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LONG-TERM FORECAST OF A LARGE EARTHQUAKE ON THE BASIS OF
ACTIVE FAULT DATA

55 =
Kunihiko SHIMAZAKI

Surface rupture was observed along the Nojima fault, previously identified as an
active fault, associated with the Kobe earthquake of 1995. This fault zone is a part of
'precaution fault' identified by Matsuda in 1981. Instead of assuming M7 event on
this fault as was done by Matsuda, if we assume that the entire part of this precaution
fault ruptures at once, the recurrence interval would be longer and this fault could not
be recognized as 'precaution fault.' In general, the data on active faults give us an
approximate size and recurrence interval of earthquakes occurring on a particular
fault. However, much uncertainty lies in the estimation, because it is difficult to
forecast which fault segments break simultaneously at the time of next earthquake.
The long-term forecast of occurrence time needs the date of the last event on the
fault. However, the occurrence time of the last event has been estimated on only a
small number of active faults in Japan and systematic efforts on trenching study of
active faults are needed.
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Strong Ground Motion in Near Source Region

= FR
Kunio WAKAMATSU

More than 10 strong ground motion records in the near source region were obtained during the 1995
Hyogoken-Nanbu Earthquake. This paper describes the characteristics of strong ground motion estimated
from these seismograms. A serious damage was caused in the Hanshin area because of a comparatively
shallow earthquake. The characteristics of strong ground motion, however, such as attenuation of maximum
acceleration, the acceleration ratio of horizontal to vertical and the cause of large vertical acceleration were
almost interpreted trom the past earthquake ground motion researches. But it is recognized that the strong
ground motion in the near source region are greatly intluenced by source mechanism, rupture directivity and
asperity on the fault surface. Therefor, the wave form in the near field is different from due to the relative

location between the fault plane and the observation point. It is a future important problem in seismic design

how to consider the strong ground motion in the near source region.
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Effects of subsurface structure on seismic motion estimated
from aftershock and microtremor records in the Kobe area

Wi
Hiroaki YAMANAKA

After the 1995 Hyogo-ken-nanbu earthquake, observations of aftershocks and microtremors were temporarily
conducted in the Kobe area to understand causes of the damage distribution. This paper describes a review of
such studies on effects of subsurface structure on seismic motion using the aftershock and microtremor
observations. Firstly, features of the subsurface structure in the area were introduced. Then, results of
preliminary analyses of aftershock records at sites with various geological conditions were reviewed Most of

studies pointed out similar conclusions that ground motion at frequencies from 2 to 3 Hz is amplified in the
damaged area. Effects of focusing of seismic waves due to a fault located at basement-sediment boundary

were discussed Finally, results of the microtremor measurements are shown. Although most of the studies
are under investigation, several possibilities for causes of the damage distribution due to the earthquake were
suggested Detailed investigation of the data from the aftershock and microtremor observations will lead us to
better understanding of the causes of the earthquake damage.
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PREEED & AR

STRONG GROUND MOTIONS AND UNDERGROUND STRUCTURES

=BEHE
Tomotaka IWATA

| discuss the origin of large earthquake disaster belt zone in downtown Kobe city.
First, | show the source processes of the 1995 Hyogoken-nambu earthquake from

the strong motion records. Second, | show analysis results of aftershock ground
motion records in and around the earthquake disaster belt zone at Higashinada

Ward, downtown Kobe city. From those results,

| concluded that the deep

sedimentary basin, low velocity surface layer and non-linear response strongly
affect to make large disasters during the mainshock.
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Table 1 List of array observation stations in Table 3 Assumed undergrounq structure 'modils
Higashinada Ward, Kobe City. The for the KMC station (l’OCk.SIte), the
geological condition at each ASY, FKE, and FKI stations (soil

station is based on the geological sites), and the KOB station (soil

map of Hujita and Kazama (1982) . site) (Iwata et al., 1995).
ODE
| S| :::E: | nowizaarian DEPTH(m) Vp(km/s) Vs(km/s) Density Qp Qs
condition recorder
v Rock SITE (KMC)
KOB | 144y 5.0 | 135 16 516 | cosormm | seros. | ceoma 0. 30 12 22 250. 150.
Alluvium Velocity 30. 5,5 1.8 2-4 908. 288.
00. 5.7 3.2 2.45 1100. .
FKF: 34 42 8.7 | 135 17 36.9 vs:x:;;z $5/01/18 SHIMIZU 52)00 6.0 3.46 2.8 1300. 600.
e 18000. 6.7 387 30 1700. 800.
Ml::(vf 34 43 05.2 135 16 53.1 vsgc;;;;z 95/01/19 SHIMIZU S . SIIE (KQB)
- 0. 16 04 17 150. 40.
KM VSEL1/12 160. 1.8 0.55 2.0 300. 70.
sand otone 34 43 47.0 135 17 10.8 val)ll\:::ty 85/01/18 EGHDPRI 400 2.5 1 0 2.2 350 108.
800. 4.25 2.85 2.3 400. 150.
ASY 34 43 27.4 135 18 30.6 VSEC:I;;;Z 95/01/23 SHIMIZU 900- 5.7 3-2 245 500 250'
Alwtun Acceleration 5000. 6.0 3.46 2.8 1300. 600.
VSELL/12 18000. 6.7 3.87 3.0 1700. 800.
NOM 34 43 17.8 135 16 20.7 DRM2a 95/01/23 EGMDPRI
Alluvium velocity S_QJLSl:[E_(EKLQt\{::)1 0.1 1.4 50. 20
0. . . . . .
7. 15 0.2 1.6 100. 40.
20. 1.6 0.4 1.8 200. 50.
) 150. 1.8 0.55 2.0 300. 70.
Table 2 List of epicenters of aftershocks 450. 25 ;gs 3:23 (388 128
observed at the Higashinada array 1888 235 35 545 500, 250,
(Iwata et al., 1995). 5000. 6.0 3.46 2.8 1300. 600.
18000. 6.7 3.87 3.0 1700. 800.
DATE Lat. Long. |Dep.
DEG. MIN. |DEG.MIN M, | KMC | KOB | ASY | FKI | FKE | NOM
M/D HiM:S o) (E) | km
1/23 21:44:15.5 34 47.6 135 19.1 |16.2| 4.3 o 3 o o o
1/25 23:115:57.2 34 47.4 135 18.8[16.7| 4.7 o © o o o
1726 01:01:25.8 34 46.0 135 16.0 [12.5]| 3.5 o -] o -3 o
1729 00:27:12.7 34 4.2 135 17.0 8.6 2.9 o o o o o
1/31 08:24:18.3 34 44.4 135 17.3 (10.98| 3.2 o o o o o o
2/ 2 16:119:28.0 34 41.7 135 09.0 | 17.9( 4.2 o -] o -] o o
2/ 3 20:36:55.3 34 43.8 135 16.0 [11.5( 3.4 o o o -] o -]
2/18 21:37:33.9 34 26.7 134 48.4 (12,6 4.9 ° © o ] o
$.::.. M :::'l...‘ o o -
ee  aevesess seeveer L. 0 *

Fig. 1 Left: Map of points where the basement depth is obtained. Right: Contour map of the basement in
Osaka basin (Kagawa et al., 1983).
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Time progression of rupture (moment

release) and distributions of final
moment release. Each time
window is 1.5 s. (Sekiguchi et al,,
1995).
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Fig. 5 Location of array observation stations. in
Higashinada Ward, Kobe City. Fig. 6 Epicenter distribution map of the
Hatched area shows the seismic aftershocks used in this study
intensity of seven by JMA(1995) together with the KMC station
(lwata et al., 1995b). (Iwata et al., 1995bh).
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Fig. 7 Observed ground accelerations at array stations. Left: the 23:16, 25 Jan. event, Right: 2nd Feb.
16:19 event. From top to bottom: the NS, EW, and UD components of each station. Pasted-up
seismic traces are arranged by P wave onset. Triangle ticks shown in the vertical motion
traces are the SP converted waves of the interface between the bed rock and the sediment
(Iwata et al., 1995b).
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Fig. 10 S-wave amplitude spectral ratios of the
vectorial summation of the two
horizontal components of soil sites
with the KMC station (rock site) as
the reference point. Spectral
ratios are calculated from the
smoothed amplitude spectra of the
10% running mean (lwata et al.,
1995b).
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Estlmated thickness of sedlment under
each observation station.
Assumptions are (1) the S-wave
velocity of 0.65km/s and the
P-wave velocity of 2.5km/s for the
sediment layer for all stations, and
(2) the vertical incidence of waves

( lwata et al., 1995b).
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Fig. 11 Comparison of the synthetics and

observed displacements during the
Jan. 25 23:15 event at the KMC,
ASY, KOB, FKE, and FKI stations.

Upper traces: synthetics. Lower
traces: observed. Synthetics at the
KMC station are the result from the
moment tensor inversion. Obtained
moment tensor solution is shown in
the bottom. Synthetics for the other
stations are waveforms from the
forward modeling  with the
stratified underground structure
model for soil sites shown in Table
3 and the point source obtained
from the moment tensor inversion
( lwata et al., 1995b).
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Fig. 14 Seismic reflection survey lines after the

mainshock on Kobe city. (1)
Wakihama (Endo et al., 1995), (2)
Ishiyagawa, and (3)Okamoto
(CEORKA, personal communica-
tion, 1995)
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Nonlinear Response of Ground and its Evaluation during the 1995 Hyogoken-nanbu Earthquake

HH E. i B kEEHC

1995.10.13

Nozomu YOSHIDA, Susumu NAKAMURA, and lwao SUETOMI

Nonlinear dynamic response analyses are conducted at' two sites where vertical array earthquake records
were obtained during the 1995 Hyogoken-nanbu earthquake. Various nonlinear methods from an
equivalent linear analysis to an effective stress analyses are employed. At Port Island where severe
liquefaction was observed, effective stress analysis shows much better agreement with observed records
whereas prediction by equivalent linear analysis is poor. At the Research Center of Kansai Electric Co.,
Amagasaki city, equivalent linear analysis considering two horizontal directional shaking are conducted.
it is found that consideration of the multi-directional shaking is less affective to the result of analysis.
Again, it is shown that equivalent linear analysis cannot predict ground motion at main shock whereas
agreement becomes better after the main shock. Through these analyses, the ground is supposed to
behave in an nonlinear manner very much. It is pointed out that equivalent linear method may not be not
an relavant tool to predict the behavior of ground during strong shaking, and it is important to employ the
step-by-step time integral method considering the change of material property.
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COMPARISON BETWEEN THE GROUND MOTION OF
FUKUI EARTHQUAKE OF 1948 AND
HYOGO-KEN NAMBU EARTHQUAKE OF 1995

N BK & OE

Hiroyoshi KOBAYASHI

Author and Midorikawa developed a method for prediction of ground
motion on surrounding area of earthquake source region. Multiple point
souce which 1is regarding the rupture of fault, are used in the
calculation. Furthermore the efects of subsoil condition are consid-
ered in site by site. In order to confirm the result of this
calculation, Author applied this method to the Hyogo-ken Nambu
Earthquake of 1995 and Fukui Earthquake of 1948. This method aimed to
apply the risk analysis for prevention of earthquake. Then source
parameter of earthquake is used predicted data. But 1in case of
Hyogo-ken Nambu Earthquake, source parameters are not decided, however
aftershock data are usefull for the decision of source parameters. And
in case of Fukui Earthquake, Kanamori's model and its modified data
are available for the source parameter. On the subsoil conditions,
they have not enough data which reached to seismic bedrock, so author
used geological map and get surface geological data, and from the
surface geology author infered the acceleration amplification factor.
Final rsults of this study showed good agreement to the measured
ground motion and actual building damage distribution.

RLdHiC TH2 3 km/sec LI EERAEMR) cFTiET il
BT CHEBME (REEMBEIEEEcE BEBCODVLVTOHEMABREREAFLTVRVDOT,
%) RUOHBAEMBETOMBIc>WT/E - Bl BEIRT- A, $REBRBHE» SHEE SN
OHFEDDD T MEWEEAEFE L TEOMBEOE 5 REHE O IRTEEE &8 i B INEE B R K
Bieb sROMBEHOREIOHHIc>VTHE AREL CHREORKMEEEHEET 255 %
L. ChEBRPBHEAKOBILER 2R E/EEZR AW
FLTE CCTEHIBMEREEREAKE R, HEERD
CNEEUGEEEHFMEL 94 8, REREE  LECIHELAHMER GBI 5 AHREK) Ok
W1 995 HAL, EBEHAIhAKMEBED KNIEERXT 2. M CIEERLVEVRSOD
BREEHBLT, COFRORYEMERI T 2L 24) okl (MRE) ORKINEEOHIEBLE T,
bic, ChooMIBTHERBRA A CVWRVWHIEZEZ VHWAIBEBEROX I, B—0AEKRIcHT 51
EOTHEBHOMREIDONMERELLILT 26D BRLBER-HLOOTH S, THMEERIER

TH b, ERS>TWBRBITIER, ARBERZOE FLRHY
: 20T, HMIBNMEEFMBERII2 &85, — kol
1 FHSoRBHE & HMEINEEIEEBEARK BodBoBRicL I AHEN - HEBROBITK

FHREIIMR[ROMBEER (WK ORIEEFEV s Fic X 2ESECRRbh, MEER KT 2KH

RETERFLHHI® HATERENE T2t

Professor Emeritus, Tokyo Institute of Tecnology, Dr. of Eng.
Professor, Nippon Institute of Technology.



AVE—FVRCE->THRBEER S, CORR%E
K- 1okHicHE{LL TEAL 7

EEOEEL LT, HIROMER D S HMESE
%A, T OMESEIC & % HE O FEH) B RTE
DEBEEV s ORRAD» 5, EEERD T, HWE

IEEBRREEED
®-1

Vs (m/sec) it B 02 B S B LR B

1000KE 2. 5
500 — 1000 3
200 - 500 4
200 LKF 5

2 BREFEETCOMEHMRE OHTE

BRI % T OB & OHEE I /MK - )|
DD pHgkEEAVE,

e, MEBEE W 2»0BERCSELTRKLD
ERBHREABRE L. REZEZZR LB OH
B (WEoRMEEV r) MBick->T, MIERK*%:
BT 5LEX. HIBEDHR~NE, 2TORE
B OENIEOMZE & IREERE L S i o ElE
EVsLVRZFBBZICL-TROLONE D%
BEhdbb¥i, ABEROFER, BXod/ NIE
(M<7) DiEGEEILTEShAERRA Dt &

FAULT L
W
B
Disl.
Depth
Dip
vr

sto FHRHMEBERIOTMIZ. LAEYZX Y
FVTCIT o Foo

B R oM EEMR T O ASIEOMEE L X F# v X
ZR7 PNVS aBREB L, ML SLKRORXNTEK
IGEBE A 23R Rl O MBILEE BB REERE L
THIRDBEKMHEEEA c R 3,

0.5
A=1, 24 Sa dT
0.1

CORAMBEERBRRNICLSbDTHEEN S,
HMEEOFRZIBIBIC L bR EIRI, HHLT
WIRWEERBRETH 3,

Fhe, SETOEOHDEHER & v iR O EE
BEhdbaBELEs MBOFERLIcLE LED
h3MFREBBD LN, BEAcZHELALOICIIRK
DARTHEHE Lo ¥

Acc= (A—-Ao) X0,
Ohezszoeal

3+Ao

3 HEERORKNMEELBEOREG
J[BRTREIREEOHAREEERK TRD
LTWw3, ¥AaiRoREME. EERMIKETO
HEBIKOWTHEBERKTIEML TS, £ TS
BlsEETHESMEZHFMT I Eic L,
BERRANNEELTTEE S O TRV,
SETRIT- W >»hrOHIBOR T, RBRTHE
EERDL 6D, BIUREEBIRT OEERR

o X/

Fig. 1 REHBRHEHME 1995/01/17TNBREIUVMBE24BBORBEN %



EHERBEHME 1995/01/17
Arrival Time sec 0.28 X + 1.21

Vs = 3.528 km/sec

35 _|

30

25

20 ]

15

10 —

I I I
20 40 60

! I I
80 100 120

B B E B Xk
Fig. 2 HY0GOS950) S i o) 3 By i 48

EHEEBHE 1995 1995/01/17 05:46:52.0 N34° 36.4' E135° 02.8' H= 14km M=7.2

fiF JMA-87 N34"41.3' E135 10.8' 59m

1995/01/17 05:46:55 X= 21km A= 15km N234"E I=6.0

uD

NS

Bl

! 1 [
47:00

617 gal

VTN S -

332 gal

818 gal

Fig. 3 FAERMEHE 1995870 M-87 BREHOHMEHES

ERHVWCEBEXRODELAZbDI2WT, BT
BZT-C. COHEORKMEE & BEOMGEE
RELAEYD, Che2BERTIEE- 21015,
BB, BEIKRT CTREERKOMEBic X 22t
AORTZESSICHEDTED . FOHICEET 0
AHNBEDL EBVTV B, |

x—-2
FEERORKIEE BE (IMAHEY)
30 — 100gal 4
100 — 330gal 5
330 — 600gal 6
600 — 7




REEBHEAE 1995 1995/01/17 05:46:52.0 N34' 36.4' E135' 02.6' H= 14km M=7.2

AR JMA-87 N34' 40.7' E135° 31.3' 13m

1995/01/17 05:46:59 X= 47km A= 45km N260°E 1=4.0

EW

‘“’W«/‘M

uD

—w%Mv

NS

i

S Bl B2
1 !
47:00

Fig.

BE

T T T T R T S T A O T T S S N SR R O |
10

66 gal

P\t

65 gal

NVMWW

81 gal

AE

I T T T T B B T A A T TR B
20 30 sec

4 EHRBHBE 1995KKD MA-87 M EFHOHMBERS

EHEEBFHMBE 1995 1995/01/17 05:46:52.0 N34° 36.4' E135°02.6' H= 14km M=7.2

[ JMA-87 N34® 39.5' E133°55.1' 17m

1995/01/17 05:47:07 X=104km A =103km N 93'E I=4.0

EW

UD

NS

S Bl

v oo e d
10 20

59 gal

AT ..

36 gal

77 gal
WP

AEB2 BE

I R I R R N A S R I B A
40

30 sec

Fig. 5 REEBREEHE 195U MA-87 BHBHOMBER

4 RERFETME1I996

4. 1 HMEBEWIEOHTE

BEFTlc. BRERAMBIco>WTIH, WEF
KRR REATVR VL, BREBZEER
HEEORIcREST 2RBEOSMEMR—HT 5L
LS ETELOBAERIhTWS, £ITX
SFTFOHADIC L3 ARABRER 2 ARBHOMORE
AHE. AEOXRBEELZEIC, Fig. 1 KWRTHE
AWFE L, BTBHEMBE L THELEBR S
A7 REPIERYT, R HE%2 4 BHORE

a7 ([BTHAD dHteidl 1o,
K[IRTOBAES (A, KR, W, ZR., 8
B. BEUCRT 5 8 7TRHIE) Voo sSikoE
BRHAR ZERK LFig. 2 Ic/R LTco T 5, HIZRA
DSHEBHEELLTVs=3. 5 kn/sec 25
HW->T, ZHMOMBILERICEHbLN 3K 4 DRGBAME
EFBFLROWEEZEZONIMBORBEE Vr =
2. 1 km/sec ZFE® T, Fig. 3IKHEBEKRE.
Fig. 4 t KIRERKERE. Fig. 5 cBLM AR E
D8 7RMEIHDEREXR X DAIHERT S
COBEWREE 3 oicaEI LT, BFE» S vErAl



138

4

137°

L

35°

N

7

6 RERWHEME

Fig.

W o 3
}f’é‘f? )

5
%\);
(o
4

1995/01/17 JMA B\ JE

ERBAWHME 1995/01/17
FEME
JMA B E 7 7]
6
-
A
-
.
]
'y b
BEE
Fig.

OMBRESTL /2281 0MBA. ILEAZFEIC
2HRENLCEBHEILOE2OMBEBLIESL /4, B
BEEIOKMBB2EXL /4& L. B2 0MER
HBELIDIPDEN. E3OMBRE2 OMBOK
BHRTH®2HENE LTHE L,

4. 2 BMEROBESH
AREERERICRL 2,

Fig. 6 : XBRTEREZEOEE (87 HMEEIO®K
BN TWBIBHROA)

Fig. 7 : BAIZNW7-IMABE LHTEEFORE

3 1 5
A BB

7 BECOWIHEALBAUNEIESR

REREBELILNKEET >TWE,

Fig. 8 : RELFEOEMXHEA OBIE, WEHE
BRESOBRISR. I ROMBHAL. 078
BOREVEROMETOHEBEEHNIEE 6 L
E. BAEBES LT,

Fig. 9: FALOBE7%2ZENT. BEFE6LUTE2H
AL

TRTo

Fig. 1 0 : #BAE A RRMEE & o+ B & Ak
B DRI

Fig. 10 RENBEBFERI LB VS, Bhiwn



30’ 135° 30"

Fig. 9 FRREBWHMHE 1995/01/17 JIMA BE = 7

it LS

—HE2LTVWEELRAIRETHASL D, COBEDH
Be LTk, HBOHBBIBREAORELEZ SN 5,
FBELULOBHIIVW—HEALLELTY
5o ¥/oRBEE 7 OHUSIIHIERIC X BMIBORBENTH
ETH 5P, BEFOHMIK TOMBORRILORE
BRERBENTORVOTCHEMEES KL > T
%,

Fig. 11 : FHEININEEOBRIERH XT3
B



RER MR 1995/01/17

ftHE
gal 1000

900

800

700

600

500

400 ° °

300 L]

200

100 L4

10b 205 305 405 SOb 605 705 805 QOB

HEHE gal
Fig. 10 BAMEREOHEME L BAED LK

MR HBE 1995/01/17
KMEE gal

600 ﬁ °

¢
400 [ & ceegl T o

5

200 L\

&
Qo

o®
[ ]

100
80

60 'S

40 ® |

4 6 8 10 20 40 60 80100 200
BaREREA kn

Fig. 11 HROMEEOE ST B

K RURMYR S 67};&9 \
\ 47, Fancy

—59—

1000

e v o

s

1%

i

Y

)



136°

MAGNITUDE 7.1
SEISMIC MOMENT 1.8x10°26 dyne cm

FAULT L 30 km
w 13 km
H 16 km
Disl. 1.4 m
Depth 7 km
Dip 80 °
Vr

pACRa %

Fig. 12 BHHME 1948/06/280 B R B L VI E

36°

%\// B
1 ' °4
2 |

Fig. 13 #EHHE 1948/06/28 JIMA B

5 EHME1948

BHMBICOVWTRIUBIC SERBREI 2B C
oot s, RERETMEEEUSETERE L
5. 1 HMEWBOKHTE
BHHMBCELCRESDPOWBEF VBERE
nNTW3, EFDEFNVERIINEBELLEF
WVOEZBEOMBE L TEX L, LEBROES K
SWTRIBRINTVRERLV, sHMEEROERI
PEROBRIRKSPVWTRRATHZ0T, LB
BBAOLVWEEE L, FLMBOEAFTDT
ETHRICBEDNAERBDOI 59 7LRDICdTH

Bledic, AT S L7, Fig. 1 2 KiRAL-WE
DA BERREZRF L. HdiczoliE 5 2 5 %
AL

5. 2 BHIKOBEST
ARERERICRL 72,

Fig. 13 : XRBRTREZEOEE (8 7B o
RESNTWBEFRDS)

Fig. 14 : BRIShEIMABE LHEBEOR
£

BRERBEILDAKCEEE TV S,



EHIME 1948/06/28
FEME
JMA B 7 7]

'y b 3 A 's 3 -k
R E IJMA E B
Fig. 14 BERLEZ ODWIHEBE:BHEO kB
BHHE 1948/06/28
HWRMEE gal
600 { e * [°2 ® I
¢ '. ¢ ..g.“‘ ®
400 o, 0| o
o/*s o
[
200 o°
[ 1 ]

100 4

80 -»

60 * 5

-
40
g
2 4 6 8 10 20 40 60 8100
BREMEA m

Fig. 15 HROMEEIBEZH B
Fig. 156 : FHESIhAMEEFECOBAREH XS 2 BE»SFHOFRETO. 5-0. 6 30EEFEL
B HED I TWE, BRBEAOBANEEDS8 0%
Fig. 1 6 : BEOFEORZTHXEHO®RE. 20 BEOCHEEANE. NEETC LI VW—FKE ke

HREORE VIEROMA TOHEBEENIIERE 6
PE. BRLEEBES T,
Fig. 17 : ELOBET7:2EANT. BE6LIT%:
HAL TR
COFREROFHERE IRIESE L WS, Fig. 18
KEREREMTOBREY OLBROBELERD 27K
To Chickd e, BETOHBEIRSEBEI 0 %L
LB EFECRV—HERTWVWE, $HERFOD

> T LW,

LI

Plro#RiR. BEITOoOMBcESVTEEL
Lo TREBROF LOVHERREMA 26D TRV,
L LER SO CHBEINEER EEoxtind & <.
BB OEMRELS I TOMREARE(ER
H55DTRIBV, BEVOHEC>VWTEALE. B

—61—



L36°

BO'

36°

Fig. 16 $|HME 1948/06/28 IMA EBE >= 6

FBEANTOREBROBEINTWIE b -1 2 EBR
RKOFREEZEZ bh 5,
MBOFRAEL L CTREMEROH TIEEE L fo .
ERELTHRLIVWERBA ATV S, B0
BRIEBHEETH., HBOWBEHOREDE
ROBRRIARZEERL LT, SBRRETRORKE
TP BICIAAREBEETH B C EhiERT
&5, LCIEERA (1 00ELLAEITY) OF
A#. 3. R 0BT T, $%YEM. DEE
18 E DRI HIEE) % iR 2 RlEetE o & 2 Mt E
KOWTORBEI>WTIRZF DBz > T
LIE2WTHETH 2 NE L ERHHRE S,

BHME L REEERMBRE 2B L CHERR
ELTOBRAINMEFEREFNIBIERERENSL &
WA W0,

L L. HiEHE oG CRHAMBE O S BRILWE
FHohRiF KiEPELE L. HEEH
(42 TEH>BET O RERILVWERL R
5 TWBo COIEBFEHEOER I ZDLRVHE, A
ORBTWS EEHBEBNICRTH 2, 51K
EREHFCHAABLCEHERATVWRWEIAKLS S
BHOBSCRBEEBRRI ISR KT 5 2 &M
flcE b,

—62—



Fig. 17 #E$#E 1948/06/28 JMA BJE = 7
=

BE XHk

DEIZER. /MEE " HBSHOMEBEBRD» SO
AHERA~7 P VvOWHE” , HABEESRIME
£ %£273%F, pp. 43-54, HHI53F1
1A

DBIIZER, /PHEEE " HEWEZZEL -HIE
Bz ~<s b VOHTE” , HEABEFLRCREESE
282%, pp. 101—-111, IBf1544%8AH
HRIJI=ZER, PMHEZE " BREBERUCZOFALTO
MEBEEANMEESFOHE” , HERBEELSHRX
WER %2905, pp. 83-94, BG5S
F4H

HKBTHBKLUE :” FR7E1A1 7HREER
FEERMEOBRIESE” , 1995, 1,
HK[BRTHEBAALE :” ER7THEL1HL 7THRER
PHECIEE 8 7 AMBET OB R (7o ~-F12
7)”, 1995, 1.

) EBRER " HADHMEBNBE 525 -~ 7T
v 77, BBHER&S. 1989. 3.
NDATILER=BRM : ” BHEFEALF IR 2ER
SmIe>VWT” | BHUMERERERS. FWHAR
SELERIAERGIEZAS. &% pp. 29 -
66, 1950



& B)

EST

R (EEH

FHE

R

~

%

SN
NN

N
N % 0
Y
o%!

&
%!

) waa

Fzazq (B0

%
S
&

F iR IeLET)

BB oEEY o2

18

Fig.

T Uik omBIEEN OBIE

8) B LI, /MR A -

X DR L AEHMBEOME)” | BHHMER

WE. FNARASBILEBRABRIRES

1950

23-29,

Pp.



4. BEOHEFWMEICHTI2HMA»L






F3EMAEED L R4
BABEELS 1995.10.13

ETORAUAR (ONFHFHE) (BT

The 1995 Southern Hyogo Earthquake and the 1923 Great Kanto Farthquake:

Comparison about Source Process and Strong Ground Motion

BAHEZ
Masayuki TAKEMURA

A destructive earthquake occurred at 5:46 a.m. on January 17, 1995 (JST) in.

southern Hyogo prefecture, Japan.

JMA ( The Japan Meteorological Agency)

located this earthquake at 34.61 N, 135.04 E, depth =14.4 km with a JMA

magnitude M,=7.2.

More than 5500 people were killed, which is the worst

record of all the Japanese earthquakes after the Second World War and is a
large damage after 72 years since the 1923 Great Kanto Earthquake. The
Great Kanto Earthquake is classified as an interplate earthquake, which
occurred between the Philippine Sea plate and the North American plate,

while the Southern Hyogo Earthquake is classified as an intraplate earth-

quake occuring in the Eurasian plate.

In the present article, we will

try to compare about the characteristics of source process, aftershock

activity, and strong ground motion between the two worst damage earth-

quakes in the 20th century of Japan.
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Fig.3 Observed and synthesized records in EW component at Gifu observatories.
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Fig.4 Aftershock activity of the Kanto Earthquake deduced from the records at Gifu observatory
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The criteria to rank the intensity of ground [Takemura (1995)] .
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Fig.5 The region of the damage survey and the aftershock area of the 1995 Southern Hyogo

Farthquake [Takemura and Tsuji (1995)] .

The rank of the intensity of ground motion is

presented at each survey point with the damages of the wooden main hall of the temple and
of the stone carved guardian dogs at the Shinto shrine. Numerals indicate the tombstone

topple rate observed at the graveyards near the survey points.

enclosures are shown in Fig.®6.
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Fig.7 The rate of toppled tombstones and the shortest distance from the fault line.
of temples with razed main halls and the Shinto shrines with toppled guardian dogs are also

plotted at the top of the figure.
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The results inside the box
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Fig.6 The rank of the intensity of ground motion at each survey point and the damages of
the wooden main hall at the temple and of stone carved guardian dogs at the shinto shrine.
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respectively, near the survey points. See Fig.b for the other explanations.

(a) The results in Eastern Kobe area. (b) The results in Western Kobe area.
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Fig.8 Source process of the 1995 Southern Hyogo Earthquake by Kikuchi (1995) and the area of
the damage rank A or seismic intensity larger than VII.
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Fig.9 Source process of the 1923 Kanto Earthquake and the area of the rate of razed wooden
houses larger than 50% .

Table 3 Personal experiences for the 1923 Kanto Earthquake (No.1-10) and for the 1995
Southern Hyogo Earthquake (No.11-15). The year when each experience was documented is also shown
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UPTHROW OF OBJECTS DURING EARTHQUAKES AND GROUND MOTION INTENSITY

B = BB
Saburoh MIDORIKAWA

In order to deepen understanding of the characteristics of near-field ground motion, case histo-
ries of upthrow of objects during 25 earthquakes are reviewed. The area where the upthrow was
observed roughly corresponds to that of the J.M.A. intensity VII which is X or greater in the
MM. scale. The upthrown objects are boulders, stone monuments, human bodies, small struc—
tures and wooden houses, with limitation in size. In case of the boulder, one on a shallow socket
of surface soil and with the diameter of approximately 50 cm tends to have a large displacement.
These facts may suggest that the upthrow of objects followed by their large displacement is a
result of the response of the soil-object interaction system or the vibration system of the object
itself. Numerical and shaking table experiments indicate that the required intensity of ground
motion to produce the upthrow followed by large displacement is 100 cm/s or more in peak

horizontal velocity.
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BEOMBTOBEYGD Y X b(CE3)ICME)

Site Condition

2)

- N.A. .
() Estimated from the geology or topography map.
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Earthquake M Object Displaced Fault
Dist. Dist.
1872 Hamada, Japan 7.2 |Gate 0.6m (Tertiary rock) 5km?
1891 Nobi, Japan 8.0 |[Temple Gate im Rock with thin 0.1lkm
surface soils
Shrine Archway 1.2m - -
Shed 0.3m {Granite rock) 0.5km
Wooden House 3m? (Granite rock) 0.1lkm
Stone Lantern 0.8m (Granite rock) 0.1lkm
1896 Rikuu, Japan 7.2 |[Bell House * (Voleanic rock) 3km
Grave Stone 1.5m (Volcanic rock) 3km
Shrine Archway im (Alluvium) 2km
1897 Assam, India 8.3 |Boulder 2.5m (Mountain) 20km?
Stone Monument 2m (Mountain) 20kmn?
1906 San Francisco, U.S.A. 8.3 |Stone Monument * (Alluvium) 3km
Derrick - (Alluvium) S5km
| Human Body - (Alluvium) Skm
1909 Anegawa, Japan 6.8 |[Bell House im Delta ground 3km?
1914 Akita-Senpoku, Japan 7.1 |Shrine Archway 0.6m (Tertiary) 10km?
Stone Monument - (Tertiary) S5km
11923 Kanto, Japan 7.9 [Boulder - (Volcanic rock) 10km
1927 Kita-Tango. Japan 7.3 |[Wooden House 3m Rock with thin 0.2km
surface soils
Human Body - Rock with thin 0.2km
surface soils
Grave Stone - (Pre-Tertiary) 0.2km
Bell House 0.8m (Pre-Tertiary) 0.2kn
Stone Lantern - (Pre-Tertiary) 4km
1 1932 cedar Mt., U.S.A. 7.3 [Boulder * Rock with thin Okm
| surface soils
| 1943 Tottori, Japan 7.2 |Stone~-carved Dog 2.3m (Tertiary) 4km
1948 Fukui, Japan 7.1 |Wooden House 3-4m (Alluvium) 2km
Human Body - (Alluvium) 2km
Stone Lantern - (Alluvium) 2km
1949 Imaichi, Japan 6.4 |Stone Mill im? {Mountain) 1km
1967 Mudurnu Valley, Turkey 7.1 |Boulder 0.3m Rock with thin 0.3knm
surface soils
1968 Borrego Mt., U.S.A. 6.5 |Boulder 0.5m (Mountain) 1km
1971 San Fernando, U.S.A. 7.1 |Fire Truck 2m Sand stone 0.5km
Boulder - Sand stone 0.5km
Human Body - Sand stone 0.5km
Concrete Bench Gravel soll 2km
1975 Oitaken-Chubu, Japan 6.4 |Boulder - (Andesite) 1km
Grave Stone - (Andesite) 2km
Stone Lantern 2m (Andesite) 1km
Shrine Archway - (Andesite) 0.5km
1984 Naganoken-Seibu, Japan 6.8 |Boulder 2.3m Andesite with 0.3km
thin surface soils
Fallen Tree 1.5m Andesite with 0.3km
thin surface soills
1989 Loma Prieta,. U.S.A. 7.1 |Boulder 0.3m (sand stone) 2km
1990 Luzon, Philippine 7.8 |Boulder 0.8m Hill 8km
1990 Piedras Negras, Costa Rica|5.7 |Boulder 0.5m |Volcanic rock 2km
Fallen Tree 0.4m Volcanic rock 2km
1991 Honeydew, U.S.A. 6.2 |Boulder 0.3m River bed 3km?
1992 Landers, U.S.A. 7.4 |Boulder 0.4m Alluvial fan 2km
1994 Northridge, U.S.A. ‘6;7 Boulder - (Alluvigm) 10km
1995 Hyogoken Nanbu, Japan 7.2 |Boulder 0.5m (Tertiary rock) 0.2km
Fire Truck < 3m Alluvial fan 3km
Wooden House 0.8n Alluvial fan 3km
Bell House 0.8n Delta ground 6km
1) * Turned over.




3.2 iRk OB

BELUBE Lol EXERIN T 2HEIEE L
DHEVETHS. BMBLAFOREZ XIS S
B0, BET)nITHD OB . BE L7
GBORORBIE. TVEDAZTNIZLIONEL, R
PECEDATFNLAZELEAEHEB LT,

BUS TR, &/ LM, MBS ENREL S
MrHbFohs GFROBEBHH S REREHMES
LD AMBTHREINTVS. ZHICEELT. 4
H'P 3. #HEYMORBHNEZ 284 IC{BICA S
NBEZEDVEDELT, BEHWEHAT, LB
Rahlk, BOEEWMTHAI EEHEHLTLAS.
3.3 BERYEER

PEMEO BRI MBREOBRER 5 IR
T. COROBHEREIZOMBTHEAROBHZ R
LEbDDETHS. AOBE. AVRELTHD
REIBEBH LA EOIHEEHANS <, 0.3~1nD
BOEEATTIESNEZ L. In2BX A3KREUBH
b o>ndoh, BRAOBHEMHIIH2.5nTH
3. BEEEMN S HEREOMICFICHERA SN
. :

BE. &, LM EO/NRERHENOBE b
0.3~1ImD bDODBE . FRIZODVLTHE., MEDEFEE
P HEBENEOY., InBEOBIGHEIN TN S.
GBREBEIZIOSDVTIRWEEORZIBBHIBHEINT
WAMN, TAHEINS INBEORIICEIM LD

10

OBoulder ' !
A Stone Lantern, Stone Monument
z \(I)Vt%oden House
£ ers I
E)-' ° °
Z O a o
< A A
2] A O
0o A
o1k O A A —~
o aA O A
j AA
cQ/') (@] @]
<24 O
(@) o o A
0.1 ' é
' 7
6 M

55 BEEEY kO B BhEEdE (GRS IS HI %)

DREUBHERLTEY., HOBEEEHEIER
3.
3.4 BEHM™
BHOAMZE 2T, WEOETHE EDOHRY
BREASNE. 2L 4/ R, BEBLLY
DOREWICEknLINOFEHICH 5RO . BEIH W
HEAE—HTEZEB/BLTVS. £/, REERFH
HHMBTOEROKREUBEE R LICHEBEHED
ZCRWMBOETEERFAIKBEH LTS, 0
HEOKBEMETHRUNIN - HMBHIHBOETE
EXAMICEBLTEY 'Y BBAREHIG LT
3.
3.4 HiMEH
FOMBRENAS SN M EOHBI. HoEL
OTIERNEET AHENZ L. JOL) Tt
DEBRAMIEL. AAE. EHFEASHMEBTOR
OB S TO B0 28 F % TH SV . Mh&#
HEMDOBA I, WREB EOFE LB T 0.
WNHMBPRERETIHMB CEROMERRELS S
NicEOMBO BB I PEELLBHED.

4. BEASHOHEBEINIHBRIRS

MENRKRE BT ADIZE. WRITKE 3
BEAMZIZLENSS. WEOKEAEE60° &K
ETAHE, WKICInOBEZ 4 L X8 3 I1T@YEIC

#5n/sOMBEEREX BLENRHB. ZOHRERY
HBOPEETHD . LT USHBFEENDOMETH
B HBEIZIE.

BB kHIc. REUBEZE UK. BER
0.5nETR D ARNIBHEYDBENEZ . REM
BICEIMEZRSZEEOEDRANERORD
ZAEBBRTAL'Y . NI UBEN LD IRMAEH
BKd 5. LichioT. BREMBIIMA ShicmEE
2. B EDOSODETIIEL . BRHROLEEK
WETHHDEZEZOND. BEICRBZOEER
REI~HEEEZINTY L BETIEH B, 100cn
/sEOEEENSNIT InREOCHIED B H % HRHU
TR ELENS.

ERIC. AEMBI S ARREBIERESE
HOTEFMELT, AOBRBERZOHME I 2L
— v avRfTbh T3, ZoBRIKLBE. A
DAEXBBIARTICIR. KFEBHORKME)EET



200 T a T
Sy a [ L
(l)100__ ' .I a ® : " -]
g F =t l ]
8 C am ]
:>: SOt . « s = " .
o L
] ]
205 6 7 M 8

M6 BiFTHE XN CEAMEEE

150~200cn/sDMENMSHETHB. Fico. M)IBME
THELEEEZNRELT. RBEEHAVZRE
ERDEHHLISERIFOITDLDATNS'Y. ZOEKR
T3, EEX InBHTHOICLELMBAEIT 100
cn/sTHB. ChoDHRINNBOBMERERES
BULHh—HLTH3.

HdD & H 1T, BEFARZNAoNHMAIDIFEA
EFREEVIOHEEICHIET 5 5. Wiko BEE
BRNRET o HICIHMBEIHRIOLRNVELTIE
BETVIOREOILVIDOBRINSLETHEHDEE
Zohs. BEVLICHIET AHMBEHEXICEAYHD
HEdHBN, REEHKTHE TIIBEVIOMR TH
BlXNn-EARHE)EEIZI00cn/sZ2 B THD. —H-
ZONATHA XN IR HB) B 100cn/sEELL
TTH-1'Y,

IhoERETHE. KREUBEEE WK
BEREENEL B 2013, #hEhEE T100cn/sEE LU
FtOoBNIBENLETHEEEZONS. B6IZ
TELII. BEBTHU SN -BBREICH100
cn/skABRAB/AEEERTOOLHD'T | BEZE
TOBAKRES LE 2 MBHEE X2 & SHKRD
BEHARIIHYPTEAIEICNES.

5. ¥&®»

HMEBEOHEOMERZOBEMIZIOVTHEMN LK.
BOMBTHEOBBREIHREINTH D, HE
BEOMEOMBRENZNIZLEHFLRBTELE NI
ExTRLk. BBRAZERDROISEDHERELT
Eo2BE RERBHEMND WEORBERR 3t
B T100cn/sEEEU LOBMOMIBEIICEISbD &
Zio0 5.

2 P :

D
2)
3

4)

(D)
8)
9
10)

1D

12)

13)

14)
15
16)

1D

—82—

ﬂEﬁﬁTli%ﬁiﬁ:k%%WM@ﬁﬁ\
1995.

hREEE : WT234E68 28 B A H M BB AR AL
1948.

Z)IZEF : B HROBERRNEUCE
FoFEE. #HE 2. Vol. 47, pp. 333-340. 1995.
Ma® - Mg EEESL - 1995F RERBEHMEICX
AMUGORE., MKBRERFEEFER190F
ERAE. BRR A4S —QL51, 1995.

HHO# : AEEDORELMHEZLER LD
A B #Ek, S 44No. 13, pp. 207-218, 1995.
Z)IZER: 1995 ERERBBMBEOBROEKD
BEICOWT., BRBEFS R FHHEEL
# . pp-205-206. 1995.

ZNI=HR: 1995 REREHMBORDOKEEBE
HMEOBEHICTONWT. BEAMBEIRHTRE.
No. 2. 1995.

ANE : HARLSEDORAME. BXFHHRE
LW|EETTS . pp. 43-T7. 1913.

Hontero, W. : #{&. 1995.

MEHEESL - NRE - RBBOL 1 1994/ — X v
VHBORABREAREMBIILARTATH.
HAMMBELSHETRE. No. 2, p- 426, 1994.
FRE¥ : BEAGEMBO S =Fa— K&
DR, BRKFHFEMHAARE. BRBZE.
Vol. 4. pp. 303-327, 1969.

SFE : BREFOEME, BROoIhI L, =4
. pp. 67-72. 1941.

Midorikawa, S. and M. Matsuoka: Strong
Ground Motion during the Hyogo-ken Nanbu
1994, Proc.
Sympo. Lessons Learned in Recent Earth-
quakes, Santiago, pp.1-21, 1995.
Z)=MM- - 3% : 1984FEHFRERHMBETOD
AOBEREHSHE LCBREROMBEH M X,
#E 2. Vol. 41, pp. 381-388, 1988.

Richart, F.E.Jr., J.R. Hall, Jr. and R.D.
Voods : Withik LD EBEDRBHEHR. + LEHD
RIH(EHES - BEREXR). EBHRE.
pp. 207-263. 1975.

KETEX - B)IZER - AL EZ: 190948 )11#
BTOEEROBH, OHE L CHMBIHRE. #
& TF#CEE. Vol . 41A, pp.701-708, 1995.
Midorikawa, S.: Ground Motion Intensity in
Proc. Sympo. on a New
1995.

Earthquake of January 17, Intn.

Epicentral Area,
Direction in Seismic Design, Tokyo,



FE2IEMBED L > Ry 2
BHARBE%X2S 1995.10.13

R M RER IZE 2 - HE
—AF AV TADOEELMETHOEE —
EFFECTS OF SEDIMENTRAY BASINS ON STRONG MOTION

- IN MEXICO CITY AND IN KOBE CITY -

JIE
Hiroshi KAWASE

The author reviews studies on the effects of a sedimentary basin on strong motions in Mexico City during
the 1985 Michoacan earthquake to compare the emergence of the effects in Kobe City during the 1995
Hyogo-ken Nambu earthquake. It is apparent that the soft clay layer in Mexico City played a major role to
amplify the input motion. Studies show that the interaction between shallow clay layers and a deep basin
structure may be the cause of the long duration observed in Mexico City. Such interaction may have
happened in Kobe City. To prove this, the author first shows spectral ratios of aftershock records between a
rock site and sediment sites. The relative amplification factors range from 5 to 20 and appropriate 1-D soil
models can reproduce them. Then he estimate a bedrock motion on the Rokko granite rock from the record
observed at the JIMA Kobe station to simulate strong motions in Sannomiya, Kobe, where heavily damaged
buildings were concentrated. The inverted bedrock motion has a peak ground acceleration of 335 cm/sec? and
a velocity of 55 cm/sec. He calculate responses of the 2-D Sannomiya ground model to have peak
accelerations or velocities well exceeding 800 cm/sec? or 100 cm/sec, respectively. It is found that both a

deep basin structure and shallow holocene layers are important to explain damage distribution in Kobe.

Keywords .

strong motion, sedimentary basin, ground response, simulation, finite element method
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Fig.1 Observed accelerograms (NS component) in Mexico
City during the 1985 Michoacan earthquake and damage

concentrated area (after AIJ, 1987).

X. S,P 3 Type 2

Fig.2 A deep basin model with a soft, surface layer to
simulate the Mexico City basin response (after Kawase
and Aki, 1989).
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Fig.3 Response of the basin shown in Fig.2 for a vertically
incident SH wave with the shape of 4 sec. Ricker wavelet
(after Kawase and Aki, 1989).
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Fig.4 Example of a model with random variation of S-wave
velocity within the clay layer. Correlation distance is 2m
(after Chavez-Garcia and Bard, 1994).
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Fig.5 Synthetic seismograms for the model shown in Fig.4
with an SH Ricker wavelet of 2 sec. (after Chavez-Garcia
and Bard, 1994).
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Fig.6 A map of Higashinada Ward, Kobe to show locations
of the aftershock observation stations (after Kawase et al.,
1995b).
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Fig.7 An example of observed velocity seismograms (NS
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Fig.8 NS component spectral ratios of sediment sites with respect to the rock site, KMC (after Kawase et al., 1995b).



Table 1 Propérties of the ground models for sediment site stations
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Fig.9 Comparison of theoretical amplification factors

the spectral ratios averaged from those shonw in Fig.8
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Fig.10 Simulated acceleration seismograms at 4 aftershock
stations based on the 1-D soil models and liquefaction
analysis (after Kawase et al., 1995b).

calculated from 1-D soil models shown in Table 1 with
(after Kawase et al., 1995b).
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Fig.11 Simulated velocity seismograms at 4 aftershock
stations based on the 1-D soil models and liquefaction
analysis (after Kawase et al., 1995b).
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Fig.12 A simplified map around the Sannomiya district in
Kobe with relevant Rokko faults and sections of analysis
(after Kawase and Hayashi, 1995).
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Fig.13 An FEM model for the deconvolution analysis of the
record observed at the IMA Kobe station (after Kawase and
Hayashi, 1995).
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Fig.14 An 2-D FEM model for the simulation of ground
motions on the surface of the Pleistocene sediments
(Osaka formation group) in Sannomiya district (after
Kawase and Hayashi, 1995).
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input of the deconvolved bedrock motion (after Kawase and
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JOINT RESEARCH ACTIVITIES FOR DENSE OBSERVATION OF MICROTREMORS AND SEISMIC MOTIONS

— WHAT WE LEARNED THROUGH THE 1993 KUSHIRO-OKI EARTHQUAKE —
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The Research Group on the Effects of Surface Geology on Seismic Motion (ESG) has
carried out joint observations for earthquake ground motion and for microtremors
in Kushiro district, Hokkaido, after the 1993 Kushiro-oki earthquake. The results
from such very dense observations provided useful data to extend considerations
into wider area where the evaluation of seismic intensity and the characteristics
Similar kind of trials
are being performed also in Hanshin district after the 1995 Hyogoken-nanbu earth-

of strong motion were uncertain during the earthquake.

quake.
discussed in this paper.
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