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Source Mechanism of the 1993 Kushiro-oki earthquake (M=7.8) and

Characteristics of the Strong Ground Motion

B Rz

Masayuki Takemura

The Jan. 15, 1993 Kushiro-oki earthquake of M=7.8 is the
largest intermediate-depth earthquake in the history of Japan.
Intermediate-depth earthquakes compose a double-planed deep seismic
zone in a subducting oceanic slab. Events on the upper seismic
plane are characterized by down-dip compression type mechanism,
while those on the lower seismic plane by down-dip extension type
mechanism. The hypocenter of the Kushiro-oki event is located on
the lower seismic plane in the subducting Pacific plate and the
focal mechanism is the down-dip extension. Taking the aftershock
distribution into account, the fault plane of this event extended
horizontally from the lower plane to the upper plane. In the last
twenty years, there have been four large intermediate-depth
earthquakes of M=7 class under the Northern "Honshu and the Hokkaido
Islands. Two events under the Northern Honshu Island are down-dip
compression type, while two events under the Hokkalido Island are

down-dip extension type as like the Kushiro-oki event. Fault
planes of these events also extended horizontally in the oceanic
slab.

Observed peak accelerations due to the Kushiro-oki event and
the other large intermediate~depth events are examined, comparing
with those due to shallow large events occurring on the plate
boundary in the subduction zone along the Pacific coast of
Northeastern Japan. It is found that the peak accelerations from
the intermediate-depth events on the average are twice as large as
those from the shallow events with the same magnitudes for the same
hypocentral distances. The peak accelerations due to the Kushjro-
oki event also show large values , that is about 300 to 800 cm/s“ in
the Kushio and Tokachi districts. These results indicate that the
large intermediate-depth events highly generate the short-period
component of seismic waves.

In the meanwhile, we examine strong ground motion in longer
period range for the Kushiro-oki event using the displacement
records by JMA. These records show a large amplitude and a long
duration at sites on sedimentary basins as like the records from the
shallow events, though an excitation of surface-waves may be lower
in the source region because of the deep focal depth. = The large
amplitude and the long duration at these sites may be due to the
generation of the diffracted surface waves due to the sedimentary
basins.

Finally, we evaluate velocities of ground motions in the
‘Kushiro and Tokachi districts from the ratio of overturning tomb
stones. According to these results, the velocity is highest at

R NEWEE TEWREA =R
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Onbetsu about 50km east from Kushiro city, which is approximately 50

cm/s.

the Kushiro district and at some of
At diluvial sites and at the other alluvial sites

Tokachi plane.

That is' about 30 cm/s at sites along the Pacific coast in

the alluvial sites in the

in the Tokachi plane, that is smaller than 25 cm/s.
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Fig.2 Focal mechanisms of large 1ntermediate—depth event and the double-planed

seismic zone. Focal mechanisms are shown
the equal area net.
arrivals of P-waves.

events. Solid and dotted curves

by the lower hemisphere projected on

Shaded areas correspond to the expected compressional first
Crosses designate locations of epicenters of these
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of hypocentral depths to the

upper and lower seismic planes, respectively.
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Fig.3 Distribution of intermediate—deqsg events with horizontally extending

fault planes (indicated by open circles) . Dotted curves indicate contours of

hypocentral depths to the upper and lower seismic planes.
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Fig.4 Peak accelerations from the 1993 Kushiro-oki earthquake“’ . The values
are the average of NS and EW components. Solid and open circles designate the
data in the eastern and the western regions. These regions are bounded by the
volcanic front. The curve A shows the attenuation relation by Kanai (1966)

which satisfies the data in the eastern region fr%ﬂ EB? large shallow thrust
events along the Japan trench and the Kurile trench . The curve B shows
the attenuatioFlﬁEhation by Takemura (1984), which satisfies the date in the
western region ) . JMA and % indicate the data at Kushiro observatory of
Japan Meteorological Agency and the data near Erimo Cape, respectively. Peak
accelerations from the Kushiro-oki event can be explained by doubles of the A
and B curves on the average.
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Fig.5 Peak accelerations in the eastern region from the 1987 Hidaka earthquake
(indicated by circles). Solid squares indicate the data for the 1981 Hidaka
earthquake, which are plotted for the hipocentral distances. Other
explanations are shown in the caption of Fig.4.
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Fig.6 Peak accelerations in the eastern region from the 1987 Central Iwate
Prefecture earthquake (indicated by solid circles). Solid squares indicate the
data for the 1978 off Miyagi Prefecture earthquake, which are plotted for the
hypocentral distances. These two events are intermediate-depth earthquakes.
Open circles and squares show the data from the two shallow thrust events off
Fukushima Prefecture, which are also plotted for the hypocentral distances.
The April'?igevent is a high frequency event, while the Feb. 6th event is a
normal event Other explanations are shown in the caption of Fig.4.
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Fig.7 Displacement seismograms by JMA from the Kushiro-oki earthquakez)
Natural periods of the seismographs are 6 and 5 sec for horizontal and vertical
components, respectively. The maximum velocies observed by Hokkaiso University

are also written in the figure.
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Fig.8 Times of the amplitudes larger than 3 cm on displacement s%smograms by
JMA from the Kushiro-oki event and two large shallow thrust events The old

type seismograph by JMA is saturated with the amplitudes larger than 3 cm.
The saturation time for the Kushiro-oki event is long at the stations on the
Quaternary |plains as like that for the shallow thrust events. K, T. N indicate
Kushiro, Tokachi, and Nemuro-oki events, respectively.
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The Studies on the 1962 Hiroo-oki Earthquake and the Problems Presented

k B M 5
Sumio NAGAHASHI

) The Hiroo-oki, Hokkaido in the north part of Japan, earthquake of 23 April 1962

‘ (M;,,=7.0) was, from the point of view of earthquake engineering, very interesting
event. The strong motion accelerometer installed at the meteorological agency in
Kushiro City, which locates at 90km north—northeast from the epicenter, recorded the
maximum amplitude of 385gal. The maximum peak acceleration of "385gal”, larger
than that of the strong motion accelerogram recorded at El Centro in 1940, was the
world new record at the time. This earthquake, however, caused little damage to
buildings and civil engineering structures in Kushiro City. Then, the researchers in the
field of earthquake engineering organized the research group, and they studied on these
strange phenomena on the base of several kinds of viewpoints and methods. This paper,
in comparison to the strong motion accelerograms observed in the Kushiro—oki earthqu-
ake of 15 January 1993, shows the outline of these cooperative research results and the
problems presented to earthquake engineering.
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Characteristics of Strong Earthquake Motion observed at
Kushiro Local Meteorological Observatory

U E
KASHIMA, Toshihide

Synopsis

During the 1993 Off-Kushiro Earthquake, accelerograms with a maximum
amplitude of 711 gals were recorded on the ground at Kushiro Local
Meteorological Observatory. The response spectra of this strong earthquake
motions are predominant in the short period range of 0.1 to 0.5 seconds as
compared with the large strong motions for the seismic design. The remarkable
influence of surface geology on earthquake motions at this site was ascertained
by the statistical and theoretical analyses, as one of the causes for the large

earthquake motion.
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Strong Earthquake Motions at Kushiro Port

#a
lai, Y. Matsunga, T. Morita, and H. Sakurai

&« PAKERS - REE— - KHEE

In the 1993 Kushiro-Oki Earthquake of magnitude 7.8, a strong earthquake motion record

was recovered from a dense saturated sand deposit. The peak horizontal acceleration at

the ground surface was 0.47g. The record clearly indicated a peculiar ground response

which manifested the effect of cyclic mobility of sand; a long period motion of about

two seconds was overlain by a spiky wave form at each peak of the long period motion

The strong observation at this site consisted of a vertical seismic array with a depth

of 17 meters. The peak horizontal acceleration at the depth of 77 meters was 0.20g. A

ground response analysis, which takes into account the effect of non-linearity and

dilatancy of soils, strongly suggests that these properties of soils play a signifi-

cant role in the response of ground undergoing strong earthquake motions.
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Characteristics of the microtremors around Kushiro Japan Meteorologicai Agency Station
and seismic damage of neighborhood buildings

FiE R
Shun’ichi Kataoka

Large acceleration is observed at Kushiro Japan meteorological agency(JMA) station during 1993 off Kushiro earthquake
by SMAC-MD and JMA-87 type seismometer. PGAs are 0.7g and 0.9g respectively. While almost building damages are
minor or slight in Kushiro city, especially at low land area. Main reason why acceleration is so large and damage is so
slight might be local aite effect. Surface layers around JMA station might amplified seismic motion. Kushiro JMA station
is located at top of the hill that height is about 30m, and surface is covered with soft volcanic ash(Vs=120m/s).

In this paper, there are two part. In the first part, the microtremors that observed around JMA station are discussed, to
estimate the amplification of the ground. Power spectra of the microtremors observed at top of the hill show that there is
a peak around 5Hz. Spectral ratio between middle and foot of the hill is about four around SHz. This predominant fre-
quency is correspond to the natural frequency of the ground. Variation of microtremors in JMA sataion is also studied. In
the second part, result of dynamic analyses for two buildings, one is JMA station and the other is located next to JMA
station, and actual seismic damages are explained. Because it is a good opportunity to evaluate a dynamic analysis technic
and to find out a problem to estimate a design motion. As it is difficult to estimate an exact strength, result of dynamic

analysis overestimate a damage.
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Distribution of Seismic Intensities and Damages in Kushiro City
Caused by The 1993 Kushiro-Oki Earthquake

OBEAFEAY e ZAFIRE
Takahisa ENOMOTO, Hiroshi KAGAMI, Toshio MOCHIZUKI

Abstract

The 1993 Kushiro-Oki Earthquake (M7.8) occured near Kushiro City, Hokkaido, Japan in the 15th
day of January. Many damages happened in Kushiro City and its vicinity, especially concentrated
in Kushiro City. And also, some very important strong ground motions were recorded in Kushiro
City vhere located near the epicenter. It §s very Important ‘and intrested to investigate the
reason why not so many structural damages were occured even though the very strong ground motion
hit this area and also the reason why so large PGA value of the strong motion vas recorded at
hilly site than the PGA values recorded in alluvial lov land sites.

In this paper, we indicated the detailed seismic intensity distribution used questionnaire
survey method. Then ve concluded that the highest Intensity was recognized in Onbetsu Town in
JHA Intensity Scale. In Kusiro City, the seismic intensity was concerned with the geological

and topographical condition and the distribution of damages caused by this earthquake were also
related to the seismic intensity

4. 4. 1 @i
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FaAPLICHENRBEL =1, FHBOBEID, JIBBHOBEAPHL0knDILAE42° 51", FiE144°23", B
107k DERMEDHBChH > 120 ZOHRBIZED, AD20.6FATHEEANTLEBBICAZRBHE D ThHD
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N ALEEE A¥ETHE (Hokkaido University, Faculty of Engineering)
) WA T A IS vy~ (Tokyo Metropolitan University, Center for Urban Study)



T A & THETH Bl OBES IOV T, ok - MEKL 3 %-1 7vr - NAEBEORS & ER

PEBRBED 2518 L. YIBIZTBIUIIBRHICHT IHRE

HErHE | R | RES |EHHH | EREE | A0

3 RIREILRFE - LUEKRFE - HR)IKF - BRFBRRFED

KATRK L SEERREE LOLOOTHS, oy | m | oo | o) em | e
#3981 2 289 150 130 124
4. 4. 2 § D B Rey 5 956 520 4i8 395
P KBY 6 535 320 264 257

BRESHORER, T TS OBBORIFIAZIATHS
T-VARORERIC L o %o EFEEBRICOVWTR, LEEAE

Egsey 6 1915 1000 450 928

WENOBRESHRETIE, LRWETORHEB/T, IFg | ™7 | 0 | we) ™| =] @

BCEATENOBEICKELEAERT 25X LALEDLO | s 14 m | s | a2 | s

ThbH, BEHBEITIETE IS0, SETHIZOHE L, AL mEE 15 930 830 a8 310

SWER2OER L, &, HIBHESOIRIZTEADIO

0T mey 7 748 520 398 358

TR & RS & LB RE S RREC S HEA RN,
EHEROUFERSY BLCASMERICHKEL, REog | "0 | ¢ | W o w] W

EEALEERI/NERDIAVIHTEELBEAMTEBL, &N 99 2511 | 12240 | 9793 | 9392
EXLTHEIHREBALLOOTH D, ZOBE, #-1K it Bl

T/r-MAEEDOBRAAEIRD

BEEER LI, ERARSL. #-2 LEERLHORHOBERERSR

o b W | LU o L - s OE| B i

JIBTFFENONFERO R | 9% we x| PP g omr| T g mw | T ome| TR pe mn

EAEEHEOHEE (54, 4%) | uimgm =38 3 33 AWl 60 2.6  mIW 46 3.2 ZHE M4 45

AR 3579 3.6 FRH 25 34 mmEnl 49 37| wE¥H 5 38 MAE 20 4.6

21220 CH 5, sl 267 3.6 SABM 26 3.1 RUEET 22 3.0 KiAWH 24 3.8 HBMEr 23 46

N TN 67 41| TEWEr 25 3.3 smabmEr 1 2.9 DMNET 29 3.9 ANLET 7 3.6
I 979 M 183 3.8 WA 22 3 LEL 19 3.0 iNGIET 17 3.7 | (+BIT)

80 B‘)Eg%ﬁ‘; 3E( MR 146 3.8| VAT 51 3.5 HAEr 27 2.6 H#NEL 3 45 WH 0 4.9
0% T D i1} TiRE 236 3.7 JERiET 19 3.3 28] 2 2.8 RMAT 19 4.5 HWE 31 4.9
’ . + TOERSR g 29 3.8 FAET 40 3.0 JNE 23 28| AWDKET 2 4 A48T 2 45

DT NDE S | #immdE 23 39 it 16 1.2 AuEr 17 3. HWYPET 13 3.8 bMET 22 45

W@E?i? :D“-E)\@T muH 19 35| WEAR 23 26 MmBl 25 3.0| MTHET 23 3.8 B 25 4.9

i F N T Rl 21 3.0 WURT 22 27| LWARET 23 3.6 mriEr 22 3.7 WUWE 2 5.0

- R .% < | R WORET 22 3.2 hTWWREHET 21 3.9 SGUMAT 22 3.8 KAl 21 5.0

VA 5 Ffl 40 3.6 CoKET 210 3.0 | NWRDEET 22 4.3| EBMET 23 3.5 THE 2 4.9

ﬁﬁm%%l‘ RRBLRE CRNET 16 2.9 ol 48 3.5 GREET 23 420 MRENT 23 35| CRALNET 21 45
DE I 9392 WRET 21 3.3 AdENE 16 34 RN 23 3.0 CEMEAT 24 35 EiH a1 45

-~ BB, B MART 19 3.6 | (REVRIT) e 25 2.7 QAT 34 3.2 EBME 21 4.8

76.7% - KGHE 21 3.3 Smli 49 3.7 oINAT 21 13| JUMAGET 23 3.0 KB 22 5.0
“ ) Thoteo BEH ey 21 37| WRWI 81 3.8 BB 15 3.0 e 24, 3.3 LRE] 25 4.7

I 3 KW 17 3.7 ®OUE 50 3.6 FMEr 20 2.8( L@mEr 22 35 BIAT 28 4.9

WETHE, SISITEAS LEE 27 36 SR 48 3.0 OHEET 25 2.5 wewr 25 3.7 HmET 24 5.3

TN T FIFET 15 3.9 TN 43 33| FARTHH 24 2.3 WLET 20 2.7 auEr 19 5.1

S UHIBETTIZO ToRP AT 23 4.2 =il @ 3.7 BOEE 14 2.0 REPE 20 3.4 ARRT 23 5.2

23 fm 7 wmHEwE 22 43 R 67 3.5 | (W) FTNAE] 20 2.8 R¥ET 25 4.8

HATREIHORESR WA 20 3.7 Wi 58 3.3 ;YA 49 2.6 BERET 20 2. BEIET 20 4.3

Bl - memaT 23 4.0 BNl 42 3.2 MEA 24 2.9 | OMROT) WMRET 22 5.3

FRLICELDDBILLT SRR 18 4.0 mik 53 3.0 ASEE]. 18 3.0 MM 4258 3.9 | (MR AIT)

3 wE 32 3.7 e 19 39 NHET 24 2.3 HAEH 63 4.2 sEnli fEE A
° ABET 30 3.3 EiRBT 19 4.1 ARE 2 2.7 »yIA 2828 3.9 GIE 15 5.3

RIME] 25 3.2 RN 19 3.7 diiH 23 1.2 el 49 3.7 ME 24 5.2
CIEYD) | gmaknEr 24 3.4 JA%RF 20 2.5 nmer 23 3.0 RPB 17 5.0
3 N ¢ A 27 3| sl 23 33 RHAr 27 0.6 s 31 3.4 WX 23 5.6
4' 4 3 jt@k‘;v .~ WE] 2% 3.3 1Ay 24 3.8 (3404 18 3.2 A 21 3.4 0-7-meT 22 5.0
§!'[E§E"2"Z6§E§iﬁ DIYUBEI 24 3.3 RiE] 29 4.2 | GROWIF) KiH 19 3.9 FIRET 2 5.5
= : Zmer 25 3.2 BINET 2% 4.2 AN 5S4 1.4 NB 16 3.4 mEH 18 5.5
(1) %Eﬁﬁﬁ@%@ﬁ% MTAT 26 2.1 NMEl 21 3.8 w19 2.3 ¥R 16 4.2 GRET 24 5.2
KBE 20 0.7 WMEIES I8 3.7] iRUISAT 15 2.6 BRE 19 44 wHE 19 5.7
SRAT 23 2.0 |%-HEMET 27 3.4 chEIET 20 )8 NSET 15 4.4 GRELRAF)

WWET 21 2.9 GRTR-ET 17 3.4 HwEL 23 1.6 AAE 23 4 WAl 45 4.6
3 . fRnE; 22 33| EMSIET 19 34 HEE 2 2.4 MIET 20 4.6 SIMET 26 5.2
e W@ﬁimﬁ%ﬁ% 4®B] 27 3.3 MR 20 2.9 WWEl 25 2.6  MSIET 25 4.5 h#NET 28 5.1
- (el XIT) © gwEr 20 34 xR 23 0.0 | (NAEA) BT 4 49
ELRRENTMOHERR A48T 420 3.2 MME, 26 3.0 HRAT 21 0.0 MWK 23 4.3 BEE 22 4.7

_ 1= BEH 21 2.4 WUmAET 20 2.7 | ARIIET 17 0.5 PINET -2l 4.3

eER-2, LiZmds 7 S8 B4 1.2 | () (B FISHET . 23 4.4

e - I EAPRY 23 3.1 Fisl i 4 3.0 Ab st 3 38 FALES © 19 4.7

VAR LABER, & WA 24 2.9 CLEG 54 29| Ml 46 38|  MAET 31 45




KEOEFHENBDOSA T E/H
BUTIE T2 HARES LEEHA
TRINTEN, ORAEATEILR
FTOBRERIIHETLIKR>
ThWa, BEOBE*RLLDEE
JIETCh ., HEIh -FHBER
5.7CHD. HMERR, HERERE
REE—HKLTHS, BEVICHEY
§ 55. 5L LRI, SIS
KHihbhs, BEVOBIRII,
BENSTBIIMTITTHH, —F
BEIZORATHS,

YIRS TEHNOBESHER-3,
H-21Rd, Ziid, M-1RL
LdtEEAERERE LR B
EaHIRL T, BEGESRELH
ENSL BELLIIBZFERNE S
ZLLTIDEHEHIZBNT, #
BRoE LTHRZEBMICEI O TBELEELLZLOT, JIBRIFEAORRVIRBE DT L BREOHEE
¥RLLDOTHS, BEOHZEIIHL-> T, HRISHBEL LO7/-MAEEREIRE N TSI L% &4
ELT. RNFENOBBRIET>TNH, EHENLOPLERIHERRLCBOTEICRD, #
RSO B HIRIC BV TR R VR E BAEANBD bND L), RS > TEKBEOER L /2%
ETh-»TH,. BEOFHMZTHIBBLRVEELDHE, TOLIREEKIE. HEEOERE»SHEEZN
ERENBRRICEL sV EI oD TAEIREEIRNTEIIEL LTS, ZORE, BEORDLE
WHISIZ FBIETR ORI TH D, BES LEHEBIN,

1993 F Bk iP O D
RN o NERE
(%0.1)

-1 kBWEAEHOHNOHERES T

(2) BEXHORE

BEROVILBESRE R LAR- 1 Cld. EMRNCOTEHBE L L CTEBIETTRED. 7, BRET
5.6, FIRE, BENTS.52RLTHED., YIRITEATCHEOREVNEEINT WS, JIRTHCOTEHBE
135.2CH 5, FARPDIF-13EZI00kaDERAOT -5ICW L CFBEEZ L. BBENL-ERETRLED
DTH5B, BFHNSHBOBRNVRYICEBBLEEMMINLELOTHY, BEOREDAE» 2ER% FH
WMBEZENTED, BER, JIRMHECIERICEFLERERLTEY, &R - BT TBEDIS-
FECR->THEY, AFCATTBEOBEENRENWI EEELTWS, £, BEEEZSVWTHLRABD
HENPR LN, AAKA» > TORBEOHENKEL B> TWAIELERLTVWS, BROBHHTIE, v
y-HACEFTBOHBOMBELRL THEb0EELXLNS,

FIEE TFERDODPRYIRBEIROBRERLER-2 Tid, 280ICIK- 1 IZFRL HitEERLm & o
BLLIVIRBRESHFOERICESLIHEHERL THSEY, EFRHARBOTHLREEDE WK BN
HWIEASH L TWB I ERBARICEBHL O NS, RPIZR LI -i2, EE210knOFEEAOTF 5128 L TEH
{EERELADOTHY., BESHREFIVNIRHHI0. 20MBTI- 2R LALDTH S,

BLDBEOBWENSHTAMEHIEI LR L EREAKFINTTHY ., FHNTAORKRITTRES 1L HD
BOBEEFRLTVWS, TJTORKHEET2ORITICBVTYH, BES.CHVWBEY RTHENOHLT
By, H3 - ARETORIHEY, SEOHRHBIEBOTRLBEOR  » LB THEI EERLT
Wa, i, YIBTHOLMICHETABEINICE VD, BES. T~5.8LBEOBWHEIBHOLENS, Th



#£-3 YIBEFERITTHOREBERERR

R BE KR WY ME XR HARN  BE KR WHHN B AR HURY MG K=
3 Lo 3. 7: 1 [T M ). 4 BER  WE N WK B ME B2 BH AR
(esimr(o)] 2. HERNZ U, BAT 20 52 7. WA 16 5.1 i BER 10 46
L IR 5 5.4 #£1-3 TR 5. XN T 48 1. ged % 56 5. AEA § 45
UL kBN 9 57 5. ERPE 2l 5.4 8. WAHEF 7 50 9. #ARY I 5§ 6. TFOAR 5 41
3. &7 18 5.6 2. &% 148 2. Wik 5.3 10. EAP 14 53 1TEE L 48
4\ 0 5.8 . B3% 7 5.3 8. mET T &1 48
S. 8 15 5.8 CARET(04)] (mMETC05)) 2. ke 0 5.0 9. dR B 43
8. M8 W 58 ] 5243 1. gaer @ 5.2 13. WA N ] 0. &2 [T}
. 23 5.9 2 @eER 12 S 2. AR 18 5.4 WoRLE® 5 5 1. ang 0 49
3. e S 8.1 3. ms 9 5.4 1 EogT 4 S50 15. B&H 5 52 12. MATE 10 5.3
9. #% 159 IR Y] 15 5.3 A B 21 48 16. WA 5053 1. BFE 34
5. CeER 1 53 5. ST 2 54 11, 138 20 54 . BB 3 4.8
(&ger(03)) 6. TERE 46 5.5 6. &Rer 1753 18. XARSY 3 5.0 15. B [
[ -1 13 5.2 1. BRI 56 5.5 7. FAM-4 U 52 16. MB 20 5.0
2. faX9 11 5.8 8. PH% 13 5.5 8. FAUMS-T N2 S (BRAeT(08)] 1. B0 § 5.2
3. A U 5.8 9. FEZR 3 51 9. g [LEEN L OAEA 2 5.4 18, M7 2 53
LB 18 5.4 10. 4158 ¢ 81 i0. AT B s.2 2. W 18 5.5
i @IS 17 S8 1. A 10 5.3 L FHeA'T S48 (BER(10))
6. EIRI~¢ 25 S5 [SRE3®T(05)] 12. &y 32 5.4 i BE+E 1 817 1. EER 6 5.3
7. Eddti-2 8 5.3 1. B 55 5.1 13. w1 % 5.2 5. MY 0 5.7 . kRS 749
8. ®siti-2 19 5.8 2. BAE 6 5.4 4. XER 1853 [ ] 6 5.7 3. Ba% 10 45
9. WL2kl-¢ 38 5.5 3. RlX 8 5.4 15. SIwAF 5 5.3 7. BT 5.7 i TRE 0 49
10. ¥13ts-8 A 55 1. beU 3 s 15. £3 4 52 8. wer 455 R - ] 8 5.0
1L XEN-4 16 5.3 5. 8% 35§ 1. B (VIR | 9. pasEsT 7 55 5. TEA 5 5.1
12. M2,34t5-6 6 5.0 8. BRM 1051 18. x& 2 53 10. Loy 1S4 7. FARE 18 49
13 M8 1S5 1. &LE 353 19. K& 17 53 11, giskay 8 57 8. DAE 13 52
4. X3itl1-2 6 5.8 8. MM 3 56 0. LR 13 5.4 12. 8wy 17 5.6 9. DX 19 5.0
15. X3WI1-2 § 49 9. HE 51 53 0. R 2 55 13. B " 54 10. DEH 348
5. B 10 5.3 10. X 35 S8 2. %8 4 5.4 4. J3t0 10 56 tl. B 2 50
17. #% 1249 1. & 12 58 23, Ay 4 55 15. PAESR 12 5.5 12. P8 2 5.2
18. WKL 12, g8 87 5.3 u.Fe ¢ 5 16. s’y 13 5.3 13. RS 3 43
f1-4 6 5.3 n g 92 53 5. RIE 2 48 17, @ey 1 58 u. xsa 3 S
19. BEBEL U B-Ex 73 53 2. RAR 2 5.4 18, ktyay 9 53
-3 15 5.2 15 % 16 5.3 . RRE 2 5.3 19. MR& 8 5.2
20. BHEnE2 18. & 1253 2. A2A 34 5.0
w3 B 52 17, %% 39 53 (&L ()] . k3@ 18 5.4
2. BEBXI 18. M 3 5.2 L. PR 8 52 22, Q8 12 5.2
#1-2 15 s.0 19. EREBW 40 5.1 2. WARH 7 58
2. WEBMI 20. ¥R 23 5.2 3w LI St (387 @e7(09)]
34 18 5.3 2. $R 10 50 ('S 18 4.7 1. B#y %47
2. BHEBN] 2. G 55 4D 5. Me-RE 8 5.0 2. RER 15 4.8
-4 8 50 23, IR 148 6. BFA 8 49 ERRIE: 2% 45

H-2 YIBZFERIONETROFBRESF

—59—




1&. men

. e 0 1. age w

N 73 » [[R2 T 1Y no

L 13 “w w0804 00

BEES 30 n. s@e w

. ARe m n.aone Mo

1
1
1.
1
[N T'EY m w. wge w
8.
1
..
»

. RMe o a. RE* ue

lo. mnis w | ame )

@-3 AFEERESGRECRTIIBHILNER
LA 2 06 &Wﬁgﬁﬁﬁ(ﬁ@ﬁfﬁ

3
"
L3
3
AEREAE
»
"
5
E]

2. SIBBBRZE ZHR L HB)I0XTA ERANOER LICM= IR THY . Z 0RO BB RS
THORBEHOEBEHRCILIEELZAONS, —75, JIBRTORMCAES S ERE « BT ICBOTH,
HBOPOHRIBOVTRESEBITHE LA L THH 00, HAEIZIEIIRETEAOBEOE BT
JLEOEREBT 2 & ORI H OBIBICHRTEVRBEIH LB >TWD,

4. 4. 4 YIBRHBEBILHMBEN
(1) BESTQHEEER

HIRFTROBESHRAEICOOTI, HIBRLAL I CIIBRTREIBOTED TR 2EBLEEIRA I nE
HEhicikw, THORBE - BEDH S5V IIHBEERYKISBESHOBNZLEODVWTLERTIZ &
RTELHLIIC, BEERBESARELEEL L, RAER. H-3IRLAL D CHHOLHIL/NERK
Ex&E LT, T630D7/-MEZERL, 60508 (79. 30 DFHRERZRIRL 7=, HIBTHORESH%
R-4BIUR-4 7Y, JIBRTAOREDOHEICY - T, IZIEFNTHCHIBER S LT, £+ 04
BHKBEREETLHI L L LI ZOBERK 2V THIMBECBWTOKEREOREZORREHE H5
ZEERFHLLT BETORBREBVTEOIHPOHT 2 b B %17 > Thd, FAR3-3-4FIZH,
BREIFOBBHLECPEREZBE LT T5H7), JIBETHICEEL THERILIERL TH25I%
BFEE D —MOBIMIC OV TORAMIBELZREEL T, BATHILE LA, ZOKR, BLBEOE W
BIZHIBRHRIMOT EHETHY, BES TEHESN:, ZOWROEATE. 0L - 5 - —HRE
REEELOWEETISIHHBLTHY, LRTEREOHRLR L OBHES S RONT-HRITHYL
BY, HELOREHFEDH LN,

(2) BEXTHOREE

IR ADVILBRESHEZRLICK-4 TR, BIBRNEZHE L L TEAOBBMIR - RADEBIRICE
VT, FEABEOBVEEXIBHONT VS, §IER. JREEIEEDRE « (bIRET - FE2TEHEHPLEL

—53—



BB THY, BIBRICBITIER #-4 IRTOREREAE/RR

ERBORES S VI BEHRIT A mres  Me xx | mrae  we xz | mres e
BEPRE L HIRICHIEL TOS. | PR o o PSR H:
BEL RIFETRMETHD . HE | jnenon u s monon s
ORECHTEREBORBIS K | e T W %o =
i Lk it EOBIRICHIEL T B, b mey b5 L
SHBIE. EROESICEEL oy s i AT pas '
B DO A LR HROBE |avceansn 10 s P azs %
DFHFHRICHE L EHERT LD pr g st 3 1 Sem:
H AR ki 3. + 3.5 g
HHOMRBICH S ATBERBIC L5 saw 5 P mom i
LOB, BENRERBRTHELOR | weais o o d o
HHXA 6-9 8 43 321 19 5.2 BAE 7 k]
BELEEHEICERT 2HEHRIC gﬁ: ;g :: E:Zf ;e 5.1 Eg;? z;
. 5 v ! 0 5.3 @t
LBbDLERXLND, —TF5, B aam s e R oo
BT, WEBORIHCBRE H T - “Ee
LT3 BRI IDEE SR % e ol Ams s vs cme1 18
Y, WhW B FHR L TH A As 4 a5 amez s
- 3 mIs 1 13 5.2 alit 3 18
LHBRTBENE L. EXTODEL -y wes n 5 omes 1
Y ORBIHET BTk, BE wam w s it gm0
PREVEE RTEENBH LN S, b~ ams B o e o
my 15 S. {{
WFRIZ LT OSBRI B BE Jmn o BEL o o :g: "
PFIDVTIE, & 0BT - i mraii 1 s N E:; s
- N . k] 11
B & UM & OBFRIZ D0 TO X s mEs b 41 eIt
AU ETHD L EXLND ARS8 St o118 5.0 NE 5 169
° aTa3 BnE AR ITES N EE TS PP
(ﬂmﬁ;!l &Jﬂ‘ -IaEz (ﬁn:il;ws &g !539 (M3387) B EE
4. 4. 5 BEsELwyowEs | BEoL 0| smmn s ow e
.2 k H 4. |1 U
&Uﬂ’.ﬁt‘:@ESE\ 0% 1 38 :1 *B o0 53 82 2
(1) PIBHOBT - HED LU 8 ma: i sasi n oo e
3 3 ES - 28 3.2 L] “
P 6)7) MW+ A 5.3 X483 21 f.: {8 H
—OBEDT Lo et SR s
mm: 6 o Akem: 1 o ko s 1
. - ' : > 2o
fei?::ﬁgm;fgb gfgfg; Fate: n e ARemia 4 o reie 1
by HELST 4 47 3.1 BB 3 10 3.1 ¥fa 7-8 8
g o] 3. 3. -
BB s LD ERINRTH g::: lE :% ni;%g; i: 5.: Z:;-f li
- N ¢ Al 15 4.9 was 57 1§
%, B-513. #HERERLELOTH :2;? ;8 5.l Bpmxd2 18 52 REE (3 10
B SESBRS. LEMKWLMBEAR | B2l 2G| Bl | EEo
L3 BHIBI1, =% ERNIIB LU P SO :::::Z s fff
ggvmzjfb%wﬁmﬁfm‘ & §§§§2 Sa amt s 2 or
TR DFXHERMARD - T nnxm; 3 s pE o sa
AT L. ZOLEOMIIE L W ERE e S
2. NEEEREE MR L TV A, ahias o
- . Bt 3 39 5.2
- SKIA=0 . » X0 P
ERHIRHOHERITHRENT S, PRS0 52
—%. $IBBEORE IR BEEO 3 s
Rih D R - & HBAIED > T BBE L W52

—54—



59N S
o S
~ L
* Jff%ﬁf?:"??h%é
R Jﬁwm&=£!5 NS
TR 0 1000 2000 3000m é’/ ﬂpwﬁv
.............. % - ,. bifégﬂq %%‘,

-4 SIBHICETAHABRESH

5, JliRatit. FOMRERLBECLD, JIBBRLREREIE I TV, JERER. JIRE
FEEEZELTRY., BEIZH0n~mBETHH. JIRFTOEREHL S JIBEETICHT TEL Y, BIHBEE
BTEABOTEROEEERR L Tn5, BEBRIR, JIBBEZRATIHEL D BHERIEL.,.
BEBEOEICAMICED > T5, BEIZH~14nRBETHD, BERARELLALEREHHL T
B, IhoDg Eizid, B KUKPBESHRL Thd, JIBHRIEBO TR, LEOWMHEYELHE
B LTWAERE - HIRaH & RiEh s pEE - SBoERE. RAUTRIBHMRIITH . EHUTIIE
OHESTHBE L DTRREZRTEEMEOBTCEINTVS, KICHAUADKR THS BRI DOREIZ,

P o O THEROP TERRAO A =\E : = : 3 1 7
B350 & A D & 1 AR I & 20m~ ; : : ; E :] : Aol
ANBENREICL DBBRICKYE A : A LS ]
nauF - HEOEREZRLTH e Emvasamee ey oL ORI ERS
N B sses7 i el &‘_" 3
HRFH THLIBEROME T
OHEE LTR, BROBRAD [ — St
B0 FAKIRE D 8 ORES L
Py RBWHREDHDSHOD
¥ -0y BRHC & 0 TS OTE o e .
FRPEDHNTHY, BEOH A |
BOVTR, wH=/RB (AR |of B e eesen
B#) , gERE (REBH) O
HWEBEE;BELMIEN TS, — =
FhEnbOLBCHBYAEM | T o e e
RHNE GIRBER, AKEB, — M

BRBEBATHBRNLY) LR

B (R, “IVh, BBIUEE -5 JIBHOME - HEORE



FHBWRY) OIFHRICONT, 1ZIEZ0H
BHENASHPIZENTVS,

-6k, JIRBETOREREORTEEDH
ExRLbOTHD, ARESADEERE  nzss
ROBBTHLEESRBY. HRE - HREO 1O
THEEELTWS, ZOBES000iRATEY.,
KEMEDPSBETICD < D RATHMOFES
¥ TUhAH, FRATCHURL 25EAEELXEL T
W5, ZOBIIIBEHACKEMSL TIXRE
LEHL TV, BHROKNER, SH=RE
ERERLKLRLS L R e S URBRTEE 2
DIBTHD, BEEEDSHWAKBIZEL 2H H-6 HHEROREHE (XML D)
BATHMBEICEL TV, ZOBBIL. &1

(&)

&t ' BE Tf#M—-

OHEEC LS AON, JBERRIORETH W o a)
E’Zéhf‘«‘éo . iﬁ.~]—ﬂﬁ~——— W (i) &yiifﬁ_@;
- 7IORTEASROBEIC BT oREOR  OF e

BT, BEERIIY Z COIITARTH ) TH —
W, hHER, LORDE, RSB WER) Yo, W =
DIBKEFENBH, DRARDRHITREE | =W A
KRB HL, L HRDEI S EER BB s T T
BRICIE > TW5, HEKE T, §EJIEoMHd
ETHT00~8nBEDORADBEZRL THhb,

—, BT C IR TR S\ AN\ VN
CE 2oERERLTE N VA EENNS S/a\7//¢ e i
D, ELI&> KRB N e e s
BREE A e RRARTIRRS LIS TS RN

> T3, K-8i3, HRBEE |
DREOFFMERLLbOT [ | T ST A, S s
BB, YIBNFOHECRED BTN N1 7/ RN

BL 720 T, i, ARIC _ S = T~ ;;i 7?
FISE)IE OO AR EHETHR LT S
BIZB0n~T0niCE L T B, — O wmsEoRE ™ HERVSENE-
T BB & IRSIRE)I 8 S T
THANED S KON TRER, ' s
KEBREL 20 BRI ORI

DL GERE) LT

E-SMWM§Eo:>5¥<xmm;5)
éOL# v |BEIEE IR L

WCAB IR L OFBIERICH > TRR - REHﬂiT%NW&M@%&%#%UTD%

(2) BEHTT & HF - HEBL UHE - OME

ZITi R4 AATRLAIBTAOHEREST LY - BB LUBREOMRY EET 5, X-
QRK-4 KETNWT, BEFHEZN+~VI— L TOSRBICEKS LT, BEEOLI-FHNEL0OTH S,
YBHPOEL DI THOBEEBREMICOWTIE. -4 BIUR-4CRLEEESBEALEL, 22 0F

—56—



L#E-9 k.
I TP CORE
SO EEDME
B R BT
BLOLBEREN
.

Fizbb, BE
OFREY, A
$138)11 0 BRI DE
3 & URHD
N LY (N
— BB LEEL
B - HEBLV

g
N+ ( 4.2 - 4.4 )
V— (4.5 - 4.7)
V. (4.8-5.1)
V+ (5.2 -5.4)

™ HAR & D BYICEAIR M= (5.5 -5.7)
BARE T IER
BEDHSNIZOH —  @mm
DEIHIKELLN — til 0 1000 2000 3000m
b5, LI LEd5, - ™
IB8M8% 1l O TR D - H-9 HIBHRRBISBEIHOER
B e HADR

RELCKALTHRBL, ERNTRBELLY - BR
BRI L ORI BERB A ME B SN, A8

BT OERICRE &0 - 3E & ORI 2BIFRH o e AR
FETHEAIBD OIS, ThbL, BHBIBOTI, O THM (6% mRE

BEAEOEI2TE - 5T - B2 Y @D 50T
BRCEVLBERORBICHE L BB CREN
BLEL. VH~VI=:-T05%, LALANE, =0
LR B 2B EDOHROMZTIE, V-_~VEDLR
BEIEL 20, S5 ZOLMOHBBECHE:SLE
FUERY OISR, FK - b - BORIRTIR, BUBEVY
YL BBERETL. B - BEEBRICHEL T 0
B, Floy ZOZ L2, ERE-8IRLI-MRBEER
BEOIS- Lk HHBBES L OBRICBOTERL S
&, B - HEOXETHEDORRIC B TREORY
HESRPRZVYN, B IHEODEEZFRL T 4
IHBORBICIZLOLEXLNERAETHY, Z0Z _
LEEZNILBOBESHROMER L, BEBEOIHE 4 o |
LENEVERZSBELTOBLDEEXIOND, 4%,
8 -0 BREH SRBEOFHMERY £ HRARY, &b
BLVHRSEEEERL TERL T BEXHZLOL
Ebhhd,

1 1 L 1
B C D E F
CRM VM B (R
CEEEERY (HRB)
I RED (HBB)
. BRBRERENG (BB
—F. BB OER O GHITIE, BE LEOEEICH D RMERE IR GRBUE)

5L TBENE RABEANED bNE LS KEbh S, FMRRE - RERE - SHZLD - BERR
bbb, —EORBHRILILLOLEL NS, L ®-10 BE L %F - HROMK

mTmY QW >» P



Lahs et kg, sBLLD

REBmARHRBETHERRI N TEY,

KA

B L KILUBHAORK SP0K

WRSEEHRBS TEOA TS,

u

ZOHRBED. BoH B
S>TELLBAE->TNDbOLFE

Abh, R 2D ES %
MLTODE I BRBTOFETCL
TOLEEREDEETE B X
o, BRFIB0EAREED & LS
ERLY ., BHERBLERELR
5 R EIED bR TS,
Zh b OHEHBORN BFEIXR

o kL=

()

LBEbhbh 3,
E-10i3. B-5IRL 6EED

m-

11 #HBOBEREASOREBFOFTH

W - HEIC. FHREREC

IVBELHEEL 18D KETT O
BELHRANYD ., BEEORES
HFERLAEDDTHD. ARPI

EANAN
e

L
e

it COEEYHES S BEEEE
Li2t0TigE (—) L&®HY
CHENOFHME (o) EFRLT
BB, EECIE, COTFHELR
EEE L TRET DI, &
BT T DRI X DERY B R
THLENDY, REMICHES
NATHBEML ZETREOH
ECHD = L WML TH S LED

EwATNj:
i

"

55, LHLuadis, ZoRk
NIZHT - BB L BEBOE
EHRICERNBH OO, B
HELL-TEHETH LB LELS
CESE T, DEDLETTHME
HEL . IR - Vb - DOHIRE T

H-12 ERUESOREHTOHH

WA

|

YA’

a3

B FUER O IR CidE W FEHE
DEEZRLTHWS, i, G
CREHE=RE - QHELEORIR
TROLDEVESEEZRL, HERE
DREER - JIRBHS HICEH
BMEBELRERDICSEI I IR
BT, ZOEETEFHEE
TIEANDHD. HELEOBED

BeEmic R, ZORFETHES
B BHEITITIL T B,

o EBMWE

v

—58—

md&ﬁﬁuaoéiﬁmwﬁm 




4. 4. 6 L HE
DB 4

SR RICBT DERBEDOS
Tkl hd, RBEEL LT, :
WRIEOREFRBLABAER [ |
SLISR U e BRIEASTRA: L1 Tl :
MR, (EHEROMIIHIR % Bl R e/ TN
CTRBR - Ut - BDORBIRIZ L i? O i A
T, IThbDifid, LY <t ~ -
BEDOE &I S his iR L -
LT, . KEHE | OTRTYY

|
il K-123EREE (28, \—ll\*“

(“x¥@.—ﬂﬁﬁ,“ﬂWE)®ﬁ
EAEERLELDTH D, BF ®-14 LR EDESEHBOREREBTOIH

o
_.‘_ _ IE_ __:_._‘

BEDS L. BHIREIOEMD
B ECHNBELTEY., ROTE
HEDIEK « Wb - BOHIK LT
EFERYOHBIZIWL THED,
HEHEVBEEOIHL TS
IR L FIEL T3, —77, Bt |
HTOWEW ERAHEBEL THaT
FHICBO T, BEAVERY Lr
ERRBELTORD, NLEDS
®-131, HHUEOHET R\Y%
LizbDTHY. ERXHEDNH ® TikiEiE _
CIZIEER IR ICHESEP L ‘
TVBI LN d, ZDT &L,
ERBEETODHFICOVTHII
BHICBTHHMsBE S FRO
(M BRLEFENEERLTOSLOEZEALNE, T H-UBIUR-151, bAES XU TFRERED
EFOHEREEFOIFERLLEDOTHY, 2FHCBEOBVRIRICHENIHL TR, EXEE,
BEREEOHHIIECHRTIILOD, FRETRLLIBTAOBEIFLOEBHRCBELTVASD
DEBEX TS, VIEOHEBEFICOVTR, FXTHAL THARVWD T, HEEHFOIH/IIO>OOTRRT
BT ENTE o), HEEMIENNICER LS B LTI LHEINTHE, ZOZELE
TREOEEROBEL ARCBESH L OMBERAZVDOEELOND, 4%, FHBKOVTLD
ERNEBELOMEBEIC OV TORE - RHEEETHTFETH), JOBELERE L L EEX TS,

R

B-15 TAEOEEHEBROBREREGFOIH

4. 4. 7 F&®

k. SIgdstRIrB32BEIRICOVWTHEER LA, LTRENT S,

) tBEAESTIRIORESFOREBRBLVIBRZTEADORLRYIRBRESHTORERLRY L.
BEORbLEVIKIZ. T THO FHBECBVWTRES. TEHEEIN, FHETOH THREIC

—59—



BOTEES LEEESNZ, 2O, SEOJRHHBCBOVTRLDEIVREERRTDLOLEEZ
bh s, ‘
ii) IRTZFEAORPPLINABESHICLD. EHETNOPTOHHEMNMICEE OBV L BEVHRIF
EL\ﬁm%ﬁm#eEﬁmuﬁﬁrwmﬁ%ﬁbgﬁﬁg(‘it\%%mwkﬁﬁwﬁwmmeﬁ

RETIZBL BBV THLBEDOS WSS L T b, BIZ0E, FhBOBREORBIEEIC
BIETALDEEL bNAY., RrEOHIKIT., JIREEEZERL HBNOLEREAR»D LA NDER
LIZRMBLTHEY, HBEOBBEHRCIIBEDEXVZETLOTHEEEXILNS,

iﬁ)ﬂ%ﬁ@#ﬂ%gm\gE&Z?&éﬁ\m%mw&w%&Ltﬁﬁﬁ&%ﬁ%ﬁ%ﬁﬁ%ﬁu\ﬁ%
BOEBER. BYBNOEMCAE T 6 EORIAST B ICBITABES TTHY., HNBICEH L
OHECHRVWEESHERTHEANGZBOLNE, —F. BIIOBRDERBIZBHTCHLEE2TE,
EHT, PEEHATREES 6CEEIN, BOBELRTHENEFEEL TH 5,

iv) SIBTTRORESH LT - BB IUBREOBAKOSVWTER LAGR, BESich 0V Tid. &ic
HWERAETREK - Vb - BB EUCEESRDOBKRCRENE L. DEDHECBENEVER %R
Lto:nu\ﬁt%@@ﬂﬁﬁﬁt&D%@ﬂi&éﬁ#ﬁ@ﬁ@%ﬁtﬁmhﬁé?éoéﬂ%?f“\
i3, dHE=HE - AERBETREIREBL. AXER - JRBHBIUVEHBRBELHENE OIS TBE
PEL BT LEOBEICHIEL Tha, LLEOER., BHEEBIT2BESHROERIT, il
- REBIUHBIILDOEEZ o0, ABBICBITBEOZRIIATHRRELTY D 1R DH
BREDRFNZERLERINRNETHID, TLHE LOBECEAL -HEHRICLLZILDLEEXS
na,

V) SIBBTHICBTA2HEIRELBEOMATIE., Ehdfims L TBREOB VWS OIKICIBOTRE
DHEDPSHRELTEY, BENHERSBEL TS, 5%, IVEENLEBEZIMITHLLE
2 B,

B AAEFEDRZEHID. LBEETEEDEANSHINBIUIBRITROSHENKETER S,
U AM/NEROBMES IS K EEBHEE O, KERHPSEL TELE L ETFES,
Fho, AHEZ L LOD W HL VHERFEREAEBARSE o4, WEEAFEERESE, HLDE
BREELLVIKEREEK (EREBILKRFTHELE - N7 98) ik, XEFEHRLNBEL
THEW:, BLTEMOEERLET,

<BEXB>

) BAREES ¢ 19938 5IB MO %3 & BAE, 1993 “N
DY : YIETHOAD, 1992

DY : Pk E, 1991

DREH - RERE - KBOL B VI-NC X ZHBROBEORE, LA THEHEBSEN. 92, 1979

5) SOk ESE + FI RS © 1993 SRR B O R A HITH JIBE S 50, AL BER S
FEFEBR - 1993 FEIBR PP HURIC & A HE DT LS, 1993

6) Mtk : SIREDHE, PILBBETE, 1966

DIBTHRES ABHRHE : JIREE JIBHS, 1992

8)FIHT™ : BETRAHBOES, 1992

—60—



5 . WE OB L HERS K






EAEHREI S v ROy A
BABEESL 1993.11.19

85 Bk & E
Hiroshil Kagami

Four conditions are pointed out: These

First, damages due to 5 earthquakes attacked

1993 FHBHMRORERHE W E
- BREOMBHE LB LT -
A study on damage due to the 1993 Kushiro-oki earthquake.‘Northern
Japan, considering 1ts occurrence conditions.
--Comparison with former damaging earthquakes -
ABSTRACT
A feature of the damage due to the 1993 Kushiro-oki earthquake was discussed
considering its occurrence conditions.
are (1) deep earthquake of 107Km focal depth, (2) occurred in the coldest season
in cold region, (8) occurred at 8pm of national holiday and (4) attacked local
city of 200,000 population.
Kushiro city in the past are discussed both on their similarity and singularity.
Then the damages due to the 1993 earthquake are characterized by the four
conditions and lessons are pointed out.
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Damage and Restoration of Lifeline Systems
in 1993 O0ff-Kushiro Earthquake

EE @3 LS TS i
Nobuoto NOJIMA and Hiroyuki KAMEDA

Damage and restoration process of lifeline systems in 1993 O0ff-Kushiro earthquake
has been investigated. Physical vulnerability of networks, especially that
related to ground failure, and functional damage to users were prominent as had
been in past earthquakes. It should be appreciated, however, that some of pre-
earthquake disaster countermeasures and post-earthquake emergency operations
Systen

interactions among lifelines has also been investigated on the basis of five

effectively worked. which successfully reduced disaster propagation.
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Outline of Human Casualty and a Risk Assessment on Streets
during the Kushiro-oki Earthquake

OXx# B, FH E. PHHEE

Kaoru Mizukoshi, Hiroshi Ishida, Masahiko Nakamura

The outline of human casualties in the Kushiro-oki Earthquake and its background are re-
viewed using a damage propagation flow diagram. Fortunately in this earthquake, no casualties
on the streets were reported. This is thought to be owing to the occurrence time of the earth-
quake, the late evening of a national holiday. Authors surveyed through questionnaires fallen
debris into a street from the buildings facing the street in a shopping district in Kushiro City. As
aresult, quite a few objects were found to have fallen during the earthquake. Using this data,
the potential danger on the street at different time of day was evaluated in a relative form for
trial, and the future research items to be accomplished in order to establish the human risk

evaluation method were pointed out.
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Earthquake Damages and Disaster Prevention
- Some topics and related problems on the 1993 Kushiro-oki earthquake -

% K E E

Naotsune TAGA

*

Fundamental and important features in various damages happened in the 1993 Kushiro-oki earthquake
are indicated in four categories; research field, administration, inhabitant and enterprise. Main discussions
are focused on two points of view : (1) the increasing developments of research field of disaster prevention
strategy with the change of time and urban society. (2) establishment of research field for earthquake
disasters in not only natural science approach field, but also social and cultural science or humanities.

The final goal of research purpose of a strategy of prevention and midigation of earthquake damage
and disaster is to build up a safe urban performance. Therefore, there are many difficulties and problems to
overcome for the settlement of a safer period and society. It is of most importance how to maintain the
functions of urban performance and life convenience, rather than safety of human life and resistance of
structures to destructive strong earthquake motions.
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Preface

Twenty years ago, that is, four years after the 1968 Tokachi-oki earthquake of Myp4=7.9, the
Research Subcommittee on Earthquake Ground Motion was organized under the Steering Committee
for Structural Dynamics in the Architectural Institute of Japan. Its purpose is to exchange and discuss
the latest information on evaluation and prediction of earthquake ground motion. Since then, the
committee has held an annual symposium to disseminate its research results to concerned scientists and
engineers.

In 1983, the committee published a book in Japanese titled "Earthquake Motion and Ground
Conditions”, based on the knowledge accumulated during the preceding ten symposia and also from
the activities of the committee during that time. After nine years has passed since that publication, the
committee decided to publish this revised edition to commemorate the 20th anniversary. Since that
first publication, several disastrous earthquake events have occurred in the world, for example, the 1983
Nihonkai-chubu, Japan, earthquake (M/a4=7.7), the 1984 Naganoken-seibu, Japan, earthquake
(M/a4=6.8), the 1985 Central Chile earthquake (Ms=7.8), the 1985 Michoacan, Mexico, earthquake
(Ms=8.1), the 1988 Spitak, Armenia, earthquake(Ms=6.9), the 1989 Loma Prieta, California,
earthquake (Ms=7.1), the 1990 Gilan, Iran, earthquake (Ms=7.7), and the 1990 Luzon, Philippines,
earthquake (Ms=7.8).

The valuable seismograms recorded during these earthquake events and the several types of
phenomena observed have shown us new facts and have urged us to research new critical problems in
seismology and earthquake engineering. Examples of these critical areas are:

* Accumulation of a seismogram data set due to a main shock and aftershocks, and also
development of a semi-empirical approach for ground motion prediction based on the
scaling law of an earthquake source;

¢ Understanding of strong ground motion in an epicentral region using seismological array
observation data;

* Study of attenuation characteristics of ground motion and evatuation of Q-values of
seismic wave propagation based on a large amount of seismogram data observed
simultaneously in an extensive area;

* Survey of underground structure, and also considerarion of effects of surface geology on
seismic motion, in particular ground motion characteristics on a deep sedimentary basin;

* Strong ground motion in seismic design;

* Seismic zonation and disaster prevention planning.

In view of these important topics, the committee judged that this second edition should be
completely revised, and also acknowledged that the need to exchange the information and knowledge
on a global scale required the full text of this new edition be written in English. The committee hopes
that this publication will be useful to researchers, engineers, and students throughout the world.
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