27 2012 15-26
2010/11/04 2012/05/31

(1707) ( )

The Percentages of Collapsed Houses Caused by the 1707 Hoei Earthquake in the Three Districts
(Kitagumi, Minamigumi, Tenmagumi), Osaka City

Takeshi NAGAO
Tennojicho minami 3-8-9, Abenoku, Osaka, 545-0002 Japan

On Oct. 28", 1707, (Oct. 4™ in the fourth year of Hoei), the Hoei earthquake (M 8.6) occurred. It is still one of the most
powerful earthquakes ever recorded in Japan. It is believed to have resulted from the simultaneous occurrences of
the Tokai and Nankai earthquakes. This paper examines the percentages of collapsed houses caused by the Hoei
earthquake in the three districts of Osaka City. Firstly, I’ve summarized the damage in Osaka based on 15 historical
documents. The document “Ofure oyobi Kudatsu” (“Official Notice and Verbal Notification™), which was issued by
the Bugyosho (magistrate’s office), records that 1,061 houses collapsed in Osaka City. However, “Getsudo
Kenbunshu” records the much larger figure of 10,620 collapsed houses. | interpreted the smaller figure as including
houses facing streets only and the larger as also including many tenants’ houses built in back alleys in addition to
street-facing houses. The percentages of collapsed houses facing streets in the three wards of Osaka City are calculated
as follows: Kitagumi was the highest at 9.3%, Tenmagumi was second with 5.5%, and Minamigumi was the lowest
at 4.2%. Osaka City as a whole was 6.1%. The percentages of collapsed houses including tenants’ houses were 1.9
times higher than these figures: Kitagumi, 17.7%; Tenmagumi, 10.5%; and Minamigumi, 8.0%. Osaka City as a
whole was 11.6%. Next, | estimated seismic intensities of the Hoei earthquake in the three wards based on the
relation between the number of collapsed houses and seismic intensities in two other historical earthquakes that
damaged Osaka: the Nobi earthquake in 1891 and the Ansei Tokai-Nankai earthquake sequence in 1854. The
JMA seismic intensities of the Hoei earthquake were inferred to have been higher than those of the others, as it
included many more collapsed houses, and they are estimated at 6+ in Kitagumi, and 6- in Minamigumi. On the
basis of the above results, | proposed the general relation between the rate of collapsed houses and seismic
intensities. The percentage of completely collapsed houses facing streets that corresponds to JMA seismic intensity
7 is >15%. The smaller tenants’ houses were not built as robustly, so the percentage of collapsed houses including
tenants’ houses that corresponds to JMA seismic intensity 7 is >30%. In Osaka City, many houses were damaged in
the western area of Nishiyokobori River, where the thickness of soft alluvium is from 10 to over 20 meters. The area of
soft soil was largest in Kitagumi, where the rates of collapsed houses are also largest. In Minamigumi, the area of soft
soil was smallest of the three wards, and thus Minamigumi suffered less severe damage. The percentages of
collapsed houses in the three wards correspond well to the area of alluvium occupying each ward.

Keywords : Historical Earthquake, Hoei Earthquake, Percentage of Collapsed Houses, Seismic Intensity, Osaka City.
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Table 1 Summary of damage during the Hoei
earthquake in Osaka as recorded in 15 documents.
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Table 2  The percentages of completely collapsed
houses which faced the streets in the three districts
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Table 3 The population of Osaka City at different
times in the Edo era.
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Table 4 The percentages of completely collapsed
owners’ and tenants’ houses in the three districts of

Osaka City.
17.7%
8.0%

10.5%
11.6%

§ 4.

4.1

4.1.1

— 30
( )

(2007)
5
4
1.
2,
9.2% 5 (2005)
5
3,
3

4,
3
579

115

-20-



4.1.2

(1707.10.28)

(1854.11.4 11.5) (1891.10.28)

€y
3 3
5 5
[ (2010)]
4 5
2
83
(1976) (2003) :
5 6
5 6
©)
1,061
10,620
6
6
6
413
()
( 9.3 ) 6 (
4.2 ) 6
5
( 55 ) 6
6.1 ) 6
2
( 177 ) 6 ( 8.0 )
6
6
( 105 ) 6 (

116 ) 6

5
Table 5 The relation between the rates of
completely collapsed houses facing streets (Y) and
seismic intensities.
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Table 6 The relation between the rates of completely
collapsed owners’ and tenants’ houses (Y’) and
seismic intensities.
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Fig. 1 Map of the three districts of Osaka City in 1703(the 16" year of Genroku).
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Fig. 2 Map of the landform classification of Osaka.
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