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SEISMIC RISK ASSESSMENT OF URBAN LIFELINES
UNDER SYSTEM INTERACTIONS

By Nobuoto Nojima, Taro Kato and Hiroyuki KAMEDA

Synopsis

A probabilistic method to evaluate the seismic risk of urban lifeline network
systems is presented with emphasis on the interactive aspects of lifeline earthquake
disaster. The probability of system malfunction caused by damage interaction and
the damage to the system itself is assessed. System interaction is quantified on a
probability basis in terms of four kinds of importance factors; Birnbaum’s structural
importance, criticality importance, Fussell-Vesely component importance, and cross
impact factor. These factors are conveniently used to compare effectivity of several
alternatives of earthquake disaster countermeasures. An illustrative example of
seismic risk assessment of water supply system is presented. Taking into account
impact of functional disater propagation due to electric power failure, probability of
loss of water service is evaluated. Besides, a scenario of establishing a disaster pre-
vention action is shown.
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Fig. 1. Flow chart of seismic risk analysis of lifelene
systems under system interactions.
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¢ failure mode due to malfunction of system 2 ...
event (BlDlAa + B1D2A3)
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event (A1A3 + A2A3)

Fig.2. Two-systems model with a single interconnection.
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Table1. Separation of minimal cut sets considering
the existence of component i
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Table 2. Separation of minimal cut sets considering the
existence of component u and v
probability minimal cut set minimal cut vector
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Fig.5. Reliability graph of a PGA (gal)
system composed of five Fig. 6. Fragility curve.
components.
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Fig. 9. Probability of system failure.
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Fig.11. Network model of a potable water supply system.
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Table 3. Damage ratio of water transmission pipelines
(number/km)

pipe dimeter

ground condition| ~500mm | 500~ | 1,000~ | 1,500 mm
1,000 wm | 1,500 pm | ~

A 0.010 0.008 0.006 0.004
B 0.030 0.024 0.018 0.012
C 0.090 0.072 0.054 0.036

Table4. Damage ratio of water distribution pipelines
(number/km)

pipe dimeter

ground condition | ~500m | 500~ 1,000~ | 1,500 m
1,000 mm | 1,500 mm | ~

A 0.015 0.012 0.009 0.006
B 0.044 0.035 0.026 0.018
C 0.132 0.106 0.079 0.053

4 NEHEDOREERBE L VWEREL, WERA Table 30 & Hic5 L1, BAKEc>WTi}, DCIP &
CIP O A ZE L T, HAE B TFX 500 mPl FOBSOWERSE 0044 & L, Table 4 DL 5 iciE
RAEREL 2o WERRIE, WEKTELT—HIO5 Vv FLCRETEERELT, HERELLICE
EL,

wic, BEORBEREXRT o2V TR, SHRENMECEHESREL LT, Pig 121KR7
ET TR L, Thiz, BEARRERELT, (1) BENMERECER (2) FBEOMERBINESR
DOEE, (3) BEREBEL LDy 77 v TEROREBEOFE (4) Ny 27y 7OBEOHE, (5)
BEON, 27 TOEGETBREOTHRE O 20RBIBLTHEL, EEOKBNKEY X7 A
BT 50, BERSMELEENED, O2o0#RERICEL T TORBEBELLbDTH S,

EHREMHEORIC, ATV TIKEROTERVEB LY - 1, ThEBIIE L TERHER
bt BAROMEME LoEsEtahl, 22T, bkiliv 27813 —ERZEOHRE
DEBEEERSE 015 LRELL, BZB/ — FOZBREPET cE L THE L AEEEL, &
ZE) - FRBLWTEBIC & » THREESRBRE T 2HER% Table 5 KRT X HITED, BT, %0
BHEEICOWTREEY 5,

SEEEICOVWTIE, —EERZE, WHERSE RSB0 ERERMBEVEEILSNE, £
T, “EkgZE, NERRE _RESBIOHDT 2 EEERERAKE, thTn 07, 05 015
REL . EREMMECER T, THEAEEEIME~—BREETHIBL, T bkERRIE
Bk s L TRk SN, BBICX - THAKEIESR DN TS, BUKBREICKESEVEAIE, BKE
OEBICL > THAPERETZET, H3REOHERRBIEEISEETIEELIONS, JOEFATIH,
BARFETEIKETS 1BUKROEKE (2 — F2) 5 REEEORMEMER>LEX, EEFCOR
AR AHRE 05 LREL L, SEHORKEBIEERELENEL TNy 77 v 7TBEEZEAT
WBDE, /—FUDBTHE, Ny 7T v TREOBERRS 0, EEMRGHLELEHRREREMEF
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back within tine | E. : H
allowance -t i E1E2E:Eq

back-up power facility @00 leseseeeeeeend
not installed

Fig. 12. Event tree of functional disaster propagation initiated by electric power
failure.

Table 5. Probability of failure of nodal functions due to electric power failure

prob. of | reduction factor | prob. of prob. of prob. of failure
water electric related to exceedance | unavailability |of nodal functions
node - . . .

supply No facilities power condition of of time of back-up due to electric
area ' failure power supply | allowance facility power failure
(a) (b) (c) d (a) XLy x(c)x{d)

I 1 |water intake station 0.70** 1.0 1.0 0.105

2 |purification plant 0.70*" 0.5 1.0 0.053

3 |distribution plant 0.70** 1.0 1.0 0.105

10 |pump station 1.00* 1.0 1.0 0.105

i 23 |purification plant 0.50" "~ 1.0 1.0 0.075

24 |distribution plant 0.70** 1.0 0.3 0.032

31 |distribution plant 0.150 1.00* 1.0 1.0 0.150

46 |distribution plant 1.00" 1.0 1.0 0.150

il 54 |distribution plant 0.70** 1.0 1.0 0.105

70 |water intake station 0.70"* 1.0 1.0 0.1056

71 |purification plant 0.15=*** 1.0 1.0 0.023

110 |distribution plant 1.00* 1.0 1.0 0.150

* : 1 route from 1 substation
* % : 2 routes from 1 substation

* % * . 4 routes from 1 substation
* % % *: 2 routes from 2 substations
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Fig.13. Probability of loss of water service at demand nodes.
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Fig. 14. Probability of loss of water service at demand nodes along a specific
path (node 1~114).
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Fig.15. Importance factors at nodes along a specific path (node 1~114)
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Fig. 16. Fussell-Vesely component importance of two events: electric power
failure and physical damage to water supply system.
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Fig. 17. Reduction of probability of loss of water service by installing additional
power feeder line or back-up facility.
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Fig. 18. Fussell-Vesely component importance of two events: electric power
fallure and physical damage to water supply system.
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Fig.19. Reduction of probability of loss of water service by installing back-up
power facility and system-interconnection pipeline.
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