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Abstract
E off Hokkaido Earthquake of October 4, 1994 occurred. The magnitude of earthquake was

8.1. The seismic intensity at Nemuro city was V. No man died in the earthquake. The twelve
persons were heavily injured.

Extensive damage and failure and failures of the port and harbor facilities, roads sewer
facilities, were observed in the eastern Hokkaido Island. The major cause of damage and failures
was liquefaction and lateral sliding.

Soil samples were collected from the "soil boil" formed besides the foundation of buildings. The
soil stratigraphies at the sites involve a peat layer, a silty sand layer. Soil samples are of volcanic
and organic origins, and they has dark brownish color with apparent abundant fine contents. The
stress controlled, undrained cyclic triaxial tests on the sample soil of shibetsu were conducted.

The results show that the samples develop excess pore pressures and lose a large fraction of its
stiffness under cyclic loading with cyclic stress levels often encountered in major earthquakes. The
test results appear to confirm the observed behavior of the soil samples during the present
earthquake. Therefore, the test results suggested that peat layer developed appreciable level of
excess pore-water pressures during the earthquake and that the deformation stiffness and strength of
the peat layer degraded significantly, leading to the damage and failures of various civil engineering

structures.
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Photo 1  Cemetery of Nakashibetsu
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Photo 4 Damages of Corridor Joints at Kouyou
Senior High School in Nemuro City
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Photo 6  Bridge Approach Damages at Mihara North Area in Shunbetsu Wild Plain
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Fig. 8 Schematic Illustration of Bridge of Bridge Approach Damages at
Mihara North Area in Shunbetsu Wild Plain
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Photo 7 Road Damages at Mihara North Area in Shunbetsu Wild Plain
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Photo 8  Slope Road Damage in Nakashibetsu City
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Photo 11  Typical Small Damages of Roads

6. 17710
SR OMBEHETKE - TRIZHEOBuEELE L. TR, BHOHEILBHL%H o
72l 2. KEIFRETCTOWAS 1 AR LICKAZ, TREIFEENOWENKE <,

TAREHRDES% IZEDVHEL XTI LD ETHA.

I

TKE

19934 1 A 15 H OB P #13R T L5 mERIKIT EATo 7-9IEEHT £ 7)) KX O TFKE < » &
—VIZSRIOBETIOmBEORZ % FLER LA L. TARERICG > HOR LD
ETHFRIETROND, HELR S OEE, 7.

BWEWTICRWIIHEKERERIAR, MRET5E, FERKERK, ARG LEH
508 FT, HAR< Y A —IVER0NSm ~030m 503, 03m~05m 11EOHEENHLTHO
SKERIEHRNS FHHER O TARER100mBEEIE YV HEEZ X (BEI12EH).
7?*—»#2~3%%%mrﬁ%m%Lﬂ%#%#§ﬁﬁ TRERIZIE - 72D R LE
FIETFL, TA77 )V bOENEPLWHIEEE LREFR OGN, BEEH Lo mICHE



BHI12 MEWHFEITAHEO FREBREFMERLT 2Ty R—ViFE L
Photo 12  Floating of Manhole and Settlements of Buried Sewer Pipe Place in Nemuro City
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Photo 13  Floating of Manhole and Settlements of Buried Sewer Pile
Place in Shibetsu City
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199347 1 15 H OSIEEIHEE T, SBS7 ERRISED » 1O RRBHE T LT 12
Lo L, 4E0BECHIBEOREIRBCTH ), Nk ) HH DL BEBHORHRIKE
RBELH -7, SEOBETRL N BERROBEEE, KT - RREET - k1
CEETLEZAONAMEBLESEL LOMFERICL VR 57, R 1ICEERR
OREERRL, F20 8IHIEE, JTRE, B, RS, N RSTE, B
BOREDERE TS

=1 BEHREOGHE
Table 1 Classification of Damage to Port and Harbor Facility
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LEToE DS
e & G
v UElRn C
W&l LS (&, B &)
P UE SB
# k F (HEAWMNELER)
| & T (RinE#)




ARORE TR Y FEEATEAE LA, BREESIIERETHA S NZ1LBmTH > T,
FERIZE 2BRBREOBEEIRMTH oL OHETH 5.
LFICHEDONR & 72 o 7B ERE OB EOHFBIC OV THENS.

ik s

REGHEIR2 ERNITRT &) ICHEIBIEICED LT,

COBEHIIHTE DY E THRRLZEELZT2EN) TH 5. BEOHRERENSE LK
ELWELZI 2. BIEREZZIF 23— MSAVERRD Y #7200 — vV VIEBEDEER
ShTwiz, Zor—y YL, AR, KT -8R KFEBEORBNE % <, #RIb
KOEFRONL, LhL, 77—V OBEDELEIFL CHIRIEL, 30cmA 5 40cmik
TLA. RELWER -k (BEE1S) ALK, BORLO LIZErhi-ar s ) — Ml
BICHEZ L L. BEBOEMICHS (€0 LEE (HEY) EREXLARELTEE
ZLTwiz, ZoEEWEEOMEITH0mit T L T,

ESIBEORATIIEVERIRD 7 7 v 75270 v ilEs Twi, dIfkELy ¥ —&
TEEYE B O #iZ & #930cm 2 5 40em L T LT 7245, BB o - AREFRTIER SR
Girolz. LaL, ERPEYEEORMOELSM TR LN, '

WEROFRIBIIIKNS ZEELEPH ), BHEFOBEMIZH L RK N1 LEOE(LIE)
30cm % 5 40ecm DHAFH 2 iF & LAY 2R LTz, ZOBLEIIHIRIOSIKhETH 3
EENo7enZLTHY, SHOBMBICLIBE LYV ELYHEETL2HIANTERTH - 72.
ZITh, ZLOEBHARIR LN

FSOBETIEMTH o 7.

L2L, SZTOLHINMEDERE RO ADIIHEETIIE,N 72, 21, F1IBED
ERIBEWIZEODPDER P H o7z, T2, 72 —F—3IFIVOREEHREIZ20cm 5> 5 25cm
HTL, SOURTTZY TV AFEDY A VROBR, AHVIPEL TV,

B, ZELLT, JIBITTRZBERBEOHERRERIITIRT.

HEHAE
COEDHELRABIVTRN2ITRL:, BEOS CBHITENTWE, MEEI3Z
BETEER CTA0em A 5 50em iE T A b o7z, 7arpary s —h - AT 7I3HOREL
T OWRILD 72D I FRAEEZ R LTz, ARk THBEOERAGOEDIZ, RELT
D7-OHEEERICKERBEELZIT T, BYEAROMB O TERX30mIZE T, &
- K& MR - hEIWSLEERA LN,
B, BELLT, REITTH-BEBOHRERNERIZLERS ITRT.



w2 FIEE O W EME

Table 2  Damage Summary at Kushiro Port
B B o & W BEOBBLERE BB | BH
No. No.
IS
1. .70 S(8cm, 60m) 2-1
PR IR BE
SR -
l.x7av LC(4cm, 300m) 2-2
2. 8IKELX VY —DBEYE $(30~40cm), SB 2-6| 15
Bl oBRYAED
-
1.xz7ar $(30~40cm), SB 2-3
2. EHloRYy oM S, DS, SB 2-5
3. HLWwWy — VIS8R No damage
BF BIE o B -
1. AFABEBROREEFL0OMX F(30~40cm), SB 2-4
2. BEE I 0 Eiith C, SB, G
JLigpg
RO PR OIS S(15¢m, -) 2-10
Bk — BB HEA S(5~20cm, 155m) 2-7
Pk — BEHOMEM S(10cm, 110m) 2-8
HEki — 1BEHO A S(3cm, 300m) 2-9
BE3Y
7oy — BEOFEM S(5¢m, 20m) 2-11
@ljn YORHE — BEORM S(7cm, 10m) 2-12
&
B/1BEMK :
1.729—=%—3FNLOBYWOREL $(20~25, -) 2-13
2.8 DS, SB 2-14
B2MEAX — &K SB, S, C
¥ 3K . SB

I 3HFEOMO [SBHNo.] &, WELBELLYMERTRIPL12ILH 5 E 525

En

Pligg it EME
Fig. 11 Damage Summary at Kushiro Port



BHR15  JIESEAMETERE ORI
Photo 15 A Series of Sand Boils (Southern Side of the Fishing Pier,

Kushiro Port)

=3 BRSO ERE
Table 3  Damage Summary at Akkeshi Port

[ BHoxY HEOREHLIERE 2R | BHE
No. No.
B 1IRH
1. 58 B EE
2 . IBFHO HK C, S(20cm, 50m), SB
5 2 IBER
RS HE
B 3R
1.8 BmSHE
2. =79 S(30cm, -)
3.7 ool SB
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BLABHEMER
Fig. 12 Damage Summary at Kiritappu Port

x4 BLMBORENE
Table4 Damage Summary at Kiritappu Port
5 M o H W BEOEBLERE 2R | BHE
No. | No.

rh gL X

1 .88 $(30~50cm, -), SB 4-1

2. FR T,S 4-2

3. x7ov S(30~50cm, -), SB 4-3

4 R T,C 4-4

5.8 S(10cm, -), T 4-5

6.8/ 70y T/C, T 4-6

T B/ 170 T/S(20~ 30cm, -) 4-7

8.1 ¢, S(10cm, -) 4-8
7K B HB X

1,88 ¢.s 4-9

2. FRR S$(10cm, -)/C, T, SB 4-10

3. R 1/8,C 4-11

4. 370)-4237" C S 4-12
BEEHA

1.8,/ 270y T, S(10, -20cm, -)/C 4-13

2. B8/ T(20em)/S(-, -) 4-14

3.RE/ T(15~50cm)/S(30cm, -) | 4-15

\
410 4-5 s
4}_FZLS
4-7
49
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Table 5 Damage Summary at Nenuro Port
5 o ® O HEOEELERE 2R | BEH
No. No.

E:N |

1.7y (WS S(2~5cm, -) 5-1

2. x70y S(3cm, -) 5-2

3.x7 oL (BB S(3cm, -) 5-3
i)

1. 7wy (WEE) S(3~5cm, -) 5-4

2. 270y (WEE) S(10cm, -) 5-5

3.x7o0r (3BWoE WEE) S(10cm, -) 5-6

4. 270 0%AB B0 T YiEE) S(5cm, -) 5-7

5. x7ar (ZFULAK) S 5-8
Eik

1. Bhsise 5-

2. 2% (3x30) 5-

3.FB r7uo DS 5-1
R

1.7y S 5-12

2. 170> S(9~15cm, =) 5-13

5-13
5.6Y75-10
|
5-7
1,

&54
5-1 5-3

13 REBHEMERX
Fig. 13 Damage Summary at Nemuro Port
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Table 6  Damage Summary at Hanasaki Port
B o & W BEORBEIERRE ZR | BEE
No. No.
B X
1.0y —v v O%M S(100cm, -) -1
2. I TH S, SB -2 116,17
X
1,78 T 6-3
2.8/ x7or LC, S(30~40cm, -), SB 6-4 18
3. R /7o LC, S(30~40cm, -), SB 6-5
4. 8/ 2JSav LC, S(30~40cm, -), SB 6-6
5. FRE T 6-7
6. FEEE S 6-8
T.EE T 6-9
8. 7o S 6-10
9. FRE T 6-11
P X
1.8 /270 T/LC, S(30~40cm, -), SB 20

2. BB OB DY 7 TH

SB, $(20~30cm, ~)

6-6
/\’\6-5

6-12
13

14

TERE i BN E X

Fig. 14 Damage Summary at Hanasaki Port
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EHR16  {EBERHX Ofax
Photo 16 Depressions (Eastern Area, Hanasaki Port)

ER17 TERRE R ML IX B 6 37 T HE D IERS [
Photo 17 A Series of Sand Boils (Reclaimed Land, Eastern Area, Hanasaki Port)



EX18 ERGEPRBX OB
Photo 18 Longitudinal Cracks (Central Area, Hanasaki Port)

BHI19 BB 0BR EIET
Photo 19  Longitudinal Cracks and Settlements (Western Area, Hanasaki Port)
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Table 7 Damage Summary at Odaito Port

B o 3B BEORBELERE b3
No. No,
] o0 2 55
1.7 wyd39)-237° S(30cm, -), SB
2. F8 T(60cm)
o gt 0D B B
C, SB
AL o 185
1. R T
AL O MRk
1.37k¥ F, SB
2. HiE S(30~40cm, -), C, SB 21

BER20 ENEEHEBEEOREOLE
Photo 20  Tilting of Quay Walls
(South Pier, Odaito Port)




BE21 RAISBEEAROEIN
Photo 21  Ground Fissures (Play Ground,
Odaito Port Property)

IR X ENo T, MRIIHBOARFELT OO L & 2o T/, BERBICR
Wit LBELS R N (BR21), —FHICEBEISR oI, TIT, HEIREZL
&, iR oEHE 5, ZEOMIS (Thbb, YV FRPHL) 2EATHZE
THbH, TITHRML-EHTONERBERY, KILIVDRGEOEHIIRL TWA.

o

EEETOHED, RSIRLALI I, MOBBHROBELHLBL WS, FEELE
BEEBOBENIKEL, BEREIAFRTEARZEI L, FEIE20cm~30cmEEIMH X,
70 i3 30emib T LTwiz.
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Table 8 Damage Summary at Shibetsu Port
oo HRYW BEOEBEEIEKE 2R |5
No. No.
1.8 (1
2. BB /oy T(20~30cm) /S(30cm, -)
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EEEROFERLBEORETAE , HEOELFERIZBRIL L 22k Bkt
DUHEREITH S, BTICL - Tid, BISEED L) CEORLEIZEZEOMK T E TN
TW725, FLAHREL T, iRbick 28BOR L0 TEIIBB LA, 30cm~
40cmTH o 7255, TERCEREERE O S W T i 100ecmiZ b KA. ThHEDREHH
BEREI OO ) - AT TRBEEL, RECEBMICHLE L. ANEED
o ltBRAFEROFENTH o/,

8. EHWE - TN

19934 1 A O PIgk i E T3 2 P U i EE oM ENE Lohs, SROMETIESH
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15 EEEEERErER (ELiEb 1/25000 R [HhEE])
Fig. 15 Landslide damage positions at Nakashibetsu-cho.



B SRR OMIIED 5 O AFIER Lo E e, 8540 ~ 60 m D A & 1
JNZED > TF 2 PHEHN 8 EOMEDOFRIIH 725, FHERIER L EBHO ) bE
IS4 FOEEZRE2HBAICKE 2EB 2L L (BR22). EICEEL0IEY
9%m, BATELOmOHEETH B4, ZOFLHIZSBEPEL TVAEHRFADON, &
HOLREEHFII S S L e s G,

EROBEEZRI16(IRY. AEFRTITRIENO 2 FOESIIMY ESN, Hik b LI

BEE22 PREEED T HEX MR (AT VIEE=4F—Y 7 fiEHRE
Photo 22 Stereo-pair phohos of Nakashibetsu residence landslide.

M16  FEREETEH1IZE6 TH

FEEHT <) BRI
TR M BE LR, 7 - b
B b CRRER

Fig. 16 Schematic map of residence landslide at
Nakashibetsu-cho.



TLTW/, KEEHROBELY RS L, #7) LROLRIIIGmET ) #F DL THICE-
TOWIEEOBO—HEHEAL TE (BER23). Z0OROEEIZHEERINED, RHME
W oS, LA L EERINCER LSS o 28, 20 bERAOERIKE
BZTNY%EDL (BER24), ZhERRICEEE BEBMOOBES 1 miZERRRELTW5.
COBREEKICIZIZEACBBIIR OV, HBIEELIOOHEETHE. KEL
L L 7-ERT N b B TH 5.

EBE23 HAEREE TR OB & &8 L o FE (R EEIT ISR AL
Photo 23  Destoryed house and landslide mass of Nakashibetsu residence landslide.

BEH24 iR T ) OB EREEDIRIL
Photo 24 Destroyed slope of Nakashibetsu residence landslide.



FERIZOWTIEFLVWHEELY LT R VOTHEMIZIZV R WS, SbOREENIN S
LHARBYDH Y, BHEDOADFETHERF ZOMEOMHEZRAFHEN TV WD) TS 1,
TC A B F KA BT CH - WA E 2 S b,

PIRERT RIS 7 TEfHE DR OB =Y .

PR TIIATR OEEROMER P ORBOEE S EIEL 7 (BE25). Zofits
A TEWR o770, RIBIZLABERIELTVLEVY, b LEEETH 46k
ERBEPEL T TFHISNEDT, BEFORBRITES.

COBERMIEROEERE LZRNFESATHEOERDZEICH-2 (K15, B).
ERHOTEIZH 5 EMO—EHEF VB ELE LTERLEDD. Bh0l 2 oERbo
BRAOER TH 5. BNk OEH35SETHEMOBE S HEO+D Ficts 4 |

BH2% HEEIERBORLTTR)DATF L EFEE (b AHZHY
Photo 25  Stereo-pair phohos of artificial mound landslide at Nakashibetsu.



REFOERTH -7z, ZOFMED ) bIEH30m, BATZH25mO#@FHIKE (N
(R17, BE26). ERESNHABAIZOELS 2 ~3miEEFBREDL. Bhbkdh o7
EHH ORI BRVBAHET 2 HIES. T OERBOMEELER D BB
FEEAS L S A, BEBICHFORISmDBREIMARD AL ERELWELZIT.

A

& i 6

17 PERERTERIISAE 7T B E s AR kT O B X

Fig. 17 Schematic map of landslide at artificial mound

B5HR 2 FIEERIER OB L O TR BE 1]
Photo 26  Artificial mound landslide at Nakashibetsu.



ECHERE RS L, REORE ERRIIN S BBOHITICH T o TS LA R
72 (H15). BRI TESO LKL Lol )T, KELERO FIZECEY) L
Pl ERHBEREOSE TR EEZONS, TERBEHPESTAHOET o Tw
BWIERELRERRT L L Lo, JIKimEoBRICbFOMOMEIELE L
FEFCHT Y - AHEBEASRE LTS (JEO, 1994). BHOERICHz> THEED
st HER L LCRET ALEND 5.

T OCHT B E RIS BT A TR g E

Y E DRI K X R E R £ U ERET OF BRI T4 OREIC L ) FUTHE
DOBERIZE BDEEDS AL, FEEIERL TORVWOTHEICSN S, BT IIREHFER
OFALEH 15km, ¥ IV O OO RICHE L7z EBH &) OTANILA 5 @RI
I ARICER LS RONERTH L. JIFdHED & &12iF, ELID TIE150 ~
200m, HEAT30~40mOFEHETH TN 2RI L, FHFORBICHELELL. SRHOH
BCOHEIREIZE TR AV EEOBHEIE LEEO—FIHERETEL TV .

ZFOIIHOREKE
ERAT AR OO E AR (B15C)
HEREOABEORICHAE S 20mIEEDUDTE RO ZE O~ HN (BE
27). BAN7zOEARAS0EE R B 5 R & O BANE. IERH30mE S 47 10m b7z TRA

BH2  PERAENOIOREREOAT LA ZEHER (b HARZERE)
Photo 27  Stereo-pair phohos of hill slope landslide at Nakashibetsu park.



B BELHEL-RaNRN B (BE28). Fh-BERE L TIE, 2OEOHET
HolZll, HEEOBL BVWEBAB TH 72720 THbEEZLND. &, ADWEW
NEOBRTH o780, HEIEL TN

EH28 FREEAENO WL O fRERT
Photo 28 Hill side slope landslide at Nakashibetsu park.

VIRWSTTI2F J=10F i B2

SEOMEBETIIYLFHEICHE L L LG CORBRERODPR LN, EpRTE
BAT I O BRI PR RGO RESOEE & A TRET . (BR29, 30). M
WELZORCTR LYY LRIEOETICHEE - Z % EOWAETORST, KERHEEICIZ
FEoTwh\w, 19934 1 AOYIBEMHIEDORIZIZZ I Vo2 4 TORFEEIR SN2 h o
72, TRRERBPHEFHL TR LRSS,



BEHE29 SR EBAE OERY ) TREOLBHE
Photo 29  Surficial landslide on loadside cutting slope at Hamanaka-cho.

5HE30 RS EES O ) LM O RBHE
Photo 30  Surficial landslide on cutting slope at Nakashibetsu governmental office.
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RSB KR (BE3), EagHl (BE32), #EEVIVNN-AF-2 k¥ —
(BEE33) O3 Tl bic L 2 23R L 72, BT 3@WEAREI»SEE L
72bDThHLH. BIFOELHE CORMNIIIEELTHY), YV IFFEERIIEATVL.
TR T ORMEIEEET, B2 EATYS., 22 TOREFRRIE,
HI18IZ/RT LI, #E1m—2miEREET, Sm—5miIBEI VL, £LT, £0
TRIRECHTI-ABELYVOBE IV M EUETH L. REYHEE ORI E
TEWIMERTH S, B34 B O#E T30ecm ~40cm ik T L 72T, £ < OB L3
BYERICRE SN, L TORWIFHETH o2, TEEIVN— - ARV —DEY
LIMEMTEZONTHBY, BYWEAOHEIRER S Nt o7z, HRK (B19) 29R
TEIIT, Bt KELBRBOTONREEICKE /220 NERP, LD O RS iR
Ko TWA.,

RS DR IC OV THEREB L OB KRBEETo7 (RIL10). 7z, HEDH
B TORMEIC OV TR L Z#ERT b7 7.

BER31 RSB LR OEE L LT
Photo 31 Boiling and Settlements of Odaito Port Property



ER32 FENHEROEL +
Photo 32  Boiling of Shibetsu Kindergarden

BE33 AFEEIWN—-AR-vEr s -t
Photo 33 Nakashibetsu Silver Sport Center
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Fig. 18 Soil Stratigraphy at Shibetsu Kindergarden Site
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Fig. 19 Soil Stratigraphy at Nakashibetsu Silver Sport Center Site
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Table 9  Grain Size Distribution Data of the Soil Samples
HABES B & B EROER =
(FEE) YUN =RE° -YE v k-
KE m EBREEGHE 4 GBEEEH X % BREEEEHR %
5 S N R
I ! B AR
I ! S R
I T S B A
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S ) S R U1 N
AN %/ T 000" 771 TTTTI000 T T T ee ]
I 987 __ 1T ° 95.9 T """ T995 ]
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Table 10  Results of Grain Test on the Soil Samples
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