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The Distribution of Structural Damage of Temples in the Zenkoji Earthquake (1847):

Questionnaire Survey Results and Attenuation Model on Hypothesized Faults

Hideto HATTORI, Kiyoshi KOBAYASHI, Masami YOSHIZAWA,
Toshio KIKUCHI, Satoshi OKUDA, Takahiro IWATATE, Hiromu SIMA

A survey questionnaire was taken analyzing the distribution of structural damage on 624
temples in the northern region of Nagano Prefecture affected by the Zenkoji earthquake which
occurred in 1847 (M=7.4).
155 provided valid evidence.

A total of 278 temples responded to the survey and of these, only
From this evidence it was found that 57 temples were com-
pletely destroyed, 17 partially damaged and 70 others suffered miner damage as result of the
Zenkoji earthquake.

region, and this study shows that the extent of damage mentioned above was distributed along

Previous investigation have revealed the existing faults in this northern

the active fault system on the western side of the Nagano Basin.

This study hypothesizes the possibility of the existence of an earthquake source fault,
either a linear fault or a folded fault. It runs 40 km in length and could produce earthquakes
which might register on the magnitude of 7.4 respectively. Using the attenuation model pro-
posed by Joyner and Boore (1981), the distributions of structural damage of these temples was
compared with the intensity of acceleration calculated by this model. ‘

It can be then seen that the damage of these temples was reduced depending on the dis-
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tance away this hypothesized fault according to the attenuation effect.

F—J—F: BRFME, MBEE, ¥k, BE, REAMERENER, MHEST, HEIRE

1. [FLHIC

ER8HEI2ZAERIB R ERRESH, BREHhE
HCELT, B REE N (19954) DX IR
REVWHRETHBRICLAMBEEZZE T3 &R
THHENn7. BB L BBIORBCOVT, #
EHHBEDND BRI T HE & DIEWIRE ORREE
B ICEVA L EERB RSN TS, 20O
WIEBTB OB LEBICHETAEMAREX T, WE
BRHODDOAN MBENZHEE T DO RIEN
nARMITHBY.

ZOLpERObLLIC, EXFME (18474, M=T.
4, BJ138.2° E, 36.7° N2z B L CRENWE
HRDEDOERIFEIZEFL 2. YH#tRic>»T
RPEEOHRRTERRENDHH?D . YROHTE
ZEVEIL, BELLLOTEERER THS. LL
RHRD, YHBOKFHIMSEIZDOIABFOHER
MICBET2REHIR MU b2, R E CIIFRO%K
FERFELT Tor—MAEEZEKLE. €L T, D
HESALBERENBEICTOVWT GLS. GhEERY
ATR)EAVTERER L.

FPcE B L0, YIRS AL CTHE

* 1997TETAITAFREHBR TESMARES, REIA 250 AAMBESKERST—IBRE
*1 BERTLEASE, %2 AHEE, %3 FRBELFERER, *4 KHKEBIFTAFRFEENRER, *5 BHFAEAR,

*6 IS REHEE, %7 EMRELHFHE
FRIEZ 1997410 5 31 B



70 BRERFEA « B 7% - HERC - H0ES - HE w-SERE -5 8

LTnaZe, ZEOHEIRPULILHFBEZFFoTVD
ThAHIZE, WEICHETHIILDERDBENPTHHITE,
ZLT, BEILOFETI—2OMBHLLTFREL
LA, BFETHFRORMBAICIVE OIS B FiEE
MBRRBIE, BXFHBICRIT BB OREEZNDD
AT, FRIIPRIVE D RBEN THEILE R D
ThHD.

2. FRODBEEHAE

M1icREFRICBTIENEYZTT. BBLLR
#138° 00" ~138° 30" , dL#k36° 30" ~37° 00’
DOFEIR B AMTEAREEERBFETD. ZOEH
FEFR AT E T DR EFRALER IR, BN D, (5 MBTHTH D
R, RIUTEEE TR ICESH RN 062455

137° 30’

\ NN
-

\

\

NNALH
\\\\\ \ \\

/4

rA/
AN

Y

Y

\

\

Kilometers \
[

1 REROZNE

ERRIT, B|AFHBICBIIEEFIZONT, T —
MAZEZRIToT-. TORER, 278FhDEEIEHY, £
DN, FH123, HXEIZ155Thorz. FREAED
HWEONRIL, BIE57, Y817, —HHEE1LL, ZEA
LHELZLTOTHS.

FRAEDOHESMER2ICRT. REALAMAER
BB RICRTEENSHAL VIR THERLNL
B.

3. EREMEOHENEY

3—1 HBHE

HIE D LS CRHBRE AL, BRAFOHEIC
FHIDONVERNRAELS. B ITfEoTHRIZEND
ZOXHRE BT IR B LEIEN, ThoDEILTE
MBIzt o THELTWA. REET, FES20kmB2ELL
BITRIBZKRME (w/=Fa—F7RENE)TIE, L
XU BT A8 5.
3—2 BRAFHEOHMEME

ENSFHBICRWO THOHIBBTE SR bIhv 5, &
B AT RIENTE R - T, BAEMD, /MK, &
RE, #X5F, Wb, =F, 8%, RE, i, 2L T
BbiHiz, Bkl fHibhi-4soB ot R RE
PRERSNTEY, EEH 4Skmic B 5. ZhbOHE
Wi = TEKEEEHRL TS, BitedadtE
o LEAREL, MEMATLERTIHNBAEDL
T3, EELIIRILT EEE COR—YRED
b, EXFHBOBERERRIIN 950 £, 1 EOHET
DL FEMEIISMRE THALHEEL TVEY.

4. BEMECMEES f

4—1 BEEREREER
EHBORBERLEICHEEREOEERRER
R4 RDLNTNAY. L TIL Joyner&Boore
(1981) BT AYADRYZ7AN=T OEEHBIZBITH
HRE RRRE DR OEREERY (ULTF 1B )%
BWTINEES % RD. JB RiLRERET R
CBFBIEAELLNIEZTRLTNSY, ST JB
RERT ' '
logA=—1.02 + 0.249M,,—log r—0.00255 r + log 980
(A: gal) '
M,, = (1.3M+0.9)/1.5
r= (d2+7.32)l/2
d: IR BT BWTRE A DD S FRRE (km)
ZOMEET 1 EOETHD.
4—2 BRNBOEE.

M:wS=Fa2—-FK)



BXFHE (1847) B 2 BFOWE

71

Ky SN

\

M

4 N
A S

30/

,138°

R #

@ smx Em

© mE® E@EHEY)
O wE EEREHLEY)
N\ wrarEEsL

"'10 20

\K\i lometers
2=,

B 2 FREAZBOBESF

k35 bl

[] 1tk e
M ) i
QKL i) ff i
A :Ei,
e it S
§ . 01
A sl Ao i
G { S
it i g i Ef
P i ™
¢ 2
=
W
etae +3
y.
i
] m; 0 10 20
/ i Kilometers

E 3 ih&En



BRERFEAN « Mk 1 - EEEC - FHIERE - BRE B - BEME-B 8

‘3,7“{,,0‘0‘, é; o it
- S kit 2 :
R CE o s

i Rl
i - S @ mEk (EE)
B o RET RS © wET (EHEY)
i O #EN @EnEbRY)

1T
are
T
T

N
2

T

T,

i
)
%

H

A\ zearEEsL

o O e ] O D

e £ Kilometers

SEEINIRE H it it :

4 FROVWHEEMEESFH(r—R1)

Exn
L
37° 00" £ i |
HHA 22 X
FirH £ i He H o i 22
o

3 8
x5
|
3

: " Ao#
gt o frch @ #Ex (W
SR

© mE® (EEY)
O #waE EEREDLED)

Q‘fl i A zrargmnL
FEEH i o ::ﬂ
36° 30 P i Y

5 FROGBEMBEESH(r—R2)



COEmNEME (1847) KB BFORE 73

ENFHIBOBFN B IIFESN TRV, A5
RTCHRACZOOBRBTBEZAELEZ. —2IER
(138.2° E, 36.7° N)ZEH.LLLTHRIL—FEEF M
RKRES40kmOERE (X —21), bH)— 2 EHE R
oI hRE (r—22), TNETNERETBLLT
HELEZ. ZRNETOMANS, BRONBEOHENE
BLT, B ORE L EEMEAIRATRINS?.

logL=0.6M—2.9 (LOB{7iIkm)

logd=0. 6M—4.0 (dDB{7iIm)

I, MiZ<S =F2—FThd. ZhbDRiztkhid,
F B (M=7. 4) D&, L=35km, d=2. 8m
725, 3—2Hi TR~ LT, BRI TWSHIER
BA45KkmIZ R S ELSDET, BEMBOES
#40kmEL7zL DTHD.

4—3 iR R

K3z AN 2R, IR B RS R
AEREEVEEICERLILLOTHS. 4— 18 Td
Riz&oiz, JB KOMEEIL 1R EOHETHY, 2
BRIUSHERICH L CIERELBELT, 2/
Bz, 25, 3TWMMICITL. SEFERTIILICLE. B
WICIRMAREREZZ<EUCHETHIN, BE
Bz b REAWE.

5. BE M EIBEMERE

4, M5k H LR EERENTE SN
HESAZRT. H42WT, EHRROWE (ks
KRR O LICHBAITA - 28 TRATZBERTHS.
5—1 AEOHFLHETEHEOMR

BB T, ABENE OIEIEFHEE $ 53 O fFEiR
IRV EE B L TR ) (@EN) DR L. £
nicxtL, JERE, Fich BT EERMICNELA L H
ERLI(AADBSHLTHWS. K2ich Roivakoic
HIFRUR FE DARDEE THBICLHD bbb T, #EIUE
HTRETHHOITRBETEN.

K5 TIIITARR OIERTE (AR ERB) IhoT
@ () BEPL VDI RAS. REFTERH
LEE138EEICLAEIERE V. ZoHIRIIX LT
BELBELTEY?, ThIZE3BEREERANMLL
.

5—2 XEOBEBWEMBERE

BI5D/MEEE XSS HI BT Iin o THELZRIR
WBIzLaboThs. M2licRoNBL5I, Fd)iD
FERNCA (FEALEEFRL) BBV, BT
FOA—MLOTVICH AT ZHFETS. K5TRD
BY, oD AEI11600gal Pl LD NHE E I 27

FHEHENH B, IMAFEORBEFERLLEEDHRLFOL
SR B E _ EOABESBN R 1B E DD, L
MLANG, M4, M5hLiE X MmITHE B O BEEER
FEFIGLTOWAZLEN R TRILAS.

6.F & H

ENHFMBIZIBITIBFORELAELT, KEH
HEMAILNTE-. RFAMEZIEHBRICH>T
BREORRDIBFEIFEMICREL TS, BIEIH
STHREOEBEMNFETIHE, WHEMNMILALELT
WARWETLRE DT LITRBRIEV. KB 1176 )5 OfF
LA N LR BEOIL LRV, REOEE S A
BB RERERFELELTNS.

7. HEME

HEORELHBISEOBEFERSEDIZ, BE,
AEOHBERFMEOR ETE MBI BANELER
LT3, ECRA_ZHEOREDRZIFRFICLS
LD, HANTHBELREDOREFFEICESL 05
KCEBRT—IRELNILOLMBFEL TN, Ei, F
PO ZELILRNLOBREARDLENDS.

URLLLEEDOMBEORELEVIAALT, &
BT NVERELZMBHREICOVWTLEELZ ML
ToNEZE 2 TS,

2

ZECOH, T — AERIHAAWEEEELE
HEBOBRITBRMP L LT ET. $2, B Lo
BHRATLEDF 2 1Z1XG.LSICE AR B IzE K
BT AN EEL. /IMAREET SLE B /NER D
HAKE REEHEAICIIEEFHBLEF AMBEEE
Wi RICOWTRE AT B W& EL. EHS8
EFREFNEAF A —K@EEHR), LAFBEK
(FHa—RFERER ER)) KRB AL TR
Flio. ZTICRLTERICESBILBL ETET.

BE X

1) BAEBBS DEREIICETIMEE TR R
HE, PRSERE.

2)FHEER: BAEFHERE, ERKXKFHIR
£:,1988.

BFERFEK DAEHOENMEBHRE KR, BEX
BRMS, FH64E.

HEWRBRAS : (FR]AERDOENE-SMREE
B, RKFEHRRS:, 1991,



74 BRERFA - Mk ¥ - HRHC - 3RS - BE - HERR -5 8

S)SEHBRM B FRBBOBKRMBLHBERO
WEEME, HRES R THEE,C11-12,1990.
6){H SREM : RENERRMANBORBAE, HE

F LT H45,C11-13,1990.

NDEMREFEHOMBEFIREZ B S  KHMEDE
MOARE, HEHAREE, 1994.

AR EM : BEL LABWNEO-HDOMET
FAREIFEAF, EHENE, 1997,

9) Joyner, W. B. and Boore, D.M. : PEAK HORIZONTAL
ACCELERATION AND VELOCITY FROM STRONGMOTION
RECORDS  INCLUDING RECORDS FROM THE 1979
IMPERIALVALLEY, CALIFORNIA, EARTHQUAKE ,
BSSA, 1981, Vol. 71, No. 6, pp. 2011-2038.

10) E IR KA ST RSB OB B RS ICH LN

LHREIARME, KA BTRIZCAT 8, #7515, 1996.

11) REFRAEEREDHBP KR  REFR MR K
EBAEREE, BMM614E.

12) WilE B EXeFEEih, REFRBESR
=V 7 EBE, TRE64E.

13) BERE JEWEEHL, (SR8 H FH, 19964
4H 98 Xy,

14) FREFH Afth: EXFME (1847) I2BTHBFO
#E, HI2E MM T EMERRE, 574,19974
78 ,p1151~pl152.

15) RS A TS HE (1847) ITBITABFD
WE~T - MAERR LIV —Yar~, R
AHBELIKFKRSE, C55,1997494.



