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10. DAMAGE TO LIFELINE AND
INDUSTRIAL FACILITIES

Susumu YASUDA (Tokyo Denki University)

Yoh SAKAMOTO (Hokkaido Electric Power Co., Inc.)
Hiroaki NAKAMURA  (Chuo Kaihatsu Co., Ltd.)
Masakatsu MIYAJIMA  (Kanazawa University)

Shin'ichiro MORI (Tobishima Corporation)
Iwao MORIMOTO (Kisojiban Consultants Co., Ltd.)
ABSTRACT

Many water supply facilities, sewage facilities, gas pipes, telecommunication cables and
tanks were damaged during the 1993 Hokkaido-nansei-oki Earthquake at several cities and
towns in Oshima Peninsula and Okushiri Island. Damage to water supply pipes occurred at
Hakodate city, Oshamanbe town and several towns. Asbestos cement pipes and vinyl pipes
were mainly damaged. In Oshamanbe town, damage to water supply pipes was
concentrated in the area where liquefaction occurred. Sewage facilities were damaged in
Oshamanbe town, Hakodate city and four towns. Many sewage pipes and manholes were
floated due to the liquefaction of alluvial sands and backfill sands in Oshamanbe town.
Damage to gas pipes occurred in Oshamanbe town also due to liquefaction. Many joints of
gas pipes were broken. Damage to electric power supply facilities occurred due to strong
shaking in soft grounds, liquefaction, tsunami and slope failure. Telecommunication cables
were damaged due to the slide and settlement of road embankments and liquefaction. Two
cement silos in Hakodate city and two oil storage tanks in Okushiri town were damaged due
to liquefaction and slope failure, respectively.
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TA774 Y BLUEFRETIE, EELERLRREOTIH T, ETKE, BhH, ¥
A, HiE, By ¥ 7 OHBRVEEERZIT 2,

KEBmHR TIEHETN,. RIS ZIILD, EBLEERXRRABEDE  ONMH CTHEL S
e BMEEZIILBEMHIZ, TLLTAMEA Y MELEMNE - VET, WEBEOT
WEPBK L, Fh, ik bR EOMMBEIRISEA LR ICHEIES L,

TAGERZE CIIRTBIRPEEN 2 E06HIH THEL ST 2. BIIEELS 3T
72 EHEHETTIE, BRMLICER L ASERCT YR — LD EY S RE L, Zhizid
BB AEARE L2 d DIicmA T, BERLIOWRIEDATHE LA LEBEbh i HEL S
2725

AR TIIRAHE TH AEEDHENTE L2, HEORBIIMTFOBIEHI» T T,
BELXZIFEFI L TAGEE LRI, SIRMESBAE LZRICEP LT,

BABERTIIERLERCRAEOREI., LEAT. LERMH. RERFECHELZIT 1,
EERMCEBRMOBETIE, BB TORES, HIRLRREE, BRLIZEL LD
BENEZRBEL,

BERAEZFECHESLEXRREOL VBT, ¥ — T VOB EIRKLEL 72,
IhHTid, ERELORREICE D2 IHER. BERRLOWLTICXL H8E, Wikt
BELLEEND 72,

FEEBBROBEL LT, WEHTEAY A OPEM L. T2, BEE TR
5 HBHARL 2o MIEIZHBOWRIL, BREIERFMEDORBER L 2HETH - 72,

10.2 EAKEDOHE
10.2.1 HEOBE

SEIOBET, EBEBEOETHHHIZBWT EAEEBROBENEE L, BEDOEK
LT, SHEIA & AR b D FEA U2 e, WUIRIEICPE S MR AR D F AR | 2 Hdsh i
BWEFEPFLTRELTWRIENBITONE, T4bb, HEREICBWTREESCKHIE LR
EREELTWARTERERESE L TWARANEE o, T2, BHELXZIT-5E
i, FLLTEMEA Y MELEEE(EVETH Y, MEEE OGSV ERIHE
HLTWAEWZ B,

DUFTi, EifE., EAEET, L8RET, AR&GPET, EHT, fRET, BEAERT, Lk [EHET,
CERET, v IURT O EIRR S & CHEEREIZOW TR S,
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10.2.2 EEEMICH T IHE

(1) MZOBME

EEETHOKETEIT., F101CEELEEBE LTRLAZ LT, 100FEZB2 IR
o, BHIB19ED T L 7 - RRBOKIRITH LRI EAEAROBEN —RIIHT Y,
BiG21466 B X Y I EFiA % KEICHAADG000 A, 1 HIEKEA090m DFEARRE
DEIZEZIIETF L. F20#H., 6RICOLAEEELRBTEREZLAL, BH48~53
EREIZT TERSNECRIEEEIZ L » TIRIZHAORB A I E - 72, BE (F
B4fEEER) OEBHOKER, K101 ABRAKRBRIZARALZ L) ICREINKIE
(70,000m*/H) . HiEJIAE (45000m*/H). BAIIKE (40,000m/H) D3DDHHD S
20 . A ATIIE300,053 A, HRFE99.01%. 1 HREAKAKE127,900m’, & EEEE R 838.1km
(EAE30.1km. EAE17.5km, FEAKE790.5km) TH b, EE-EFFOBREE (FK
SHEFRBE) ¥ FI02IRLAD, ZORLY ., EXEIZL § 700mmDME (SP) AL
TEEDTS%E E., EKETIE, ¢ 600mmOFE (SP) #755%. ¢ 250mm & ¢ 500mm
DY ¥4 NSRS (DCIP) BEFRFNR 2% 5O, BAKETIR, ¥7 7 1 VERE
(DCIP) #573% (¢ 100mm»°26%. ¢ 150mmP*17%, ¢ 200mmAH14%, ZDEAT16%) %
EDHTWEE L3995,

£10.1 ERTAHERIREA

(Table 10.1 Process of Water Supply System in Hakodate City"”)
B X & E-IE 5 X B BkAd | 1 BERAEHE

(. A~%. A (M (AN) | #7KkE (of)
£ X BR7a21. 6~22. 12 242, 000 60, 000 4, 090
5 1 YR BH7527. 9~29. 10 217, 000 150, 000 10, 900
88 2 iYLk Ak 6.5~13.3 3, 124, 000 200, 000 25, 000
5 3 IRk iBf011. 6~25.3 12, 419, 000 200, 000 25, 000
5 4 IRILR igf025. 4~38.3 758, 106, 000 200, 000 70, 000
5 5 IRILTR IBF041. 4~47.3 1, 017, 097, 000 250, 000 100, 000
5 6 IRYLoR iEF048. 4~54.3 3, 300, 705, 000 300, 000 154, 000
a7k DXL o Rk 4.4~ 6.3 346, 684, 000 308, 000 154, 000
(2) HEOBRE

HEETO EAKERRIE, BM43E (19684) ZREL-THBHWHEOR. EfL
(1888 E D RIFRIICHER) LT AE LRAELH LRI LHEELZIRENS
Bo SOOI EREMMHEICL S HETATOREIL, 19684F T Eihth ROk & (2ITE
BEONTHh-72Z 00, F10.31219684F +EEMHE & 1993 F i E R P HE 2 BT
LEETHAEHEOBMEL LB Lz, 72, 1993 FEHEREIEIC BT 5 FKEHE
B2 K10.212, 19684F T RICEB T 5 LAGEHEX %X 10312R L7,
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#£10.3

1968 F-+ BB & 1993 FtimEMTEAHEIC b 1) 2 REMKEREOLR

(Table 10.3 Comparison of Damage to Water Supply Pipes during the 1968 Tokachi-oki Earthquake and the
1993 Hokkaido-nansei-oki Earthquake (Hakodate City))

19684+ Bt 1993 Jbi5:E RE Pa b R b
B i IBFI434E 5 A 160 94953t | TR 5 T A12H22851T53LE
AT DB I\ v
Kk AD 214,000 A 300, 000 A
HiakE 57,000 ot 115,000 of
TR E B E AR 2,800 77 800 75
HERKR 169, 300 m 10, 300 nf
AKGE B EE AT HAKE= 6HEF ERE= OB
92 kn (0.273 A, kn)
Ak = 1738 BikE= 158
245 km (0. 707 T, km) 791 kn €0. 019 Ak, km)
akE = 54288 @wkE=3THET
7K 1 1 2 R 4 5K B o> & M FEM X & R X
RIS E Ic i EE D

(. B #R AL FT)

-0 BKREHRERHL %m‘&ﬁl?f@ B g
e

& » mrrEELRN
O # - mAEEERR

£ 3
Yt v\,,

BREymEr

X10.3

1968 F+EHEIC b T 2 AEEHEEHAFFEA

(Fig.10.3 Distribution of Damage to Water Supply Pipes during the 1968 Tokachi-oki Earthquake
(Hakodate City))
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INED, MROBEIFBETH o225, SEOHEIZE 5 FAEHEIZ, 19684
TR R ICEI0OFGDILTISHRL TWa 2 2505, Tk, 19684 i E
DEFIIATH I THED Fev 72 B SN THARSEAL LBA TS & &, 1968 4E i
HWREDEFHEROEFFEIHEZELZODER LN, F72, AHOBESERAINE
WO HTH HEHIARX & EFHE OKFGHAARH IZET L TnE 2 L idEMY T
5o BlL, HIE - #E OGP THRIRNICHEEIREL TWL I EAEL 5,

SRIOHWRIZE DEAKE (¥ 7 51 VHHE) OEEY ) OB EEIL0.018EFT
fkmTH Y 19684+ iR D 0.707 E F/km =, BEDHEEREY 1993 442 i Hy 22
2 & 2 GIEE T D 0.041E Fr/km, 1978 FFF IR MR 12 X 2 Ml & T T3 @ 0.22 8 7 /km.,
1982 S MBI & 5 WA FT A3 0 0.60 B AT /km.  19834E H AR # kb E 12 & 2 Beft
it 3 D 0.65 BT /km, 1987 4T FEEHH ih# R IZ & 5 1 FAEM T 0 0.08 77 /km
FICBERTOBO TRV L5595,

®104 FERFEIIHMAE—BER (REMCEREMBERIEN)
(Table 10.4 Number of Damage to Water Supply Pipes in Relation to Towns during
the 1993 Hokkaido-nansei-oki Earthquake (Hakodate City))

(@) EKE (b) #&KE

No.| BT % | #WERFR  No| BT & | WEEHR|(N| B & CELR
1] X & 1 Eifr 1| &heg L@&pr| 9| #&ET1 TH 1 @&
2| wHhER | 2 @y 21 £ & 1 &pr | 10 | &BT2 TH 1 &ipr
3| & & 1 BT 31 & 1 &pr |11 | AET3 TH 3 @A
41 2 N 5 &P 41 XK F 2@ipr |12 & H 1 @i
51 K F 1 @iy 5] & # TEAr (13| H %X 4 Err
6] & B 4 v 6| & B JERT| 4] B B 1 @i
Tl B F 1 T B K 28pr [ 15| &)IBT3 TH 2 @
a &l 158 pir 8] ®= % J@Epr| 16| tEE 4 &t
a8 & 3T P

RI0AIZIIAKEHEOI R B %, £10512IEKEREOBERNE L OB EREKANR
TIED, TRIDEAE TIIZOOMEED & EEBORY ) HE9ET (60%). ¥k
ETIIMEETS L O ETROFBAE 236 (62%) & FEHEERTH /-2 8
G5

1061213, BARE LARAENICHRESHNOHERRKE T LD, ThE ), Bk
BIZoWTRMITDO20HENKEBRET CIUBBEN-ETCREL, BYV3IFO10H
XM ERIIBHRENRLETREL TS, 7, BAFIZOWTIE, BFAI10~50
FRICER SN LBIFRLOWENED (995%) LTRELTWE Z L IZEM D D,
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"

%105 BENS L UHRBRABAR (EET KB R R R B AR E )
(Table 10.5 Number of Damage to Water Supply Pipes in Relation to Pipe Diameter
during the 1893 Hokkaido-nansei-oki Earthquake (Hakodate City))

(a) EKE
No. J& A O®% (¢100 mm)
1 shEie (ZOE) 5
2 wEY (EIHB) 4
3 | wkFEEm: (A A=A VBT 2
4 | ke EY (B 2
5 wiE (REE) 2
&t 1 5 &
(b) #BKE
| &%
i A1 nael $E5mLIT | ¢ T5mblh
1 mEyTE (EH) 6 2
2 WEaz (HH) 3
3 mETE GFE) i) 4
4 BakEE (B — 2
5 | ssskEEtme (A A=A ILREFER) e AR 6
6 SBaEaRR (LU 1
T | BERA (HERBALE) GELEE) 1| AR 1
it 2 1l 16
=1 at 3 TH

%106 AEHSEREREENGH—RR (ERHAEREMBREREAN)

(Table 10.6 Number of Damage to Water Supply Pipes in Relation to Constructed Year)

(@) EKE (b) #E7KE
LGSR wE BT B wEBIE

BIG21~224F 6 &ar (40%) EF010~205F 5 @er (14%)
BEIG25~265F 1 & ( 7%) 21 ~304F 6 & (16%)
BRis (FEAH) 2 @Epr (13%) HBF131~404F 13w&Ar (35%)
KiE 6 ~134F 1 & ( 7%) ARFN4A1~504F 7 &R (19%)
REFI444F 5 & (33%) 051 ~604F 2 &mr ( 5%)

MEFN614F LA 0 &mr ( 0%)

ABH 4 & (11%)

a8 & 158iFr &aaf 3T AT
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(3) EIBIKiR

HWRITFHSETH12H (KIE) OFRI0B17THEICEA L2, ECHRS 6 O
WCESEELIC (IBHFRIEE?S) HIBC»H5 0, 14 OF%8EICIZIbEEEE R
RIBEEO 22X 2 S, ZIZEIRIIZT L2 HEL, TREBICLA2HEFEHRTH 7125,
BHREFTOBELEIEMNATT B L o728 ) TH S, HEGEHOEIHIRREFRKI0.7IZR L,

FREIBHNEIZ, £108IR L2 LD ICRAETIE, YEBE 6T (40%) T—F
%<, WF. A7V VA2 77 TRUS M4 (27%), 7703 a4 » P & RABsIE
EBRMF FNEN2EFT (13%), TRV b F v PRBFLEFR (1%) Thotzo —H. B
KETIZ, AT Y VA7 5y 7R 10T (28%) & —FE . DTUEBEHSSER
(22%) . —8ARY) TF L VEIZREITEA (19%). F— XHUEEHSEFR (14%) %Th

Of:o

#10.7 KEWREEAMEIRD (REHKERFRMBEFREM)

(Table 10.7 Number of Damage to Water Supply Pipes in Relation to Restoration's Day)

18151 BoKE BKE &t
7TA138 | 1288 (80%) | 18& AT (50%) | 30@&mr (59%)
TRHI4B | 3@ (20%) | 17EFr (47%) | 20%AT (39%)

7TH15H
TAI6H | — | 188 (3%) | 188 ( 2%)
ait | 166 368 AT 51

+10.8 KEHSEHAEIBRNET—ER (REMKERBFNEREFRERN)
(Table 10.8 List of Repairment for Damage to Water Supply Pipes in Hakodate City)

ELEHRNE fokE #aIKE & &t
UEEH 6EiFr (40%) | 8&EiFr (22%) | l4&Ar (27%)
AT ¥ VRY T v 7THHS AT (27%) | 1088 (28%) | l4&Ar (27%)
—WAVF LV BICHRE | —— | TER (19%) | T8 (14%)
F—AHs — | S5&AT (14%) | 58&Ar (10%)
Z B a4 2 T 2@ (13%) | 18&pr ( 3%) | 38Fr ( 6%)
KB 1k B AU 28 (13%) | = |- 288K 45
71 AEREEH — | 288Fr ( 6%) | 28&Fr ( 4%)
THN by FRH 1@ (%) | — | 18/ (2%)
TV — | @8t ( 3%) | 18fr ( 2%)
BREESEIEY — | 1@ ( 3%) | 18 ( 2%)
ERBERATUM IS /by | — | 18, (3%) | 18 ( 2%)

CL 15@&ipr 36t& AT 51&iFr
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10.2.3 RASEIICH T 2HEOHRE

EFEHE O EAEOEHIERI351,493m, RAHEFEIZ2,990iH TH 5, EROERAD
ML, ARt A Y FNED49%., ¥ 74 VEREI26%. BIELE=LVEDI23%, £D
fl12% & > T\Wb,

1042 EDMEGTR £ R, ABEBKRE TI3EHR, FORBRIGKXTISH
. EREHEKGBAR TISEROAFT66E CRAEDHENE L, AIMBRIZBIT L
BEZ, BESEHLEEOMICERLTVA, HiET 2K 10.161213, HERICHES
N7 MRS - HARZS IR R AEAT. B X OIRBH - IHME - IBRSRER IR SN TV 275,
Bk D EASIRAE R B SHRES ST 2 HIRICEF L TWAEZ bR b, TN
5 OHIBT IO RESHRINTE D, HRILICE VERAEISEELZLDLEER
ENB. HORMBETH, 22 TOMERESHTICBVTRKILOREFHEESINTEY,
Z0L D RERIIBVTRAEOHENE L TWwD, KREERBIRIAIE LR DORNE
BOBOEEFKELRELZOT (BE10.1), BOHIIICHEBEINRTWAIERLIZEA
KEBABEER - TVATHA ) LB &N, ¢ 150mmOBE=VEDOH EIREE
(BE£102) TREHAMTHIL:. EBRBX TRISEROHEEIRESN TR, &
WAL EINTESL T, HEBICLAHETHLLER LN,

wefE. SEAICHER T LHSENI05, 1060L ) THE, At A PEDOEMRE
TOFEED oL bS5V, OFNICRTD ¢ 100mmUTONOFEOHENIRLALET

....

i L o s e -

EE10.1 SOR/NERBOSEDKREE (BA
ERHT)

(Photo 10.1  Settlements of Sidewalk in front of

Nakanosawa Elementary School in
Oshamanbe Town)

EE102 #EEEZVEIC L3R

FoE (&K 77 ERET)
(Photo 10.2 Temporary Piping by Using Vinyl
Pipe in Oshamanbe Town)
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(Fig.10.4 Distribution of Damage to Water Distribution Pipes in Oshamanbe Town)
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ééoL#L\¢MMm®%%@ﬁ%ém&%§mo:nu¢&1y794»%ﬁ%@
EEERIZBTAREORKETH Y, hOPHK TH UL HRILICHE ) BREIRIZL -T
TOE) B HBMEEORS REEELHBLLOOEEI OIS,

AEE LTI TAZEVTEY, BRI X AAREL, BRAKBOBEEL R o205, i
HEASHHE L2k A by S L7z, HEORABHIZRRABRADOHELT
BATEOT., #I0BKEL - TDEBA L7z, ARBX TIZISHIZ, HORH
KCi17HIC, EgX cidoHicEhEREIBL

4.62% 8% 16929 11.67% 3.33%
1.67%
6.67% B S0hmm
p— B DCIP B 75mm
' B ver 3833% @ 100mm
B ACP 125mm
SGP O 150mm
O erP O 200mm
67.69% 38.33%
E R SET &S & s EE P B OBk EFSEIOER L BEEABORMRE
@105 EFMENCH 3 E@AI0ERA €106 KHHEICH T SERFOEK
BOWEHFH EOWEHR
(Fig.10.5 Number of Damage to Water (Fig.10.6 Number of Damage to Water Distribution
Distribution Pipes in Relation to Pipe Pipes in Relation to Pipe Diameter in
Type in Oshamanbe Town) Oshamanbe Town)

10.2.4 LHEENCH T IHEEOHR

ERERT O EAKE O SRR 13K E 2,403m, FUAKEI1,646m, FEHER94,049mTH
HBANDIZ28816 A TH B,

107 12 FABORERTFT 7T, BABEABERICBVTHIELL, 72, BAED
W2 ARS T Lo Tre BWEREBRIIAE L HTT, LEEDBKOEM, ARG - K
EHR. FRRATHEO SHKTHEH, ORI RERK TLH Y | EREH
DEEHRLDEBboTVAE I LERBL TS, B, BEIICEAEORES
FrwaLE108, 109D L) Thb, EEIZLZHERNBOEVRREONLZ VA, ¢
100mm UL F O/NIRETHENS o2 Ehbh b, 2B, HERBLLTR, ¥7 7
4 VBEETIIATERIORN. GEtAY MELAFAECRETHIEFROIATS
D R Y LTI L IR A Th o7, T70. BAED 9 EDWRFETORELR
THH, HEDIFLALPEREILBVWTREL,

WEE R IAE D & FE O HIRD 15,0003 0 5 57,500 WH WA L 72D T, R
ﬁ@ﬁkﬁ%ﬁu;hﬁu&yﬁtfm%%m%ﬁotoﬂ%sa&mrﬁwﬁmmmﬁ
DABEIEIE=T L. BAEIZ2WTLTA20BCHEIBISENET L
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21.21%

30.30%

36365 W 50mm
W DCIP B 75mm
B vre @ 100mm
B ACP 150mm
18.18% GDP O 200mm
0O 300mm
30.30% 12.12% 12.12%
FRETOES L HEEHABORMRF FHETOER & HEERBOMR
10.8 _EWETIC &) 2 EREFIDEAKE 10.9 _HHEETICH (T3 EEBIOEK
DHEL EOWELH
(Fig.10.8 Number of Damage to Water (Fig.10.9 Number of Damage to Water
Distribution Pipes in Relation to Pipe Distribution Pipes in Relation to Pipe
Type in Kamiiso Town) Diameter in Kamiiso Town)

10.2.5 AERETICH T EHEOHE

AT O EAE I, REPNKRPEFNORAAKEKFEE L. #AADIZT,620 AT
D, SHRIERIL, EKE2063m, EAKE1,327m. BKES53,980m, #ERST,3T0mTH
B

E10.10 (2 EAREOHEG T % Tt EAEMN1EAT, EAEI 108 TIRIAL . T/,
Kt (1) ORETE. 12ERICEYREL L THERRERERLLLI A, RI09I7
T EIHIMICIEROEET 4 100mmD AR LA Y PEOREFR O o 72DT,
9092miZE N BRABORLICL., BABIHLELTo 72, HEGHIZEICHENL KE
MIEWTH Y., IBETH S EEX bN5D, B4 EOMENC S NITAREANNIZA O
FETIE L, ErEmOTaRLTs Y, BECHBN, KA H 70 IRARERIIDIHA
Eleh2, SEOHETHAFHMLE LIRTE CRRILOBENFBDOLNTNE2OT, Lk
KEEDHRERR RIS ELo TV LD LHEREND, 2B, HORLBOERE
B NEFRORELEE, FEWCTLHLLEHI011, 1012089 Thb, HLE=V
mOHEE AL NER YOBEORBHAS BNOREOHRENI SV LW b b, HE
SEEL L CIRMEF OB 2T FEL A LT, BHEI2~3cmBED LDV EH -7,
F7. AHBEAY MNETEHEETICBIAMBICE2HEIED 07
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#10.9 AEAENCH T2 LKEEOHEORER
(Table 10.9 Damage to Water Supply Pipe Obtained from Trial Digging in Kikonai Town)

AMES (m) | HCOHEE SRS (m) |[#HEEREH
1 T 2 2 7 4. 5 2
2 4. 5 2 8 3w 10 1
3 3. B 1 9 5a 4 2
4 6. 0 2 10 S 10 1
) 5. 0 2 L1 3. 0 1
6 2.5 1 12 5. 0 1
9.09% 9.09%
9.09% 27.27%
36.36% 18.18% B ocI P B 50mm
Wcip B 75mm
B vP B 100mm
ACP 200mm
36.36% 54.55%
AHRETDEIE & HEERFHRORR AEREIOEE & REEHABRO MR
F10.11 AREHAEICH T 5 EIER DA 10.12 KREAENICEH 1T 5 EEFIDE
KEDHWEHR KEDHEEHFR
{Fig.10.11  Number of Damage to Water (Fig.10.12 Number of Damage to Water
Distribution Pipes in Relation to Pipe Distribution Pipes in Relation to Pipe
Type in Kikonai Town) Diameter in Kikonai Town)

1026 NZER[ICH T I3HBEOHE

ANENO FAEOEBRIEEIZEKE6,667Tm, EAKE114m, ELAKE75029m, HEK
81.810mTH b, BHIIELE ZVENTI%, AL AL NEN 2%, ¥7 51 VEHKE
HT%. FOM, HHEE. FELR->TWD, FAAAOIZI1385ATH S,

1013 12 8KE, RASEOHERT LR T, BEAEI I, HARE6ERT THRIAL
720 BABEOHEEIZFNEFN § 150mmD ¥ 7 ¥ 4 VEEKE L ¢ 100mm, ¢ SOmmDIE(LYE
SAVETHLD, WTHABRORVFITRICBT2HBETICLE2bDTH S, RIKE
PHBILINETLAbVDEELLONS,

INLOHEICL N 2K, H20F THIAK LA, HECEHICIIEIB L,
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X10.13 NEEDFRKE - EKEDHEST
(Fig.10.13 Distribution of Damage to Water Distribution and Water Supply Pipes in Yakumo Town)

—375—

TR




10.2.7 FHFETICH T BHEOHR

BT OB, LK L - R MEAGE, B)X S AE S % o
Twh, BAKAOIR14472ANTH 5,

®10.14 128K E, RASOHERT 2R T, LAETIRAEIIEROREVREL
TWh, ¢25mm. ¢ 20mmDIEILE = VEDMERBEIAL ¢ BumOK) =5 L EOR
Lo I/NOIREORETH ), WTH LRI TICHIBETH o720 Br - A
JI X S AKE TS ¢ 150mm D EAL Y 2 L EOEKEMI0EFT. BT OH TR L, £
DD 4 BFIEHETH o720 BEDE Ui, By HOXUBRBYHRIL L 723
HTH ), BRILICE D BEFIC X D BERESRIELAVOEERONL, EILXAE
SAETR, ¢ SommOHE ORAKEHFRHAGREE CRT OBEBLAE U 72

[10.14 HETO#KE, BAKEDHRELIH
(Fig.10.14 Distribution of Damage to Water Distribution and Water Supply Pipes in Mori Town)
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10.2.8 HEFEEICH T3 HEORE

REDNGERZT, ARBXESHKE L FHHRESKED 265 KE & 100HK K
ERLRoTw5, BEMKOMBAADIZ1440AN, BEAEBREIZNGI0MTHY), FYH
wEXDENLIE, FNEFNLB8A, $97,650mTH 5, BREHKX & FHHEX OP.LEIT E
HIZF 7 5 A NVHEHREEZRA TR, FEAROBLBUND L Z 513 5EE VBT
HbhH. AHMXIZEF61 ~62EE LT T, BERHBR TIITPHR4EECEHSESH S
ELTEROMELR EOEBLLENEIATH S,
FHBXOEEOMELRIQI0IIAR T, FHMR TR & AKICE ) 43785 H
HEWIEBERL, BBKREUESHBIRKEEL 2o TAEHER Y., B ERREE TF-7,
FEKEDHEEIVTNLIEESHTHY, T2 ¥ VOB 2EF. BN 2EHTH 5,
HMREEEDPOIHECTEEIIHAKLZY, KE£ W ET2PSHIBIEL ED- 225,
3HMIEETIILALREIHTE, BEROICIZTALBAIVRERZET L,
BABX OB EDMEL KI10.11IR T, iLBE~ORAEEESHTHIBEL =D T,
—BFENILBHAAZEDREIZ L o TLE W, 20OBRY FIZTRERATL 2 EL T
L7z P4 FERIIEBLTILHEVFEIBE>TVWAEVWI L Ho T, FASHICHE
R EDRERAE L d o7 THZIHIZELEHLTWS,

2B, BRILBETEOEZENVLEVOT, BWERBNNOSEEN RS D2 E-> TRE
B2 BIBEEN T o 72,

F1010 EFHEIEEHHBEBEKEOREOHRE

(Table 10.10 Damage to Provisional Water Supply System in Aonae, Okushiri Town)

HEEH L # m =
ALK $75~150mm  |[FECHB4EHT
Aok () & | ¢ 40mmbl He Oy ERatE pr
kaRE ¢ 13~25mm M e Bk 4377
& af B OrAR8 i, 4375

#1011 BARATARBXMHSAEOHEDOBE
(Table 10.11 Damage to Provisional Water Supply System in Okushiri, Okushiri Town)

HEE P B B E
T Bt $ 150mm WMAE HAeHER, EHESSm
& X AL i $ 150~200mm |[MAFE HEIIEFH, MEIE S 10m
R [X AL A ¢ 75mm WA ?ﬁ.mﬁzfﬁ@? m’ﬁﬂﬁélém
fAAKE ¢ 13~25mm 38T (ERIH Mo X &

& &t 45 (& Fy
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1029 LE/ERTICHEIZHEOHE

EONTRIZOS 7L BT, BBV THERIESRELTB Y, 20
BFHLGIC, ATNRBEO&EL, ETF. ﬁ%@%ﬂ LT R EORENEL,

ORI DR ESHER SN TV 2 KBHX 2 .02 21 SR ORAKERENE L. KEHE
REBLETIE, ¢200mmD 57 ¥ 4 VEFSRENREMT L 720°, HBEBOXZETERDOE
WA EFMEHH LD EZONE, ZITHFHEOSRETHLREEL., ILEHE
BLTwA, 72, 7HI8HIZ $200mmD ¥ 7 ¥ 4 VKB OMF RO BRSO OJRKD
RREN, BV a4 PEBVWTHIAL, £OMOHEEFELE L TR, ¢ 13~75mmDIE{L
EoVEDHMFOMB 2 ENILAETH 72

WEBEER, KEREOHIICL V#HELEIEL. £0M%M 1 HREM AL 225 14H
IR EEEERET L.

10.2.10 ZZETICH T A3 HEOHRE

CEBBET DAGE MR (2. CEHX, T - =V AKX, BEBX O3 OOMBKEN,SL %
> TWwhb, #RAANOIZS12IATSH 5,

CERH X TIIREAI R EE ICEBRIFEHIN TS, BRAEDIZLALIIEEE=VE L
o THBY, BREIEMICIET 7 A VHEFKEVHVLN TS, LAL, —8IZIZA
Mtxr FELE-TWVE, KiEIZ, BIIKKX LEHBXDO2ERTH S, L%ﬁE@&
A FI0.121IZFT, BAE, EREIEHEA L VEORTFIHIIBITLHETHY ., K
KEZEE LV EORFIHOBR., BViAALRETH S, WIRILIZ L 2 BYHEOREE
LR R T, ¢ 150mmOELE = VEORFHOMR A BRI, ZhiC
SYEHATHEES LV EHTL, BEFAHICICR)ZF LI EIZL L8 HREEE 2
T, BARAY VRS SEIRELZICHRY h ol MBS FICRELEIAL TV,
ZBEBATIE, EHOMLVEISP, BIREREEICLVEBRIIBRFAoTVDL
AT, EBROWENELELTWREDI ETHD, AMXIZ, TIIABETH Y., 104
ANCEBO T THER I NI TH 5,

T - Z VA L EEBXIIBVWTIRAKEZHEIRE SR TV RWVY, HAREICE
ELHMENELTVWETHA), LD ETHA,

#+10.12 ZEEIZ ERX S ACEDHE DHME
(Table 10.12 Damage to Provisional Water Supply System in Otobe, Otobe Town)

B Py WEEE I B B

K 1 f&AF fit 2 v MEOBTE
BAKE 2 By fit A v MEOBKT

Ao A 3 WA HAbY = VEORTFER
ﬁé‘?ﬁ’ﬁ: %ﬁ( E’Fi 0)-}';% (&) uIS’C mfh/}(ﬁ g’lﬂ
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10.2.11 JLRRILBTICH 1T 3 |EDBE

Jerz BT OB (S, LUK, SRHX, KEHREO 3 205 KEP S 2> T
Wi, FRNEROIAKADL, L2IL#X 3,730 A, HRHE 1,610 A, KEHBX#H270 A
Thb, BEMNINERFEITRICEL I TERBRICETNTEY, BRILOBL 2o/
GREF S EMHX TH 5,

kX Tid, EEIANITRIZH 2 EEAF#ICBVT § 100mmDOAH LA~ ME
HatEpr, BRI NL, HATEIERIEPERE SR TW A DS, HERTIIERD
ORLNIBITE V) LN, BRICIBEOAS>TWAEHTHo7 COMRXTIE, #
FREEEIZ L A2k AR 22 7%, BIHIEICTY o,

ERHBEXOERTIE, 40miZb ) BERFRELAZOT, £FIIXEHZIA TV ¢
100mmOIEILE = VERIHE D, EEEZEEZ L L, BETIII6EHROBENT EL
72o ERHMERBEMLMELVLEORLY a4 Y VOB THE, KEWVEZATIZH ImEE
MLTwdEZhbdbol, T2, KEBOILSL Lo 7285 DEMET T ¢ 100mm D A
TV AENBR Lz,

KX TIE, At X v FEDPAERT, ERMTHEET L 72, KMBIEEICEDATK
EGWEDELLEIATHAEY, BRIZI-TERRBE EDIEROBEORE LIBITEIC X
S, At AL MEFBHELIE I H o720, BERIZEETH -7,

KiEE L TRFEARER TV S, BERDHIF L o 72720 PRAEFRI L7zOT,
W1ARICHI Y BHRAENER Lo/ b 2 A —EHOEERBICZH o7, B, &
KD E DM BEHT40 ~ 5S0emik T L7245, MRRICIIEEFEL b o7,

10.3 TKEOHE
10.3.1 HWHEOHE

TAREDHEEIER LT OO TRAEL 72 ST TORESGHEEZRT LFKI013L
%%

#£10.13 TAEOHRELER

(Table 10.13 Damage to Sewage Facilities)

W OB & % #ESHEFH)
B OfE T T 48, 967
E B H 2 41, 733
A ¥ OHf 2 16, 2717
t fx B 7 8,000
A E B I 8,732
&7 E Y 13 393,028
& &t 27 516, 687
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ﬁuﬁénéxau\TK%&%@&%&@M%ﬁ%H?&otﬁ\%®5%%nmu§
FAI COMETH o 72, LTIZIE, HEOK X o 72 TR O EIRIR B & U KR
Hic2o2WTH~<S,

10.3.2 E 7 EBE] TO# KK

Eﬁ%ﬂﬁd?*ﬁ@%ﬁﬁﬁ&ﬁbhfwéa:5f@5ﬁ\%ﬁnﬁﬁif@@w
HE A RT E#1014E 25, '

:@ﬁ@@ﬁ%\%mﬁﬁmm&mﬁbﬁ‘ﬁ%%&@%gﬁﬁﬁwﬁﬁ$$mﬁmﬁ
HEE STz, # LT, dbilsEmbdEIZ LD, [€10.1512/R L7z 13HX TEER B
£W7V$—Wﬁﬁ%bto%ﬂ@?mﬁmuﬁLt%ﬁ®Eﬁﬁlw7y$ww®%ﬁ
ﬁ%@@KﬁTﬁxmﬁﬂ%E§T1%hh7V$_Wm%ﬁﬂ@ﬁf%otoﬁ%®
R E LTiE, BIETIREEAT, BT, RED . #PHEE T, vrA-LTRELEDR
T, 7uy 70T ETHo7,

WA T TR X AU ARS - AR IR R AR AT, B X OIRIB M - IHIE - [HE SRR S & X
1016212 R o BT L 72 B PAPY CAL it i P i R 1 & 0 iR AT A4 L 2 XM £
KOAMR TIIEVWhEHEEIND,

@Eﬁ%ﬁ@ﬁm#B%ﬁ%ﬁﬁﬁﬂﬁﬁﬁﬁﬁ#%%H%WﬁﬁﬁﬁﬁiTm%ﬁ%

JI| D18 A8 B

QOEFHEROB L TER /A FEAEOIHER

G E 5 ERER 48 0 1B k4R ) 3

@E N O N B

%1014 EFSHEIALTAESLE (EFHETICES)

(Table 10.14 Sewage Facilities Installation Plan in Oshamanbe Town®)

H = SKHE (PH22FE)

B, =) T B A O 12,800 A

A B & = 376 ha
B F & a4 w® N

T KEE E B E K EE R 352 ha

Fo®m A O 10,100 A

AL 78 it 3% Bt 1B moE B ok E 7,020 m*/H

(BXE. HEX)

HKIER (B#R) 59,222 m

B & MAKIEE (%) 26,620 m

& &t 85,840 m

R v 7 H Ry THEATE 3
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D)5, O, QO#X %@L HEMERNZ /R~ £ K10.17, K1018: %5, Zh
X 10.16 DX-X', Z-ZZif-o - WH TH %, BIE TIXIHEL, BETIZIRMELRS &
CIHBBIZNED 10EELTOW 2 WEVB 2 FAM T IZ1 ~4mBEHEE L T 5,
INOLORIZIE, 72, bEERERETEEIC Y > TRIRIEPRBE L LTS NIB LR
LTwad, ThiE, HIHPICRLAEF-) Y 7FEREb LI, BERERFE M 0N
FBICELTHEL-VDTHS, 72720, EARIRICHET 5 BB R TI1290GaliE
EOMERAIEESFON TV, BRERAEETHVON TV A ERILESHE
RICKRELMEEZA VS &, EIRMLBEBAGFMLTL T ThetA, BEEHEIAT
W72, TITiE250Gal DEE VT W5, WIRILHEEER T A5 L IZIZRIEO® S
WP THARILIZH § 2 R (REeFE) 2512 TR-THE Y, [HTERHEH O H
BLTWZws iRt (L) B0kl boEZ NS,

1033 EAROTAE Y > FA—IBLUESROBKERICET I EE

RO TRIAERIIC YA -V - EROFERRS L OB KB ORI EFEL <
ARTCVBEY, YU R— VDR L) EHEETEERLZOSMI0.19TH b, v h—
NVIET TR CHRADETLAERLD 2720, FNLRPIIRLTH A, 2 DEN
TYR—VOMNETEIZLZSDS, RO THAY A VESHI) TEBTREL Y —
ALLDRTRELLF—AEDPEZON, MLz, LVBITHEDOT VA — LD
MEFLVEZFELVEEALL, JHIRMELOBAE L OBEREERL TR S,

BU10.19 £ [K10.16 £ Z R T AL L, v R—LDiFLE D LRI DOFAE I L OIS
BREPICRDED) LRABRYEHLLEZLE) TH D,

Q82 THARICDFAE L 7zhX (RITERS 2 & & ST LEREAE) Tid< v &h—

VAR E Ediodz,
QBRI RAE L e o 2R TR VR — VI LA LRI EXS B h oz,
@7l WML BE L 2o MR TBI A Y O—Ef (B2) Tidvrh—itkX
CES Bhtady

RIS TRARRICE-) Y FRAELITV., BEHOF—) Y 7ERLEDET, ¥
10191 R L 728l o I EWEN 2 fEK LT3, ZoWERD 26 FLo@. @.
OIHY T AW ERMLZIREB L TAS L1020 25, $F. OICHEHST 2 DDy WiE
TiiD-5. D6, D7D U F— L HBFELENF-T, #0OMMOT R —VITFE EdSoTw
R0 720%, D-5, D-6DI YR —IVTIHEE L) THICHERILLZEHEESNEIDH W
WREPEFAELTWD, T, A LIETFLAD-3, D-8. D9TidI~ > Fk— VER M
BB L o Twd, KiZ, QMY T AF-FHE CIRF1 2BV To~< s — LT
RIFADLLIETFLTWAD, FR6DT rA— VOER FMHTIZik. NEdS10L Lokt
BRE LR, BIFELELTWAE, ZALOBERWEIRILL TV EWnEHEENE, @I
Y4 HB-BWH TId53cm & KE {F & LA o 72B207 vk — VOEREICIZRRE
WHEL TS, B-1THEHY YA — VEEMEICOQLFARIZ® SV BHH5 L) THb,
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No. 4

(a) X —=X' BITH - 7o #E Ky @

5} niz " pa . “iz
fu 0_1_2@0_1"_2___"2 12
5t} 2 é~ZZZQQQQ“‘L
10 1& 10
) & w kAL B

o), x~x‘ﬁcmotmiﬁﬁmﬁ
1017 X-XHRIOB - - EMER S L CHERR{LE

(Fig.10.17 Soil Cross Section along X-X' Line and Estimated Liquefied Layer)

No. 20
0!—11‘%\50
10 -
(a)d Z— 7' BT o EEE
FL
6]
0 Tk - AF T
L A & 5Jr iy

1004
W O HeEBARACE
(b)) 72— 7 Wit ohkitEHIKILE

T

10.18 Z-Z#RITA - -HEIEN & & CHERRK{EE
(Fig.10.18 Soil Cross Section along Z-Z' Line and Estimated Liquefied Layer)
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F No. B (RHER) B &
= (m) GH=6 Oda GH= (m)
“1n { dep-10 450 +10

\ e
i 0.58m
J NEll
- 0 10 20 30 40 50
! e 5 B T T e P e e o
+35 = +5
!

0 4]
-3 -5
£110.20(3) B-BRICA->-HEHMER (EHMETYICL3)
(Fig.10.20(3) Soil Cross Section Along B-B' Line ¥)

I IR = - R EAZMK
K | fioce e[

" 2 |%t tiz
Rim|mis|ln m) ”"@“ d "
R m f;' B |oioRo SR

T ISERR: 5

m | m) [ (m) | )| B | 4 |58 |HE|BE 3 ‘g(mllwo %

] & xR | BT

b 1A D

- | 1+ & Jonglisy L EE L)

1= ||| e [ o [
E 2 4 o Wl |2.0mitiEk DAKE<ud 18] 1] 1 2
1o | |4 }ﬂﬁ-ﬁh_wﬁ«’ \
E 3 = ) HIEIEIN]
E__g 3.6mLi-HBREL . 4%k ;:;’ nk \
E 4 ) .Bm . 3| 5[50
LI TN X
» é f, sto:nnﬁmv..a* in i \
E % e ﬂi |11 % i \0

]

- 7

x|

E 9

1021 #BRELTONE (EAZETDICL3B)
(Fig.10.21 SPT N-values of a Backfill Sand®)
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T, ZEHMEII10.19, B1020% % b L2, W B VBBV VR — VEEMEIC
FHELBEICHEIIMLIZE o T v d— B E Edon EHELTWE, SHIZESRED
NG = TIEOWHET 5, LAt T, 3 ¥ h— VER FHEOFMBEA MR L 22 b
DTRT A= VZBEEDFoREVEIE, ZhIH LTODB2TEE Edts DI,
DFERTNOHBETIEI 2ot #EXNL,

102113 R LI TIrbh - L EREE RO 2R T, THICRShb L 51C, #EL
PZRPIINIEA 2 ~3BEELLT L EFIIW B L, HIREL B o72bDEEZ 6N 5, 1993
FHIRIHE CRER L EHOEE L IR L2 EZZ 5N TEBY, FhiErrDb
e, RHLNZL VIRE AT HVABRERINMTbRATWS, Z20&R, K10.22I107R
ENB LI, MELTOBIKIMEEEICEEL SR 2ERE LT, HEL T ONE-BE.
WFARM, MERBOKX S, FHBRE~OEAM L EDNHE LB BHINATVE, Th
SOERDI L, FHBEIHEOEAEIZOVTATALE, FEOQEBTIIEEITKEL
REoTWAEVAD, 2F ), @OBK TR L+ TEBEMBAE S RAE LT b EH
DB RLHED 2D, BAEGE L, 7 CICAMBRAE L., EREEL L+
BHIMEICE S Do 2D TE RV LHEEINS, TR LODB2TIHEABORR
& DEKMEDTE C FEHERIRRE L 2o THR LKL LT LEWV, #0710, v F—
VR EENoDOTELZWAEHEEINS, JIBRMHE Ty F— LR TAFEIRE
EAoRERIZx L TR, BELLEOWRILZTICERT A0, £l b FTHROFE B
LWL LIz b o RS ENTWVED, BE o727 k- LREFEDE
EHEICIIRKEBEFLELZDONH Y, THEAHOB2OHEL I {HUTWVEENVE
5 ThHb,

K, BIHIZHZ o THARON A EROMEEMNEEZRT EHI023E %5, TITO
B Bo— 20T vk — LVl TOBRAKEMEY Lo TWh, 72, BIBEKSILT
LTWwBHX b HB55, k-

: TTASTRN
VTOR10.19 & FRICEEDSNE

HmOMHEMNEE L o TW5, R 8 F ok
SOEEF10.16, [X10.19% ik = gy 1 R
LTC&BE, = k-2 %
Wo X TEREDBEE LT
Wl khbh b, L7zho T, iy 2
BIED 2 AL L AR, F o
L HRE L T OWIRIBIZER LT
BE LMo bOLEELLND,
BRADFEENYVEEZRLEDIZ S HMEHDO K E X
BB OEMA T, 107cm b '

X EATo T, X10.22 BELITOAREREICERES

ABER
(Fig.10.22 Some Factors Which Affect the
Liguefaction Potential of Backfill Sands )
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10.3.4 $IR&pibEIC L A HE & DL

1993 FE4IRiM B TH, FAERBIOHEL LTy A VB LUEBERDF L) FAE
L7ze COBEDERE LTIIBEL ORISR S, $4, vy RV THOK
A+ ORI OTEEM L H B £ bR, 20k ) iC, FitPERE L Lowik
CREALTT Y A—LVOFEMNFEEN-72013, SHOBBTHRKEEZEZ ONSA,
TETORE LDV BRIV RE o T, v A= LTI EOR, H&K1.3m
LI2X FASozoicxt L, dLiREEEE CIIRKTOSmTH o7z, T4, BRTIIE
RENOBETEKLSm. 1.0mTHot, TALDEIFAEEL D OPGLHKELTIIHY
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(Table10.15 Length of Gas Pipelines in Oshamanbe Town®)
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oD | 118
X | 50A ] B & [f@al.LA PCM 1.8
2 | W& 1.1
& b 6.5
E [ 50A< & _[#l, LA PCM 0. 49
# [ 32A
@ | %A | @ # |nL.LA PCM 111
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(Table10.16 Number of Damaged Gas Pipelines®)
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(Table 10.17 Outline of Power Facilities)

Fa (kW) ] %
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L H B W REFR 2,000 TR
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(Table 10.19 Suspention of Power Generation'®)
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(Table 10.20 Outline of Power Failure in Okushiri Island'®)
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(Table 10.21 Outline of Damage to Electric Power Facilities
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(Table 10.22 Damage to Distribution Facilities'®)

3 B Be M BB ) ¥ #|/h B ERR|&6 F
XFEM | E[5T7T2|27T78 7 8567
CO N 2716959 4 690
ZHS |5 | 633 96 18 o7 1805
FHEASE | & 3 11 2 1 17

F) BRSIE BEEXIE &8

o)




jemuErn 7 b/
- FFNBG
RATRUHES 2

w- Azmnﬁ i 4
f' TRUMBI08E
R .
m

'!m
.u, e 3 \
,ré ‘.

- ru\" A
I’_‘ A ] W

/1‘:75(

//1@/

A
aw M H Eﬂ\bll‘

Wrgate] 14006 g

[10.30 EBHBEHEB/RE (K8)

(Fig.10.30 Outline of Damage to Distribution Facilities in Hokkaido)

—402—




ZHEx
; Iy
CPE 6Z (EHcE%)
R 1 MRS
s e g
| \\ ..‘i’
TN
TN e e
i \ f’ﬂﬁ L
) _\ " .... !L « i !
I L | ¥ - e
; he X000 B b
; ures l ! 2 ; ] i } T o
| S O ¥ Zada
RN B || ks
l l “A\a B 1”1 ‘ S ‘ﬁ_
‘ B el B =
| o A e h e T agilnse
' - ) = | ;_.i' T {_4 Adlaze S, i .é.t’m !
- : . CPE 1O0E (EMKEZ)
‘ | | N H@E 5 s 11
! F".‘ e L e v—
T o Lo t[CPE 2% (BBRES)|
' 1 ael BE 1 EM L
\ [CPE 33% (BECEZ) o
| SR\ L Wk 28 EH S g
CPit 56% (b Zihh) /X s

[CPE 7% EBrES

441

L

#7481

3

Al

I L

;:CPEMEGE (BHIED)
fitsk 18

& 9

CPE 2E (EMEES)
a1

ta# 3

N

'_ 22 y

'
i 5

1CPH 25% (

CPE 1E (EHRE

%)
1

|

|

33 |
EEEE%)%
i

83

CPE 7% (BEMIKEZ)
TeicER 1

PE 03E (Bl KK MECESEE)
Wk 42 % 6 B 18 WSS 10 H 17

Mk 35

B#E 15

R 6

T T 79

—/t

IO
AL reE

q)
20 ¥

u.ila.; B

l

(Fig.10.31

10.31 &

1:600,000

10 20 30Kkm

ERmHEHRLE (RRB)

Outline of Damage to Distribution Facilities in Okushiri Island)

—403—




10.5.4 EIBOBE

LT BY A A TR, K103210RT & B MIBEZ TH26,700F H - 720%, 685 H
BOHTHSEITIE, BENRELAKEhomBREBTL700/5 . BEEAEE CRIBMERS
ENT VA HIRS 20, 2,1005 O KEARE %72,

¥ 7> BEBROSMBE OBERICBWTIE, EERMABRRIZEN THISHIZ 1&}%»"‘*
T L LAEYEGL. THI6H 168 T, 72 ) —EMBERICEY, BRI
EREREYRE L BEB~BEIfE T T L, :nklﬁi%a:ﬁ%b:%otwﬁmﬁla
DR, TH21 H158285F CICBRRENRS O ITEERKIC L L EEEHMEL

12
f-— )0

T-H TSR

P EE AR E!lﬂ !Ml 8 ERR

10.32 EEF¥O#BE"

(Fig.10.32 Transition of Power Failure Houses'™)
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(Photo 10.3 Damaged Silo Tilting of 1/20)
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5104 1968 F+B B THN L 2 REOSEDMEREORR
(Photo 10.4 View after This Earthquake around Quay Wall Sufferd Severe Damage during the 1968
Tokachi-oki Earthquake)
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10.35 #HEH 1 ODBBOHARITRE'
(Fig.10.35 Soil Profile at the Damaged Silo Site'”)
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BH105 #4 OFEOEEOARIEIC & 2 EE K
(Photo 10.5 Erupted Silty Sand and Water due to Liquefaction along the road in front of the Silo)
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(Fig.10.36  Distribution of Silty Sand Eruptions Observed around the Kita Warf A:Damaged Silo
B,C:Other Bored Sites)
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(Fig.10.37 Arrangement of Facilities in the Cement Delivery Station)
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BE10.6 B LESEE Y1 OORICImE OB N H 4 U 22 DDMSGHEE
(Photo 10.6 Two Steel Walks Broken with Over-1-meter Separation)
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ER107 220 1O00ORICHEIMEI/ mMOBR
(Photo 10.7 Fissures with 1m Width and 7m Length between the Two Silos)

EE10.8 5,000 b>#1 ONOEMELDHE
(Photo 10.8 East Side Ground Surface of 5000 ton Silo)
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EEH10.9 #EHY 1 OFAOMBETR EHERR

(Photo 10.9 Ground Failure and Damage to Surrounding Facilities on South Side of Damaged Silo)
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5H10.10 HENLHESORSRR (€ AKEKER)
(Photo 10.10  Typical Damage Mode of Pile Cap (Shear Failure))
(REBIRIHMMEFRGE, Couresy of Tobishima Corp. TRI)

BE10.11 BES N TOEVERR & & DB CMOBRIKL
(Photo 10.11  Bond Condition between Basement and Pile Cap, and Crushed Pile)
(BRI RZERT R4, Courtesy of Tobishima Corp. TRI)
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BEHE10.12 [RAZBEORBOY 1 OOBRERMR
{Photo 10.12  Silo under Destruction just after the Greatest After Shock)
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(Photo 10.13 Newly Constructed 3500 ton Silo : Right Not Damaged 5000 ton Silo : Left)
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(Photo 10.14 Damaged Tank and Spilled Oil)
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