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SEISMIC RELIABILITY ANALYSES OF LARGE SCALE
LIFELINE NETWORK USING FUZZY SET THEORY

By Tadanobu sato and Yuske FUITA

Synopsis

To evaluate uncertainty of network components requires a large and longterm statistical survey.
We, therefore, attempt to use the fuzzy sets theory to assess the seismic reliability of large scale life-
line networks and taking into account uncertainty of failure probability of the components. We de-
veloped an algorithm which has only polynomial complexity to enumerate paths in the network. Using
this algorithm we have calculated the fuzzy membership function of seismic reliabiligy of a given net-
works. The uncertainty of the attenuation law, response velocity value per unit seismic coefficient and
natural period of ground are defined by using normal convex fuzzy membership functions. A check of
applicability of our new method is made by hypothetical seismic reliability analysis of a gas supply net-
work composed of 387 nodes and 391 links.
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Fig. 3. Example of the collocation of transition area with different
filure probability for a simple network. (The nodes 2 and 3
faile with probability 0.5 an 0.7).
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tion distance and that of evaluation points.
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Fig. 11. Gas distribution system in the Shonan Area.
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Fig. 14. Determination of fuzzy membership function of natural period for deep
subsurface ground when being able to use enough boring data.

Table 1. General relationship between N values and geological as well

as geomorphological classifications
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Fig. 16. Determination of fuzzy membership function of network reliability when
taking into account both of the fuzzy uncertainty of natural period and
probabilitic uncertainty of attenuation law of acceleration.

a LAVOBEERY Te pkg s e, R LY a LOVOBBEHTORREVTHADEER £@ 47
-kl =f1(a) (r’ M) ............................................................................................... (18)
LEEND, IIZT, a LRIVOMEBRUTA @ ZZOHEEE e 0fb) TELD{ a LNXVTDH
BHERERIT o LANVOBERUT A @ PRIEREDT A ¢ ¥ XTSI LM%, TN Fig. 16
(b) DEHRBOHEETREND, ThbD, a LAVEBVWTIII=Fa—F M, BREEILHELT

DEEE n'® OB OBIEHESE p (M, ') 1&



Yol - Lk - BER MBI BIIARBES A 751 VRO T 7 T 1 BRMEBRN 33

DM, F®) = P (0 2 k) coveoeereeeeeie et (19)
Thb, NBITOWEMERILELD L, TNENOERICE T HPEBEEIROONLOT, HlE—HIE
HEOHBRAIEELTE S, TNTa LANNVIZBIT L, BIEHEEp e L OEEEHE n2 "ROLND
(Fig. 16(c))o 8T, a LXVOREBERNEE DL, a LNVOBEBEZ L CHREEIET b, Lo T
HEACEINLFMABOELT S (Fig. 16(d)o Ih% a LALOFHESE M@ 232, 372, #8
BOXHLYICE DR S NZ/MERbRE ), TO/MUBOBEEEEREIEL S, Iht a LNIVOEH
BIEEL T2, I, BEEEIRNW@) TERALNEDT, a LNVORBEER
2P NP

Rl(a) —_
2 N®

.............................................................................................. (20)

TEHEzZLNA,
) —D2D q bR TR IZD2WTHEROBEHEEZITY, ) —2D a LNXVOEFRE R %185, =
LT IR, R 2% Y, FMEHEHVL L Fig.16(e) DL IZEHE R DREEEHOKT 2,

4.3 KHEHZERBO T 7 Y 1 (EEMEENR

KENFECHVIEREZOLENS » 2 EET 500 BEMHE, HEBRXIZBIT 564050
K=Y oI F—9Thb, COMEBET () BHIHRBROR-) ¥ 77— BE0HE, ) Lk
BOFEICL 2B RE L BT 5,

TG OBE, KBEY "Ry, RO, O2200bidhEFLE7 s P4 HBTERETHLI XD
Po72DT Fig. 4 23 b WTEERN 27 » V4L LHERRE OB 21T

(i) DA, BROHFIT LR (FERAK), LHABARK, BER, ey 288258, £L T
BN N7y 2P 2FH L

EBENBIT CRE LHBOVT =F 2 — Fid6. 40580 TO.2%AD IBY TH 5,

AEO/EEE UTHEOFTEL L HRBFROTEERS T 7 V4 LNV 2ILEBT A/~ FERRLEA
FI=2BFAME Fig 1TIERY, $/22TH, 774 LRV 2IETA ) - FOEBEIZELTLT
TRV & LTI 24T o720 BREOFMEE R 4 BOMRS E MTEOEESOEZEE L,

HERR/O A DBHTETHLEEE (), () OWBINETHLBEELRE LA L 0% Fig.18(a), (b) 2
Yo WROFETHHBEFOTRERIZRY T -FLENE-) v /Py 2FHLF-5%2 )RS
KTHEZ-OTEEEIR ) ATRTZORBEBRIZVOAD Y 2522w, RENM TRIABOFHEENEZ
ZRLEREDOLEY ¢ HORBERELE TS, KRBT CIIRBEIL-BIC TRy, &L, ZOKEE
BEOEIRER L DEL 2o/2s, BITEOHR T TR, MRV, OHMKPEY ANSEZ EIZTHETH
%

RIC (W), (1) OMBATRIZO W CHBEROTHEE L EERST. Okm, 0.75km, 0.5km THAHAED(E
BEORBEEEBELEB LA O D% Fig. 19(a), (b) 12777, FRELEEHREENSKEVEE, 23h 77
TALNNW 2T AEENH VI CEREORBERROEROMEIIKE VY, STHFEOBITEROLE
% Fig.20(a), (b), (e), (d) IZR T Y7 =F a—FI/REVE T VA VANV 2B OB ERIIRE
BEVTLBDT, #0077 VA {LFEICIAERI -, ED bbb, ©F=F 21— FHFKREL R BIZD
NT, 774 LRV IRBTAEZEORENENTL S, 77V 4 bV TRFEROERILZL, &
BERBE LTEFABLZE LR oTwE, FEEEEN Lkm OBEIIET7 7V 1 LAN 2D ) — Fhidi
CFEROERID R, SR () OFETRO-EHEEORBERKE (i) TRH/-LDOL TIHEHRA
X759 MR ABIZFRIBLERSTD LN ol DN K- ) O IV F— DR WIBETHAE
DFEELTHCNER Y v 7 F - DEWBELH I VBEDEDLLE VBTN TELZ L bh b,



34 BTORBS KRR ZEATdEdRk #8365 B-2 F5. 4 (1993)

Fig. 17. Distribution of nodes with second fuzzy level uncertainty.
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Fig. 18. Fuzzy membership function of network reliability for earthquake magnitude 7.0: (a) for the case of
being able to use enough boring data, (b) for the case of being able to use only geological and

geomorphological data.
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Fig. 19. Comparison of network reliabilities calculated by using three different selection index for boring

data: (a) for the case of being able to use enough boring data, (b) for the case of without boring
data.
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Fig. 20. Comparison of network reliabilities: (a) selection index =1 km, (b) selection index =0.5 km.
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