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Strong Ground Motions and Damages from the 1995 Hyogoken—nambu Earthquake
By Kojiro Irikura

—Synopsié

The January 17, 1995, Hyogoken-nambu earthquake was damaging to strike Kobe and adjacent
cities, bringing a catastrophic disaster, more than 5,500 people dead, about 300,000 injured, and more
than 100,000 buildings destroyed. Strong ground motions were recorded including 3 stations (JMA
Kobe, Kobe Univ., and Motoyama) very close to the seismic faults. The peak horizontal accelera-
tions and velocities of observed records match well the existing empirical attenuation relations. We find
significant amplification of ground motions in severely damaged areas compared with those in slightly
damaged areas from the array observation of ground motions in Higashinada ward, Kobe city.
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Fig. 2 Map view (left upper) and cross sections parallel (right upper) and perpendicular (left
lower) to the strike direction, N50E, of the earthquake fault. The largest open-circle indicates
the hypocenter of the mainshock.
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Fig. 3 Location of zone of the JMA intensity 7 (the maximum intensity) in the Kobe area, and its

relationship to the location of active faults and the aftershock distribution. (After Department
of Earthquake and Volcano, Japan Meteorogical Agency) .
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Fig 6 Acceleration radiation intensity (upper) and rupture time (lower) distribution obtained
from the envelope inversion of acceleration seismograms.
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Fig 7 Attenuation relation for peak horizontal accelerations and velocities from the 1995
Hyogoken—nambu ecarthquake. Squares : observed peak amplitudes. Solid and broken lines
in the upper panel are the attenuation relations for acceleration and the error of
estimation based on standard deviation(o =0.21) by Fukushima and Tanaka(1992). The
attenuation relations for velocity in the lower panel are estimated by Fukushima(1994)

classified soil and rock sites.
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Fig 8 Location of array observation stations in Higashinada Ward, Kobe -city. Gray
zones were severely damaged. Solid triangle indicates strong observation station
and solid square does temporal station for aftershock observation.

BREECEO»2RET 3720, BRIIHARESD O EEXE CHEICGEW B> b R4a h iRt
BT3B RO T L—ROKRBEHER (Fig. 8) 21To7. ZOX v b bAHTRIPILAKT~8knic
HBAMA.TEMAIOHE (Kb, kITWRLR) Ik 3HBHHOZBMNELNFig. OICREND, FREL
YR EOL RO LR (KMC) BIUBHTLAROBEH R (KOB) TipmEhitiasaic/hel,
XbiENOEEE D (FKD TiHMBHRKEHMNINDIZ LBbhs, Ex0RRSFMORRBITT
WLUTEBROBIA (KMC) icxtd 38 EoBiHA (KOB,FKI,ASY,FKE) OHBEID RS b
Fig. 10kR&h3, ThbOHBEI A7 MV REMBRIEEIC X 5 MRE) OB EICHETI00
TChd. ZZTODARY MHOBEBIIRAEZIEGOVWTH LS. ZHITHROBRFRIEFELTRY,
BREHBO2RTEHREREHBE LTV, ARZ MEOE—7 ORER, TRbLEREH, X0k
fhbOMBICH LTHIZERICUEAEK 058020, HBHRELTVWS, ZOMEBOEBRAMIRAE
BEERLHEBOSE a2 ) — FNEPOFAR—ELTWAoREEHEFO—RHLELDND,

T DFBEOBEE IR LN T 55 (LEE—EEE) TORTEEOELEHLICT I dRHE
BERFig. 1IKFER32000RChEh (BEBBRAMERES). §ohic KMk EXFig.
120, @l REh3, 2EAREGRYUEEOMREZE L TRV ERN (ROEH) TRAMIKERIR-T
WAz EBRbI5, ThbORNENE2BER LTIOMEDH THELFig. 180X 5T MELM

_7_



_RAB WS WIBHA W7, 4 (1995)

g 393531’§3§1i:‘ 789 101112131435 e ;9!:5/21,?5:3;5‘ 789 01213475
*1 NS maxs 179 gg} NS maxs 17.8
g - maxe 827 5§ - maxe 37.6
max 1445 ' I F maxs 210.2
maxs 972 '.'A:'“‘ Ao 21110

¥ LL L

maxs 104.2 ﬂ maxs 114.5

mazs 170 KMC EW N maxe 334
maxs 85.2 KOB Ao maxs 803

mex= 0.1 FKi A n maxs 135.0
ASY o maxs 900 ASY qr maxe 134.2
FKE sk AN maxs 1088

FKE ___.%WM—-———M’N () aaidaiad

up . maxs 12.7 up max= 13.3

" ,..M maxs 31.1 " maxs 27.6

130.8 R maxs 72.1

maxs 4l
: 4 max= 88.6 JESOUNESrFRS ¥ 1) . maxe 57.3
N TIVERN

' P maxs 62.8 PR T N maxs 51.4

29 2 3 4567 89 101112131415 D123 46567 89 101112131415
{s0c) (sac)

Fig. 9 Observed ground accelerations at array stations from the M 4.7 aftershock whose
epicenter is indicated by a star mark in Fig.8. ‘
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Fig. 11 Map showmg surface geology in Kobe and locations of 2 lines for seismic
profiling, 1 : Ishiyagawa line and 2 : Okamoto line, shown by solid line. Dark
and light colors indicate rock and sediments, respectively.
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Fig. 13 Velocity structure model based on the seismic profile at the Okamoto line.
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calculated at stations on free surface
underlain by Model shown in Fig.13.
The source assumed here corresp-
onds to the M 4.7 event(21:44, 23
Jan.,1995)with right lateral, located at
a horizontal distance of 7km north
(leftyof KMC and a depth of 14km.
The calculation was done by the 2.5-
D finite difference method.
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Fig. 15 Comparison between the synthetic

and the observed velocity seismog-
rams (tangential component at
KMC, KOB, FKI, and FKE for
the M 4.7 event. The seismog-
rams are band-pass-filtered between
0.1 and 2.5Hz.
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Fig. 19 Comparison between the synthetics and observed seismograms (acceleration,
velocity, and displacement) at KBU (left) and at CHI (right) .
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