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A PRELIMINARY INVESTIGATION OF THE SYSTEM
ANALYSIS FOR URBAN SEISMIC DISASTER

By Hiroyuki Kamepa, Satoshi Iwal, Akio KiTAHARA,
and Nobuoto Nojima

Synopsis

A system analysis of an urban seismic disaster sequence is performed. Compre-
hensive pictures are drawn regarding the elements of urban regions, the types of
seismic hazards they are subjected to, the primary and secondary disaster, the emer-
gency operation, and the restoration process. It is also observed how physical
damage endangers human lives in each stage and how social functions are involved
for post earthquake recoveries. Possible and potential causes that induce or expand
seismic disaster are also described in detail. As a practical object of application,
seismic disaster analysis for underground commercial and transportation spaces is
studied using such methodologies as interpretive structural modeling (ISM), fault
tree analysis (FTA), and event tree analysis (ETA), through which hierarchical
structures among causes of various forms of disasters and their interrelations are
analysed.
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Fig. 4. Sequence of Earthquake Effects on Urban Region.
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Fig. 5. Evolutionary Aspects of Urban Earthquake Disaster.
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*flammable cities (highly concentrated city blocks
of wooden structures)

possible/potential causes
*inoperable fire fighting

(depending on road traffic system)
(confla- | ®insufficient fire fighting power(capability?)

graion) | *weather condition
(wind velocity, wind vane)

frememamemccmcmcescecemeeeceav e, ,————

(3) H|AKE (Table 3)

1964 EEFTEHE TR, GHlFES v
KK - BB ORBER(LAFH s e,
T LFETIBOBRE & OBHKEOHI
o, HEREICERYEREOERY S
B EHbh B, TOLSICHTHEL -
TR OERYIEEER \  HERE PR
HERICE-TRERF v Vo VHFEDD
>HBTEDOEFIR, WMHOKBIRL
*¥—-iHE, HHRIFomEL R
BOZHLE O - T ORES S 5,

% L AERB OBEMESTHAICLAL
AL, HBEBORERAXSEES O
b METIZ 1923 FERIRAME OB
HBric, HIBKKOZBAS L &R
Baht, HESHKOPLIREL - T
Vw5, HEKKOHAFICE, REPKE
JEOR b=, H#RIAADED, EE,
aver—t, FRAEREMRLENSS
b, MHAKK~OEKRT Z2BR i, OL
iR ASEREAL U T 3B 0 #RH O REBEENTE
B EE, QHEBIEBISERREY R T
LIBEL TV A LD REHEMN TN
%3, @FBERLSKELEERT 2 MEHIC I IBHETE LY, EXH5 I,

WICHIBAEICSOVWTR, ETREOHENS B, ¥ox— VI TORKE, MiBjEREROBIA
DXL BZERTH 2, WHOTHEHEICL > TE 2 — b VHIRSEHEHERICL > THHEL
SEEERSEZ Sh b, KOBKEEREIC X koL, TAREEBEIC X 2 TR &R
423K, BWHEEMEORESTH 2, MEKER, HWERELENZOBRENEL > IHEICIIE

*accumulation of facilities dealing with dangerous materials

»diversification of land use in urban regions

#vast consumption of energy in urban regions

outbreak | *failure to extinguish the origins of fire

of fire

»weather condition (rainfall before/after earthquake)

*accumulation of energy storage facilities
*damage of urban protection facilities

#worse condition of urban location

spread
of fire

Table 3. Aspects and Causes of Combined Damage
characteristic aspects of damage

(—difficult to escape, toxic gas release)

*chemical fire

(inflamsable liquid/gas, high-pressure gas,

#fire, explosion, toxic-chemical release
violent poison, oil, etc.)

*damage of urban protection facilities

*inundation in lowland

*petrochemical industrial complex fire

¥similtanious outbreak of fires

*building fire

#large-sized water pipe break

#sewerage overflow

*tsunami

system

sufferer

human
buildings
road traffic

induced flood

hazardous
content
leak
following
earthquake
eartuquake-

fire
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L AWEOHHORILE BRI LEND B,

DL BHEBELBBELRH OB (HHED) 2Bk L T5E, BALHLD YR T LK
BHEREBERALTYRAF LN EFVERBEL, FHEHNIAITE & O ICERBDITEIT S LHEMS
LB, 4 TRYZFLAH/MEFVCBOTERCALVONE YR F AHERELT, (1) ERORRE
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Fig. 7 An Example of
Fault Tree.
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b, Lo bKEERAMRCRRLT 20 THENCEBLEL, EVIEERSH S,

4.3 ETA OFEEY

ET (event tree) i3, KEDRIEE IS - - FHER (initiating event) M SHFEL, “IRHIFEE LK
LFBRORENEICL » TR L, BiRICKEHSR (possible consequences) (TEY 2N ZRIRL 72
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0.5
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expansiol
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disaster operation,
-
0.5 avoidance of
YES danage 0. 135
0.9
YES no damage 0. 700
0.7
Fig. 8. An Example of Event Tree (numbers denote
probability of occurrence).
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Fig. 9. Composition of Underground Space and Flows of People, Information,
and Supply & Disposal around Underground space.
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Fig.11. Fault Tree (a) and Event Tree (b) on Earthquake-induced Gas Accident

in Underground Commercial/Transportation Space.
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