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SUMMARY 
 

In Japan, there were many historical big earthquakes and remained the historical documents concerned 
to the damages of traditional wooden houses, landslips, liquefactions and tsunami etc. Recently, these 
documents of historical big earthquakes are remarkably important for the estimation of epicenter, source 
mechanism and seismic intensity distribution for the next predicted earthquake.   The 1847 Zenkoji 
Earthquake, estimated magnitude is 7.4JMA, occurred along to the west edge of Nagano Basin active fault 
system located just under the Nagano Basin and many houses were completely collapsed inside the basin.       
Fortunately, the specific damages, collapse of temples and large scale landslips, are possible to identify 
the exact location.   So, we could use these damage information in order to evaluate the seismic intensity 
distribution in Nagano Basin. 

In this paper, seismic investigation is made by the damage of temples near the source of the 1847 
Zenkoji Earthquake. Peak horizontal accelerations near the seismic fault are found as a function of 
magnitude and distance following Joyner and Boore’s attenuation relation.    As a result, distribution of 
damage of temples is obtained in a relation with ground acceleration.   The difference of seismic disaster 
is significant for the east and west sides of the fault, and this fact may be attributed to the effect of thrust 
fault in which the west side is over the east side.   So, finally we thought that it’s very important to 
estimate the seismic intensity distribution and to evaluate the strong motion characteristics considering 
source and ground conditions.   Then we used the multiple-source model in order to investigate the 
maximum acceleration distribution due to the Zenkoji Earthquake. Using several assumed fault 
parameters and trying to simulate in the several cases, finally, the simulated result of maximum 
acceleration distribution is well agreed with the evaluated seismic intensity distribution from the damages. 
 

INTRODUCTION 
 

In Japan, since the 1995 Hyogoken Nanbu (Kobe) Earthquake occurred, it has been pointed out that 
the seismic characteristics of an individual active fault in the near region where the structure will be 
constructed must be considered about the influence of the strong seismic motion caused by the active 
fault.                  



Then, the location and information on the activity of active fault are examined, and the research on 
presuming the reasonable seismic strong motion for the consideration on earthquake resistant design is 
advanced.   In such a background, we are paying attention to the 1847 Zenkoji Earthquake (MJMA=7.4, 
epicenter 138.2°E, and 36.7°N) which had caused devastating damage distribution in Nagano Basin, and 
are doing a basic research for the presumption of the seismic strong motion concerned to the assumed 
active fault.    Hattori et al. [3] xamined the damage of temples in the area of source region, Nagano Basin, 
and on the basis of the results, we observed the microtremors of the main temples located in the near 
region to the seismic fault caused by this earthquake, and had investigated the relation between the 
microtremor characteristics and the damage of the main temples.    On the 1847 Zenkoji Earthquake, 
Usami [1] investigated the degree of damage and the distribution of damaged wooden houses, and Sayama 
et al. [2] investigated the distribution of the seismic intensity and landslips.    On the other hand, Bouchon 
[5] and Kawase et al. [6] pointed out that the seismic motion was amplified by mountainous land form in 
the near source, using the observed record and the theoretical analysis. 

In this paper, as the first step, we regarded the earthquake fault confirmed in the surface of ground as 
the assumption of seismic fault, and examined the relation between the damage distribution, the landslip 
and the damage of the main temples, and the distribution of seismic intensity, using the acceleration 
intensity by the attenuation relation of Joyner and Boore [7] (JB relation and henceforth abbreviation) and, 
as the second step, we investigated the simulated result for the intensity of seismic motion by the multiple 
source model. 

We thought that the main temple was a considerably effective structure when we presumed the 
seismic motion by occasion of the following:  
(1)Many temples are widely distributed in the investigated region, Nagano Basin. 
(2)The structural feature of the main temple is mutually similar. 
(3)The reliability of information concerning the damage of the temple is considerably high. 
(4)The main temple can be considered as a seismograph that exists since the past. 
(5)The response characteristic of the existing main temples can be presumed by the vibration observation. 
 
 

EARTHQUAKE FAULT CONFIRMED IN THE SURFACE OF GROUND 
 CAUSED BY THE 1847 ZENKOUJI EARTHQUAKE 

 
     Fig.1 shows the West Edge of Nagano Basin Active Fault system (WENBA and henceforth 
abbreviation ) and active faults in Nagano Prefecture, and Fig.2 shows the earthquake faults caused by the 
1847 Zenkoji Earthquake.    The earthquake faults are confirmed along 
the east edge of WENBA from 138°E to 138.5°E.  Nagano basin was 
formed with WENBA which has the thrust-fault type.    WENBA’s 
total extension is assumed to be about 50km and more.    Akahane [8] 
pointed out that the concerned fault system was formed in the latter 
half of the Quaternary, and that the faults located in the mountainous 
district side are older, the faults located in the basin side are newer at 
the formation time.     Moreover, Nishina et al. [9] describe that the 
active faults which had moved after 30,000 recent years ago is located 
mainly in the east edge part of this fault system.     From the boring and 
the trench survey in this earthquake fault, Awata et al. [10, 11] 
presumed that the return period of the Zenkoji Earthquake are about 
950 years, and that amount of up-and-down displacement due to one 
earthquake was about 2 or 3m.    In these earthquake faults, the relative 
displacement in which the northwest side roughly upheaves and the 
southeast side subsides is recognized.    Therefore, we think that the 

 
Fig.1 Active faults in Nagano 

prefecture and the West 
Edge of Nagano Basin 
Active Fault system 



structure of the seismic fault is a thrust fault 
type, namely, the west side where is mountain 
region is a hanging wall, and the east side 
where is Nagano basin and Iiyama basin is a 
foot wall. 
 
 

DAMAGE OF TEMPLES IN THE 1847 
ZENKOJI EARTHQUAKE  

 
   We carried out the questionnaire survey of 
damages to 624 temples which are distributed 
in the northern region of Nagano Prefecture 
where WENBA are closely existed.    And then, 
there were answers from 278 temples, and as a 
result, 123 answers were uncertainty, and 155 
answers were effective among those answers.    
The breakdowns of the effective answers 
concerned to damage of the main temples are 57 
collapse (heavy damage), 17 half collapse 
(middle damage), 11 partial collapse (slight 
damage), and then 70 few damage (almost no 
damage).   Fig.3 shows the distribution of 
those damages.   In this figure, there is a 
remarkable tendency in the both sides of the 
earthquake fault, that is to say, the heavy 
damages are distributed in the west side and 
almost no damage are distributed in the east side.    This tendency is harmonically similar to the damage 
distribution of the houses examined by Usami [1].  
     It is thought that this tendency corresponds to the movements of the hanging wall (west side) and the 
foot wall (east side) in the thrust fault caused by the 1847 Zenkoji Earthquake. 
 
 

  LANDSLIPS AND COLLAPSE OF MAIN TEMPLES 
 
   Fig.4 shows the distribution of the landslips and the damage of the main temples.   In Fig.4,  symbol 
indicates a landslip caused by the concerned 
earthquake reported by Sayama et al. [2], and the 
bold line indicates the earthquake fault confirmed 
in the surface of ground.    There are a lot of 
collapses of the main temples and landslips in the 
area from the southwest end of the earthquake 
fault to the location at 138°E.    We investigated 
the temples in this area, and then we confirmed 
that the main temples in five places were 
collapsed by the landslip.    These collapsed main 
temples in five places were shown by symbol .    
The landslips occurred on both sides of the 

 
Fig.2 Earthquake fault caused by the 1847 

Zenkoji Earthquake along to the WENBA 

 
Fig.3 Damage distribution of main temples 

 
Fig.4 Damage of main temples and landslips 



earthquake fault at the vicinity of the northeast end of the fault because this area is located in a 
mountainous land form.    Furthermore, the landslips are concentrated on the Joetsu district in the north 
(north of the Nagano Prefecture boundary), but it seems to be more difficult to distinguish the landslip 
caused by the 1847 Zenkoji Earthquake from the different one caused by the earthquake of the Echigo 
Kubiki District which occurred five days after the Zenkoji Earthquake.    In Fig.4, a lot of landslips can be 
seen on the west side of the earthquake fault as well as the damage distribution of the main temples 
indicated in Fig.3. 
 
 

    DAMAGE OF MAIN TEMPLES AND SUPPOSED SEISMIC STRONG MOTION 
 
Consideration by the attenuation relation 

We supposed that the earthquake fault is 
constituted by a linear seismic source, and using 
the JB relation, we calculated the maximum 
acceleration values in consideration of the 
ground characteristics.   Fig.5 shows the damage 
of the main temples and landslips with the 
calculated result of this acceleration values.   
The acceleration values are estimated more than 
800 gal in very near site to the source, supposed 
by a linear seismic source.   In the area of the 
estimated maximum acceleration range of 440-
800 gal, many collapses indicated by symbol  
are distributed on the west side of the linear 
seismic source, and inversely, many almost no 
damage indicated by symbol  are distributed 
on the east side.   The calculated distribution of 
acceleration values by JB relation is not so well 
corresponding to the damage distribution.  
Moreover, although the east side of the 
earthquake fault is a basin consisting of 
comparatively soft drifted layers, the damage is 
more negligible than the western mountainous 
area, and, according to this result, we thought 
that the ground conditions are not reflected.   
Therefore, it is necessary to consider the seismic 
source of the thrust fault type that the west side 
of the earthquake fault is the hanging wall and 
the east side is foot wall, mentioned before as 
the fault movement of WENBA. 
   From these results, we think that the damage 
distribution can be explained by considering the 
extent of the source fault and souse mechanism. 
   Although the calculated value of acceleration 
are estimated only 250-440 gal in the vicinity of 
area at 138°E on the west side of the southwest 
end of the linear seismic source, the collapses of 
main temples and landslips are distributed.   

 
Fig.5 Assumption of earthquake strong motion by JB 
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Fig.6 Geographical features in the vicinity of cross section 

 A-C-B 

 
Fig.7 Cross section A-C-B along to the mountainous 

 geographical district 



Bouchon [5] pointed out that the seismic motion could be theoretically amplified on the ridge and the 
slope in the mountainous land form.   Further, he explained that the maximum acceleration value 1.25G 
recorded at the Pacoima dam in the 1971 San Fernando Earthquake was due to the amplification about 30-
50 % by the influence of the irregular land form.   Moreover, Kawase et al. [6] pointed out that, on the 
earthquake (1987,M=5.9) which occurred near Los Angeles, the heavy damage caused in the hill zone 
being 8-10 km away from the seismic source was due to the influence of amplification by irregular land 
form. 
   Then, we examined the configuration of the ground in the west side mountainous area of the Nagano 
basin.   The cross section A-C-B of mountainous land form is shown in Fig.6 and Fig.7 as an example.   
The point A located at the west end of the Nagano basin, and the point C is a location where many 
collapses of main temples including the collapses due to the landslip are distributed.    The point C is 
located about 6km away from point A, and is about 400m higher than point A.   According to this cross 
section, we thought that the reason why the collapses are caused in the area where 5-10km far from the 
supposed seismic source is due to the amplification of seismic motion by the influence of the mountainous 
configuration and the surface structure of the ground. 
 
Investigation by the multiple source model 

In this study, we thought that it is very important to use the multiple source model [12][13] that the 
circular clacks are uniformly distributed on the rectangular fault plane.    And we used the specific barrier 
model considering the complexity of the fault movement due to the inhomogeneous rupture strength. 
 

(1) Multiple source model  
The rectangular seismic fault plane is constituted by plural small faults indicated in Fig.8, namely, 

circular cracks, and the gaps of these circular cracks indicate the barrier for rupture propagations.  And the 
rupture propagation on the fault plane is realized by continuous rupture propagation of the circular cracks 
on the fault plane.     The characteristics of 
Fourier Spectrum concerned to the acceleration 
wave form generated from each circular crack is 
calculated by equation (1) and then the element 
strong motion synthesis is performed by Inverse 
Fourier Transform by using random phase 
spectrum.  Finally, the total wave form of strong 
motion considering the contribution of all 
circular cracks is simulated by superposing the 
every element strong motions taking into 
account the time lags of the rupture propagation 
on the fault plane. 
 

{ } )()4/()( 3
0 ωπβω ArFA S=                   (1) 

 
where,  

 

)(0 ωA  : Fourier spectrum of acceleration wave 

 Fs : Radiation pattern of S wave by double couple point source 

 )(ωA  : Fourier spectrum of acceleration wave due to circular crack 

 β  : S wave velocity of source layer 
 r : Hypocentral distance 

 
Fig.8 Assumed multiple source model 



(2) Analytical condition 
At the fast, we estimated 

and assumed the fault 
parameters, the seismic source 
process of the fault plane, and 
the underground structure of the 
calculation points.    The fault parameters are shown in Table 1. Fig.9 shows the assumed contour line of 
the stress drop.    The underground structure of the calculation points was assumed to be the two layers 
structure consisting of the both layers, that is the surface layer shallower than the engineering judged 
basement and the deep underground structure to the seismically judged basement which is deeper than the 
engineering judged basement.    The seismic strong motion were simulated by using this multiple source 
model.    Using the sevral sets of the fault parameters and source mechanism, we performed the simulation.   
Finally, the source model which harmonized with the damage distribution was chosen compared with the 
maximum acceleration distribution and the damage distribution of the main temples.    Fig.10 shows the 
fault location and the calculation points. 
 

(3) Result of analysis 
     Fig.11 shows the calculated maximum acceleration distribution.    In the calculation results in Fig.11, 
the very large maximum acceleration values which is more than 1G are indicated from the center part of 
Basin toward the northeast direction.    As this reason, it is thought that the large acceleration values, more 
than 1G are due to the evaluation of slightly bigger stress drop which is estimated from the maximum 
dislocation, and also due to no consideration of the non-linearity of the surface ground layer.    However, 
there is an corresponding tendency of the distribution in the area where a lot of damage of the main 

Table 1: Assumption of fault parameters 

 

S wave 
velocity 

β 
(km/sec) 

Rupture velocity 
Vr=(7.2β) 
(km/sec) 

Rudius of 
circular crack 

ρ0 
(km) 

Unit weight of 
source layer 

ρ 
(g/cm3) 

Rigidity of source 
layer 

µ (=ρβ2) 
 

Zenkoji 
Earthquake 

3.00 2.16 2.5 3.0 2.7x1011 

１３８° ７’５４” 

３６°３５’４８” 

１３８°２３’１９” 

３６°５３’ 0” 

１３８°１８’ 

３６°４３’ 

1 

Ａ 

2 3 4 5

6 

7

8 

9 

10 

11 

12 

13 

14 

15 

Ｇ Ｆ Ｅ 

Ｄ 

Ｃ 

Ｂ 

Ｈ Ｉ 

21 

20 

19 

18 

17 

16 

26 

25 

24 

23 

22 

Ａ 

Ｂ 

Ｃ 

Ｄ 

Ｅ 

Ｆ 

Ｇ 

Ｈ 

Ｉ 

2.5ｋｍ 

2.5ｋｍ 

・・・断層の位置 

・・・計算点の位置

 
Fig.10. Location of assumed fault line and calculated 

points of strong motion due to Zenkoji 
earthquake 

 
Fig.11. Distribution of maximum acceleration value due 

to Zenkoji earthquake 

 
Fig.9. Contour line of assumed stress drop amount on 
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temples are existed and in the erea where the large mauximum acceleration values are calculated.               
Therefore, according to the simulation, we think that it is effective to consider seismic source process in   
case of evaluating the distribution of the seismic strong motion, namely the seismic intensity in the 
Nagano Basin.    Ohno et al. [14] proposed the concept of the equivalent hypocentral distance, and 
evaluate the seismic strong motion near to the source in consideration of the shape of the seismic fault. 
 
 

CONCLUSION  
 

In order to evaluate the seismic intensity distribution in Nagano Basin due to the 1847 Zenkoji 
Earthquake, we investigated the damage of the main temples, and referring the related studies which had 
done by Usami, Sayama et al.,Bouchon, Kawase et al., and Ohno et al., we performed the analytical study 
used by multiple source model.  The results are summarized as follows: 
(1) It is thought that the feature of damage distribution which is different in the west and the east sides of 
the fault concerns to the source mechanism of the thrust fault type. 
(2) It is thought that it is effective to consider the damage distribution in the 1847 Zenkoji Earthquake in 
consideration of the extent of the seismic fault. 
(3) As one factor, it is thought that the collapses of the main temples and landslips happened at the same 
time in the western mountainous area are due to the seismic motion amplified in the mountainous land 
form in addition to the unstable geological features. 
(4) As the result of the simulations by using the multiple source model, the characteristics of the seismic 
strong motion due to the 1847 Zenkoji Earthquake was shown to be corresponding well between the 
distribution of simulated intensity and the distribution of the damage of the temples and landslips. 
      Finally, we think that a good forecast of accuracy will be possible due to considering the influence of 
the geometrical irregularity of underground structure, and to setting a more accurate analytical condition 
related to the Nagano Basin geometry including seismic source model. 
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