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Fig. 1 Hierarchical system model of water circulation in urban area
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Table 1 Matrix of the earthquake disaster damage relationship among layers (iF/K, 2002)
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Fig. 2 Hierarchical network model of water circulation in urban area
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7K
Al KE | WMEEB| TAKE
Lav— | Lav— ] Lav—| LAv—
EEIE I EIEIE I EAEIEI B3RS
1]2|3|4|5|6|7|8]|9]0]11]12
EX A
AL y— | BR2 T
E%3 =
ER4
L REL LY — EHRS
ﬁ E%6 et
£ EHRT
#MHEBLAVY| EXR S8
ER9
E% 10 ]
TARELAY— | EH 11 |
B5E 12 B

ZLT, TR Lsn T eIV F—N
DOV ERL, TR LVEMEILA YO
Uo7 &FLTWD, HERETTHIERHS K IEBR
v FU—7 ORI, AR, RAREORIEZS
MY GLKLTHETTIERLS, v N7 RAKRET
B, BEHALEEL AT LN TED
(Shimizu and Hagihara, 2002),

4. KBERAYEFITI—VDREMCEKDL,
2002)

41 BEREMEEMBEEZDORE

KIEER R Y MU —2 B3 DI H= 0, SER
DOHEBTHAETEF TR U TR B HIEELL Eo L~L
TG L TSNV AT AR RELT 5, Kia
XTI, TOREEZRTRENEZ, *y hT—27 D
J— RV I OFER O XITHE L THEERZ EMN &
LCERT D,

J — RIZEBR LESAICE, T/ — Roke/
— RIZARD Y > 7 BFEZN TV AN LY ZEMHE
EEZXDIENTED, 12, V7K B LIS
BV I OREICE > TLEEZFMT L2 L
NTED, FIZIE, Bok LzkEEmAEaicmis
LETEEZLZEAICE, RUAKEEZRETIHA
Th, Vo 70ENREZENLDY 7 ORISR
DR7RN 0, KEORBEE ST SEE LK
RN ARETH B, T, KEEORE (VXA : path)
WICEFEH LEGEIE, AR 171
ROFTWKOMBIILZETHD, ZDEIIT, Fv
Y =7 OREMERTIEEIL, ABH T DMRER
IZ L WEEEET D,

AT, * v MU — 7 OBERMEZ N5
fmeLT, /=-RcLTEEo My, Vs
Lk M, TRE), THF& WrmfEky
RKDDHN, MEERET D LICLVHEEE AR

T5) 1, V=TIEE0 K] %, &bilg, £
NoEEFHBEDETE [R2] 2EZ25b0LT 3%,
LB A D, Table 3ICR T 140 FHEEIE 2 & %
L7z, FPAMHEAE 2 KESHERIG R » bV — 2 ITH
WHZ Ik, 2y NU— MG ENM & LM
THZENTE D,

4.2 FHE+EZOBEE N

FEMFRRE 1L, Ad O ER A RSO WS B
RIZ K > THEICBEEMEZFF2, ZoBEMEIE, 7
T 7HEICBIT2EETH LT, ik, Wi, Sk
£E, HEEE, RRRE/NIBMOER, X T—0
EEL L BRI S (UM - BRI, 1982) (Table 3%
) o Bl X, WNHER/RZOE & E ORI A
A -0 EBIZEIY HE X b5, Fig 31T
ISM(Interpretive Structural Modeling) (#)I, 1985) %
AL TER LB oBE 2R 7, RN,
SERBEOBUIMSL L2F5IE Th 0, RS, 08
FEEE, TUCRZR/NADE, YA 7 NVHRPIEARL 2D
BETHLZENnND, £ LT, NHERINADIH
BEOX LS IEBOEFEOREZAET SHET
HDHZENDND,

DARELLSZD DARKLLSZD s
FEERLE RO D% ©F ELE
M e
(OIE/VAV.S DREL/INZAD O =2 YAV}
O FEDEHo% HEEEILE

Liﬁ@r\\\\\\i::><i::
REAS .
DEEE OmELA omitsE
S DT A
S Rt /NG R
@/—FRAT
géiég @S2I EEH BN IDRED
o T DELDE
e Y a—
BYAINEE | 5 e | s -
EHLTLS NooDE

S SRk
Fig. 3 The relationship of evaluation indices
based on graph theory

FIEO@@B®O®B TR Y MU — 7 OEAN) 2R
2R L, RENICEHEZT O He T hLich S
FREOO®OOOOWEEMY %, €L T, fED
BlLE o LFHIT 256 13 EQOOO® A Hvy,
RIS IC X0 R 21T 5 m A IS IT e L S O FatR
ZHWD,
FEFERE IR, LR X 5 I12H ~ DFEEN M B O Rtk
ERET DD, HELTHEMNT S Z & TEAMREE
flizfT> M TEB, LIZL, xy hU 7R
DEZDALTT A T 2 2EM A 7 — L DFEVICT LY
FBEOFEIMEN R L RICEETOLER D D,



Table 3 Evaluation of stability indices for water circulation network structure
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Table 4 Evaluation of regional earthquake risks depending on stability and safety
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Table 5 The available quantity of water provided by recreated river for fire fighting and amenities in Hokusetu
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Table 6 The available quantity of water provided by recreated river for the suspension of sanitary water in Hokusetu
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Fig. 12 Safety risk of sewer network

(Earthquake by Tkoma)
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Fig. 14 Evaluation concept with stability and safety indices
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Earthquake Risk Diagnosis with Stability and Safety Indices
For Yodo-River Water Circulation Region
-For Disaster Mitigation by Newly Created River with Created Water-

Yoshimi HAGIHARA, Yasuo SHIMIZU*, Maiko SAKAMOTO and Kazushi NISHIMURA **
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Synopsis

In this paper, water circulation system in urban area is considered as a Hierarchical network model
of water circulation which is composed of 4 layers; river, waterworks, human activity, sewer. The
modeling process is explained, and this concept helps to consider water circulation system not as
indivisuial composition of 4 layers but as one total system. Safety index and security index are
proposed, and the diagnosis of direct and indirect earthquake risk in Yodo-river water circulation region
is evaluated. Furthermore, a case study is shown to verify the efficiency of the 2 indices. In the case
study, it is assumed that rivers with recreated water are newly recreated in Hokusetu region in Osaka
prefecture.

Keywords: Hierarchical network model of water circulation, earthquake risk, graph theory, recreated

river



