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Forecasting Model for Damage Restoration of Water Supply Network

— Estimation of Importance and Application of Fuzzy Quantification Theory —
Toshiaki CHIBA, Kenichi UKEGAWA and Seigo OKANO

ABSTRUCT

There have been several simulation models for the evaluation of lifeline
supply functions. These models so far developed are very complicated. And
they require a long computational time due to a network inter—linkage
analysis and so on. : ,

Recently, to improve the complexity, Hoshiya and others proposed a
simple forecasting model for the seismic damage restoration. of city water
supply functions. In this model, the supply interruption rate is estimated
by the linear multiple regression model. Therefore, it is easy to estimate its
rate for any damage patterns at every moment.

In the above model, however, there are some unstable conditions in the
calculation of multiple regression analysis. Since the intensity of
importance of nodes and links is used as an explanatory variable, it is
necessary to get a proper estimation of its intensity. However, it is difficult
to express its intensity quantitatively. Therefore, this study aims to
consider these subjects of instability and to consider how to evaluate the
intensity of importance.

There are vague variables such as the intensity of importance mentioned
above. Therefore, the another object of this study is to discuss the
applicability of Fuzzy quantification theories to the forecasting model of
supply interruption rate.
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Fig.1 Fukuyama city water supply network.
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Fig.2 Overlay meshes(500m X 500m) and supply areas.




80

DI EDOBEFEER LD TH 5, PHATRERE, 1T,
Rl t w0 % _EAGEBEEOSHSTREOBEZFRb L.
&ﬁ?:.;: ‘91'5‘2 Bhéo

F,=f(D1,D2,D3)
=hy+by *D1;+by*D2+bs* D3, )

LEHRKBHEE LY Fo=1.0 & L. PEROKBHE
R%x F=0.0 &35, R(D)OREFHEE by, b, by B X
UbyzRDTCEFE, KO IVEDKFHBRE S,
Lichio Ty EEFNMTFy bU— 7 OEEMDERE
Piie & OBAERNT % B0 1= & b TR EF L E T -
Twb,

A v ¥ 2 ROYENEENSNEZOEIBERC X -
TR LT GRBBRY AT AT F 3 v 2 AFHERA
WTIT 5, ¥ KoM BTk EOEIR
BRB% L 20AM 50T, BIBEEROEES PRIBOBR
EHLMET AT ENTEBEG TR, obbD 5
FHIHBBE SIGET 5 Z ERTETH 5o & DEIHERER
ZERTEZS L5, NRPEEB IO ) 7
(Fig. 23TV 5,

(a) PEERHESR : DY,

YRR DL 3\ _EAEEROA — S~ 1A« Ay
V2 BB TABEOS D A v 2 BROHTERT
%,

1 N
Dl =— WRCti )
N i=1

ToT t=BH, i=2vva%S N=LKEEH
DF ==V A « Xy v, WRC =#EHE<E
FADEAETIHETH D i A v v 2 ACBENS S
BAIIE WRGI= 1, BERA A WRG= 0
£ %,
(b) YEEARESREE - D2

D2 BHEDOH B A v ¥ 2 FOEREOR & _FAKEE
WBOF—— 1 « Ay 2 fEOREEDBHIORTH Y
BEDOLENRY BEVEERT,

N-1 N

> D dxWRG - WRGK

i=1 k=i+1 (3)

D2 =

N-1 N
Y X 4k
i=1 k=i+1

ZZT G EKEEBOF—A—V S s Xy vai
A —R—VUf e XAy akEDEE (FyvainN
Db Ay v 2k ORLE COER) TH 5,
(c) EEMERPER : D3

YWENHER DL, Tk, EEBR GKE. EOKAT
RYTHE) OBETEBIh TV, £ T BE
HEREEERDS, & & Y EERROBHENFHETERC S
ZHYBRERTHIECT D, Zhid, BEERBROKF
ETDAy Y2 BREEERROBES v v a B LDl
TERT,

N N '
Dx=( D, L*WRGH/( 2 I) 0y

i=1 i=1

ZZC LIREERRFERETHY. 1 2y vaHE
HERRVFET SHERIX =1, FELRVWBEK
i Ii: 0 &?60

3. bACEBEOEEETHHES: ©

S EIOPFE TR Y L BRI EILT OB & L%
BB EAEEHE . 1) ThH. BURIER
RV TRERCERENT 217 5 BRCER L Tv A 75mm
DHIEE THEARLERZMER Lic, L. Fig.1id
BHEERE250mm Y LOBEXRYHE LTRRLELD
Th b, MNEHIRLHAE% 500mX500m D X v ¥ 2 TE
P10, EKEERY LETOBMERE (FR) Li68
SIS @R BEETSEAyva (F—s5—LA -
Ayva) CRETEN, ZOA—R—bA e Ayva
CHE BT TRR LA LDHFig.2Th b, Kb
Al~AL0Z10DHIR I 5 A= Y TER LT 5,

&% 250mm Ll OB L BEY 52 1 =@
DHDE S Z— BN 5 ETEED B 5 B 5 —
vigd\ REH6EHOBE & —v (1HFERE—V
wHd B HERT1,2,3,5,7,10,15,19,20 %5 L 0825 &
L) ZAB L. ZhbofiERs— v T LA
RER A BB T O % 1T TR, BRBSHHEDOT—
2 & LT ,

HHATRERII B ERF O BT & PRI
LDHTHE LI, i, BHSTREF IS DT HR
A (m) b 5 FHEE S (m) % 2 L5 W EE (m) T
FHI LT\ 50 EAET L (PREBEORIAUKAL (m)
—HiROHBE (m)} TH Y, FHEES & {BEROH
FKAL(m) —Hi S O#BE (m)} Th 5. TOEHRD
BB (m)% Table LERT X 5 i, £DHSADLHAK
FREOSWIKT B0, $50REREEYSZT 5 LAhiT
Py BE5WIREERER U 2P AR I hel



81

Table.1 Number of houses at node interrupted water supply.
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Fig.4 Supply interruption rate by a damage of node.
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Fig.5 Supply interruption rate by a damage of link. -
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Table 2 Intensity 1évels of importance for nodes.
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Fig.7 Supply interruption rates for links.
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Table 3 Intensity levels of importance for links.
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Fig.10 Intensity levels of importance for meshes.
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Fig.11 Relationships between supply interruption rates and sample
values determined by Fuzzy quantification theory, type II.
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