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Recently, effectiveness of real-time mitigation of earthquake damage is widely
recognized gradually. In Japan, many seismometers have been installed
throughout the land and the Japan Meteorological Agency started providing
earthquake early warning from 1 October 2007. However, in areas that are close
to the focus of an earthquake, the warning may not be transmitted before strong
tremors hit.

In this paper, we develop a new system for an earthquake early warning, paying
attention to the response of a structure. Firstly, we analyze promptly the
structural response subjected to S-wave predicted from P-wave just measured by a
seismometer installed at the base of the structure. Secondly, appropriate warning
is announced according to the level of analyzed maximum response, when the
residents wonder whether this response is becoming greater or not. This system
provides only a few seconds. However, residents are able to quickly protect
themselves even if the structure is close to the focus.
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Development of Real-time System for Mitigating Earthquake Damage Using On-Site Information

HARBL 2O E R 3 TSI (T 920-1192 )1 WA IR £ [E T
BIEF YA %% (T920-1192 F )1 R4 iR i £ FETIT)

Befil7Zg Sldbon b, £, BMICBE LT, SR
WX TR IR L, BYDISE

2007410 A 1 A LY, BAMEERD ORAE A &
Nz, BEBHEHERICE Y, Wil & OE BB DM,
—BEBIZBNTY, AT TOIERIZEY, LIETLDY
BACMBIZLDEREFREZMDIENTEDL LI -
7o, BEAMEBHBOERFERIIBRE T A FOBETH
L. INHOEHIZLY, VA hORBNOBIEMD Z
EMTES., Lo, RBEIHEmCIBT 2ENLOES
THY, FEASMIET 2EE, BhBNRRKERDLETO

NEKRTHA8EELH H. Table 1 1%, TOAR[EEMEZR
B HLOTHY, HELLT, BEYPOIRENHEAL
TWBEZENDND.

PLEDZ Enn, HEBIZ & 5 8W0ISE OFREZI 2 H
ET 5 Eix, BEORERIZ L, MERAERFOIER
AR ETHDEEZADBND. £ 2 CTARIFIETIE
HBYMOIREICER L, EWE NICRE L-#MEICLY
B s 0= EN ) S BB O TR, ISEOHE EIT

Table 1 Example of the instrumental seismic intensity
. Kanazawa University Hospital K-NET KiK-net
Epicenter
Under30m G.L. 1F 9F Under29.6m| Under805.5m G.L.
2004/9/5  Tokaido offing 1.64 1.77 2.22 2.98 2.03 1.09 2.01
2004/10/23  igata Prefecture |, o) 1.36 2.08 231 1.51 0.55 1.43
Cl.l.uetsu
2007/7/16  Niigata Prefecture | - o) 2.08 2.43 2.62 2.10 0.96 2.07
Chuetsu offing




5.%LT HESNFEISEDO L VLG UTC, w7
B A T &0 D U TV A DHIEBR SV AT LD
%%%Ehﬁ.#@b%,K/XTAi%%#ﬁn%w
T X, WENIDBIZRELLDH, Fheb/han
FENEBRRHCHB LERAE T, BhazECThb,

RELFEND ETORMIEMITET OB SHER G OZ
Lo, EBITEV. L, KVRT AITITEMITE

THRAELEHBEICLANTHD LW ) RERFFEPH 5.

2. ARELTLWBUTLEA LIMEHRK S AT LOBE

Fig. 1 TRV AT LADWNETRT. KVAT AL, £
THRYE TICRE LR (Fig. 2) I X0 HEB &t
M~oBEERAHM L, BREZFRGAT5. wic, Bllsh
2B omBMEl L, BEOHENSRBRIICE SN
7o OWEIERRE, B KO E AW T, EEEhE
THRIT L., PRSI EEHCLEMOIGEEZHEE L

The arrival of the P-wave to the building >

The detection of the P-wave
The estimate of the origin of wave

The setting of the parameter

The amplification The phase
The prediction of the S-wave
An estimate of the response of the building

An offer of the information of the earthquake >

Fig.1 A system flow
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Fig.2 The setting position of the seismograph

T, B OISENEKT 2089 MEli+5. 2 LT,
HESNTERYORED L ~JUZE UT, @Y7 g
WMARMET D,

FAFE L TV D U AT LAOREI, Fv A FTHOLN
HERERANTWD EZAICHD. Zhicky, #o
ISEDORFEFFME RS L SHET 2 Z L aReL e b,
WY 2R E~DRIT D ENTED EEZTND. F T2,
MABIGEEZHEE L TWDHZ D, E, #HiE 2T
LA~OISHAHHFFTE 5.

3. BWEHEFELEEZNICAVWSGNFA—FIZDT

B LTWD Y AT AT, T— FEEEOMEZH
WTEYOSEZHEE L TWS. F7-, HUEBIO EER
FORIRT — V=AY MVvETRIT 58, RIEOHEIE
EURET D IGIRRRIE &, RIE O R RERENE A R E 3 D AL
D 2 20T 2—ZHNTWn5,

3.1 BEIEFHEICDOINVT

BEIE R IR BRI R 5. BRICBR S - ED
FLERD OB O FERL G ORIFET — V) =27 fL
Fy(w) &, RAMIZHT 2 2 BHOYEME ORIE > — Y
TR MVFp()DEERT L, 21D OFHE1k, o
Parzen” « > R 7IZ K0 WL Lz b @ & HiE R R~
7 btbsPEERT D M),

L(Fs(aﬂ] 0
P Fp(o)

S/P HEMTHICHTZY, HEDEEBLEFMB IO
BRI L > THE L. HEOSKME Table 2 1257
T OB D AT BRGNS L CHRERILD 4 33,
EUCEEHECBI LT 100km AT, 100km LA E 400km A
BELO400km Lh o 3535, AEFTIR2ELTWA.

ZNEBNOEMZRE LR O THRRS. £
MR FACEI LTI, 4 FAICH T 5 2 & CHIEROERE
FEOMEMRFMERZD ZENTED L EXTZ. RIC
EARPREEICR L CIE, M8 RREOHEN A LK, Bl
BB WCREE 5530 L, BE3I U EofRARETRE
NELDEBEZLND R FEREL LTz, Bl L7z fsk
MHARY MV ERET S Z LT, MEOETEEE
TELHEBZZTWD

Table 2 The classification of the records

Direction Epicentral distance

North Under 100km

South Total

Between 100 and 400km

East

West 400km over
4 patterns 3 patterns 12 patterns
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Fig.3 The difference of epicenter direction in S/P
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Fig.4 A time career of the acceleration
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Fig.5 A frequency distribution of the Pha. dif.
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Fig.6 The distribution for the phase by S-wave
and P-wave
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Table 3 A natural frequency in the short side
Floor GL 1F TF RF
Model — 1.1 1.1 1.1
Mode2 33 3.1 — 3.1
Mode3 — 4.1 4.1 4.1

Unit : [Hz]



Table 4 A natural frequency in the long side
Floor GL 1F 7F RF
Model — 1.1 1.1 1.1
Mode2 3.7 2.8 — 2.8
Mode3 — 5.9 59 5.9
Unit : [Hz]
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Fig.7 Fourier spectrum in the short side
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Fig.8 Fourier spectrum in the long side
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Fig.9 A mode of the vibration in the short side
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Fig.10 A mode of the vibration in the long side
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Fig. 11 The damping free vibration by Random decrement
technique

Table 5 Modal damping ratios

Model Mode2 Mode3
Short 8.2 7.8 7.3
Long 9.5 8.8 7.8
Unit : [%]
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Fig.12 Input wave (Niigata Prefecture Chuetsu)
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ig.17 Velocity response spectrum wave in Niigata
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Table 6 As a result of the short side
. Real response Simulation
Epicenter - -
Acc.vax [gal] Timeyax [sec] Acc.ax [gal] Timeyax [sec]
. 11.7 76.8 14.3 493
Tokaido offi
2004/9/5 okaido offing ) ) (122%) (-285¢0)
Niigata Prefecture 3.8 45.6 3.9 47.5
2004/10/23 Chuetsu (—) (—) (103%) (2sec)
Niigata Prefecture 7.0 52.1 9.6 55.5
2007/7/16 Chuetsu offing (—) (—) (137%) (3sec)




Table 7 As a result of the long side
. Real response Simulation
Epicenter Acc.yax [gal] Timeyax [sec] Acc.aax [gal] Timeyax [sec]
ey e |25 T T A
11gata Prefecture R . 3 3
2004710723 ;:Ipfetsup f sl ! e (o)
1gata Prefecture

200777716 Chli:tsu offing (7_8) 5(5_8) (lé(g)i% ) (662selc)
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