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9. DAMAGE TO RESIDENTIAL AREAS

Kazue WAKAMATSU (Tokyo University)

Nozomu YOSHIDA (Sato Kogyo Co., Ltd.)
Susumu YASUDA (Tokyo Denki University)
ABSTRACT

Presented is ground deformations associated with ground failures in the residential
areas. The 1994 Hokkaido-toho-oki earthquake caused numerous ground failures including
soil liquefaction and slope and embankment failures in a wide spread area, which in tun
caused damage to various structures such as lifeline system, port facilities, buildings and
houses etc. The typical damage to private houses are mainly described in this chapter.
Geological, geomorphologic and geotechnical features of the damaged sites are discussed by
comparing the present state to the former topographical map before the development and
referring the boring log data. The sites of soil liquefaction where liquefaction occurred at the
time of the 1993 Kushiro-oki earthquake as well as this earthquake were also presented.
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(Fig.9.1 Map of the East of Kushiro City Showing Locations of Ground Failure)
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(Fig.9.2 Map of Midorigaoka Showing Locations of Collapsed Houses and Sand Boils, (a) the 1993 Kushiro-
oki Earthquake, (b) the 1994 Hokkaido-toho-oki Earthquake)
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Caused by the 1993 Kushiro-oki Caused by the 1994 Hokkaido-toho-oki
Earthquake) Earthquake)
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(Fig. 9.3 Enlarged Map of 5-27 Midorigaoka Showing of Locations of Damaged Houses, Sand Boils and

ground Fissures)
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(Fig. 9.4 Map of Mihara and Ashino Showing Locations of Sand Boils during the Kushiro and Hokkaido-toho-

oki Earthquakes)
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(Photo 9.4 Sand Boils at Mihara)
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Table 9.1 Number of Sand Boils at Mihara and Ashino during the Kushiro-oki and the Hokkaido-toho-oki
Earthquakes (after Okazaki, 1994)
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Fig.9.5 Map of Lower Reaches of Watenbetsu River Showing Location of Ground Failures
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Photo 9.5 Lift-up of Buried Septic Tank at Otobetsu Cultural Hall
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(Fig. 9.6 Locations of Damaged Sites in Kayanuma, Shibecha)
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(Fig.9.7 Topography and Damage Pattern of Residential Area in Kayanuma)
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(Photo.9.6 Damage at Reclaimed Area during the (Photo.9.7 Damage at Reclaimed Area during the
Kushiro-oki Earthquake) Hokkaido-toho-oki Earthquake)
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(Photo.9.8 Damage to Reservoir caused by the Hokkaido-toho-oki Earthquake)
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(Photo 9.9 Up-lift of Manholes in Shibetsu)
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(Fig.9.8 Locations of Damaged Sites in Shibetsu)

9.5 FRIRIEHT

rhAE R I A TR — Y P h & ABEIC 25kn 1F & A o AER) NGRS I L TW B, R
WY Uik, &8 15 M. B 36 (1994 4E 11 A 21 HRE)PMESIhTH D, #FE
PWnld. EEOWRT - BB - Thiny, HBHBRCERT2LEZILNE0DE0. X
9.9 IzHZEFATICBIT B EagiEMAZ T,

9.5.1 HEARIR

#1156 TH(X9.90D) ik, Siim kot h gk UIEE 4 BD 258
L7=(X9.10, 58H9.10), BEI. I FBOHEENKEL S LEETCB T, AHLIEIET
Eh3E3ERLE. BEHIL2IBEEBECIIEEFhERICELEZBRTH S, &
OBBIIRFOBERAICERTVWBHOT, HBEHIREFACEHLEILEZRLTH
B. BEIIBIIHEES T 4MOS LRYHIHEHICH AEED T, 2 HALRIEICH
LT3, HiBomE - BE#ic k>, FEEIEmBH LAEI OB ELPIA>TV S,
JbiEE S RE OE LIC L 2 BEERY Q EHIC, EBORWAEL Lok eESRTY
Bo 2D, LEBEEITIXEERBRREZALNED STz,

FmEMAIT. GHMBEEYVED LOERI O RERERAOEERT. FEHRL X
5 uPEICEENBELATVDD, BELEDIXIOHHEITTH B 1960 FDIHMK
I & T 5 &, B e — R T h b . MERRUEFEICIERE BR D
72 ¢ T & AT Z T EHEAEN L IEEZ 20, [X9.1010ik. [HBMHER D 5 H

=210 =




o

= Al L EROBIEOEANGTASTh TN, ThEDHIiT2E. EELA
BOEMEES ORI ZE VR UTERLIEL > TH2 Y,

OB D B LTI~ 100 mOATEICDH B 2 BERETHRBAT(X9.10 DE. BEEX
LRI ). EERAMGAS T L. ARICEDIRS Nz, 5 Tl AR H
% 20cn Y F L. BROILTF UTHILADBATWEI LS, TOMETIRREATIICH
WEDFE L LHEI NS Y,

= PHEREES
N
R ET S 4_
0 500m
L | |
X 10/7 B 75 E BRI AT 1k o BiFT
AR l"
Wy v oR- —X
; ¢
FeLaty .:?ﬁ’lﬁ fe
(%éﬁ.ﬁ - AF—
\ o ST

E IR
o T

=

[P
x
&
DEE
Sl |
\\\\‘* ﬁéﬁﬁgﬁt;é f
At EEETPROT T TPV ALY l 1 1Y Y, xE = ] H
LTI LT TP PP L £
|
Sl [ L Prns
%
L

9.9 PIRZET(ZHT B ELWEH SR
(Fig.9.9 Map of Nakashibetsu Showing Locations of Damaged Sites)
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(Fig.9.10 Location of Slope Failure at Higashi 11-jo Minami 6-chome and Estimated Old Hill Line)
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(Photo 9.10 Slope Failure at Site @ in Fig.9.9) (Photo 9.11 Damage to House B in Fig.10)
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(Photo 9.12 Damage to the Road between Houses B (Photo 9.13 Damage to House D in Fig.10)
and C in Fig.10)
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(Fig.9.11 Old and Current Topographic Maps around Site Failured at Higashi 9-jo Kita 7-chome)
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(Fig. 9.14 Map of Shari Showing the Locations of Damaged Sites)
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(Fig. 9.15 Geographical Map of City Area of Shari in 1958)
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10. DAMAGE TO LIFELINE FACILITIES

Susumu YASUDA (Tokyo Denki University)

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

ABSTRACT

Water supply facilities, sewage facilities, electrical power supply facilities and tele-
communication facilities were damaged during the 1994 Hokkaido-toho-oki earthquake in the
eastern part of Hokkaido.

Damage to water supply facilities occurred in Nakashibetsu Town, Nemuro City,
Shibetsu Town, Shari Town, Kushiro City and other towns. Damage was induced mainly
on the soft grounds where peat or volcanic ash is deposited and on the liquefied sandy
ground. The damage in Kushiro City was lighter than the damage during the 1993 Kushiro-
oki earthquake.

Sewage facilities were damaged in Nakashibetsu Town, Shibetsu town, Shari town,
Kushiro Town, Kushiro City and other towns. The damage was induced mainly on the peat
ground due to the liquefaction of backfill sands. The damage in Kushiro Town and Kushiro
City was lighter than the damage during the 1993 Kushiro-oki earthquake.

Damage to electric power supply facilities occurred at two transformer substations.
Distribution facilities were also damaged at many sites. Power failure houses were 46,000
which were about 20% less than the power failure houses during the 1993 Kushiro-oki
earthquake.

Telecommunication optical fibers were cut due to the settlement of a road embankment
in Teshikaga Town and the fall down of a chimney in Bekkai Town. Damage to
telecommunication facilities was also induced due to liquefaction and the settlement of bridge
approach embankments.

Gas pipes were not damaged in Kushiro City even though the damage during the 1993
Kushiro-oki earthquake was sever.
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10.2.2 §IHICHBITAER/BLUBEOHME

gigsth EAEIX. JEETHADR20H5 ANICkKZEITT->THE0. 13 FHEIARIZR 74,000
m'TH5, LKERKEDERBIEREIZ701,4IMTH D, Ef - ERTEOHBEEH
RBEAZR-10.1ICRY, F U 51 )VEgE (DCIP)A51.8%, AU LIF L & PP)H26.2% .
S E(CIP)A%18.2%, AL A > MEACP)'2.3 %, & (SP)A1.5 %, Hit EZNE
(VP)0.1%rELE->TNS,

£-101 BFICHETIEE - ERNORKEOHIEE QIBEBH 2L 3)

(Table 10.1 Pipe Length of Water Distribution Pipes in Kushiro City]))

(FRE6FE4 A 1 HBE)

1% W RO OE OB (m)
mm F AR ki AFAAE WYy TME g |y mvE it WA %)
50 183,818 183,818 26.2%
75 4,787 5356 11,924 22.067 3.1%
100 106 6777 64,922| 200,160 271,965 38.8%
125 430 6,297 6,727 1.0%
150 80 910 2,285 22,439 62,883 88,597 12.6%
200 20 21 198 13,041 26,653 40,233 5.7%
250 287 1,200 6,321 16,392 24,200 3.5%
300 39 30 3.130 25,417 28,616 4.1%
350 728 2,532 2,005 5,265 0.8%
400 2,573 473 4,876 7.922 1.1%
450 839 1,675 6,515 9,029 1.3%
500 867 5272 6,139 0.9%
550 1,207 1.207 0.2%
700 2,628 264 2,892 0.4%
800 2,072 600 2,672 0.4%
it 183.818 10,239 51 910 15977| 127393 362961 701,349 100.0%

B dlAr(%) 26.2% 1.5% 0.0% 0.1% 2.3% 18.2% 51.8% 100.0%

SEOMBICED HEEZ T EAERERIICEHT ' H 0. 20> 5EAEHEIIE
e BE (AR - (hKkRR) O#E 3 ET 2R BREAOBERIIEFTTH S, 1993
FEYIEMNHIBIC BT DK E R EETRII32EFT TH - 20T, SEOH =T
FEITDIR< 8o TS, ZHI, JIKITHR OB AKEIEELEN192aH 0. 5 H
OHBOK2EOHBEO KESITH /T, EMEREICXEHEER LTV AEK
A BIBEMETEICHIBL TLE>TWET s, AEiREBEE25N5, FAERK

(2 DCIP
B Ccp

o449

0% . 50% 100% E Ppp

B-10.1 JNREHICHETIEAEOERINHESHS

(Fig.10.1 Percentage of Pipe Failure to Type in Kushiro City)
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E-10.2 SNEBHICHITH2ERIORKEOHER

(Fig.10.2 Damage Rate of Water Distribution Pipes In Relation to Pipe Type in Kushiro City)
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(Fig.10.3 Damage Rate of Water Distribution Pipes in Relation to Pipe Diameter in Kushiro City)
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£-102 BEHCHTIEE - EEHNORKEORBER (BEHICLS)

. , L2
(Table 10.2 Pipe Length of Water Distribution Pipes in Nemuro City ))

[nf: s Wi JE B OH #m)
mm # JILAE \YE e i L#E 7oy ISR it BRI B %)
40 1.057 235 45 : 1,337 0.6%
50 21,618 9,153 517 31,288 14.4%
75 3.903 41817 55 15,627 27.232 51,634 23.8%
100 4.079 3,094 58 11,151 24,335 42,717 19.7%
150 3,573 162 100 16,847 25.297 16,279 21.4%
200 16 8,455 16.704 25,175 11.6%,
250 5,240 3.022 8262 3.8%
300 1,092 1,054 2,146 1.0%
350 2,764 107 3.171 1.5%
4150 4418 117 4.535 2.1%
it 22,675 20,943 8373 5,209 61,176 98,168 216,544 100.0%
Wit -5r (%) 10.5% 9.7% 3.9% 2.4% 28.3% 45.3%| 100.0%

B EA 161G FTRAE LAY, RAKEOHREIIS2ENY TH D, JHUL. 1973
S RS B B O BEITETNICH NS E1.9M5E725 . BKEREONRERN-
10,4175, GREACP)OREN21EHE EEL. ¥ 51V #HE&EDCIP)A6ERT,
AL E VS (VP)ASEFR EE->TH 0., RUTF L EPP), REGPZEITIEIH
ERRAELTVRY, B - SRNOKEREZX-10.5, K-10.61R"7, EEHTIE. ¢
100mmOBEERNEHAEZTW, 1B, SEOHEERIT0.148 (EfTkm) Lizo>TWD,

BEmOREETNE. R e R OHEBICED L TRON, HEIREIE R

# - FREMOZAEBECE FKEFL THLIOMNRHETH 2.

ACP
N G
1333

b

0%

50%

100% H DCIP
B-104 HBEWICEITIRAEOSENRES

(Fig.10.4 Percentage of Pipe Failure to Pipe Type in Nemuro City)
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(Fig.10.5 Damage Rate of Water Distribution Pipes in Relation to Pipe Type in Nemuro City)
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10.2.4 ERBICHITIIEREIVHEEOME

T O b 7kE BKE OE M ERIZ80,138mTH 5., B - EE T LOH

Damage Rate ( /km)
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(Fig.10.6 Damage Rate of Water Distribution Pipes in Relation to Pipe Diameter in Nemuro City)

AR £ B

A2 %-10.3127 T, HEE oL EVPA60.4%. R ITFL U EPP)H25.2%. Akt
A2 MEACP)H9.6 %, $EECIP)24.8% /2> T,

%-103 EEREICHTIEE - ERUORAEOWRER (FEHYICLD)

(Table 10.3 Pipe Length of Water Distribution Pipes in Akkeshi Town3))

O ®BOE B BE ¥m

mm RS Ve R FE ST Eig TR 5 (%)
40 3,886 3,886 4.8%
50 16,304 16,304 20.3%
75 10910 400 70 11,380 14.2%
100 16,679 2.940 94 19,713 24.6%
125 20,284 1,220 421 21,925 27.4%
150 530 420 1,300 2,250 2.8%
200 2,710 1,050 3,760 4.7%
250 420 420 0.5%
300 500 500 0.6%

it 20,190 48,403 7,690 3,855 80,138 100.0%

PhEx I 5(%) 25.2% 60.4% 9.6% 4.8% 100.0%

FAE R B EIOEFF O O BEKE KEIXIEFH Y TH -, BAEHEOAREX-
10.712 k9. B DI E VPO B EN6HETT. AHEACP)DHEMNET. $H&kE
(CIP), BV IF L UEPPRThZhAfFTE > TWs, B - ERJIOKEREN -
10.8, E-10.917R7.
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(Fig.10.7 Percentage of Pipe Failure to Pipe Type in Akkeshi Town)
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(Fig.10.8 Damage Rate of Water Distribution Pipes in Relation to Pipe Type in Akkeshi Town)
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(Fig.10.9 Damage Rate of Water Distribution Pipes in Relation to Pipe Diameter in Akkeshi Town)
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(Fig.10.10 Percentage of Pipe Failure to Pipe Type in Nakashibetsu Town'”)
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(Fig.10.11 Damage Rate of Water Distribution Pipes in Relation
to Pipe Type in Nakashibetsu Town)
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(Fig.10.12 Damage Rate of Water Distribution Pipes in Relation
to Pipe Diameter in Nakashibetsu Town)
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(Fig.10.13 Relationship between Number of Pipe Damage and Ground

Conditions in Nakashibetsu Town)
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(Fig.10.14 Relationship between Failure Type of Pipe and Pipe Type in Nakashibetsu Town)
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(Fig.10.15 Percentage of Pipe Failure to Pipe Type in Shibetsu TownS))
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(Fig.10.16 Damage Rate of Water Distribution Pipes in Relation to Pipe Type in Shibetsu Town)
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(Fig.10.17 Typical Soil Profile and Distribution of F_~Value in Shibetsu Town)

T hOBEAKENLS,BOIMTHY, MEZEGSLAERE - ERZEOHRIEEERZFK -
1041279, BEAEOERIL., EENLEVPH41.9%,
27.8%. BHEHE (CIP)'26.5%, #HAE(SP)A1.7%, RULIF L 2 EPP)A3.8% 725 T
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(Table 10.4 Pipe Length of Water Distribution Pipes in Shari Towns))

Wk OO OO E ¥ m

mm F L HEE A Hrgk it s A (%)
50 2,930 11119 0 8 14,057 18.3%
75 0 4,394 7.393 1,996 13,783 18.0%
100 0 9,971 4,367 2,660 16,998 22.1%
125 0 0 190 514 704 0.9%
150 0 6,641 275 1,295 8211 10.7%
200 0 0 365 4,365 4,730 6.2%
250 0 0 0 1,156 1,156 1.5%
300 0 0 8,780 8,323 17,103 22.3%

it 2,930 32,125 21,370 20,317 76,742 100.0%

Wkl A (%) 3.8% 41.9% 27.8% 26.5% 100.0%
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(Table 10.5 Suspension of Water Supply in Major Cities and Towns)
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(Table 10.6 Sewage Facilities in Kushiro City and Kushiro Town, and Their
Damage During the 1994 Hokkaido—toho—oki Earthquake1 ))

Bgs & HT
B LD EIRIER Gt 161.2km
757K 453.8km 49.9km
7K 332.5km 32.0km

R U T B R R 104X ] 61X h]
WK LIZEROER &ift

57K 6.4km 856m
R LIz w—) 446{E T 223 &

PIREH TIXI04B RO PR EERENHELZZ T, HRENERTEN-10.21E45,
IREINBZEDIT, HEEZSEZUTRHRIT, EFEZEDEMIB Sty HPRERED
BHITH 2. ZNSIR1993FE M BTHEEZ L Z MR &0z —BLTW
%, AIRBEUTER-10.TKREROZLEVEDBRL TS, BROKELRRELTIREN
BENZ L, JIEMHETERELERELVRSERALEZ EF -7,

SIREET TIXTF/KEERIZOEFT THREZZT-, #EEMERT &, K-10.22845%,
#E S KT BIBE TP B DB S FIRRIC, HIIRE A FEOEMETH D, ZEL, SHKER
IR E TORREFREIIR2> T, ANICIREREOZEVESRT., HEER
TiE20ecm~40ecmfBEE R E EAl> Tz, BRADZ LD BIIFHB7TT HICHB 17 243em T
HLMN, TOEFTORE EADRKNZERT EX-10.23E7425., ZOXIIT, BEILFE
ENoTWAEHOD, ZOERIBEHHBOROZLDBICHENTNENo-, 7=, 3
EMHEB TR SN O R—VORE LD o7, 2B, JIEMHEBTY > R— )L A%E

—234—




(B -3 3Be 5 75900 1 iR % FIH)

o

W

B
v

7

Sl

AN A
RIS

gl

@7 11 &100cn b
@F 1 b 850~ 100cn ek
Oi% b b &0~50cn
AL

NEASUR Z

0 l
= b

E-1021 SIEHICHT 3 FESREEER @EEHICES)

Lof . ; L g
(Fig.10.21 Locations of Damaged Sewage Pipes in Kushiro City ))

—235—



t9 g 0 00ZnA G = 8°T~1"1 0Sedh 8
G 1 7 00ZnA 6 4 9%~G'¢ 0SedH Ly
= 3 7 00zna 53 ¢ 0t 6 6~8 ¢ 05244 9
6 0 7z 00241 76 [ 0'E~C% 05¢dH Sy
- T 1 06ZdH 6 = Cl=g1 05¢dH ¥y
= 0 T 0524 06 [ g~t%"1 052dH [
= 3 ] 0Szdn 638 ¥l L1~t"1 06¢dH or
n:b_o o4iysny = c E ez 00 € 8- 8 1~C1 0Gzdl 17
u1 sadig a8emog Jo afeweq /'Ol 9|gel) BT G I~1 1 0524 i3 BE | 6~075 05vdi () 0
o B ) 00EdH a9 0F~97C 05adH {3
(P2 GEINE) VRN = (e T 7 G i T O 12 i
e i Z 05240 V8 ce~L ] 0edi L6
QFSENAL S LLTILBINE LOL-2 = B T 052dl 5] P~ 05ZdR 73
0 81— TE~L 1 0Szdl 28 E~17% 052dH B3
4] L2 7 052dH I LE~0°6 05¥dH 76
= 1¢ ] 0GZdE 0% = Lh~% ¥ 00848
3 g g 0GEdR [ Le~¥"¢ 0564l £
£l § i 0SedH 6L 9e~td 00N 48
2 T 0524l [ g1 6 ¢~9 T 0Qena 1€
0Z 2P ) 0G2dH 1L [ b e~8"¢C 00¢na 0t
F 2l Be~61 05adH (6 oL 1¢ 12~8°1 0oens i
0 ] i 052dH 5h CF~C 71 05ens 87
] 1 ] 002dE GL § €l 0E~87C 0Gena 1
101 3 ] 052dl KD bé 0h~tE 05gna 92
6% 7 e 05240 €L £ 61 ¥ E~E'E (ggna G6
0F 0 ] 0G2dH 7L S BY 9E~8"l (GZNA (F) ¥
o TF 6E~G 2 0524l 1 LE~EE 00gnA
YLAFEZER QL ER LGS 0 O] o] 0021A DM b8 6E~0 ¢ A (g) £2
N - 3 ~) £ LEF Y e~1% 05ad1 69 £El 8~ % Dgenh &l
He661 "RWBELANZ () 2Aad g 9 7~GT 05%dH &) CEl B¢~ ¢ Szl @ 12
1700 RESR 05240 19 7 Bo~L ¢ 05edll 02
£ 01- 12~ 004l L 99 [ ¥ E~0 € 054l 61
& i~y Ly [ 8§ 1~01 0534l 5] 7°0¢ fC~C € 0564l 1) 81
SN2 REN R 3 T 717 052dR 7 S T3 05z I
. . ey GoPL L i~¥%1 0GZdA €9 6 0F £ C~0¢ 0Ggna 91
@i 1201 HEREMOHZE 364 TE~1¢ 05640 9) &9 T §E~CT Dgens 6]
5% ZE~L7 05241 19 7L CE~1% 05adl [l
[ 0t~5@ 0Gedi (i 88 7 e~0 7% DGans (17 €1
= T~ 0GEdR 8L T e~1%¢ 0GZnA Al
- g 1~¢ ] 0524l 85 € et £e~1% 05zdn 1T
€08 £ 1~a 1 05540 8% €97 Ee~61 00znA 01
= - = 701 ¥ 9¢~9°¢ 00gna e ¥ ¥ E~67¢ 00&dH 6
= S 5 £01 7 86— B~ 1 05edH 95 = EE~17% 00&dH 8
= = : omw. ¢01 = Ze~04¢ 0%edE [ = Le~2C 05gdH L
= = FYSh~EY 5] 101 ©0g 6 2~91 05adh 78 ¢l [ 7~5 T 00EdY g
= = VBN~ S 001 681 L7~0] 05240 £g Et~67% 0S6dH E
= NI R < i ] 66 586 EF7~L17¢ 009i 25 01 B1~LT 00204 7
B1~61 05 86 GE- 7 E~0 ¢ 00LdR B Ve Fo~€ 0 00ZnA g
S~ € 05edl L6 [ L€~07¢ 05zdH 05 L3 E~8¢ 00zn% Z
1 °F~DF O0gna 98 = 1 2~07% 0GadH B CEl LE~F € 00gnA 1
u i) EE/NOEE (n) (uw) SEFEOEE (u) (uw)
s SE|| (WEEH B BE 58 ) W B BHEE 35 &

—236—




- @F LD EI00cnkl LS

e, S ! N O
i e L 27N

P EISD (+39.2) 2 ¥

w\\\)wc}@ﬁ“w%\d é@ (+23-Q) 7

8 g T N,

>é§? r, '\ﬁlljl,&b/zx {f%gé;wﬁ ///// 228

§ : éx (;’,T".-_. \ 4;}1%;&%\%?\@"@4 =

# 0 L Ckm) A8

p& : ,’\T*;%"\ /

XY e NIl

F2-10.22 $IBATICEH(T 2 FAESEBESR QIR ICLS)
7)
)

ot/

(Fig.10.22 Locations of Damaged Sewage Pipes in Kushiro Town

B
(m)
2 1

+1

®-10.23 TAEDZE EAURRE IRV ICLS)

(Fig.10.23 An Example of a Floated Sewage Pipe”)

— 237~




= ERo FHLEBEASYADL— R ETIE, ¥ 2 R—ILoMENSZEHL, #FE EAio &
SRz ZHREDOMBESHETIL FLAZDICEDLITAALBDTH S,
S, < HR—INERBRENTWEMEPRARTEDLSNLLEIS, HIEHHERTY
SRR E LRSI TH, KA FIRENTWEEDIETH S, 25, HM
DO TFIFHEE LB OEALOSHER TE S RELZ.

10.3.3 §IER:hHhIICH(TIWE L DLEE

M-10.21. 10.3.2ICE 5603 &SI, ST S X CHIFEET TII1993F IR TR & 5
EOHBTEU LD K T FAEEENEEEZZT R, LEZL, FllicR2EThs 0
BRI —&KET, /2. HRXOBERSEOHFNEN S 2. T TIIX-10.21
R T S ICHE ESER IR CEAR TR L -DIRI0EFOHTH o . iz, JIEHT
VERTE OB RS SEEE L TWEA- T, ZOEIBERVOFERICIDONT, UFICE
BLTHS, B, JIEETHEOROEFRD AR EDEMEOHEKERIEREITSH o
FEEZLNTVNADT, ZOMRICERER > TERZLTHS,

Y BIZ BV T ORIV R ELFE LA FHREETEEAR, RE#RIZEL T,
HES I EREBS SOEYFEENMTOh TR, Zhickd s, K-10.23I28x
LEHELLE (X5 TFHonEDEbRINELZEESH2) MRIkEL, <> F—
DO FAEENRE FAR-OTIRBVWAEZZSNTNS, K-10.24ITI3 A HELGEHT
U THR{LERRE TR L, HBISEBITIC X > THIBNTRELZHEL B AW
HEHELEEERRBLTRTY, ChcRTLIIC, JIEMPHEORICIE, #RL -
TIRIEREERELESE LEA NI DS L, WIRELIZZ & Z2PEE> TS,

BWKA(CHEEH R,
BELTAMALL
0 0.2 0.4
0 N BEE A ERLIOR (RERIE)
\A, « | O EBBOR (HERE)
A (&)
e : | % EETECHE L TREESY
1
@ 8§ Oi
' & | ob s L © SIB8# RS OO [ RIS AR
{2 1o | & A R4 5, LAERSHHEEOE
E 2 B BOBITRRES 1=K
@/ﬂ \g EMHELILO,
ke =
1

-15_ !

©-1024 BRLIOERCEBELEEELTARAL (LRIF¥LYH531/)

(Fig.10.24 Comparison of Cyclic Strength Ratios of Backfill Sands, and Cyclic Stress Ratiosa))
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(Table 10.8 Sewage Facilities in Nakashibetsu Town, and Their Damage
During the 1994 Hokkaido-toho-oki Earthquake‘”)
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(Fig.10.25 Locations of Damaged Sewage Pipes in Nakashibetsu Town4))
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(Fig.10.26 Locations of Damaged Sewage Manholes in Nakashibetsu Town'”)
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(Fig.10.27 Areas of Peat Ground and a Line for Soil Cross Section in Nakashibetsu Town)
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(Fig.10.29 Relationship between the Depth of Buried Pipes and the Height of Floatation)
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(Table 10.9 Sewage Facilities in Shibetsu Town, and Their Damage During the
1994 Hokkaido—toho—oki Earthquake™)
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(Fig.10.30 Locations of Damaged Sewage Pipes and Manholes in Shibetsu Towns))
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(Fig.10.31 Soil Cross sections along A-A’ and B—B’ Lines in Shibetsu Towng))
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(Fig.10.32 Relationship between Soil Type and Patterns of Floatation of Pipesg))
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(Fig.10.34 Soil Cross section along C-C’ Line in Shari Towne))
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(Table 10.11 Electric Power caused by Forced Outage)
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(Fig.10.37 Transition of Black—out Power)
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(Table 10.13 Damage of Transformer Substations)
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(Table 10.15 Distribution Facilities Damage of Kushiro-Qki Earthquake
and Hokkaido-Toho-Oki Earthquake)
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