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Example for a seismic fragility curve
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Example for a seismic loss function
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Parameters of seismic fragility curves
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Effects of weak law of large numbers
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Outline of Multi-Event seismic model
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Flowchart of seismic risk analysis for portfolio of facilities
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Table2 L= hifJC
Conditions of model of facilities

Unit Unit EnidﬁE(ﬁﬁé) Unitl=2En5
P s HE BE ERHED - R
E|H || E|5|# & £&(m)

1 |EEE 37| 18| 43| 138 48| 4|mEE 180
2 |BEE2 37| 18| 54| 138 47| 59|mE%E 563
3 |BAKER1 37| 19| 2.6 138] 47| 60|BAKER 126
4 |BAKER2 37| 19| 12[138| 48| 4.7|BAKEE 581
5  |BAkEE3 37| 19| 32|138| 48| 15|BAKER 670
6 |BAskER4 37| 19| 45[138| 48| 32|BAKkEE 580
7 |BEE3 37| 19| 60| 138| 49| 1.5|mEE 1260
8  [BA/KERS 37| 20| 22[138[ 49| 19|BAKEE 600
9 |EE4 37| 20| 38[138| 49| 15|mEE 400
10 [BAZKERE 37| 20| 57|138| 48| 56[BAKEE 1210
11 [BAKER7 37| 21| 17]|138| 48| 25[BAKEE 720
12 [BA/KERS 37| 21| 44|138| 48| 12[BAKEE 1200
13 [BAZKER9 37| 22| 14[138[ 48| 4.6|BEKkEE 680
14 |BAKER10 37| 22| 48|138| 48| 11[BAKEE 1520
15 |BAsKER11 37| 23| 24|138| 48| 24|BAKER 790
16 |HEES 37| 23| 47|138| 48| 25|mEE 720
17 |BAKER12 37| 24| 12|138| 48| 18[BAKEE 860
18 |BAZKER13 37| 24| 45|138| 48| 25(BAKEE 1360
19 |BAKER14 37| 25| 28[138| 48| 33|BAKEE 1510
20 |OEEET 37| 18| 41[138| 48| 7.3|RE- X4, F—MEERIE M
21 |Cigkiis 37| 19| 13[138| 48| 54|EE. HisE
22 |CHURT 37| 19| 46[138[ 48| 39|4"—k. BAZKER
23 |K&L 37| 11| 46| 138| 44| 19|54 L
24 |YHL 37| 17| 37| 138| 48| 21|54 L
25 |0% L 37| 19| 49|138| 45| 54|54

_26 _ |Bf=&hith 37| 25| 27[139] 1| 13|f=shith 4__

_27 _|Thaith 37| 31| 58| 138[ 56| 19[f=&itt 4__
28 |Nf=shith 37| 16] 14| 138 52| 28|tshith
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Reconstruction costs of the facilities
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Table3 I :K—% > DI OHE
Parameters of resistance of facilities
o
FHOREMEE FADEEEE B oo, BT i 0 D RBEBA MRS
B . % EAELS (em/s/s) = (C?;:/; RS i (em/s/s)
azwhk N e S WEER E (se0)
wa | e | oxm | omm | oes | oem | o | ome [ 0ED | oew | oem | am | s
BEER1 RV HEEE - - — — 500 — — — 368 — 1.360 — — 368 —
kR WiEHE — - 600 — 800 — 441 — 588 — 1.360 441 — 588 —
BE%R2 bl EEE - - — — 500 — — — 368 — 1.360 — — 368 -
koL WiEHE — - 600 — 800 — 441 — 588 — 1.360 441 — 588 —
BAZKER1 Bk EEE = - - - 500 - - - 368 - 1.360 - - 368 -
Bk WiEHE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
Bk Eg2 BAKER EEE - - — — 500 — — — 368 — 1.360 — — 368 —
BAKER BT — - 320 — 640 - 235 — 471 - 1.360 235 — 471 —
BAKER3 BAKES WisHE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
Bk g4 BiKEE WERE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
BEE3 koRIL HERE - - 600 — 800 — 492 — 656 - 1.220 492 — 656 —
BAKERS Bk AR - - — — 500 — — — 368 — 1.360 — — 368 —
BAKEE WERE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
BER4 bodIL A E - - — — 500 — — — 410 — 1.220 — - 410 —
kodIL WisHE — - 600 — 800 — 492 — 656 — 1.220 492 — 656 —
BAZkE&6 BAZkER A E - - - - 500 — — — 410 — 1.220 — — 410 —
Bk WEHE — - 320 — 640 — 262 — 525 — 1.220 262 — 525 —
BAZKER7 K& HWERE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
Bk g8 BAKRE HIEHE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
BAKERO BAKRE HBREE - - — — 500 — — — 368 — 1.360 — — 368 —
Bk WERE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
BAKkER10 BAKRE HEEE — - - — 500 — — — 368 - 1.360 — — 368 —
BAZKEE WERE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 -
BAZKER11 BAKEE EEE - - - - 500 - - - 368 - 1.360 - - 368 -
BAKRE HiEHE - - 320 — 640 — 235 - 471 — 1.360 235 — 471 —
RS koL WiEWE — - 600 — 800 — 441 — 588 — 1.360 441 — 588 —
BAKEE12 Bk BT — - 320 — 640 — 235 — 471 - 1.360 235 — 471 —
BAZKER13 Bk WiEHE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
BikE&14 K WEWE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
OBEET TR ERE[HERE - - 740 940 — 2500 544 691 - 1838 1.360 544 691 - 1838
T—hEkiE WisHE — - 440 — 660 — 324 — 485 — 1.360 324 — 485 —
HE EEE - - — — 500 — — — 368 — 1.360 — — 368 —
CHEKHE 2R WEHE — - 740 940 — 2500 544 691 — 1838 1.360 544 691 — 1838
Bk WisHE — - 440 — 660 — 324 — 485 — 1.360 324 — 485 —
BE-Hk# EEE - - - - 500 - - - 368 - 1.360 - - 368 -
CHURT 7=k WEHE — - 440 — 660 — 324 — 485 — 1.360 324 — 485 —
BAKEE WERE — - 320 — 640 — 235 — 471 — 1.360 235 — 471 —
7 —h-BAKER AR E - - — — 500 — - - 368 - 1.360 — - 368 -
[CIN EFN L BRI AR E — - 700 — — 2000 470 — — 1342 1.490 470 — — 1342
H L RABERE - - 400 — — 800 268 — — 537 1.490 268 — — 537
YA L EEN RIFEERE - - 400 — — 800 328 — — 656 1.220 328 — — 656
A L FHE B IREE — - 470 — — 700 385 — — 574 1.220 385 - — 574
(LN H L oLl R AR E — - 700 — — 2000 515 — — 1471 1.360 515 — — 1471
EEN REHERE — - 400 — — 800 294 — — 588 1.360 294 - - 588
Bf=hith f=ith eIl B R E — - 700 — — 2000 470 — — 1342 1.490 470 — — 1342
f=ith REBEEE — - 400 — — 800 268 — — 537 1.490 268 - — 537
Thits f=sith Ll R AR — - 700 — — 2000 574 — — 1639 1.220 574 — — 1639
f=&ith RAHBERE — - 400 — — 800 328 — — 656 1.220 328 — — 656
NF=8hith t=sith LR AR E - - 700 - - 2000 470 - - 1342 1.490 470 - - 1342
f=8ith RAHERE — - 400 — — 800 268 — — 537 1.490 268 — — 537
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% &, NELE&PMLAFOHEDNEMIZ—H L v, &
g, HEICX A FREL (NEL)AIZIEFEL VWA D,
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Table4 > V) F H5E L ORLHNEL (4720 Hi7E)
The percentage of seismic damage costs NEL by scenario earthquakes
(top 20)

]

. N LAt
Yo P faob | BAME | Bpdms | -
1| SRl 7 B v o 7 e 8. 0 0.00012 | 0.00012 0. 4370
2 | &L JE A M7. 1 0.00016 | 0.00028 0.4111
3| (138.88, 37.28) M7. 0 0.00002 | 0.00030 0. 2952
4| (139.08, 37.28) M7. 0 0.00002 | 0.00033 0.2724
5| (139.08, 37.48 ) M7. 0 0.00002 | 0.00035 0. 2672
6 | (138.88, 37.48) N7. 0 0.00001 | 0.00036 0.2611
7| (138.68, 37.28) M7. 0 0.00001 | 0.00036 0. 2569
8 | A HTHT 7 P N7. 4 0.00040 | 0.00076 0. 2545
9 | (138.68, 37.48) M7. 0 0.00001 | 0.00077 0. 2491
10 | (138.88 , 37.28) M6. 5 0.00009 | 0.00086 0.2318
11 | (138.88, 37.08) M7. 0 0.00002 | 0.00089 0.2126
12 | (139.08, 37.28) 6. 5 0.00009 | 0.00098 0.2023
13 | (139.08, 37.48) N6. 5 0.00009 | 0.00107 0.1980
14 | N HHET T 5 AL M7.1 0.00012 | 0.00119 0.1975
15 | (139.08 , 37.08 ) M7. 0 0.00002 | 0.00121 0.1939
16 | ( 138.68 , 37.08 ) M7. 0 0.00001 | 0.00122 0.1938
17 | (138.88 , 37.48 ) N6. 5 0.00003 | 0.00124 0.1870
18 | (138.68, 37.28) 6. 5 0.00003 | 0.00127 0.1817
19 | (138.68, 37.48 ) 6. 5 0.00003 | 0.00130 0.1719
20 I T I e 5 D M7.0 0.00017 | 0.00146 0. 1577

Table 5 ) A5 Tk O PML (1720 305E)
The percentage of seismic damage costs PML by scenario earthquakes
(top 20)

) e No. BIR4 o= 7[5?;2* I PMIL
T B FAMMEIHE DK A LT & 2 KO e ror | sem | g
R e N8.0 | 0.00012 | 0.00012 0.6142
WEBIETOD, BEHERRLRLEHWFHAEOME|IC X P VNI =k M7 1 0.00016 | 0.00028 0. 6052
3| (138.88, 37.28 ) M7.0 | 0.00002 | 0.00030 | 0.5113
LIREORFZ BIET O, )V AZKBO B U T 4| (139.08, 37.28 ) M7.0 | 0.00002 | 0.00033 | 0.4968
5| (139.08, 37.48 ) M7.0 | 0.00002 | 0.00035 0. 4893
=y VIESEREL, MR AVERT LI EPWNET 6 | (138.88, 37.48) 7.0 0.00001 | 0.00036 0.4823
7| (138.68, 37.28 ) M7.0 | 0.00001 | 0.00036 | 0.4803
5
8| (138.68, 37.48 ) M7.0 | 0.00001 | 0.00037 0. 4767
° . 9| (138.88, 37.28) M6.5 | 0.00009 | 0.00046 |  0.4502
Table 5 IZFERDOPML DO K & ZEICHRI-FTH 5, 10 |- B W A M7. 4 0.00040 | 0.00086 0. 4470
11| (139.08, 37.28) M6.5 | 0.00009 | 0.00095 0.4211
PML L HIIZTRR72 & ) ICIHBEDO AT IS BT 5 90%IEE 12| (139.08, 37.48 ) V6. 5 0.00009 | 0.00104 0. 4101
13| (138.88, 37.08) M7.0 | 0.00002 | 0.00107 0. 4052
WEEROIE L2 ZW T S, T bbb FHWLRELETH 14| (138.88, 37.48) M6.5 | 0.00003 | 0.00110 | 0.3976
15 | (139.08, 37.08) M7.0 | 0.00002 | 0.00112 0.3934
ANEL & ) AT LMERIT/NS VD, b LEELL 16 | (138.68 , 37.28) M6.5 | 0.00003 | 0.00115 | 0.3923
oA o - - 17 | S H T A AL M7. 1 0.00012 | 0.00126 0. 3897
A 1L AR izl H T A8 18 138.68 , 37.08 M7.0 | 0.00001 | 0.00127 0. 3844
3D TR ERIELR, WbWiREOHL T FM ( )
19 | (138.68, 37.48) M6.5 | 0.00003 | 0.00130 |  0.3827
T5EZXIIHWONEIBETH 5, Table 45 % [LEKT 20 | (138.88 , 37.28 ) \6. 0 0.00035 | 0.00164 0.3552
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A Portfolio Seismic Loss Estimation for Irrigation and Drainage Facilities

ASANO Isamu

Summary

Japan is one of the most earthquake-prone countries in the world, and has repeatedly suffered serious damage
caused by earthquakes. There is a possibility that a major earthquake will occur in the future in Japan. It is necessary
to promptly take earthquake protection measures for irrigation and drainage facilities to keep stable production of
agricultural products. Seismic risk assessment and loss estimation is an essential first step to seismic hazard reduction
for irrigation and drainage facilities. Knowing the seismic risk and potential losses allows for proper seismic risk
management. In this paper, we present the overview of the formulation of the risk assessment of individual facilities.
Components of seismic risk assessment and loss estimation are (1) Seismic hazard analysis; (2) Seismic fragility
curve based on Event Tree; (3) Seismic hazard curve .These components are described in Chapter II . In Chapter
Il ,we present the outline of a method for evaluating portfolio seismic risk based on Multi-Event seismic model
with a set of scenario earthquakes. Using this method, we perform simulations of portfolio of irrigation and drainage
facilities in Niigata prefecture. As a result, it is confirmed that a lot of useful information can be obtained from the

seismic event risk curve which is determined in the portfolio seismic loss estimation.

Keywords : Portfolio of irrigation and drainage facilities, Seismic risk, Risk analysis, Scenario earthquakes, Multi-

Event seismic model



