damage is caused immediately after it.
- Numbers of facilities in éxtensive area are damaged at a time.
- They must cope with large number of sites that need efficient restoration works.
- There are reciprocal relation of damages and restoration works of complex urban systems.

On the other hand, recent progress of advanced technologies such as information technology and space
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development are thought to be efficient tools to solve the problems. These technologies include,
- wide area precise inspection by satellite image data, |
- easy positioning by using portable GPS devices,
- flexible display and analysis of geographical data by GIS and
- computer network and distributed system by small-sized information devices.
By combining those technologies, the problems which earthquake response system encounter can be
efficiently solved. In reality, many organizations apply PCs and other information devices for earthquake
disaster prevention.
However, as those advanced technologies are developed only by the professionals of respective fields,
their performance may not agree with the requirements of earthquake disaster response activities. For
example, satellite images may not be precise to detect damage of facilities, or maneuverability of the GIS
~is too complex for the emergency actions. Besides those problems regarding each technolbgy, other
problems may exist due to framework of the information system. For example, sometimes the same kinds
of data set are stored to different computer systems redundantly. In addition, once a huge system is
constructed, it needs much amount of cost to extend or revise it. In other words, there are many possible
problems and losses when SIS is constructed applying highly sophisticated technologies without
" considering requirement of the users. '
However, it does not mean those technologies are irrelevant as long as they are combined in proper
manner. Being aware of this issue, PWRI has tried to compose a guideline to develop an efficient SIS. In
this paper, the brief contents of the “Draft Manual for Seismic Information System Development” are
introduced. In the chapter two, the structure of the manual is briefly stated with key issues. From chapter

three to six, each key issue corresponding to the manual contents is introduced.

2. STRUCTURE OF MANUAL
2.1 Overview

Aiming to support development of an efficient SIS,

the manual contains important topics, namely, » Chapter 2
planning and development concepts of user-oriented Basic Concept
and flexible SIS, and a list of state-of-the-art of Refer
. technologies as a reference for the system planners. | Chapter 3 %};Zﬁ:;f
The topics are arranged in corresponding chapters as Requirements Technologies
shown in Figure 2.1. Note that the numbers of Aeply
chapter are not of this paper but of the manual. The Chapter 5
contents are shown in the Appendix. System Safety

Fig. 2.1 Structure of Manual
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2.2 Key Issues

Brief statements of the key topics in Figure 2.1 are as follows. The detailed explanations are in the
chapter three to six of this paper.

(1) Basic Concept of SIS Development

The basic concept of SIS development includes (i) planning concept for user-oriented SIS and (ii) that for
flexible SIS, (iii) consideration of system interface and (iv) application of SIS in the normal state. These
issues are fundamentals for SIS that satisfies requirements for earthquake disaster response systems, and
they are stated in the chapter two of the manual. While the concept mainly aims to initial development of
SIS, they can be applied to improvement of existing SIS with careful consideration.

(2) Earthquake Disaster Response Activities and Requirements for SIS

Based on the statement in the concept of SIS, an example of investigation to understand requirements of
SIS is shown in the chapter three of the manual.

(3) Review of Element Technologies for SIS

After requirements and structure of SIS is determined, planners must investigate proper technologies to
realize the functions of SIS. As SIS includes both advanced information technology and earthquake
engineering technology, the planners need their comprehensive list. The manual provides an inventory of
current advanced technologies of both fields in the chapter three.

(4) Consideration of Safety of SIS

Because SIS is supposed to be used in an earthquake situation, it must be well prepared for a disastrous
condition. Therefore, planners must consider safety of devices, facilities and data related to SIS against
earthquakes. Besides the safety, security must be established and maintained because SIS is developed as
a network system. The peripheral technologies and methodologies for SIS are introduced in the last

chapter of the manual. -

3. BASIC CONCEPT OF SIS DEVELOPMENT

3.1 General

When one tries to develop an efficient SIS, there are several problems. First, advanced information
systems are usually developed mainly from a viewpoint of information technology professionals who do
not necessarily know the activities of earthquake disaster response system. As é result, sometimes
personnel in the response system encounter insufficiency of system performances such as accuracy, speed
and capacity while some other performances exceed their aims. There can be another problems in the
progressive information technology. For an example, once SIS is developed as a large host-terminal
system, it cannot be revised‘ easily. For another example, data may not be shared easily between different
systems which are separately developed, or even it may be difficult to exchange data between different

versions of the same application because of frequent revision. Thus, in the first part of the manual, several




suggestions are stated to develop efficient and flexible SIS that meet with the requirements of the
earthquake disaster response system.
3.2 Objective Oriented Concept
To develop SIS which satisfies requirements of an earthquake disaster response system, SIS should not be
thought simply as an integration of devices and épplication software. Rather, it is suggested that the
system should be developed based on the earthquake response activities and the information dealt with in
the activities. To accomplish this objective, following three steps are needed.

- to investigate and organize response activities of the earthquake disaster response system

- to investigate information dealt with in the activities

- to clarify the requirements of functions of the SIS to efficiently deal with the information
Charts, tables and even the analytical method such as the systems analysis are necessary to perform the
tasks above. Although the manual does not show the detailed methods, a simple example of such an
examination is expressed in another chapter.
3.3 Flexibility .
SIS deals with many kinds of data of daily maintenance in addition to the emergency information after the
earthquake. Therefore, it needs to be able to access almost any information regarding the facility
management. One of the solution of such data sharing system is servers with highly integrated functions
and clients that browse the result of servers’ functions (Figure 3.1), However, it has disadvantages such as

inflexibility, bottleneck and concentration of risk against earthquakes. Especially, SIS must be flexible

from the viewpoint of expandability because it utilizes rapidly changing advanced technologies. The

better solution to cope with this problem is a distributed data sharing system (Figure 3.2). In such system,

the data are stored in each server for specific function and they are utilized by arbitrary client through the
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To realize the true distributed data sharing system, the structure and the formant of the data dealt with by
SIS must be identified and clearly described. An image of data structure that can include the attributes
and relationships is shown in Figure 3.3. Once the structure is defined and clarified, the information can
be interpreted to any format. If the format is well defined, arbitrafily added subsystem can access the

information regardless with the types of operating systems and applications.
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" Fig. 3.3 Image of Data Structure

3.4 Others
Other issues concerning the feasibility and the usability of SIS - for example, the standardized interfaces
that lead to better manipulation and use of the system in the normal situation to be accustomed to it - are

explained.

4. COUNTER-EARTHQUAKE ACTIVITIES AND INFORMATION
4.1 General
To develop an efficient SIS, the activities of the earthquake disaster response system and the information
dealt with need to be investigated. In the manual, an example of such investigation in which response
activities are divided into four phases is shown. For each phase, the activities are specified, and the
information needed for each activity and the functions of system to deal with the information are listed.
4.2 Earthquake Disaster Response Phases
Assuming an earthquake disaster response for civil infrastructures, following four phases are listed.

- Emergency response phase

- Temporary restoration phase

- Complete restoration phase

- Response system support phase




In the emergency response phase, overall rough damage inspection is performed. Temporary measures

without heavy equipments are taken occasionally. Temporary restoration phase includes the damage
inspection, decision making and activities for the restoration. Complete restoration phase is similar to the
temporary restoration phase, while it requires more close inspection and complete restoration of damaged
facilities. Response system support phase is different from other three phases, which concerns overall
response activities from the start to the end. For example, it includes ensuring safety of the personnel and
management of resources to maintain the response system.
4.3 Activities, Information and System Requirements for Each Phase
For each phase, the response activities are itemized. For example the emergency response phase includes
four activities, namely, (1) setup of earthquake response system, (2) emergency damage inspection, (3)
~ investigation of response planning and (4) emergency response. Each activity requires various kinds of
information for its execution, and the functions of SIS to deal with the information are listed. For instance,
the activity to setup the earthquake response system includes the following sets of information and the
function of SIS. |
(A.1) Setup of earthquake response system _

(A.1.1) earthquake information -> earthquake detecting function [4.3.1]

(A.1.2) facility damage information -> damage detecting function [4.3.2, 4.3.3]

(A.1.3) startup trigger information -> emergency call function [4.4.1]
The numbers in the brackets indicate the section numbers of the manual where the technologies
corresponding to the functions are explained. Details of those technologies are explained in the chapter
four of the manual. The chapter three exemplifies that once the planner analyzes the activities,
information and the required functions, he/she can distinguish the appropriate technologies applicable for

SIS by referring the corresponding sections.

5. TECHNOLOGIES APPLICABLE FOR SIS

5.1 General

Usually, the personnel of the earthquake disaster response system who plan to develop SIS are not the
professionals of the information technologies. Besides, because of the characteristic of SIS, it does not
only include the general information technology but also applies the specific technologies regarding the
earthquake disaster prevention. Thus, the planners in the response system and the information technology
professionals must share the both kinds of knowledge.-

In the chapter four “Element Technologies for SIS” of the manual, numbers of technology that can be
applied to SIS are introduced. The planner of SIS can refer them to find the technologies suitable for the
function of SIS which he/she has investigated as exemplified before. Also, it can be referred as the

handbook to know the state-of-the-art of the technologies for SIS. While the advanced technologies are



often explained separately in respective specific area, this manual collects them so as to be the
comprehensive reference for SIS planners. Also, it is intended that the manual be useful for the personnel
who are not necessarily the professionals of the information technology to discuss about SIS with the
information technicians. The technologies included in this chapter are divided into five categories,
namely, "

- Common infrastructure technologies,

- Technologies to detect phenomena,

- Technologies for information exchange,

- Technologies for display and analysis,

- Technologies to support decision making ,
The structures of this chapter with Subcategories are shown in Figure 5.1. Each numbers beside the boxes

are not of this article but of the manual.
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Fig. 5.1 Structure of Manual Chapter 4

5.2 Common Infrastructure Technologies

This section introduces two kinds fundamental and important technology that are common to any SIS:
that is, the information transfer technologies and the information storing technologies. In fact, they are
fundamental technologies for any kinds of information systems.

The information transfer technologies are the vital fof all kinds of information systems, which includes

wired/non-wired signal transfer technologies. In the manual, several kinds of those technologies are listed




and compared from such viewpoint as speed, risk and cost.

The Information storing technology section focuses on the storage devices such as hard disk drive (HDD)
and magneto-optic disk (MO). Also, this section introduces the brief concept of the relational database
(RDB) which is related to the distributed data sharing system. Figure 5.2 shows an image of data shared
system with Structured Query Language (SQL) which is generally used to control RDB.

ﬁ DB2

Server 1 Server 2
) SQL  SQL
Data ata

'Cllient
Fig. 5.2 Concept of SQL

5.3 Technologies to Detect Phenomena
Prompt detection of phenomena regarding the earthquake disaster is necessary for the efficient response.
This section includes following five kinds of technologies.
-earthquake detection: technology to detect the ground motion of an earthquake by accelerograms that
indirectly represents the facility damage
-damage detection: technology to directly detect the damage of facilities caused by the earthquake by
utilizing various types of sensors
-damage estimation: technology to estimate the damage of facilities indirectly based on the ground
motion data
-field inspection support: combination of technologies to support the field inspection of damage
-remote-sensing: advanced remote sensing technologies from platforms such as an airplane and an
artificial satellite
For example, sensors to detect facilities damage should be used properly depending on the distribution of
the facilities and the required accuracy. While rough detection of damage of facilities in wide area needs
only simple sensors such as the wire sensor, more sophisticated sensors are necessary for accurate
detection for important facilities. Figure 5.3 illustrates an image of accurate damage detection for an

important bridge.
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Figure 5.4 is an example of a real-time damage estimation system for civil infrastructures. The flow of the
execution and the display image are from Seismic Assessment Tool for Urgent Response and Notification
(SATURN) developed by PWRI. It provides rough estimate of damage on civil infrastructures based on

the ground motion data detected by online accelerograms.
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Fig. 5.4 Real-time Damage Estimation

In Figure 5.5, the field inspection support technology is illustrated in which various kinds of advanced
technology equipment are utilized. For example, personnel of inspection team can easily understand their
position in the damaged area with the help of the global positioning system (GPS) and the geographical
information system (GIS). The information about the damage including texts, still images and even
moving images can be sent to the response center through the communication technology. The planner
can develop such a system with exclusive devices, or he/she can use existing equipments in the market.

Recent technology can provide the flexibility of such a way of development of the system, and it




improves the efficiency of the field inspection activities.
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Fig. 5.5 Field Inspection Support

Because of the extension of the earthquake damage, the information in wide area needs to be corrected all
at once. Remote-sensing technology can be a candidate for such requirement. The remote-sensing
technology consists of two parts, one is a platform and the other is a sensor. There are many kinds of
platform: e.g., aircraft and artificial satellite. They are characterized by their height, mobility and stability.
As for the sensor technology, it also has various kinds such as an optical sensor, infrared sensor and laser
~ profiler. They are characterized by the ability to detect phenomena, accuracy and influence of weather

such as cloud and rain. Simulated images from satellite are shown in Figure 5.6 by changing the accuracy.

Fig. 5.6 Simulated Remote Sensing Images (Grid Size: 30m, 10m, 1m)

5.4 Technologies for Information Exchange




For the prompt and efficient earthquake response activities, organizations and the personnel need to
“exchange their information. First, it is vital to note the information for the establishment of the response
system to the personnel all at once especially when the earthquake occurs out of office hours. Pager, voice
modem and Internet technology can be used. Second, the information stored and corrected need to be
managed appropriately. For example, even if the system has the stock data materials for the restoration,
they may be meaningless if their volume is not updated timely. Thus, the information management issue
is explained here although it is rather a management technique than a pure hardware technology or logical
software technology. In the last, the technology that is applicable to exchange information between two
different organizations is introduced. It is comparatively the professional issue regarding the network
communication technology, however a planner needs to know its concept. Figure 5.7 shows an image of
the extranet which utilizes the Internet technology. By applying the extranet, more than one organizations

exclusively exchange their information through the Internet which anonymous users access.
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Fig. 5.7 Data Exchange in Internet

5.5 Technologies for Display and Analysis
While the information is gathered and stored, it becomes useful only when they are analyzed and
displayed in proper manner. The manual shows recent technologies to display following objects.

- map: display, integration and analysis of data by using GIS

- database: flexible database control by using SQL

- still/moving image: their application and the mechanism
While those technologies are not only for SIS but general for any kinds of information system, their
mechanisms are briefly discussed to help planners grasp initial ideas to import them into their SIS. For
example, a still image linked with an object in GIS is shown in Figure 5.8. In the manual the mechanisms

of each technology is explained conceptually.




Fig. 5.8 Still Image in GIS

5.6 Technologies to Support Decision Making
While the information of damage state and other phenomena and their analyzed results improve the
earthquake response activities, it can be useful if the SIS provides more creative information to support
‘examination on efficient response alternatives. Usually such functions utilize simulation and/or
optimizing techniques from many fields. The manual introduces three examples of them as follows.

- Technology to find the shortest route

- Technology to find the most efficient priorities of such activities as emergency restoration

- Technology to find the most optimized pattern of person/material arrangement
Those technologies do not necessarily give the completely exact results, however, the earthquake
response team can investigate the appropriate countermeasure by examining the alternatives that the

decision making support technologies provide. : .

6. SAFETY AND SECURITY

6.1 General

Sometimes, the negative surface of the information system is emphasized: e.g., its vulnerability to disaster,
security problem and complexity of operation. It may be true if the system is not constructed and
maintained properly. To realize the functions of SIS both in the usual and the emergency states, the
manual introduces the following important points: that is, safety against earthquake disaster and security
as network system.

6.2 Safety against Earthquake Disaster

SIS must be functional under the estimated level of earthquake. On the other hand, the information
system devices are weak against such conditions as shock, vibration and irregular temperature which
occur in earthquakes. The manual explains following three issues to reduce and manage the risk of SIS

" against the earthquake.



- Constructing earthquake standing SIS : many points regarding the settings and arrangements of
system devices and facilities ‘
- Risk control with distributed SIS : concepts and techniques to keep the redundancy of the system,
network line and data against the disaster | '
- Preparedness to the critical situation in which SIS is not functional : importance of consideration of
contingent situation in which the response system must act without sophisticated SIS
Examples of data distribution by using RAID (Redundant Arrays of Inexpensive Disk) technology are
shown in Figure 6.1. Here, RAIDO is used to improve the disk access speed and RAID1 is used to
improve safety of data. There are other efficient and practical disk system of RAID versions, and the

planners can improve the safety of the data by utilizing them.
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Fig. 6.1 Image of RAID0 and RAID1

6.3 Security

Although the security does not directly related to the
efficiency of SIS function, it is an important issue Reply to request from inside
regarding the computer network system. Because the firewall is permitted
ideal SIS deals with almost all the kinds of data of the /JEH .
earthquake disaster response organization, the data —= E _
stored and transferred in SIS must be well secured by :

such technologies as firewall and encryption. In

Figure 6.2, an idea of the firewall for a network

system is illustrated. Here, the access from out of SIS '
is denied as long as it is not the reply to a request from

SIS.

unverified request is not permitted

Fig. 6.2 Example of Firewall Policy




On the other hand, strong security occasionally becomes an impediment for the earthquake disaster
response activity. An example is a case in which all the limited authorized personnel are not accessible to
the system in a disaster. Thus, the manual suggests that both the security and its exception from the point

of the earthquake disaster response need to be considered.

7. CONCLUSION

Seismic Information System is one of the most difficult information systems to develop. Because the
earthquake response system must deal with many kinds and much amount of information over their own
organization, SIS is required to be the most extensive system. Also, it must stand against a disastrous
earthquake for its original use. In addition, the planner and user must have the knowledge of earthquake
engineering for some of functions of SIS. Thus, planning and developing SIS certainly require
comprehensive knowledge of the information technology, earthquake engineering and risk management.
Although there are researches and products for the individual system currently, there have not been
guidelines for the comprehensive SIS and they are left to the information technicians. The manual
introduced in this paper has been produced aiming to be such a comprehensive but easy-to-use guideline
for information technicians, earthquake engineers and earthquake response system planners. As the
software and hardware technology progresses in rapid speed, the elemental contents needs to be revised
by degrees. By improving the technologies based on another detailed researches regarding each element

technologies, actual SIS that helps response systems can be developed.
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ABSTRACT

This paper introduces the “Draft Manual for
Seismic Information System Development” that
Public Works Research Institute, Ministry of
Construction recently developed. The manual
was prepared to develop efficient seismic
information system: SIS for civil infrastructure
administrating bodies from the viewpoint of the
national land management policy. This paper
includes a basic concept of SIS development,
requirements of SIS, element technologies for
SIS, and safety/ security.
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1. INTRODUCTION

Recent situations such as environmental changes
and severe disasters over the world require more
comprehensive countermeasure than before. Such
countermeasure must be an overall program
including monitoring of circumstances, adequate
planning and administration in addition to the
construction. Especially, civil infrastructures
require overall management because they have

counteractions to nature and soctal activities.

The Ministry of Construction has initiated a

comprehensive  research  project

five-year
“Application of Advanced Technologies for the
National Land Management” since 1999. In the

national land  management (designated
hereinafter as NLM) framework, four important
tasks are needed to cope with the major missions
(Figure 1) including the safety against disaster.
The research project includes applications of
recent advanced information technologies such as

GIS, GPS and satellite images.

Among various missions included in NLM,

earthquake disaster prevention for civil

infrastructures is unique because;

1) Disaster mitigation requires various kinds of
information, i.e. hazard distribution, disaster
potential, and social activities,

2) Damage of facilities tend to be developed
simultaneously in wide area,

3) Urgent works are needed to prevent the
expansion of disaster influence,

4) Disaster influence is unpredictable due to
the complexity of urban functions.

A seismic information system (designated

hereinafter as SIS) is one of the solutions to

support disaster response activities (Figure 2).

Although advanced technologies have been
rapidly developed, their performance may not
agree with the requirements of disaster response
activities. For example, satellite images may not
be precise to detect damage of facilities, or
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maneuverability of the GIS is too complex for the
emergency actions. Besides, other problems may

exist due to a framework of the SIS. For example, .

sometimes the same kinds of data set are stored
to different computer systems redundantly. In
addition, once a huge system is constructed, it
needs much cost to extend or revise the system.
In other words, there are many possible problems
and losses depending on the SIS architecture.
Being aware of these issues, the PWRI has
coinposed a draft guideline for the efficient
development of the SIS. In this paper, the brief
contents of the “Draft Manual for Seismic

Information ~ System  Development”  are
introduced.
2. STRUCTURE OF MANUAL

2.1 Overview :
For the efficient development of the SIS, the

Chapter 1: Introductidn
Chapter 2: Basic Concept

Refer
Chapter 3 g Chapter 4
Requirements Element_
Technologies
Apply
Chapter §
System Safety

Fig.3 Structure of Manual

manual contains important topics, namely,

planning and development concepts of
user-oriented and flexible SIS, and a list of
state-of-the-art of technologies as a reference for
the system planners. Also, the system safety issue
is included. The
corresponding chapters as shown in Figure 3.
Note that the numbers of chapter are not of this

paper but of the manual.

topics are arranged in

2.2 Key issues

Brief statements of the key topics in Figure 3 are
as follows. The detailed explanations are in the
chapter three to six of this paper.

(1) Basic Concept of SIS Development

The basic concept of the SIS development
includes: concept for user-oriented SIS, concept
for flexible SIS, consideration of the system
interface, and the application of SIS in normal
state. These issues are fundamentals for the SIS
that satisfies requirements for earthquake disaster
response systems. While the concept mainly aims
to initial development of the SIS, they can be

.applied to improve existing SIS with careful

consideration.

(2) Activities and Requirements for SIS
Classification of the earthquake
activities, information required for the activities,

and functions required for the SIS are described

response
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in the chapter three of the manual.

(3) Review of Element Technologies for SIS

After requirements and structure of the SIS is
determined, planners‘ must investigate proper
technologies to realize the functions of the SIS.
Because the SIS requires knowledge on both
advanced information technology and earthquake
engineering technology, planners need their
comprehensive list. The manual provides an
inventory of current advanced technologies of
both fields in the chapter four.

(4) Consideration of Safety of SIS

Because the SIS is supposed to be used in an
emergency situation, it must be well prepared for
a disastrous condition. Therefore, planners must
consider safety of devices, facilities and data
related to the SIS against earthquakes. Besides
the safety and security must be established and
maintained because the SIS is developed under
network situations. The technologies and
methodologies for the safety and the security are
introduced in the last chapter of the manual.

3. BASIC CONCEPT

3.1 General

When one tries to develop an efficient SIS, there
are several problems. First, advanced information
systems are usually developed mainly from a
viewpoint of information technology
professionals who do not necessarily know the
activities of earthquake disaster response system.
As a result, sometimes personnel in the response
system encounter insufficiency of system
performances including the accuracy, speed and
capacity while some other performances exceed

their aims. Second, there can be another

problems related a system architecture. Once SIS

is developed as a large host-terminal system, it

cannot be revised easily. Data may not be shared -

easily between different systems that are

separately developed, or even it may be difficult
to exchange data between different versions of
the same applications because of frequent
revision. In the first part of the manual, therefore,
several suggestions are stated to develop efficient
and flexible SIS that meet with the requirements
of the earthquake disaster response activities.

3.2 Objective oriented concept

To develop the SIS that satisfies requirements of

an earthquake disaster response system, SIS

should not be thought simply as an integration of

devices and application software. Rather, it is

suggested that the system should be developed

based on the earthquake response activities and

the information dealt with in the activities. To

accomplish this objective, following three steps

are needed.

1) To investigate and organize disaster response
activities

2) To investigate information dealt with in the
activities

3) To clarify the requirements of functions to
efficiently deal with the information

Charts, tables and even the analytical method

such as the systems analysis are necessary to

perform the tasks above.

3.3 Flexibility

SIS deals with many kinds of data of daily
maintenance in addition to the emergency
information after earthquakes. Therefore, it needs
to be able to access almost any information
regarding the facility management. One of the
solution of such data sharing system is servers
with highly integrated functions and clients that
browse the result of servers’ functions (Figure 4),
However, it has disadvantages such as
inflexibility, bottleneck and concentration of risk
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against earthquakes. Especially, SIS must be
flexible from the viewpoint of expandability
because it utilizes rapidly changing advanced
technologies. The better solution to cope with
this problem is a distributed data sharing system
(Figure 5). In such system, the data are stored in
each server for specific function, and the data are
utilized by arbitrary clients through common
interfaces.

To realize the true distributed data sharing system,

the structure and the format of the data dealt by
SIS must be identified and clearly described. An
image of data structure that can include the

attributes and relationships is shown in Figure 6.
Once the structure is defined and clarified, the
information can be interpreted to any format. If

.......... Damage | | Image of
Level Damage

Reference

.......... Date of
Occurrence

Fig.6 Data Structure

the format is well defined, arbitrarily added
subsystem can access the information regardless
with the types of operating systems and

applications.
4. REQUIREMENTS OF SIS

4.1 General

It is essential to investigate activities of the
earthquake disaster response system and the
information dealt with. - In the manual, an
example of such investigation in which response
activities are divided into four phases is shown.
For each phase, activities, information needed,

and functions required for SIS are clarified.

4.2 Earthquake disaster response phases

Assuming an earthquake disaster response for

civil infrastructures, response phases can be

classified as follows:

1) Emergency response phase: Overall rough
damage inspection is performed. Temporary
measures without heavy equipments are
taken occasionally.

2) Temporary restoration phase: Activities
include damage inspection, decision-making
and activities for the temporary restoration.

3) Complete restoration phase: Similar to the

temporary restoration phase, while it requires




more detailed inspection and complete
restoration of damaged facilities.
4) Response system support phase: This
phase is different from other three phases,
which concerns overall response activities

from the start to the end. For example, it

includes ensuring safety of the personnel

and management of resources to maintain
the response system.

4.3 Activities, information, requirements

for each phase
For each phase, response activities are
itemized as shown in Table 1. For example the

emergency response phase includes four

activities, namely, setup of earthquake

response  system,  emergency  damage
inspection, investigation of response planning
Each

requires various kinds of information for its

and emergency response. activity
execution, and the functions of SIS to deal

with the information are listed.

The numbers in the brackets indicate the
section numbers of the manual where the
‘technologies cormresponding to the functions
are explained. Details of those technologies are
explained in the chapter four of the manual.
The chapter three exemplifies that once the
planners analyzes the activities, information

and the required functions, they can
distinguish the appropriate technologies
applicable for SIS by referring the

corresponding sections.

5. ELEMENT TECHNOLOGIES

5.1 General
In the chapter four “Element Technologies for

SIS” of the manual, numbers of technology

Table 1 Activities, Information and

Required Functions

Emergency Response Phase

Related Information| Response System Staffs

Activities Information System Functions
Earthquake Earthquake Detection(4.3.1)
‘S:;""’ of ‘S’Q . Facility Damage Damage Detection(4-3.2,4.3.3)
PONse SyStem | Set-up Trigger ncy Calid.4.1
Inspection Strategy Detection of Phenomena(4.3.1-4.1.5)
Emergency Inspection Activity Field Activity Support(4.3.4)
Damage Inspection | Facility Damage | Fleld Activity Support(43.4)
General Information Remote Sensing(4.3.5)
Stady of [ Related Organ's Action | Information Exchange(4.43
Res, Planni Construction Staffs Information Management(4.4.2)
ponse "¢ | Priority Decision Making Support(4.4.14.4.3)
Emergency ’
Response Response Activity Fleld Activity Support(4.3.4)
Temporary Restoration Phase ]
Activities Information System Functions
Investigation Strategy Remnote Sensing(4.3.5)
Damage Investigation Activity
Tnvestigation Facility Damage Fleld Activity Support(4.3.4)
General Information___| "emote Sensing(d.3.5)
Related Organ’s Action _| Information Exchange(4.4.3)
;Tn:‘ﬁm Construction Stuffs Information Ma; 442
2 Priority Decision Making Support(4.4.1-4.4.3)
Temporary
Restoration Restoration Activity Field Activity Support(d.3.4)
Complete Restoration Phase :
Activities Information System Functions
Investigation Strategy Decision Making Support(4.6.1-4.6.3)
[ Investigation Activity |
Investigation Facility Damage Flekd Activity Support(4.3.4)
General Information
Related Organ’s Action | Information Exchange(4.4.3)
Restoration Construction Stuffs Information Management(4.4.2)
Planning Regional Restoration Flar Information Exchange(4.4.3)
Priority Decision Making Support(4.4.1-4.4.3
Complete Restoration Activity Fleld Activity Support(4.3.4)
. Information Management(4.4.2)
Restoration on Stuffs Information Exchange(4.4.3)
rt
Activities Information System Functions
Response System | Response System Level | Common Infrastructure(d.2) |

Information Management(4.4.2)

Disaster Prevention | Building Damage
Base Device Dama; Fleld Activity Support(4.3.4)
‘;‘f:‘;s“y Support | G rage and Distribution | Information Management(4.4.2)
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that can be applied to SIS are introduced. The




planners of SIS can refer them to find the
technologies suitable for the function of SIS that
they have investigated in the chapter four. Also, it
can be referred as the handbook to know the
state-of-the-art of the technologies for SIS. While
the advanced technologies are often explained
separately in respective specific area, this manual
collects them so as to be the comprehensive
reference for SIS planners. Also, it is intended
that the manual be useful for the personnel who
are not necessarily the professionals of the
information technology to discuss about SIS with
the information technicians. The technologies
included in this chapter are divided into five
categories. The structures of this chapter with
subcategories are shown in Figure 7.

5.2 Common infrastructure technologies

This section introduces two kinds of fundamental
and important technology that are common to any
SIS. The information transfer technologies are
the vital for all kinds of information systems that
signal
technologies. In the manual, several kinds of

includes wired/ wireless transfer
those technologies are listed and compared each
other as shown in Table 2.

The Information storing technology section
focuses on the storage devices such as hard disk
drive and magnet-optic disk. Also, this section
introduces a brief concept of the relational
database that is related to the distributed data
sharing system. Fig. 8 shows an image of data
shared system with “Structured Query Language:
SQL” that is generally used to control RDB.

5.3 Technologies to detect phenomena
Prompt detection of phenomena caused by the
earthquake disaster is necessary for the efficient

response. This section includes following five
kinds of technologies.

Table 2 Information Transfer Technologies

- Vulnerability Cost Service

T " Speed Conflict| RestrictDamage|Initial| Run | Area
Telephone Line [¢] X X A 00 | 00| 00
Ditto (ISDN) [¢] X X A 0 | 00 o
Ditto (Packet) 00 ! 00 o A A A A
Cellular Phone [¢] A A (4] 00 [0 00
Wireless (Ground) | X 00 o0 00 | — | — o
Wireless (Satellite) | X 00 (4] 00 | — | — —

e D E]
Database 1

Server 1 Server 2
QL
Data Data

3

Client PC

Fig.8 Data Sharing using SQL

1) Earthquake detection: Technology to detect
the ground motion of earthquakes by
accelerographs.

2) Damage detection: Technology to directly
detect the damage of facilities by utilizing
various types of sensors.

3) Damage estimation: Technology to estimate
the damage of facilities indirectly based on
the monitored ground motion data.

4) Field inspection support: Combination of
technologies to support the field inspection of
damage. :

5) Remote-sensing: Advanced remote sensing
technologies from platforms such as
helicopters, airplanes and artificial satellites.

For example, sensors to detect damage should be

used properly depending on the distribution of

-facilities and the required accuracy. While rough

detection of damage in the wide area needs only
simple sensors such as the wire sensor, more
sophisticated sensors are necessary for accurate
damage detection for important facilities. Fig 9
illustrates an image of accurate damage detection
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for a highway bridge.

Figure 10 shows an urgent damage estimation
system for highway bridges and river levees. The

system provides rough estimation based on the
monitored ground motion data and pre-stored
structures database.
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Fig. 11 Field Inspection Support Technologies

Field inspection support technology is illustrated
in Figure 11, in which various kinds of advanced
equipments are utilized. For example, personnel
of inspection team can easily understand their
position in the damaged area with the help of the
GPS and GIS devices. The information about the
damage including texts, still and moving images
can be sent to the response center through the
communication technology. Planners can develop
such a system with exclusive devices, or they can
use existing equipments in the market. Recent
technology can provide the flexibility of
development of the system.

Because of the extension of the earthquake
damage distribution, the information in wide area
needs to be collected all at once. Remote-sensing
technology can be a candidate for such
requirement. The remote-sensing technology
consists of two parts, one is a platform and the
other is a sensor. Various kinds of platform are
characterized by their height, mobility and
stability. As for the sensor technology, it also has
various kinds such as an optical sensor, infrared
sensor and laser profiler. They are characterized
by the ability to detect phenomena, accuracy and
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Fig. 12 Damage Detection by Remote Sensing

influence of weather such as cloud and rain.
Figure 12 shows simulated satellite images for
understanding earthquake damage.

5.4 Technologies for information éxchange

For the prompt and efficient earthquake response

activities, organizations and the personnel need

to exchange their information. This section
includes following three kinds of technologies:

1) Emergency call: It is vital to note the
information for the establishment of the
response system to personnel all at once.
Pager, voice modem and Internet technology
can be used.

Information

2) Information = Management:

collected and stored need to be appropriately

managed. For example, information of stock

materials for the restoration is meaningless if
they are not updated timely. Information

(" Organization A (" OrganizationB )

Work Office on-l

Bureau

Fig.13 Data Exchange between Extranet

management issue is explained here although
it is rather a management technique than a
pure hardware/ software technology.

3) Information exchange: Technology that is
applicable to exchange information between
different
Figure 13 shows an image of the extranet

organizations is introduced.
that utilizes the Internet technology. More
than one organizations exclusively exchange
their information through the Internet by
using extranet technology.

5.5 Technologies for display and analysis

While the information is gathered and stored, it
becomes useful only when they are analyzed and
displayed in proper manner. This section includes
recent technologies to display maps, database and
still/ moving image.

Fig. 14 Still Image Displayed in GIS
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While those technologies are not only for SIS but
general for any kinds of information system, their
mechanisms are briefly discussed to help
planners grasp rough ideas to import them into

their SIS. For example, a still image linked with

an object in GIS is shown in Fig14. In the manual

the mechanism of each technology is explained
conceptually.

5.6 Technologies to support decision-making
While the earthquake/ damage/
information itself improve the response activities,

general

it can be useful if the SIS provides more creative

information to support examination on efficient

response alternatives. This section introduces

three kinds of examples:

1) Technology to find the shortest route

2) Technology to find priorities of emergency
restoration activities ‘

3) Technology to find optimized pattern of
person/ material arrangement |
Those technologies do not necessarily give the
completely exact results, however, the earthquake
response team can investigate the appropriate

countermeasure by examining the alternatives.

6. SAFETY AND SECURITY

6.1 General

Vulnerability to disasters and security problems
are the negative aspects of SIS. It may be true if
the system is not constructed and maintained
properly. This section introduces several
measures for the reduction of these kinds of risks
to realize the functionalities of SIS both in the

usual and the emergency states.

6.2 Safety against earthquake disaster
SIS must be functional under the anticipated

level of earthquake. On the other hand, the
information system devices are weak against
such conditions as shock, vibration and irregular
temperature during earthquakes. This section

- explains following three kinds of issues to reduce

and manage the risk of SIS.

1) Constructing earthquake standing SIS: Many
points  regarding the settings and
arrangements of system devices and facilities

2) Risk control with distributed SIS: Concepts
and techniques to keep the redundancy of the
system, network line and data

3) Preparedness for the critical situation:
Importance of consideration of contingent
situation in which the response system must
act without sophisticated SIS

An Example of data distribution by using

Redundant Arrays of Inexpensive Disk: RAID
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AB|Ci{D}|

RAID 1

Fig.15 Data Distribution using RAID
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Fig. 16 Security of SIS using Firewall




technology is shown in Figure 15. “RAID 0” is
used to improve the disk access speed and
“RAID 1” is used to improve safety of data.
There are other efficient and practical disk
system of RAID versions, and the planners can
improve the data safety by utilizing them.

6.3 Security

Although the security does not directly related to
the efficiency of SIS function, it is an important
issue regarding the computer network system.
Because the ideal SIS deals with almost all the
kinds of data of the earthquake disaster response
organization, the data stored and transferred in
SIS must be well secured by such technologies as
firewall and encryption. Figure 16 illustrates an
idea of a firewall for a network system.

On the other hand, strong security occasionally
becomes an obstruction for disaster response
activities. An example is a case in which all the
limited authorized personnel are not accessible to
the system in a disaster. Thus, the manual
suggests that both the security and its exception
from the point of the earthquake disaster
response need to be considered.

7. CONCLUDING REMARKS

This paper introduces the “Draft Manual for
Seismic Information System Development” that
PWRI recently developed. The manual was
prepared to develop efficient seismic information
system for civil infrastructure administrating
bodies. Highlights of the manual can be

summarized as follows: .

1) Seismic information system is one of the
most sophisticated information systems to
develop. Because of the characteristics of
earthquake activities,

disaster response

2)

3)

4)

1)

2)

3)

4)
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Development,

user-oriented, feasible, earthquake standing

-and highly secured system is required.

“User-oriented” seismic information system
must be studied based on the information
dealt with in each earthquake response phase.
Assuming the response activities for
infrastructure, disaster response phase can be
classified as emergency response, temporary
restoration, and complete restoration phase.

“Feasible” seismic information system must
be studied to achieve data sharing, risk
distribution,
extensibility of the system. This concept is

rational maintenance, and
essential not only for the construction of SIS
but also reconstruction/ upgrading occasions.

The manual describes element technologies
suitable for the damage detection,
communication, display and analysis, and
decision-making support. Technologies must
be carefully selected considering the cost and
required performance. It is essential to study
the performance including accuracy, speed
and capacity from the earthquake engineering

of viewpoints.
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URBANIZATION AND URBAN DISASTER PREVENTION

by

Tomomitsu FUJIIV

ABSTRACT

In Japan, urbanization has been accompanied by
the appearance of increasingly advanced and
complex social systems. And disasters caused by
earthquakes, intensive rainfall and other natural
forces that caused property damage and human

casualties have evolved into quite complex urban -

disasters that bring secondary disasters in addition-

to the primary damage.

This report reexamines past urban earthquake and
flood disasters to study changes and features in
urban disasters accompanied by urbanization. The
report also presents an outline of urban disaster
prevention measures that must be promoted to
prevent urban disasters and minimize their effects
to increase the safety of urban areas.

KEY WORDS: Urbanization
Urban Disaster-
Earthquake, Flood

Disaster Prevention Measure
1. INTRODUCTION

The rapid industrialization and urbanization since
the beginning of high-speed economic growth in
1955 has concentrated the population in the three
huge metropolitan regions around Tokyo, Nagoya,
and Osaka. Urbanization has been accompanied
by the appearance of advanced social systems and
their close

facilities, increasing

and by

interrelationships.

Once social systems and facilities are destroyed or
disrupted by natural disasters, not only does the
system itself fail, ripple effects cause chain
reactions triggering new forms of disasters that
did not seen in the past. In this way, disasters that
occur in urban area have been transformed and
evolved as a by-product of urbanization.

Focusing on natural disasters accompanied by
this past -
earthquake and flood disasters to study the
changes, features and lessons of urban disasters.

urbanization, report reexamines

The report also includes an outline of urban
disaster prevention measures against earthquakes
and intense rainfalls that must be promoted to
prevent urban disasters and minimize their effects
trends

information

considering recent social including

internationalization, technology

revolution, and aging of society.
2. URBAN DISASTER

2.1 Urbanization
Figure 1 shows changing numbers of human
casualties due to past natural disasters. Although

continuous implementations of disaster prevention

1) Director-general, Public Works Research
Institute, Ministry of Construction
1 Asahi, Tsukuba, Ibaraki 3050804 Japan




measures has been rewarded with a steady fall in
the number of casualties, continued concentration
of properties and population in urban regions
increased their susceptibility against natural
And the 1995
Earthquake caused the most serious disaster in the

disasters. Hyogo-ken Nanbu

recent history of Japan.

Loss of Lives (person)

47' 51" 55 59 63' 67° 71" 75 79' 83' 87 91’ 95
Fiscal Year

Fig. 1 Human Casualties due to Natural Disasters

In urban regions, new social systems and facilities
have appeared and spread to support the
socio-economic activities (Figure 2). Many of
these social systems and facilities have never been
exposed to a large-scale disaster and have the

potential to cause unpredictable forms of damage

and complex chain-reactions of secondary
disasters.
Facilities and Years
Background Functions 30 50°  70° 90
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Rising Price of Land, | Underground Arcade -
Concentration of - .
Population/ Functions | Reclaimed Land
Chemical Plant i
Rapid/ Mass Highway System .-
Transportation System| Subway System
Information Oriented | Online Computer System
Improvement of | Yater Supply/ Sewage -
Living Condition | Convenience Store .
Major Earthquakes Kanto EQ Niigata EQ

Hyogo-ken Nanbu EQ

Fig. 2 Appearance of New Social Systems
and Facilities
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Fig. 3 Evolution and Classification of
Natural Disasters (schematic)

2.2 Recent urban disasters
(1) Classification of natural disasters

Figure 3 schematically presents that natural
disasters have evolved by focussing on their
“effected

“complexity of influence”. This report categorizes

“effected duration”, region” and

natural disasters as a “rural disaster”, an
“urbanizing disaster” and an “urban disaster”.

1) Rural disaster:

This type means a classical disaster developed in a
region where urbanization has not initiated and
neither infrastructures nor disaster prevention
facilities have been provided. Most of the effects
caused are primary damage such as property
damages and human casualties. Effected duration
and region are limited.

2) Urbanizing disaster:

This type of disaster occurs in rapidly urbanizing
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regions where population has been increasing but
infrastructures and disaster prevention facilities
have not been sufficiently provided. Rapid
urbanization in developing countries has increased
the frequency of this type of disasters around the
world. Although effects caused by the disaster are
mainly primary damages, effected duration and
region are larger than rural disasters.

3) Urban disaster:

This type of disaster occurs in highly urbanized
metropolises and regional core cities. Where the
infrastructures are not sufficiently safe, extremely
severe primary damagé occur, and cause
disruption of urban functions as the secondary
damage. Because urban functions are highly
interdependent and complexes, it is difficult to
-predict the relationship between the external
natural force and the form of damages. Influence
of the disaster spread over wide area, and disaster
restoration requires long period comparing with

previous types of disasters.

(2) Recent urban disasters in Japan
1) Niigata Earthquake (1964/6/16, M 7.5)

% 5 P

- Ao .
Photo. 1 Failure of

Ground Liquefaction

Highway Bridge due to

Earthquake disaster developed in the urbanizing

Niigata Prefecture caused approximately 470 of

casualties, 1,960 of totally destroyed buildings,
of highway bridges.
liquefaction that occurred over wide areas of soft

and failures Ground
soil deposit was an unpredictable phenomenon
that have never experienced before. And it was
pointed out that a ground cave-in and a lateral -
ground flow induced by the ground liquefaction
are likely to enlarge human and property damages.
Because most of core cities are placed on soft
ground soil deposit in Japan, this disaster

experience enforced countermeasures to prevent

 the ground liquefaction.

2) Miyagi-ken-oki Earthquake (1978/6/12, M
7.4)
Earthquake disaster developed in an urbanized
regional core city of Sendai in Miyagi Prefecture
caused appropriately 1,350 casualties and severe
damages on lifeline facilities for electric power/
gas/ water supply and sewerage. Damage of
buildings in newly prepared residential districts
and human casualties due to the collapse of block
walls were never experienced in previous disasters.
Because damages of lifelines influenced daily
lives and socio-economic activities for several
weeks after the earthquake, upgrading the seismic
safety of lifelines was pointed out to be important.

S

Photo. 2 Damage of Power Plant




3) Nihonkai-Chubu Earthquake (1983/5/26, M
7.7
Earthquake disaster developed in the urbanized
regional core city of Noshiro in Akita Prefecture
caused approximately 270 casualties, severe
damage on transportation systems including
highways and railroads, and lifeline facilities. The
fact that about 75% of the casualties were the
direct result of Tsunami triggered by the
earthquake served as a sharp reminder of the
importance of prompt evacuation activities and
provision of information to residents following an
earthquake. Transportation systems and lifelines
were seriously disrupted by damages to
embankments and buried pipelines. Because it
takes a long time to find out and repair damage of
underground facilities, it was pointed out that
seismic strengthening of underground facilities is

important.

-

Photo. 3 Up-lii’t of Undefg;ound Gas

Storage Tank

4) Intensive Rainfall in Nagasaki Pref. (1982/7/23,
187 mm/ hour) '

Flood disaster developed in the urbanized regional
core city of Nagasaki caused slope failures and

sediment flows around residential districts, and
disruptions of highway network. Approximately

1,100 casualties and 600 totally collapsed

. buildings were developed. Because the City of

Nagasaki is located in a peninsula surrounded by
of highway network
temporarily isolated the city and obstructed rescue

the sea, disruptions

activities. Even after the flood waters had receded,
mountains of debris and abandoned automobiles
blocked the streets so that it took a week just to
re-open the trunk roads. The disaster was a sharp
reminder of the importance to secure the highway
network redundancy, and to re-open trunk road

promptly after flood disasters.

e 54
% Sl way
Photo. 4 Closure of Trunk Road due to
Flood Debris

5) Hyogo-ken Nanbu Earthquake (1995/1/17, M
7.2)
Hyogo-ken Nanbu Earthquake was one of the

largest earthquake disaster developed in highly

urbanized region in Japan. Extensive ground
motion that was not formerly anticipated caused
approximately 5,500 fatalities, 93,000 totally
collapsed buildings, catastrophic damage of
transportation systems and lifelines, and damage
of other industrial facilities. Because disruptions
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of arterial highways caused serious and long
lasting influence on nationwide transportation
activities, importance to provide alternate arterial
transportation routes was pointed out. - The
importance of wide-area improvements to urban
districts was also illustrated by the spread of
uncontrollable fires that swept through districts
with high concentrations of wooden dwellings.
Damage to disaster prevention bases and
information systems that seriously hampered the
urgent response after the earthquake also
reminded the importance to prepare appropriate

crisis management programs in addition to

disaster prevention programs.

6) Intensive Rainfall in Fukuoka Pref. (1999/1/29,
122 mm/ hour)

Flood developed in Fukuoka city caused 2
fatalities, and slope
Hiroshima Pref. caused 31 fatalities and 153
collapsed buildings. Around the Hakata Station
where the use of underground space was advanced,

failure developed in

an underground arcade and underground station
were flooded. In the basement of a nearby office
building, people who failed to evacuate promptly
were drowned. The flooding cut off transportation

routes and caused the failure of power system

equipment blacking out the Hakata Station area.
This flood clearly indicated that the city was
susceptible to the influence of intensive rainfall
that exceeded the anticipated amount of rainfall.
The flooding of underground space was never
experienced before, and reminds the need of flood
disaster prevention measures for underground

space.

Photo. 6 Fi(vibding of Underground Station

2.3 Features and lessons learned

(1) Features of urban disaster

1) Simultaneity and complexity

In addition to the damage of human lives and
properties, complex disasters including city fire,
slope failure, tsunami, flooding, lifeline damage,

transportation damage, rumors, deteriorate of

environment, and other disasters are developed

simultaneously. And the form of disasters varies
according to topographical conditions, ground
conditions, and other unique features of regions.
2) Increase of human casualties

Highly concentrated populations tend to cause an
extremely increase of human casualties. Extensive
rescue and medical treatment activities are
required. Also numbers of emergency facilities for
medical treatment and evacuation are needed.

3) Influence to socio-economic activities
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Socio-economic activities in urban regions are

highly dependent on infrastructures including

lifeline  facilities, transportation facilities,
information related facilities, etc. Once
infrastructures lost their functions, serious

repercussion may be induced. In the 1995
Hyogo-ken Nanbu Earthquake, for example,
disruption of expressway not only cause delayed
evacuations, delayed restorations works and
traffic congestions in the damaged region but
indirectly affected nationwide socio-economic
activities. And the damage of port facilities at
Kobe not only cause loss of functions but also
affected in neighbor

countries through import/ export activities.

socio-economic  status
4) Chain-reaction and expansion of disaster

As a consequence of the highly interdependence
of urban functions, primary damage may induce
chain-reaction and cause the expansion of
secondary damage. For example, urban functions
are extremely dependent on electricity, failure of
power station affects almost all the urban
functions and socio-economic activities as the
secondary damage. '

5) Difficulty of disaster prediction

Due to the complex relationships between urban
functions, damage that does not seem to be related
with external natural force may be developed.
And due to recently appeared new facilities and
functions, unexpected new forms of damage may
In the 1971
Earthquake, for example, explosion of gas

be developed. San Fernando
pipeline and falling-off of curtain walls in
high-rise buildings were developed. In the 1978
Miyagi-ken-oki Earthquake, more than half of the
fatalities were induced by the collapse of block
walls. In the 1995 Hyogo-ken Nanbu Earthquake,
of fire prevented

malfunctions hydrants

firefighters from halting the spread of city fires,
and the damage of gas stations help leaving many
vehicles abandoned on city streets.

(2) Lessons learned from urban disasters

1) Importance of disaster mitigation planning
Although frequency of large-scale urban disasters
is quite low, disaster potentials is extremely high.
For promoting countermeasures and securing
safety of urban regions against such kind of “low
frequency and high influence” disasters, it is quite
important to develop appropriate - disaster
mitigation plans that include risk management
measures for damage prevention and crisis
management measures for minimizing disaster
Also

construction of infrastructures must balance the

influences by urgent response works.

pursuit of advanced functions with consideration
of their safety and roles during disasters.
2) Assessment of growing susceptibility
It is essential to carefully study the credible
external natural force, and evaluate susceptibility
regions.

of urban Susceptibility must be

appropriately evaluated from the following
viewpoints;

a) Distribution and attribute of population:

As the population concentrate to the urban regions, .
disaster potential increases. As the population
increases, residents with various attributes also
increase, i.e. elderly, handicapped, foreigners, and
infants. As the population increases, relationship
in cdmmunity is likely decline and residents with
little experience of disasters are increase. Housing
problem enforce long distance commute, and
induce huge population gap between daytime and
nighttime. Depending on the time disaster occurs,
human casualties due to panic and traffic

accidents may extensively increase.

— 120 —



b) New facilities/ functions and chain-reactions:

As new facilities/ functions increase, new form of
damage and propagation of disaster due to
chain-reaction are likely developed. It is therefore
essential to evaluate disaster susceptibilities by
understanding vulnerability of facilities/ functions
and their relationships.

¢) Spread of residential districts:

Accompanied with the spread of residential
districts, residents living in risky districts from
disasters are increasing. Districts with extremely
high concentration of wooden dwellings have risk
from city fire. Districts along steep slopes have
risk from slope failure. Districts with low
elevation have risk from flooding and tsunami.
And districts formed in reclaimed land have risk
from ground liquefaction.

d) Advanced use of urban space:

Accompanied with the lack of land, elevated
structures have been constructed for utilizing
Although these

necessary in urban regions, vulnerability and risk

urban space. structures are
from disasters must be carefully studied. For
example, High-rise buildings have risk from fire,
underground facilities including arcade and
stations have difficulty in emergency evacuation,
and elevated railways and viaducts have risk from
earthquakes.

e) Hazardous plants and materials: _

As the urban functions concentrated, hazardous
plants and materials to sustain urban activities are
required. These plants and materials include
energy production plants, pharmaceutical and
chemical plants, gas storage tanks, petroleum
supply bases, gas stations, etc. These plants and

materials have risk from explosions and serious

environmental problems.

3. DISASTER PREVENTION MEASURES

3.1 Basic concept _

The “Disaster Countermeasures Basic Act” was
enacted in Nov. 1961 in response to a large-scale -
disaster caused by the 1959 Ise-wan Typhoon. The
Act established the
prevention measures in order to protect human

framework for disaster

lives and properties from external natural forces
including earthquakes, tsunamis, windstorms,
intensive rainfalls, landslides, floods, high tides,
volcanic eruptions, heavy snows, etc. Figure 4
shows the relationship between disaster
prevention plans prepared for national level,
Prefectural level, municipal level and citizens’

level.

National Level: prepare, execute, coordinate basic plan

| “Basic Plan”
_| “Operational Plan”

Fig. 4 “Basic Plans for Disaster Prevention”

in Japan

Here, the disaster prevention plan was revised
following the 1995 Hyogo-ken Nanbu Earthquake.
Although disaster countermeasures have been
implemented to protect human lives and
properties from anticipated natural external forces,
the concept of crisis management to minimize the
disaster influence was additionally introduced.
This is because we must recognize technical

difficulties to predict a maximum limit of external



natural forces, and'technical/ financial difficulties
to completely protect facilities/ functions from
damages against catastrophic levels of external
natural forces.

3.2 Earthquake disasters

(1) Basic concept for disaster prevention
Although a mechanism of earthquake occurrence
have been investigated, it is technically difficult to
predict the maximum scale, accurate location and
time of earthquakes. And it is financially/
technically unrealistic to attempt protecting
facilities/ functions from damage -considering
catastrophic levels of external earthquake force. In
the “Basic Plan for Disaster Prevention” described
above, basic concept for preventing damage of
structures/ facilities is described as follows (Table

1)

Table 1 Basic Concept for Preventing Damage

1) External earthquake forces

Two levels of earthquake motions must be
considered in the seismic design of structure/
facility. The first level is ordinary motion that has
certain probability to strike structure/ facility once
or twice during its lifecycle. The second level is

extremely strong motion that has very low

probability to strike structure/ facility during its-

lifecycle. The second level of motion includes that
generated by interplate earthquakes in the ocean,
and that generated by earthquakes due to inland
faults.

2) Requirement of safety

Significant loss of functions must be prevented
against the first level of ordinary earthquake
motion. And serious threat to human lives must be
prevented against the second level of extremely
strong earthquake motion. In addition, sufficient
seismic safety must be provided to structure/
facility that failure of function affect significant
influence to urgent response activities and
socio-economic activities. The amount of safety
must be determined by considering importance of
each structure/ facility.

For securing safety of structure/ facility, other
than the individual seismic design, it is also
important to secure function of systems by
increasing system redundancy and providing

alternatives.

(2) Disaster mitigation measures

After the 1995 Hyogo-ken Nanbu Earthquake, the
Ministry of Construction compiled the “Concept
of Urban Planning 'emphasizing on Seismic
Safety”. Based on the concept, disaster mitigation
measures have been promoted. In addition to the
seismic design/ retrofitting of infrastructures/
buildings, following principal policies have been

- strongly focused.

1) Reduction of vulnerability

includes the reconstruction of

The policy
vulnerable districts with high concentration of
wooden dwellings, establishment of disaster
proofing zones, and distribution of open spaces to

prevent the spread of city fire.
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2) Improvement of core public facilities _
For securing urban functions for evacuation, fire
fighting and emergency transportations, the policy
enforcing implementations of the evacuation route
network, emergency transportation route network;
3) Upgrading safety of lifeline facilities

The policy includes construction of common
utility ducts accommodating water, gas, electricity,
telephone and other pipelines, providing backup
water sources needed for fire fighting and daily
lives, and improving information systems to

collect, analyze, disseminate disaster information.

(3) Technological development

The Public Works Research Institute has been
promoting R&Ds for the urban earthquake
disaster mitigation. Followings are the principal
research themes.

1) Technologies for disaster prevention

- Preparation of seismic hazard map taking effects
of inland faults into account

- Evaluation of emergency transportation route

seismic performance

Fig.5 Urgent Damage Estimation Technology
(Highway Bridge Damage)

2) Technologies for crisis management
- Urgent damage estimation using ground motion

observation network (Figure 5)
- Urgent damage detection using advanced
information technologies including satellite image

and sensors

3.3 Flood disasters

(1) Basic concept for disaster prevention
Conventional measures have been promoted in
order to prevent flood-induced damage against
Although the
frequency of flood disasters has been reduced, the

anticipated level of rainfalls.

scale of disasters has tented to increase due to the

" urbanization. The basic concept of flood disaster

prevention becomes, therefore, an appropriate
control of the relationship between intensive
rainfall and induced damage. Based on this basic
concept, comprehensive flood disaster mitigation
measures are needed in order to create watershed
systems where intensive rainfall does not
significantly affect the socio-economic activities.
1) External natural force
Relationship - between anticipated intensive
rainfalls and induced damage in the existing
watershed must be carefully studied. Anticipated
form, scale and influence of flood disaster must be
studied  considering - past disaster experiences,
changes of watershed and safety of related
facilities.

2) Requirement of safety

Requirement of the flood frequency reduction and
flood-induced damage reduction must be studied
considering above described relationships in each
watershed. Combination of disaster mitigation
facilities must be carefully selected considering
the reliability/ deterioration and cost/ effect/

limitation of facilities. .

(2) Disaster mitigation measures
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Followings are basic approaches for flood disaster
mitigation implemented by the Ministry of
Construction.

1) Facilities to deal with anticipated floodwater
These include river course improvement, levees,
diversion channels, dams, retarding Dbasins,
drainage pumping stations, high tide levees, etc.
2) Facilities to reduce damage due to extreme
floodwater

These include super levees, forest zones, double
levees, emergency drainage gates, and land side
channel networks.

3) Measures to reduce floodwater

These include the conservation of water retention/
retarding functions by constructing storage/
infiltration facilities in the watershed, and the
control of woody debris and harmful sediment by
constructing sediment dams.

4) Reduction of disaster potential in watershed
This approach includes the management of land
use, and the promoting of flood-proofing city
planning.

5) Improvement of urgent response

This approach includes improvement of urgent
warning, dissemination of hazard map,

improvement of evacuation by education/ drills.

(3) Technological development

Followings are principal research themes
conducted by the Public Works Research Institute
for flood disaster mitigation.

1) Technologies for disaster prevention

- Preparation of flood hazard map for displaying
distribution of risks in each watershed (Figure 6)
2) Technologies for crisis management

- Pre-disaster dissemination of flood information
for the awareness/ education of residents

- Post-disaster dissemination of flood information

for the effective evacuation activity

Tk S ARRRTN
WEDATIARIN N
o Gk ST

ET Y
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Fig. 6 Flood Hazard Map

4. CONCLUDING REMARKS

‘This report reexamines past earthquéke and flood

disasters to study the changes, features and
lessons of urban disasters. This report also
introduced the basic concept, policy measures and
technological development for the urban disaster

mitigation in Japan.

Features of urban disaster can be summarized as

follows;

1) Highly concentrated population and properties
tend to cause an extremely increase of human
casualties and structural damages.

2) Once urban infrastructures lost their functions,
serious repercussions to socio-economic
activities are developed. As the consequence
of highly interdependence of urban functions,

primary damage induces chain-reaction and
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3)

causes the expansion of secondary damage in
and around the damaged region.
Accompanied with newly appeared urban
facilities/ functions and the chain-reaction
effects, unexpected forms of damage tend to
be developed.

Lessons learned from past urban disasters can be

summarized as follows;

D

2)

For securing safety against “low frequency
and high influence” urban disasters, it is
essential to develop appropriate disaster

mitigation plans that include risk management

measures for damage prevention and crisis

management measures for minimizing
damage influence. It is also essential to
disseminate appropriate disaster information
to public for the better awareness and
education.

It is essential to assess the susceptibility of
existing urban regions. Viewpoints include
distribution and attribute of population, newly
appeared facilities/ functions, chain-reactions,
spread of residential districts, advanced use of

urban space, and distribution of hazardous

plants and materials.

)

2)

3)

4)

5)

6)

7
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