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Ground Disaster Caused by the Kushiro-oki Earthquake on 15 January 1993
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Abstract

The Kushiro-oki earthquake occurred on January 15, 1993. The magnitude of the earthquake was 7.8.
Seismic intensity VI was recorded in Kushiro City and large earthquake vibrations were sensed in Ilokkaido.
In particular, large acceleration was ohserved in the Kushiro meteorological observatory. Based on the
investigation, the [eatures ol ground disaster in urban areas are reported.

In Kushiro City and the surrounding areas, extensive damage to roads, housing, harbors and lifelines were
caused by the earthquake. Two types of ground damage, landslides and liquefaction, were caused. These two
types of damage occurred in the ground where reclamation or banking was artificially created. Landslide
damages was mainly caused on reclaimed slopes of rills. In natural slopes, landslide damage was slight.
Because the earthquake occurred in the middle of winter and Hokkaido are particularly severe, the affect of
ground disaster may be different from any previously experienced as a result of the ground being frozen.

In order to reduce the ground disaster caused by earthquakes to banks or slopes on reclaimed land,

appropriate countermeasures need to be implemented, which meet the particular characteristics of the location

concerned. Appropriate ways of utilizing the land also need to be considered.
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Fig. 1 Map showing the seismic intensity for major

cities during the Kushiro-oki earthquake.
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Fig.2 Observed waves of strong motion seismometer at Kushiro meteorological observatory.
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Fig. 3 The conceptual landform around Kushiro (Okazaki, 1966).
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Fig. 4 Geological map of Kushiro (Geological Survey of Hokkaido, 1994).
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Fig.5 Map showing positions of the ground disaster site around Kushiro.
(Base map is 1/200,000 of Kushiro by the Geographical Survey Inst.).
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Fig. 6 Position figure of the ground disaster site in Kushiro City.
(Base map is 1/50,000 Kushiro and Otanoshike by the Geographical Survey Inst.).
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Table 2 List of major land-disaster caused by the 1993 Kushiro-oki earthquake.
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Fig. 7 Schematic figure of the Midorigaoka-6-chome
landslide.
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(Yanagisawa et al., 1993)
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Photo 5 Aerial photograph of Kayanuma-villa,
Shibecha town.
A: Hill, B: Wet land, C: Villa, D:
National road 391.

#130m

Bl EEREERE OB S ) B (b
T B IREAEL T, 1994)

Fig. 11 Kayanuma-villa landslide at Shibecha town.
(Geological Survey of Hokkaido, 1994).
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Photo 6 An overview of the Kayanuma-Villa landslide.
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Fig. 12 Generation position and construction pre
-landform of the landslide scar of the Waka-
kusa nursery school (Yamashita ef af., 1993).

50

F14  FORITETHOERATHIRG & SR AAE (W
B, 1993i2N4)

Fig. 14 Map showing the position of Zaimoku-cho
landslide and topography of pre-development
age (Yanagisawa et al., 1993).
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Fig. 13 Collapse at Zaimoku cho (Kushiro City,
1993).
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Photo 7 Road damage by landslide at Itoizawa on national road No. 44.
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Fig. 17 Itoizawa landslide on national road 44
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Photo 8 Stereo-pair photos of the Itoizawa landslide on national road No. 44.
(Photo by Shin technical consultant Co.).

BEH9 EE39ISHREE T XD ZEMRN
Photo 9 Road damage by a landslide at Toridori on national road No. 391.
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Fig. 19 Section view of the Toridori landslide (Nishi-
kawa et al., 1993).
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Photo 11 A collapse of a cliff along the coast (Photo by Shin technical consultant Co.).

M 7.8 140E, 144

44N

" HOKKAIDO

15 Jan. 1993 Kushiro /
Pacific Ocean

10km - 42

A

o Rock fall Soil slide and flow x Slide within/beneath hillside fill

Konsen Plain

Akkeshi Bay

Rock (or debris) slide
4 rotational
v translational

e spoon shaped
= plane shaped

© Old landslide that new fracture formed during the earthquake

+ Flow of fill
@ Undivided slope failure

21 HAREICE T 213D - BEOFARE (LRI FEERAER, 1994)
Fig.21 Landslides and collapses on a natural slope (Geological Survey of Hokkaido, 1994).
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Photo 12 Damage to the fishery wharf of Kushiro east harbor (Photo by Shin technical consul-
tant Co.).
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Fig. 22 Damage to the Kushiro harbor (Okazaki, 1993).
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photo 13 Cracks and Collapses on the fishery wharf of Kushiro east harbor.
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Fig. 23 Liquefaction site in the Mihara housing complex (after the material of Mr. Fujita).
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Mihara housing complex. (Photo by Mr. Fujita)

(Photo by Mr. Fujita, B site of Fig. 21).
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Table 3 List of Landslides on manmade slopes caused by earthquakes in Japan.
. ’ r | - . w HEE
HWEE | I AU EENR s TOMERM | BH | EREN mrE s
+EPHE | fUREEE | &%t KEPGHOR | NILRED | SME~| 4
TR | AURERINYNE | @2 - T Geittis, | KLEET | S~ 4
TR | BRRISETER | BRERE TR | 1000m" | Sitfs HEIEY 5 | EFFET4
ERSY |BUE1TE | 8- {RR S32~33( 5 | FerEust
SRR | BUE3TE |83 - {ESHDiR 836~37| 5 ”
ERP | HLEH FAY 135’ | 1BLES « Bt | BEEES | S47~50 | 5 | EtiEa
EERe | EbERR ? 5
EERRY |(dImlBesge| < 5
BiRET | SLLUELLE | TERGER 800m’ | R WILORHH 5
FRERRS | BRETRION | B2 - FMEEE | 1000’ | &8 BHEMES
HEEitmR | BomeTE | gAY 6500’ | FREENDE | WEKK SFE| 6
BIRBIPHIER | $1KE]18% BtaAy 300m’ | BREEDDSE S4F 6 | SfERth
SlREiP AR | EUAETHIREFR | SEPREAA 200m’ | EREEADD S 6
BIEEPHIR | EEM4SRAR | BEABTAY | 6000m' | ; 5 | KA
IS PHIR | ELE38S BR | MM AL | 4000 | EEERIEOS
HIEE P | EhE 3SRE | s AU | 300’ | BOEEES
HIREPHIEE | B BEtrIAy 35 | FER WUBYET | S60E
LEERS | MEEE11SE | By - @y Bithaig 5
LEERS | RS | BNy 1000m* | pHO HEER | 5
RN | AEmEE | gAY - TR 6
RERmE) | AEhER |83y TR ES 6
FERREED | wErh{O)I| =5t - RN ERmEE fessEh 6
RESES | FEJLDE | @mFEIAv BEEROES 6
EESEE | FIEER 8% = Jigu ok 6
REEREE (AEA6TE | HiE . 8% 6
TERAPZEL O AT EUEBT b RE D Mol FI. ZORCEL L L LB ERD S

HHi%dno e, 4)BEAHOR: DHERmSHERZIC L > TH
Flcld e Tnizizs, REHEENES I o7,
D) FIBHEIES 107 km L Wiz die, 97/ =F2—F
DFN D W IHTEREER /NS <, B O BEIRLSH 30
MElroicl b, 2 A8AMRERETh- =20
2, REZIEEOE D 2 RIREI NS o T i S
koT, HF~D « BHEERESEILICShoil kb
Eiohd, CORLBEHESRIzY S =F 2 — PO
BEDRE WEID W E S FROEERE Dz oz
DTV EEZ SRS,

3. HIEOBMEOBENE S

WESFEEL 1A 15 HERIEEORLAE T, BS
DL uHlEECIERMOAES 2R LEVWELES
ERLTwiz, ZObi AEOMEZREEL S HHT
B, KRB LTHehDEE RS- b E2
55,

FIB IS T O B REUL 800~1000 iImET B L 3 h
5. HEN L BT EREROFE RO 3~6 {505 S
(em) FCHEET 23N T Vw328, T2
5 EHIBEATHETI, T 90~180cm H7- D % THES
LCwiznlgEtEsid 2, #ftk 12 HEmSMBE D, #E
D&l ARPRTHIEEE — 7 OERICEL TV &
HESINWD, FHICE 2 L X RAEOFEC YT - 1-1FE
BOFEELT, EHLLLEarys -0 L5

1~2m OFES FTEREA TSI, SETCORBEFE
FAR I DL b LHZ N5, 5ETHNI HIER
HEZWIFRIBEmBEOESOED THEEL D EWL
ECHBTHEIEELCTWS, REHOESICE > Tithy
D - EESEES B TY FOEBERICEESS 2
UM LEZSNDS, BEERBCOWTHEEDOR
o lBE XV EREIS N RN S 2,

HE OB e 2T, BRI 1~2m P &
BNLZFHEREE L DIFEORTEL CWw A8, ERtE
BZERBEBELZU TRV ERDNS Y, §IREET
OEWHRIEZ ORI S - bmEE A E RS
ENBETHE - Z s, HIFEAOEPERICEL T
EEE LRSS B,

KIBHZHER L 72858 i — e i o p
b EEZONDLY, IO EIHBEOEE PR
~DOHBEOGERICED L S5 BEBELE 7 -z onT
BRI ST Wiz,

4 BPIDHEL D, B Y Tl BB EE LD,
MEde S ERERTA ML T &, THILESIHEL Z &
XD, ThETERBEICHENLLE - T TORETHE
RENRAL LD EEZ oL, ELHOMERE
WOWTRERRDFARFHDR L, SBBNT 28055
ZEBbhs,




1993 £ 1 ADFIBMH#E I L - TA U Hilg g E - # 0R—HDo

7. WRICL ZHAEIZNT 25 EROEE

FpEm B TREE 6 b b o T, F|LiC L THl
BERE X 2R ey o, L LESOME, &
BED R E 2 E R S HESSHLE U,
AODERESHE T OBBERRL L X iz, BIE -
HHFHL A % 13 U ot CoOBR Mg S EIc T 3
WMREHZZIZTHHRETIMERFERIICER
7o, SEIOHIEEOWE, S, SEBENFHENL
BEE - B % ik U oA A I T OB AL
CohDOEINES|EHET LB TELES S,

1. FTHIER

TEHMBE L UFORAT TR, EREBEZYIDFLE
HEERE, (KEHIAOE DT, Bt EADEE « #5E0
HBRLENRACIT RO TW2, BY - EmEED
T 32 14 D S S TSR AR A6 0 D v T I BRI » B0 725 B
R hDAECHD, HEDONEREFLTwE L
FAohb, L LHEE, Bic—REEoEBIzI>n»T
FHarRSisy, BECE-LEEEFFHED
B dh, L3t~ 2 s UEPi AR
ARV, BRI AOHEE S 4 U T v bWEF)
BRoN: (Es, 199%). BEYVOMERESTSTY,
TOLEOMBPRHEA TR IEBOD LOBE -7
Las,
FO7HEMELHR LI Lo TERT 28E8E 7 O
EMEESREL THEI T 20E8bH5, L YbITEHTR
HiEE ETOBR L EHE R ED TER T 28BS ICIRTO
WMBEEHTE DAL LR RZHTLEYNH S (B
IR, 1980). &7z HEEOEMAL - EREEORHNT - #
NZRET 2TROEY - ERAR 2RI T 20885
L. BB THIEE TSRO HHIF B L T,
BOLER D BRI ik - AR T 2 2 PR E o X
THEEPEL WL I REEETRIRETHS S,
S, JIBHHBERERHGIC L THIEROHKKE
BRI OEHERO D DA, MBSt TOETIOS
DHEHFEOWTESII— BRI 20808527525,
Bifr 0@ B OMBEE2FEM I 2 c2w»Tid, HE
RAZRWISIZcRTESE LB oo 5, B
EMIBMATHE 25T, WELHEERS, &
TEBOHEELS ED L 5 RIS S Wiz D i
BRTHZET 208855, 20 LT FEEFHER &
SR L > TED LI RERBEX 200, Fh
ZRIC®IIRED XS ERRERLENERT T 50 E
BHLIZH S,

2. HEE - BREOHE

BB L UEGEOWES L HIBEMHhE o Ko hTEE
Th-Tz, EEOBE, HduRRICEERShH#RD
ROIBIETCOFE DYoL, HOBETI{EF]
KD WWERAICER S T COMENHIL o
A EE 2 fEL DI S IECWERE L EWL— b 2F
ATIELRz DI L, BHFILATOMEED- WS
WETHBEGFOE ZARFDED L TETL—FIZ
ofiediz, AL VHBEEGFOE N E 25 TH

ERFEELLbDTHD, 1 EROSE IR R
3L T RISAEE CHOBITRIER S W3 0T, &K
BERHGDRECFEANS O WEBNEOHETE
LD ICHEL TSR ETHA S, EEEIIHEIE
DoOEHOED SRR TH LD TREFEEDZ W
KO EELER IR ROWETEHE B L 5 nms
WBETH S,

3. 94754 DR

IR BV TRERREGEZDE 71 771 %
HER bFEREL, SELEFRb Y AacEHHs ¥ 24k
HIDOWESINMLETH 2, 200 1T iFE—iEtcE
iR 2 F L BORBZE T4 754 > OMBEED
ME% 50BN D 5, [FEC, @SEL—  OEE, L—
b DEMMER E 2 O—FoWHE R Z T -GS b e
IR U v X 5 BdfSR21Th 5 BEMDH 5, [ERFICHEF
DEFRED L S wi EfncigfsiE s+, #0EIH
FRAFIATRI DRI E I ThHiIEVLREEIZDO0nT Y,
HohrUOMNIBKREEZ TELLENH B2,

4. FeRAbRR

L S C OB RO L EEERS A N,
WIS TR A TR R HISE CORREREE TH -
Tel b, M5B ERIEN KA T BE
MR ESND, BELEMNRSERIA THI LIS
i3, HEREMLWETCTAREZ b, SBRI VA
B AR SR 24T 5 B H 5.

8. F&w

HIEE M I & - THE U RE R, Hd < - F
H, Wb b B EDII T P A LRI FE L
T OBIEEAETH T,

Ha D) BHREEEIOEIBCELRELTE
0, ThodBtEr#s @l oEsThot., 212
BRICREVHEL THDII TS TOMT <D £ L
7o, BARmEOMT D - SiEEL ey, HiE
BAS L FhIC L 2 HEERDE U o7z,

I - EE - PAGEZ ETiMbic & 2 2B owENSE

CTwad, WIRb#lHITThw LEDE L RET
FELTWD,

M AR m I wE 22 I EEAES, wR
e 724754 OHEn CHHBOBENENL 22
s, AENEEOAEISAZ B EWE S, HEOK
W InE T bEMaNTW I ETiEd 583, #Hh
HizRAET oMBREIZ DL T TRIENEZESED
e, HIESTHIZER 215 km?, ALI20 FATHEHE L
TRBEEDEFE « ERBIz I3 72vs, B - g s
ZE L & LHHRETRIIEST LD b Km0 Iz
MiDHSE « RS I BER « TEBTRbRT
WL ZEhs, AREOHETH-Th LD EMREE
ZEUL ETFHlans, SEOHIEEMHHIE TOMEEKE
AN LTSz ToOMENREREL, SHBHOMEI
fif 2 TIT BN H 2755,




PRI F BT R At Se ks 595 199943 H

i

IRt B ORI ERAHAT CH 2> Tid, JIBEE
¥, JbHEERFT, JIEtARRERES 0L HE
HE2H-> TEWe, %, dtiEEicH FERBERO L 10)
FENBREMEIRE I - [ EOME 338k
U HEBMOERS SR L THEW, X SRR
Mt BEFrOABE KR AR, BEILT - 80 11)
E—MFEEHFRTCRFEREFTECETL TEW:,
LED iz z Of2ED TRHEHEBL BT 5. 12)

SE R
1) Efk-HE - W-3 ah-E E-3L 13)
7% (1993) : 1993 FEHIBErHIEE L | IHh L, 5532 @+ 14)
D) ST TEREE, 449-452.
2)  AbWEESTH T B EAR AR AT (1994) | 1993 IR B 12 15)
& HHERER S L K E, T EEAEATHEARSY, No. 23,
105pp.
3) HO EE(1995) @ SO BT 51T B HE R T 16)
HOBF EETOFE, SEEFYHESICEIHT~
D - SSRGS, M-, 101-117 17)
4)  BEWRFESE(1993) © 1993 FEHIpEic L 2 HEORE
W, EHERITERER K ERETIRE 1993 S5
PRHIE I L A RO RERIE (No. B-4-5) . 18)
WEE—-HNRY - FHEH - AWM M- TRHEZ
(1993) © FEhE 5 EFNBE IR I X o THRE U7 aiss
2wT, #HEEE, Vol 41, 60-63.
6) EERE L AKHIZEAT(1983) [ 1978 FEEMIT i B8 S E 5T
IR, LARTFERTERE, Vol 159, 19)
T BB R SR T B (1993) [ RS
(1993) Hpg b Z S8k E. 378pp.
8) B IEEE-fafE fF-FE A SBUEHS - BEEEBNZ S 20)
(1967) : FIBEFEF R R OENM R, JbEEicB T 55
EMR N S HIERSOSR IR 2T, & 2 R, i
B K ERTE SN — 7,
9) =wth - EREE - HH 2 - BEER - SEAESE -8

[=2]
fut]

® F

HIfE— (1994) : 1993 FEIBEri iR iz & 1 5 FE MK E
HERER OB, HE LSS SRR S,
No. 34, 38-47
EmfE -HO B-BFRH -FE2E-FHEKD
(1995) : 1994 Fib¥mE s A B K EREEE, FEK
EHEE 33 5, R BEEAMTRYEHT, 63pp.
EIIE(1980) 1 78 EWEHMEREOHD =FHEL
iREE= 408pp.
7)1 |t — « BRI (1993) © 1993 TR Iz 517 2
T - SR - P | [ SREF O#E . 1 & HA%, Vol. 41, No. 425,
pp. 11-20.
FEIRTEL % (1966) : #IlEOHIE, $I¥E#R, 338pp.
IR FR 2 (1993) © JlBE o BB S 30 &= %, Bor
ealopithecus, Nol4b, 2-14.
HEHEH (1966) : lgth K ohE & gtz o n T,
¥ B s RS IOET L MERSHEIET 5
e, S 14, tEEmERENER S L —7, 93-111
VAEFEREE - 22 H#E(1994) @ EREO¥ER I L B Hil
g, PHTHH, Vol 47, No. 6, 626-634.
ALK AT £ h EYEHE(1979) (1978 £ F
BRI R i S B R - B o w T, BILARHE
FHNHE 2 Y AE RO, No. 80.
M fE-E R BN - ARERE - BB
1 (1967) Wb @ L JIRFEORBITIC oW, JIBSE M
B, JtHEEC BT 2R T A E R AR
B3 28f%E, Fofm, tEEHBKERE V-, 1
-12.
IFIER «FBEFIS - F E2E-/NE  #(1993) 1993 8l
BBy 2 ETHB LA 7574 v O#%E, +
A, 41-6, 21-26.
HIRSH] - EFEEA « AL EZ (1993) © 1993 FEHIR&HH
Bl kL a MR RE, CGHEHEMAERERKEWELE
1993 SRR I« & S HE O ARG, 75-85.
(FRESZH 1 1998 4£ 9 H 24 H)

19934 1 F 15 BicHIBTi0fmOEEI M 7.8 OHERFAE L, ZOMBIC & » THIEH TEE 6 1= h,
EHIBERH TR ELHER PR UL, FrillBRERETRASLMEESEH XN, ZOEICL->T,
FIBHEFORETIRER - (R BB 54 774 YRS EESE U, OB IC L 2B EEDRAER
MOFECE T E, WK 1T 2 MBROMRESORBMIC O THET 3.

Hlegrhtth i L o> TAE UMK E D, gD 2k

L7 ESEG -, HEORREICL > TEURK

FEEMD O Hof:, TOTOOHBERIIED G TRE S A P ATHICER I ABCBWTE DR,
AN IZHEED THER U ofHI R £ CABE %, BARMEIC ST <0 L EgEsE Uiz, ZOEEITERM
Thofz, £-HIBEMHEBREAIICES -0, #BOFEEIC L > THBEEOR I D ABNEN LEE Lo Tw

ferBEME DS B,

BB EELERT 27- 01013, BHPED U TORTIICH > TRFOBIMGCAMELR L THL

DEYDH D, ThLFRcEHFAfAOB D Hic biEPET 5,

F—T—F MRS, MEKE, b, B BT

— 56 —



