HEARFEH EHERER FE2E B-2 El. 4 89
Annuals, Disas. Prev. Res. Inst,, Kyoto Univ,, No.32B~-2, 1989

54754 vRICBY BHIERK © 2 7 £ DEAKE BT 5K
feRm « BHAT

FUNDAMENTAL STRUCTURE OF EARTHQUAKE
DISASTER COUNTERMEASURES IN LIFELINE SYSTEMS

By Nobuoto Nojima and Hiroyuki KAMEDA

Synopsis

Earthquake disaster countermeasures in lifeline systems have been analyzed
under a notion that comprehensive operability of urban lifelines is requisite to urban
earthquake disaster prevention. In this study, those countermeasures are classified
into four categories: 1) improvement of structural resistance of system components,
2) network optimization and path rerouting, 3) system automation, and 4)
disaster preventive operation by man-power. On this basis the present state of
earthquake disaster countermeasures established by’ lifeline industries has been
investigated, specifically, for water supply, city gas supply, electric power supply,
telephone & telecommunication service, road traffic, and urban railway systems.
Though diverse objectives and composition of individual systems prescribe available
measures in each lifeline system, common structure in earthquake disaster
countermeasures is definetely recognized. Earthquake-induced interactions among
individual lifeline systems are also discussed, through which promotion of their
closer communication and cooperation is emphasized.
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5o FAMUILVIBAIT & SIS UL B RETREIAMERE TV 5,

CZTRABON « fEEiZ, ABOBBHE - ¥lfIck » TITHON 2REE « HIBEE, RUCh
AFXETELDOEFHRESDIARIOZ L %2ET,

HEiK e LTR, HETHCESEREROMTcES v, EEMRCHT 2HIBASKE - B
& - BEAROEMEHZ L2 EUCHEIDRIBOKRTE, KB V27 L08H, HEREIHTEHS D,

REHC MBS - ST b LI, BEL- Ny 2Ty T e Ty 2{LRED Y R T LREETE
LR 0 B A PUHSERBIThO 0 5, T fEREAIE - EBERDY, FAEEEERTRMEL
THEZBET 3 & &b IHEREFFUOL» I THEEREX 5,

HIRfEEE LT, HIBFRCKELSAR - BRMEREEL, TOMERL EEEIBEE L REORE
2B LAGERBOFRORE, BIRHEADERET > THERIICIE UL v 2 7 A BIEMEXE
X3, HBFLEONEMETEI:, EEMEOEBEY — X PREORE, KEMSRORBWMENL L, e
SHWEED S LISRESNBLENS B,

iR 4754 yEEE BT AHBMERY, WER, HEROKL BBEICEVTEORIBEEKL
TL B304 547354 voiEEof@EORNE LTHRL (Fig. 1),

HEROREREE, YRFL2HHIE30MELENBLbOWIIGS, BEXBRELED NNy 77—
THEEDS BB ER T 3, EHIBEBRI Y R 7 Alck > THERSIREAGEIEL, HEEH 274
L& » THERRAETES 5, T - CRARELBFEETH - 70 0 ZIRKEBREO D Icy — £ 2ike s H

advance preparation

Hah ]
upgrading seismic network H 1 | disaster preventive
perforsance of optimization and | system automation | operation by
facilities path rerouting E s man-power
leeaqececaacacannaaad
: all operations
:
emergency operation E
detection and identification (- i---l> backup facilities
of damage H battery
automatical detection e - communication measure
survey, report *

«-<1 service moratrium
prevention of danger
to minimize damage

{

network rerouting
provisional restoration - to maximize serviceability
(repair and renewal of element) priority based operation

|

recovery works \ "
inspection of facilities restriction on consumption and
selective blokings
* (to keep essential performance)
recovery and restoration *
priority-based operation
with priority criteria in service by alternatives
terms of importance, degree
of damage. etc

Fig.1. A Common Structure in Earthquake Disaster Countermeasures of Lifeline
Systems.
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HIIES, - EXEMSITONE, IhoRYEBNHEORERZ bR IHFEOHKRER/NMNL
£2&ETBHIDTH B,

ROBEE LT v b7 — 2 RRERED LRHESIEERL, - CXMEELRE~NDY -2 F
HER S, FHEREMOILREBEETY, ¥ — U ATREBEREA(LL, EEER~OBEY -EX
K5,

BN EOREDOBER TR, YAFA2KIch 59— £ XABEERIE O 7: HARBENCEIREE LT,
FHEO VAT LICBRAICEIITIT . COR, EHMERFCHEIBEELSERBESNZRESPHLITHI
MLTR, REFRICLEH—-ERERI TV,

COXSRELEEABICEDBICE, BYRRY b T2 OER, YRFhLA—bA—vavitk?
B OEHIRE, KENROLDD T =2 7D L L, 2TOMBHXPKRE  hPhb-T0 5,
CD&SiT, FXOMEIMILLDOTREL HOWIRAETHEIMOTVS, X 4— XHILEITIIC
i, ThEhoKEDRLEE & biT, BEMDENBANENRICE > TV AN ENS S, PlEOLD
BHFBOFRNMS 1 7 514 v ROHE KA RICH SN D,

3.3 WBMBAXELLTORY FT—IFERK

4754 VAT LB ZHBHIEROBE SHYMO—E, YRATADXy b7 -7 DEEE
FBLTRHBIAETOI L TH %,

EHMTHo0T i, Y270 EMIIEEEE (active type) &1HH8H (standby type) K404
TEZSNTVAEY, BIFLEVTRYR T LAZBRT 22 TCOBEERSHELXAEL TV ADITNL,
BEONEERIVPERCRIBHT VR F A0—HOBERSEHE L L L2 BN TRET 56D
Thb, HHETE YR 7 L TREROBEIMBOER~ORIBHELEKRT 24, O0lLiRI1754
VeRw b —2KBIFAREBA-N—ICHHULTVWE, WEEXTRTEFig. 20L51c5, 0T
NiCLTh, YRAFLAHRERSHY Y7/ THIEFNVRAFLCRALCPOREEREMATY My b
(tie-set) ZHML, YR 7 LEFEMUEREEEZHDTH S, $14bb fail-safe OWMSICHE O E, —&
DOWEMN YR F 4L LTOBEHBRICEURDRBVK ST EILEHNE LTV S,

CCTR22ZTHE LAy T2 DY Vs, J—F, E—F 4T e VRAFLARBIER Y b
7 — 7 EREHE D & OHIBR KX %, REBEITE v 2 7 4, HREYER
YRAF b, $TYRFLNEOBERICED YR T ARINCEEL R
% Table 3IiZ/3R7, —

Y v BEEOHED S TEMEED 2RI, £EL V-7t
W— b3, RERERE EHH 0, EBROMERKEOPh TN
SOBEAMICEBINTVS, TITRENSERHLTY v 7 B0

BL—MMEEERZEET R, THOBEEREEERILT itk
Y, HAEROY v 1R/ — FEREEZITLRORBEIELIBIES
o— }—o

(a) active type

iRy b7 =7 OEERSRIINE X TEINETH B,

FEE, /- FRZEETRBREBBILT A EE-T, ¥R
FAEEMER LT B EAENE LTV S, U v 7 2L 2184 (b) standby type
L, v b—2WIIEEADY v 2BREB L TEEREHIER LV~ Fig. 2. Redundant System.
FELTHERAT Z5EE8H5 (Fig. 3(a).

W—=7ibid, ¥ —ERERENL-FRICLTEL T ETHRENIC2ARD SO —EXABAREE L5 &
L LTHBE, BEIHEAZITLLS—HAL SOEREAVWTH -2 2KTI3HETH S (Fig.
30D, V=& T TESHEOBEKNLHEBRSA 754 Vv VAT LILL>THRATH %,

N— b8, BEO) v AEDYIIRETADTREBL TEAEUNHMES B THEST S Licky,
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Table 8. Network Design and Implementation for Earthquake Disaster
Countermeasures
node link supporting system

redundancy
(active type)

dispersion of
supply nodes
pluralizing supply nodes

pluralizing flow pattern:
multi-links
looping
dispersion of links
system interconnection

dispersion of central
control device

double installing of
electricity

spare links

redundancy
(standby type)

alternative measures for service:
water wagon,
power generating car,
portable wireles installation, etc.

back-ups: )
independent power plant
storage cell

standby wireless
walkie-talkie coolant

subdevision of
network

zonal blocks

Gzt L TREEOLEEBET 24D TH 5 Fig. 3 (a)
TR &, B L CO AR R EE L, BEEEBCMREL SO - ANZIT S5 hE KD
KLTBLHETHS (Pig. 3(c),

NEME2ED 31 DiIcA
Shitcchony vy 2EE
B S - TW BI5S I3 6EE)
BIEY A7 L6THD, BE
BoAHFHT LS ICHRES
TV ABEIIEBUTE ~
AFLEVWHIT LB, L
rtohEE#HsEDES, £
W~ LDOB% Fig. 3(4)ic
NN

/ — FEgEomE» S TUEME
AEHEFRELT, —20D
# - ZRXIREEKTE ) —
FEEHILL ML TREL,
THEEBERETOATASIELT
H—EREITIH, EERIC
BREWCEY LSVWKERKO
falatE=n8eT 2 HERE S
T3,

Ny 2Ty TR, FELT
BR—=F 4 VT e VAFLD
REUERRET HHDTH
D, WEEZIF L HERICKR
bo TRERICHIEEHZ 5
LD HEERARE  EEL T
BLAEFIOETH 3, P
e Loy, TERKE

(a) multi-link and
* dispersion C)

O)

T SR ——

24
)

tal

24
¢

(c)

(b) looping

system interconnection

.. -,

w Y
] lcw *
' ;Y
\ H | v
H
\ '
b i !
+ i
L} ! ’
P vy PP 24
...... 2 *
! ]
: \\\;
1 +
: i @
t "
S ’

{d) redundant network (e) zonal blocks {excerpted from

IXO@

research materials

y Tokyo

Gas Co.,Ltd.)

node in higher rank
node in lower rank
valve

usual link

link for emergency use

Fig. 3. Network Design for Lifeline Systems.
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2 [EHRERT A HERBEHNTE X746 Th B, £/, BRRBREROPETMICLIIBR v 77 v 7%,
FEHOBEFRLESHRE L THEL TBHRRIWEMUNIE Y274 TH 5,

Toy2bid, 29 b7 —2%50h LDV ohDHB T oy 2IINETEL LS XL TEBIWRT
50, FAGEDH RIS EHREIERRBEL L ->TVWAYRFLTELNTV S, BRFHCRIPHEDRE
FEICHE L TS0 T OIS ATV, HRHEE VWL SH DY 7 ¥ 25 AITHE L THREE EXIRZ IR L,
FaBHEOETE - EMAAELT A& L bic, ZREEEPIETADTH S, oy 7{Lahift
BB, TEEICIRYRFLAEROBAME L TRHHEEN S, Fig. 3()EHiiAAEEH@O 7oy 7{LD
B{aRERL 2o

FEY A F 2B 2RKER EREFREA VY — EXOREER, YR 7 LOWEEEERICVR
FLOBEEZDOLDERFOWETH 5, CHEF TRABRALHELRBPZOBRIES, v27s2@CH
TAHBROTNE VA FLEBIRTE 2, REY - ARAFELHOTITON S, HBEKEY AT
LIIRFEL TV S,

WIS 4754 VORSHEEETH B3Ry b7 — 7 OREEEEHEBNREOBEICYDLWTHEHNS 1D,
Ry FI -7 NTENFROBBICH 3ERIPMBAOLDIEDLIBMELE L - TV ELEE LD
(Table 4),

ERORHERIC>WTIE, EEMSEV C EPBERMMSHENDEVI &S, HESEEY OYERNIS
EAME BIHEADPOLE LE—BHOBILABRINT VS, ESIEFERLEEEZcHIRy P T~
JEDSOMBSAMENTVE D bH B, CHhICH L TROMRICSVTIE, WRELIEROLS
DURFLELTOUEFEBRORES 1O, WEKIC BT 3 EEHOBEDIHORy PT—27EPLD
IEHBFLER > TVWE I b, 3, VAT LAMTEAOBXHRREL S, Lulcvlok ) s
HEELTRD SN B,

34 SATVSAVHBBROL AT LAMICEITEEES
Table 1 T EDET4 754 vROFMESFA 754 VEEEOMBWNEREEOBERUIE YR F

Table 4. Hierarchical Ranking and Earthquake Disaster Countermeasures

system

strength- . . multi- | loop- : zonal
components . dispersion | . ° inter-
ening links ing | o ection block
node | filtration plant O
_________ pumping equipment , O | 44
water aqueduct O
supply | link | transmission O O O
main distr. pipes O O large
local distr. pipes O small
gas plant O
it node | governor station O
B I e S S L e B S AR
ga}sl high-pressure pipe O O
supply link | main middle-pressure O O O
local middle-pressure O O large
low-pressure pipe @) small
node | power plant O
electric | |substation | S (SR IR A R S—
power transmission line O @) O O O
supply | link | distribution line O
service wire O O
node | switching machine | Qo LA T (S0 R S
tel. toll line O O o
service | link | local cable O
lead wire O
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LEEORREICODWTEET 3, Table 51354754 Dy X5 L85 L HIBE KT OMIEE A
125D TH 3,

B, EREE VR F LRV RTF LABEENKE VLD, BRIV THESSIIXBRII2EI LA
LT —HWThb, $-BRUEEZWS YA F 6017 0 —OFREEE IR, = OF|HEEML,
LHFETOREI O BR B E 21T T, BEEXROBHREFIA L HEEMIC L 24 — £ 2 0fkEEDE
MciE B THUCKHL KB Y R 7 ARR—DDRMOBEIVNE W, BERFKOEREICE > TEL -
MEpREh T3 (Fig. 3(c)2H),

PARELBHHNRE, EEUSRETE S8, Y2FLRDT o—OFBEIEE ¢ 2 2 & 25Tk
THY, 7oy 7{bshigHaMictd 2 AR S U CIFBIER 2 FIE L iodEsB3hic i s, /-4
KETRERRTHTRESISA IR, HBRICERIIN - TOEBET 3/KIC X 2HBRMITA 3,

T # R PPEIGES & TRYBIEEDS KK E I B BT ASE V0, REHHAENEE ©
ATSREDYRF A et —bRA=va Vick b —EREBBEEIBEINTVE, BICHBHAR VX
TACBOTE, ZREEHERCABVOOH, FARL T OERE THELF R AT ik
THRRNERIET 2 & & S ICHAFCEREFU,L T 2, BHYAF Lo TCRABHRBEBRMSYAILT
B0, FERO Y27 LEBETV, BEBICIRHERLOLDORE ) L — v 2 7 A5EHT 3,

REBOEEHSEV YR 7 LA3Y —~ EXRMICL 2HBOKREL, - 2EHOBESERS
IO _H-EORENEISEEIND & L bic, FIAMRCELY — X428 U TREB bREROE
RiIHLTEB LSS TV EDNbH B, HHREE Y 25 L TRHEOBERRO ¥ v iciEA,
WEBEEFIA L B OB S hT v 3,

35 YRIBHOBENDHI254T754 Y ROMBEELHBOMIES

Table 5. Earthquake Disaster Countermeasures Characterized by System Features

total system flow priority seconderty )
scale in emergency disaster prevention
small slow, storable selective blocking blocking
water N demand control
supply system inter- zonal block supply
connection water wagon
_slow, s_f:_c_:rable ) decompression
) zonal block supply automatic blocking
city gas patrol
supply careful inspection
compression test
warning to user
electric large fast, unstorable selective switching protection relay
power large-scale large-scale demand com_:rol automatic
supply rerouting rerouting pwr generating car supply control
large | fgsp,__g_r;_stoggble | selective blocking
telephone large-scale large-scale of non-emergenc;lll
and rerouting rerouting . . ca
telecommu- dial {eg-ulat}on
nication setellite radio
communication
extra circuit making
access controll no passing
road no passing speed reduction
traffic damage inspection
patrol
CTC (Centralized
urban Train Control)
railway ATS (Automatic
Train Stopper)
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INETBELIZ54754 VY AF LB ZHBHEOBERIC VLT, Fi2) 27 3rofss,
SEET 5,

) X2 A ONFIcBIT B Y R 7 AR %E Fig. 410RT"®, MBI TR, BESOhAHEAL
LRV OHE (risk determination) K LT, 3 EEOKESEC S LEFAL (rsk
acceptance), B OWHicw L TY 2 2 % [E# (risk. aversion) § 5 & 5 U 2 7 ¥Wr (risk
evaluation) B ShBbDELPRTE 3,

HMEOREZ W BRI BIEAEEY 2 7 (uncontrollable risk) TH 545, MEMEERET &V FE
TlE54 754 v EEELTEER (action-taking agent) & F 55 THEY 2 7 (controllable
risk) Tdh 3, ~

CCETIATEIAT7 74 Y HIBHRIZ, »I3BREOVEIHELHETS5H (acceptable), #

Risk Assessment

Risk Determination Risk Evaluation
Risk Identification Risk Estimation Risk Aversion Risk Acceptance
Observation of Determination of Determination of Establishment of
New Risk Parameter Prob. of Occurrence and Degree of Reference Risk
Consequence Significance Risk Reduction

Fig. 4. System of Risk Assessment.

B2 IIZHA YT (unacceptable) [REMR] OBEERIMIET AL VWHIELCE I EEZ OGNS, YR
7 RTINS ES AR LA O RS L bENTRAVL S LIV, HBERCEVT KK
Rl OLRADBRBRLZICT v 7T 3EELONE, THhbE, —HOBEEEILIHFETE I8 -EHIHS
TERVEVSLAIAETH 5, HROBFEEICL > TR, —BOBIEELbFIOLL, 517514 /1
BKETH, YRFb e A— b= a3 yPAROME « fEEE LI L ZBHRMEHKE REELRT
o, HIEEWS THRRYR7] oftuc, TABIRY 2], TATRV R7 | BEEICEATISAIL
DEEATH 3,

UTTRIEELTHY &3 ) 27 008NN S, 32 THTL4BOMEII>LTRER%E
Bif5,

(1) YEBRIHEBRRNE

54754 vicBTARENHEOREICE, 24 TALLIILEL OBERMEELRIZT, TubD
YrESELE (hazard) EBEEE (loss-suffering agent) #& SICABEERE2EETD Y X7 RE
ZhEEHSHETH 5, THBERBEZREYLE-> Y27 AOLEMBILIZED TV, L L I OXEK
HEHERBRO 12D DR & EEN - BB ENE (pre-loss control) TH3 I L &ZHFH L, BENTRE
FoHEDS VTS X CEFRR OB, HBNRZIT- TO CEBRETH E, BRNNLBRI LA
2L, COXBEABTICREEIBNORESEETH B, YR 7LHPHBEHBEELT 2y P72 TR,
Br0EROBEEER, RREEE, /)74 0 )7+ BEEREEE5X 5 FEERTOSEHICHL
Hh 3,
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(2) %y b 17— HERD SO

Fv b7 —2D%N— MLlE, WEESRVITEELLVERY b7 -7 FTEBHROBEERBR~OMUDO—F
&T&%&@”Eﬁ#'tzéﬁitbk%%%i&mééoL#L;@ﬂ%ﬁﬁﬁ%ﬁ%ﬂ%fﬁﬁ(
HLET ﬁwﬁﬁ’ﬁﬁ{tﬁéﬁmﬁ‘ 3 — s Ei%E  (post-loss control) D= »DREMIETHDZ &
EENTIEE SV, oiD%EMﬁib%iLfosﬁ&mb&%k?é%%&@ﬁﬂubwé
unacceptable risk ZELET 200E—0BNTH 2 LW HBBHKRYITH 2,

BN — MUCREROH L > TEN bbb, O ICTIRERAMA 5 &1, FEMEICEY 552
PFUEAET C LIt LREFE LYy, LA LEBIRSIBS, 15)) 7 OBEOHB 1 OB&IEH
MR mELEV, FLAREREMASILETALIBR IR M MBL, v b7 — 7 b5
KD, YRATLOHMFEMORES S UHIEHEMLT 2 L V- Kb e 5, FEHEICEY
W BIEPS-TIENE VAT LVENCREOTH 5 SFEHOEHLITTOPT L, L bEln
WA TEE Y R7FLEBHLTBLLETH 3,

K« HRREDT oy Z{LICBVT, +— b EMSBETICITONE - BRI, +— £ XT[kE
B ERRD B LI B0, T TALIRI R 7 ) 2HEUCBEOH S 5, BBEREEEZTS DI,
HoWAKKICHNTEZ Vo v 7B L THEL T & &, WEBRICE SO THEIEET - 8EX21T5 C
ENEREh B,

(3) YRFbhoeF—bA—-—vav

VRAF Lo F—bA—avid, EEHOEREE HMEBOBHEIRM, v Fi0BAEEIEL EER
OHMICAV O h, FBEDNBOEASSFE LV EWVR S, TNy 77 v 7ERIZEBHICISLED S
DTHBLH, HEF-TICHBNCER T2 X FATHIIEMNEE L, L LEBEHEN
ZFLRERBVTE, BRlRODTOCHRBREOISS, MESSE ORI S & HEKR THIE
8T 5 L RRSTOVANICHIREN S 5, A% TIRKEOREATR2IHC T &, THhbbANY
Z 7 (personal risk) B9 2 L2 BEMNTHNIEZ Y — 2% 100% SEREN 4 AUSER S 1508,
BEEHER S WO BRER I WSV, 20 Y 2 (property risk) PEHMEEHRSE S L TOE
f£Y 27 (liability risk) REB TRV ik 3,

(4) ARBDfE¥ - it
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