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ON EVALUATION OF SEISMIC GROUND MOTION FOR SEISMIC MICROZONING IN JAPAN

® F B X
Fumio KANEKO

In an effort to mitigate the effects of the destructive earthquakes in the fu-
ture, seismic microzoning projects have been conducted by many local govern-
ments in Japan. The evaluation of seismic ground motions, the basis of seismic
microzoning, is reviewed using recent examples. In most of the cases, the ob-
jective area is divided using grids to classify the ground, and to calculate
the seismic acceleration of the ground surface using the one-dimensional ana-
lysis. The estimated acceleration is then converted into seismic intensity. The
developments in science and computer technology have improved importantly the
seismic microzoning techniques, and similar improvement of the quality and
quantity of basic data on geology, soils and seismic observations is now being
required. It is difficult to evaluate the accuracy of the results, because they
depend on the purposes and scope of the projects. Some comparison examples in-

dicate that the accuracy of the estimated results may be within +-20%.
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Arrangement and utilization of boring data
with the example of Nagoya region

4wt AHE K4t
Katsuya Imaoka Eisuke Ishida

In this report, the construction and utilization of geotechnical database are introduced
with the example of Nagoya region. According to the questionnare to the user of the
geotechnical information, it is required that (1) the region of data collection should not
be administrative but geographical, (2) the location of boring logs should be described

as correctly as possible.

For the utilization of the database, the formation of

geological sections, the judgement of the risk of liquefaction and the prediction of the

predominant period of the surface ground are introduced.

It is shown that the

predominant period presumed by the boring data generally correspond to those gained
from the microtremor observations carried out at 140 sites in Nagoya region.
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THE DIGITAL NATIONAL LAND INFORMATION
"AND SEISMIC MICROZONING

wHE &, &) =8

Masashi MATSUOKA and Saburoh MIDORIKAWA

As the GIS database for seismic microzoning, the Digital National Land Information (DNLI)
is introduced. The DNLI is a nation-wide database consisting of natural and socioeconomic
attributes. The geological and geomorphological data, which will be useful for seismic microzoning,
are given for the standard mesh with 1 x 1 km's size. A procedure for seismic microzoning using
the DNLI is also introduced. In this procedure, the site amplification capability and liquefaction
susceptibility are evaluated at each standard mesh. Then, ground motion and liquefaction potentials

are mapped for a hypothetical earthquake.
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(4) APPLICATION OF MICROTREMORS

— ESTIMATION ON AMPLIFICATION CHARACTERISTICS OF SOIL DEPOSITS BASED ON
SPECTRAL RATIO OF HORIZONTAL TO VERTICAL SPECTRA OF MICROTREMORS —

R, THE
Kunio WAKAMATSU and Yuzuru YASUI

This paper presents the fundamental characteristics on spectral ratio of horizontal to vertical spectra of 8
hort-period microtremors, their relation to ground amplification and possibility of earthquake prediction
based on its spectral ratio. The results are summarized as follows:
1)The spectral ratio of microtremors can be simulated by surface waves generated by a ground noize.
2)The peaks of this spectral ratio almost correspond to the 1st. mode ground amplification due to S-wave from
each imaginary bedrock with relative strong reflection boundary.
3)This spectral ratio can be substituted as the ground amplification factor in the limited condition and it is very
useful to estimate the relative strength of earthquake motin in the limited area where the ground environment

does not change largely.

Keywords :
earthquake ground motion

short-period microtremors, spectral ratio, surface wave, predominant period, ground amplification,
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Weak and Strong Motion Observations for Spatially
Evaluating Ground Motion due to an Earthquake

e — &
Kazuyoshi KUDO

In order to spatially evaluate the severity of ground motion from an earthquake or

to make a hazard map for strong shaking, it is inevitable to use not only strong

motion data, but also geological / geotechnical data as well as weak motion

records.

We will be concerned with the case that we have to use weak motion

data mostly. The topics are 1) linearity or nonlinearity of soil during the strong

shaking, 2) significance of properties in the strong motion data which will corre-

late with the earthquake damage or ground failure and 3) the meanings of singular

values, such as exceptionally high acceleration, long duration and so on.

1. Ly

Ey ROy aTRCEL SN F —<id, HIBKE
SR DT Dig b EWHIZR] & U CERF & 1.5 Mgt EE)
TR, HESRRA, BICESHRD EnZEro0Pk,
B OZE Lz OFMORER E4ERT LD
lETHB,. V4RI vt Iu/ R4 vavey T
R BIBEIOWT, B, $5R(1993) 1% MERUCE
& N7 BTSRRI 5 HE EE T H » BN T
$5. LhL, JotedicidisZetiXagic iz
HEINTWS I EBRMLRD, | &R, THEED
BBohfflZRLTWs, LbL, KEQHEEEE- 11
BT, WETGROS SRS ES Shicoik, &
B (1994%) 0/ —2Y » SHEBONLEREITEA AV
TR DBERDTTIRIZWIEAS S b, SBEEMSIERd 2 A+ v
OF| bAERMIREE TS 2H, F—s & LTRFHE0
HEEBEIERTH D, BT L bHEHIEIC Y 5 B

—=YZEREARBVWEICRAS. ¥, BAEDEZA
MESCRIC L B/ —= v T LE S THRAIMEFICIRE S
NTEY, MOBHRICIEIFEIRA TN, BH BN
EW OhORERI>LWTHhTA L, LibL, BA
SfcF— 2 ICEEBNLTETTWVEWC E RBEFLEE
Tzl

2., WESISRICE S M4 s u/—= v DR

19 854D A%y aMIBRIC, A+ ahHiciiEid
TEEORWHERERRIMESHR EAS - 72, Seism. Res. Le
tter®Vol. 64, No. 1DFMEERM > T\ 5, MBS, OXK
DIEMERERK T2 o b LIERZR L iITRY.
T L b RGBSR SSHm L TBY, V—=v
JOVEEICBITT A DIFHARICEZL S, Iglesias(1991) i
&5, K1 LE UHIBIcXtd 2 K EEIRAILEED / — =

REKFRBRRARN

Earthquake Research Institute, The University of Tokyo



Lotitude

N-S Displacements in the Valley of Mexico, Apr 25, 1989.

e . \
I

19.50

19.45}

19.40

19.35

19.30 |

19.25

-99.20 ~99.10. -99.00 X 2. A% T’ﬁlii’o'lj' Z’ﬁknuﬁfgm

Longitude
‘ : : V— = [lglesias(1991)ic &k 3],
1. SE=EFEREHAOF (Seism. Res. Letter ik 3) .

S - t W :
‘% o ~
- > e \1’
03 = %m N - 7z
el "o
- C XN e aly o
o ‘ ® [} k
\ o o .
> \ e
o \ Y
S J@n ’
i
HNEY R\, SRR o
~, = oo
S 2 e
) O
NP
% o"%:-frfé,y 1.
't 2 )
()
& %o ||\°
\ Ea s
0z
5 ¥ 2 Z e
0 Q& P " e ("] S
"o
| a0 v o
I om 9 4 o (= g
; [ ! ays ane. * Ao mu\
. - am 0 A " oos
LS o Vet T RACEN: il A : Ny gl AW
‘ O - ‘ ’
r PEAK HORIZONTAL GROUND MOTION Q. P
h NORTHRIDGE EARTHQUAKE, Jon .17, ‘994 - o8 v
» a0 -
08 O ek Oaund lotin o Recordng Statin
Contour of Peck Oround Motion, htarvdl O g
Sppiamanid Contar, Harvd 008 9 §
. — - Conar of Dltance trom Moetock Cpiomiw, bervd 33 km
(] Quteray Awim ; Y
] Po-Ooteray Sedmenl ?
EE] Poars Sedmeay Rock b
BN  Moces Sedmwntay Rook B4
d K] Tetoy ad Oetooeoe Sedmentay Rock
Hit:d Oynidie ond Mstamophkc R
TR R SR 2 2 B D
Digtd corplotion by CM Wenteorty AR Borchrd, RX Uk cnd DM Boore
T T X T~ —

Ks3s. 1994%F/,—RY v PHIBIC X 2/KEBRKINEE D45 % [Borchert (1994), Wentworth et al.
(1994)Ic & 3]



YIEERER2 IRY. L L, V== 7 DR TRAD
NUEEEAST0 galB2RET, 19 8 54E DHIE TEIRI& 17220
0 galiTERTHRED LV DEVESBITH 5.

SN To kST, WEMBOEETESREERER
Bliz, 7 —2x Y » SHIEBIC3HS BBorchert (1994) DL A3
ﬁ?ﬂ'ﬂifih\f:“éi . X8 OFERidWentworth et al. (1
) Ik > TIEERE N Ach 5 — DX TH 545, TITRE
BONTWIZNe), IhDENB CEBBE 0.

SRR SEA, S0 200 L5 ICEEF— 5 %2H
FICRRTE2E TS L TERLEBVALY, BEF
— 9 FDBDICLD Y/ —=V IFEPRECHER LI LW
SHIZEBESNR, WES T — & OEIIFRFE~ O 4
BHEORELH 5 EEL SN, MBI & MmikE
& TOLED > RHH IRRCFEPRENICARE LTV S
CERFERDH A, BEHOF— 5y P BUNERERE
T (FIZIE500mx500nic 1 BRARESRD) Bohhid, &K
il & I EREHA TS CoRMEIcH L CiiEhE y—= v
REANICIIANE - AFoEMIRIBICREE L, KRBT~
ERHEE S ARONE, WRY - METHRMERIVDLD
Lz, LdL, Z20OXI3BEBERF—7y FBHIH
RIS HBOTHTH D, ELMIHEBEED
EEPERERET S LIRS, o IERERR - &
ELELTHEELE . REHOENTRITIE, [
¥l coh, ok - F—s (MTFEE - e - W -
BE - EHCS - HEERNE) BRI ERLTVD
BEKTHAH. JDHH, FEEEOFA I 5HHLL
Hid, Th TN ORERET B4 o DS - &
BESHEINTED, I TREESHOFHICRE L/
EREZ DM BE L TA W,

3. Mg OIEHEIAM I BEE L T —55EHIRMEH O FA
DER- 5 B2

Aki (1988) 13V B2 —@T "We may conclude, then,
except for an obvious case of liquefaction, that the
amplification factor obtained for a given site using
the weak motion data can be used to predict the
first order effect o‘n strong ground motion at the
site.” &, FRBYCK U CRIFMMEES CFMmL TV 5.
Lo L, 1992F BB S N ES GEREY v RY v stk
WT, BERETOEZE1 8 0Bl L 7o LR, Ml
(Soil) TOMMFICHI 5 I OEROL BN EH

FAL7-(Aki et al., 1992).

—RREIER & LT, HREFEHIE A O#RET 4,
SR ORAERET 50, TIPS, HictEh¥c
BU L AR O MREREE GO ik, WER O
BOFHBETETRed BMEmBH 2. L L, Singh(19
88), Chin and Aki(1991), Darragh and Shakal(1991)78 &
2, MEFEMIE ORI SR ORI FICEENTI R
BRPSRBELTCEIESELD. L L, BRGSO
8 Rt 2 R BIRM{ B > T W5, Seekings and
Boatwright (1994) 3w <= 7)) = s HIBOXE - RE DR
%AW TARISR O W OHIEE) % B D B Rk HE
EL, BEAMEDHRELXATVWEY, F+ T L—v
a & LTHRAIEHEEEZHR LicodK4 Th 5, &0
DR EEARB o DD BOFHIEZ-TVE,

SRR R SRR S 2 5 2 0B IC VT, &
EOHFURRE PR (1993) BE LB TV, F5EE
LIERB ORISR &5 B9 & IR 28 A
RBEEHIBAShTWS, B)11(1993) 13 & ORFREICRE
T hkEEmE LT, 8 - SBEORANOT A L ~vds 3
x107*TH5I &, BEEFRLAPNZOST A0
TIEET, JEREMATRUABIZO TR 0T ERA
THD, 2 >0 BRIk, FERTEIR ZH—HICHH
TEBLELTVWS,

4, WESOBMEICEE L T —RIcBE & Ok —

BT — 5 2HWFIRO 2 Bli, Mh bRANLERE
KkB/—=r7Thy, BRI D—D> OFHEE RS
LT3 EREWRWDS, MEMES LW IMERIE &%
SUMEB D285 5 WIEEBRERLTVWBIE[ES
W, BUAMIHITH S &3 2HAE /DR IBWTEHA
5. KHE(1994) 3 MEEREMEROMERRE | 0FT, M
PGk DFER (IR, B, ZAIOFKME, MG,
THERR, AEER E2ED EifTn3) B UFRTERE
g [RE | DX ENR OB & MER CHE ORE
KOWTBELTWS., 207, [MEEOFRKE=T
FHMEFEEE S VW HOBRSREBICRFTWTETWS ] %
BHLRNO G, gV EDRRBBEALEA
TR | ShTWAEELS% 4, BEFHOKEY, 1L
FE~OWIEREE D 51D THR T ILEWERATVS.
BHNTR S 2, —Bl& LT, [BEEH - TR
HMEAHETE LD, HBVIREFOBENS L0145



10?

Station RIN

SMA-1 recording
of main shock |

(cm/s)
2

extrapolation
from aftershocks

Frequency (Hz)
(@

Station YBI

SMA-1 recording
of main shock

extrapolation
from aftershocks

Estimated Spectrum for Main Shock

10°

Hz
©

(cm/s)

10?

Station DIA

extrapolation
m aftershocks

1 SMA-1 recording
10°r  of main shock
10°
1 10.
Frequency (Hz)
®)
10? -
Station LET
extrapolation
- from, aftershocks
3 o'l SMA-1 recording
E of main shock

10°

Frequency (Hz)

@

H4.ﬂHDEﬂéﬂﬁf®%§ﬁﬁ%mht$%(U?fUliﬂE)Q?M&ﬁMﬁﬁ&®iﬁ[

Seekings and Boatwright(1994)ic & 3].

EWSEERELTALW., 19 9 3EHFEHHE Y
BTN 4 BT TIEE SRS o h, A - M(1993) itk
DEALERTE - XS5 5. BEEEHAIR & ORBR
I2WTIE, KHEH(1994) B¥ET 3 LS ic i THLWE
BTH, BLORENS S, BETIREH198T), 3
- BRI (1988)Ic X BREIDH 0, Wh b BRI EANTE
EPEEORLBWVEIELREARBVWELTVWE DD,
BYIIEEE LN, AAEYREHEIC X 2 PR
BRINEE O GREENEETHS. LHL, FhhE
TENTWRWOR, BE-BANEEICIIENSD &
TEWHIE, BAIEE T ONHTIRERSIIV,
BEU~NDANEEL S L EICBROBRB S LTS TEH
DEICE 2 MLBEESEWEOEHBEZ SN 58, BB
BESBDTHASD.

B, JRETHICBWTE S GHERBAIC L 2F D
HBSHRIGERSNTVWS, Eobdb2EEDT, HE
By vy x4 ¥ 2 VEFHRIKICEED D, BEE & DXt
JCBRR S £ 3 R E I RSN D,

5. BRMECBHELT—1 9 9 4 F|EEREEHIERE
icgzEPLELT—

PESE OSSR 3 o v # P9 AT HEBICE
S7elETHBH, VEE - RELBRD TR S WILEEHEH
fldh, WFhHEBEPNCIR S LL3EBEL LoD
-7l & TH S . Flgirh L EEFICFEAE LAt EradEit
BOREBHAICBVTL 6gbBifllath, Lo dERlKROE
RICIZIZA SREGHEENRE Ldh 72, 19945/
—Z2 Yy VHIETH1. 8g Bl & N /-Tarzana B I I3 S
MOBERFE S TN,

JBBICOWTRIEED v v # P9 Afh T { DR
BENTED, BOELZBIFALV. 19 9 3ELEERS
PEHR R TRl & WA B KILEREEL. 6g LB D7 — ¥
2BAL, BRECR>EK-SWTEL TSV, {HL,
BARNUEBEL. 6gDECHRICEEd 2 3HHIIL TRE - fib(1994) 28
B&affowo,

PRSI SRR AR (199 Ic K AR b & i



RARNLREE . OKPRSY) —RSGEREOBIRER5 IR L7,
Fukushima and Tanaka (1990) 1< & 2 M ;ya=6. 5DIKEEAIN
ﬁﬁGE%ﬁﬁHﬁ%@kiﬂtfiéb %ﬁk%@L
w(%%ﬁ%mm)l%ﬁ@ﬁﬂﬁ%@% — % O
HExBBLEEHULTWS, T, M,m-_s.sotﬂl%é:b
TH I PERRIEEETS D, ATBE LT RS
REONGEEL 6B IMETH S C EEBKL T VB

1. 6% 30E% L 7-0TBIC B1) BNLEFRCR & % 0 S DD 7
=Y 2 RRY PVERG IRY. Bk, FERERSICES
K& BRIED SORBEEMLTH 5.

AR A BHIC, Toka DEERYIE, M6, SOHIE BRI
BEDS20kn#2EE TS, "Near Field ERBEVWHWE I ATH
208, {1, 6g b OBANLERE Z2508% L7cd>, fAIUKEE)
KAfESDOEBE LD TH A H>DETH S, BANEE
ELTHRIBRBARTS 5 &\ S BB, 7KF 255
Rlic A (ERREOENH S LR IhFE TRBA|lDIIW ET
55, BB, SEHMIIDIE LD 2 DRI = 4
ZWRA, 2P LD~V I BERLHEREEESNS.

FiclB~fok S, BRRER (Lo R&LE
ZEEELT, ZorVREEBYTEDOLTWS. Al
HEFTEMNE S N BRI O— 22 121, MBS

SW Off Hokkaido

0TB Trigger Time:1993/88/86-84:42:42 d.t* 5.86
NS Processod Rcceleration{cm/s/s)
1886
MAX=397.28
8 Yy i s
P S
MAX=1585.96
MAX=575.58

8 2 A 6 B 18 12 14 |16
Timel(sec)

X6. ZEHETiIcBIFAS 1,

J8 20 22 24 26 28 38

SUEDT/MNMIBOT VA BRIZT -, BI7TIRTED
iT, BUEPBH L TWAITL L BEEBYMSE > TWaE
43(0T2, 0T3, OT4, 0T5) , U & PR L 72 PAIREER (0TS, OTT) TO
HelSRAIE T -7, {BL, 0TTIRK7 O cH b, HE
BRI & E—HIRR T 50780 SEFRMLkn ORI IC 5 5 .
0T2, 0TS, OT4IIKITE LEEFicH D, 0T6TIHERBIIH S
SO0, BTt LEILRUESERLTHWS.

BRI BRI & N it o—f e X 8 IoRd . BAIE
BRI z08) 2 4 VEET 2 BIER (M) 6. s THY,

18688 _
§SW-HOKKRIDO(1993.8.81
o ~ o
Soo1ess FUKUSHIMA & TANAKA : Mz6.5
2 =
‘S —
z
g -
= 186 |
(= —
-4 —
b =
w —
o -
S L
(8}
® 18 |
s E
a —
= -
1 [ 1 1Ll AV REEY
18 168 1688
EPICENTRAL DISTANCE (km}
X5 199 3%8H8HitEaEEaEM R
O B K MEE O FElE B,
SPECTRA OF S (18s)
1868
E —— 0TBNS
E - 0TB UD
C —-- O0TBEV ~M
n led-
> =
5 -
; -
w B
2 n
2
-5
% ISE
= r
[+ =3
z C
=
= L
w
6 1L
| SRR | B BN |
5lor1e 1.8 18. 38.

FREGUENCY (Hz)

6 g DEIRIEHRE7—YV T ART bV,

— 49—



HAENEEE LTHETWS, 3, ThitvickHic, 9
B L BEHOHEESE W EVWIFHRTWAE, K7 iR
POWERET, REORTWERMSRERE, M. SOMETIR
BELEIgEAL, BOASVIEE 2L TV
HESND. - T, BANEEL OBERRICTSET
g, CoREME -7 L LTHOTIEREBES L7855,
—%, X9 XX 8 iNg NLEEEER%E, HzDh » A7/
BRSO -7 —RT7 2 vy —%BLIE, BERS
KL ORDOIGEFETCRTH 5. M. SOHIE COTBORAHEE
i §7en/sTHY, COBASHANICRKEFEELS &,
PeNHEBRT20-T0en/sic A L S &iciiy, B - 8H
(1988) 2o SEFHET NIE S DEM BKIBNTEBE4 5D 1
PRI BB U FIEE PSS 5. 0T1IRARHEIC LA
iR D 2 <7 b vtk OKERSDOA) 2K 1 013K .
0T2, 0T3, OT5 (IR PHIBFICETOZERH5 b
o0, RIEEEOHBSHE b/ NV-TERIEE S,
UL, SEBHRAIR TS 50T3 & 30mEE LA BEh TWE W
OT4 I FE Il ~IEIBREI3401/2, SHAREAERICER
> TW5, HRIMEHEMED, CoLHBPRWHIR TR
BEIT, H5| 229 30503, HikE S BEE Y
BLVBETRBELELLTVS,

1994%F/,—2 Yy CHIEBOKRICTarzana CORANM
HEL 8glK T TRERBEROIEETSH 545, B3 T
EEahsLS i, BAERANILAEERLTHWS,
Borchert (1994) i & 2 REEAD 5> DR T, < 8RRl
REDBDsite effectDLHITHBM, bLEILETHI,
M8 DTarzana® 7 — & PUCHE T WA K EZ Y — 7 OFWK
HEIEZBRED, HEVRTERBLT ELDOTIRI
W &EW S B R S TIRETH B .

6. ZoOfhoRE

FRERZ OER - RERPS S EEL oM,
KOOV L L EEABEICLTASLE

1) PEBEORIRE : 58EHE LTHLWOSH B DI, KREY
a3, BN TH D, BRMICEMORTH 5. o4
BE TRl AR iR O I 12D, RIEIRIIWD
b, BB 1 IRSTRIEE T s (, BIRO ARG
HiZZROAR L, SHEXRIIE, BE—ERIROE
BEORIEIZEEN L E LS. Iglesias(1993) IIBHOAE
DEFEVWTHENLEESHBRL L LEER/LTEBY, ¥

oT2
v

orl

=100m=

7. BRBARBELOME - #F. 0T1-0T6id/NEE

BRI, OTLIREBEY 1 b, 0TI T MWERBR
HH55ODRTERYA . BiIEEm—1 0miE
BEOREXO0RLH»VWHEE LTH 3

4 PRI TRARZE SBVEREZSORIFNER ST ET
BEESITFHREIEBICES.

2) FSEERCROEREE | FRIRERENHT s &V
AES, RWHEHENEREE T NN—F 5 LR3BHT
R IMERTSH 5. OB —HE - VIEEE - MBI L
—2SEET S, ZORCIIBEET 2B S HIEE OB
- ficxg 2 EANEESRO NS

CD&SRRFEREE LTV EHIBTHEH 5\ 3
BEHEBEAMRAIRS C LR nhrhiBRVnDT, BEO%
MwE L.

7. #E JvEEREEHIERE ORI e Y
W, HE8 % NEE - EESHE, ERRFEHEMER
WE E--EBREROEREHIFDTHS.



SW Off Hokkaido(unit mgal) Trigger Time:1993/88/29-22:86:
Acceleration(cm/s/s*18%%-3)

158 OTiEW MRX=378.52
= o A A

758 072 I MAX= 2864.27
8 ikl '

588 073 MAX=1298. 26
8

37 0Ta MRX=982.42
8 \ J

568 0TS MAX=1815,59
; |

37 016 MAX=788.23

dlBALY

8 “‘ l‘ ¥rest v I

588 0v7? MAX=1128.17
8 i |
8 ! 2 s A P g J 8 i 8 i 42 43 4 1S

Timel(sec)

ﬂ8.SH8E@ﬂgéﬁﬁgﬁ%ﬁb<75¢ﬂ%@7v4ﬁﬁ.m¥@m&&%%.

SW Off Hokkaido Trigger Time:1993/88/29-22:86:
Velocity (cm/s*18x%-3)

MAX=5.11

OT1EW

MAX=31.14

28 0T3 MAX= 48.87
8
I MAX=17.58
9

28 0T5 HRX= 45.52
8
6 0T6 MAX=12.88
8 i by s m A ekt i ™
12 oT17 | MAX=27.41
8 (L
8 ] 2 3 2 B 2 ;] S AL Al 12 13 4 45

Time(sec)

9. 8ASHOMELIZIEBRERMLECT2/NEDT L 15082, KEBEFLTR.

—51—



93-8-29 EW-COMP.

188
E 042822ve. 112
— eveeeee 012922we.113
|~ = —  o12922we.rld .
— 0120%22we.115 ;
S 012922we.+16 {
o i W :
2 :
T 18 s / Yy ]
w T W
o - t t
= - p T
EL LA
= B At
- ith |k
. H
@ L o
& H
2 )
g L ¥
=2 i}
[ = i
9 -
2 o H
i - 1 o
B f ]
o UL N REAET LI
8.18 s 1.8 2 5 18, 2038

FREQUENCY (Hz)
K10. OTIZIRAEL Lix <2 bt

BEH

Aki, K.,
motion, Earthq. Eng. Soil Dyn. II,
Aki, K., B-H. Chin and K. Kato, 1992

1988, Local site effects on strong ground
ASCE, 108- 185.
Seismological

site effect on

Intn. Symp. ESG,

and geotechnical studies of local
strong and weak motions, Proc.
Odawara, 97-110.

Borchert, R. D., 1994, Strong ground motions
generated by the Northridge earthquake of January
17, 1994: Preliminary implication for site-
dependent design spectra, 19944/ — % ) - SHIEESK
FRE EH, HAEEFS/ —2Y 5 SHIERERSE
1, 83-114.

Chin, B.H. and K. Aki, 1991, Simultaneous study of
the source, path and site effects on strong
motion during the 1989 Loma Prieta earthquake: a
preliminary result on pervasive nonlinear site
effects, Bull. Seism. Soc. Am., 81, 1859-1884.

Darragh, R.B. and A.F.Shakal, 1991, The site response
of two rock and weak ground motion, Bull. Seism.
Soc. Am., 81, 1985-1899.

BEAREX - ket - AR5, 1993, JREHHORES
i lE, 2 1 EHIERE Y R VY A, 49-60.
Fukushima, M. and T. Tanaka, 1990, A new attenuation
relation for peak horizontal acceleration of
strong earthquake ground motion in Japan, Bull.

Seism. Soc. Am., 80, 787-783.

Iglesias, J., 1991, Seismic zonation of Mexico city,
Proc. 4th Int. Conf. Seismic Zonation, III, 471-
478.

SRS, 1993, ¥4 R Yy V=4 vz, HiFE2

, 46, 217-228.

TH—R-#8 % 7S -BEESE-IKE E-5
fBIESR, 1994, 19 9 3 FitimErIPETHIR O REEE
DIEFRICER, AT, S5 Wo.7, 95-101.

BRI ENE B, 1993, 199 3F8 A8
BT, MEEH, No. 35

FNI=5R, 1993, MR ICH O h A HIBEHE DIEGTAE,
gz 2, 46, 207-216.

R)I=8R - FEREAA, 1988, RTREREHMESME D
ViR & Ok, HiEE2, 41,223-233.

WIEHRRSE, 1987, BREE CYEREICEIT 2RIER O, H
BN EEROBEE - s - BHFEREIC S &5 Cag
HIRZ (HARKERHBIAFRE, REKEB) | 41-55.

KEH 18, 1994, MEEBHER SMm@EIK, M2, 47,
113-138.

Seekings, L.C. and J. Boatwright, 1994, Ground motion

amplification, geology, and damage from the 1989
Loma Prieta earthquake in the city of San

Francisco, Bull. Seism. soc. Am., 84, 16-30
Wentworth, C.M., R.D.Borchert, R.X.Mark, and D.M.

Bbore, 1994, Maps of peak horizontal and vertical
accelerations recorded for the Northridge,
California, earthquake of January 17, 1994 and

general_geology of epicentral region, USGS Open-
File Rep. 94-197.

52—



F22EABER L KUY L
BAREFS 1994.10.31

HEBOREMAE —BARRER TR (RIS —

Space-time variation of earthquake ground motion
including observed strong ground motions

Nt z==*
Hideji Kawakami

Records of strong motion are often used as the ground motion inputs in earthquake
analysis and in the design of structures. The design of underground structures, however,
requires more than just the time history at any particular point on the earth's surface.
It also requires the space-time variation of the ground motion. Meanwhile, a real time
estimation of the spatial distribution of the earthquake ground motion based on the

observed records at several monitoring stations is required for emergency actions for

the restoration of widely spread lifeline structures. Several methods have been developed

for generating a simulated space-time variation that includes strong ground motions
recorded at observation points. This simulated variation is characterized by an apparent

velocity and by a coherence function. Here a case study is presented using motion
recorded during the 1986 SE Off Boso Peninsula earthquake.
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Information in Space and Time Domains of Seismic Strong Motions and Its Expectation
as Basic Material for Better Earthquake Protection Strategies

Ax H m*
Futaka Ohta

This paper aims at developing earthquake protection strategies in parallel with
qualifying information in space and time domains on seismic strong motions. In

the first step the existing framework of earthquake protection strategies for a
regional district is reviewed to make clear how the information on seismic input
motions has been utilized and to find bottlenecks for its further effective use.
In the second step various proposals to elucidate more about characteristics of

seismic strong motions

are made as for further development of earthquake pro-

tection strategies. For this, existing protection strategies are criticized and
subdivided into three stages of prior-event, on-event and post-event protections.
Accordingly, ways for developing each stage of strategies are explored incorpo-
rated with the improvement in quality of information on seismic strong motions
in space and time domains. Emphasized is the more necessity of developing the
protection strategies for on-event and immediate situations, which is expected

to be resulted from acquiring minute,
on seismic strong motions
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On the Real-time Earthquake Disaster Prevention Systems:UrEDAS and HERAS

%i

Yutaka NAKAMURA

UrEDAS, Urgent Earthquake Detection and Alarm System, is an integrated real-time
earthquake warning system. Unlike conventional earthquake warning systems which
generally issue an alarm when earthquake motion at the site exceeds a pre-set level,
UrEDAS judges the destructive potential of an earthquake on the basis of the relation
between magnitude and epicentral distance of the earthquake, and issues a necessary
warning for a certain area which may sustain damage. UrEDAS consists of a single station
with a three-component seismometer. UrEDAS performs two-step warning: within four
seconds after the P-wave arrival, it estimates the earthquake parameters and issues a
preliminary alarm. At the arrival of S wave, it improves the estimates and updates the
warning. When several UrEDAS units are used, the data from each unit are synthesized to
produce more definitive information.

HERAS, Hazards Estimation and Restoration Aid System, estimates the degree of the
damage caused by the earthquake based on the synthesized information from UrEDAS units
and on the relation between earthquake strong motion and damage, and display the result

invisually within five minutes.
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Development of City Gas Network Alert System Based on
Monitored Earthquake Ground Motion
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Fumio YAMAZAKI, Tsuneo KATAYAMA, Shigeru NODA, Yoichi YOSHIKAWA and Yasuaki OTANI

A seismic information gathering and network alert (SIGNAL) system for a large-scale city gas network has
developed based on extensive earthquake monitoring and GIS. The monitoring system consists of 331 SI-sen-
sors, 5 accelerometers and 20 liquefaction sensors. Once an earthquake occurs, monitored values by these sen-
sors are sent to the network control center by radio. The emergency operation system is activated as soon as these
monitored values are received. Then damage estimation to customers’ buildings and pipelines, estimation of the
magnitude and hypocenter, evaluation of the response spectrum, and decision analysis whether to shut-off or
maintain the supply based on the estimated results are conducted. SIGNAL has started operation recently. This

paper introduces SIGNAL and case studies using it.
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DT7Ia1 LHBETFZB4EL T
Towards the Advancement of a Sophisticated Real-Time Earthquake Engineering

FH X+, BEAR**
Shigeru NODA* and Kimiro MEGURO* *

With the recent improvement of earthquake measuring system, computer technology, information net-
work system and methods of computer analysis, etc., “Real-Time Earthquake Engineering”, which oper-
ates on the ongoing data to mitigate the earthquake damage, has become realistic as a new way for disaster
mitigation. To reduce the earthquake damage, proper countermeasures of pre-, ongoing and post-earth-
quake are indispensable. Conventionally, pre-countermeasures have been taken based on many assump-
tions such as time, magnitude and location of earthquake, weather conditions and the number of fires, etc.
The manuals of post-countermeasures are made following the simulation results from the pre-countermea-
sures. These are useful for the government and municipalities to know the approximate damage level and
to make disaster mitigation plans. However, because of many assumptions, these results are often differ-
ent from actual ones and the public cannot receive a useful information from them. Conventional earth-
quake engineering did not use the ongoing earthquake information to mitigate the damage. The data from
the earthquake were considered to be used for the mitigation of next earthquake damage. Disaster infor-
mation just after the earthquake, however, is very important to reduce the damage, especially, due to fires
and tsunamis which are major causes of human loss. The main purpose of “Real-Time Earthquake Engi-
neering” is to solve such problems. This paper points out the importance and the concept of “Real-Time
Earthquake Engineering” and reviews the studies and systems being operated now.
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