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Fig. 1. Distribution of damaged houses in Higashi-Asaba Village, Iwata County.
Black and half-black circles denote the totally collapsed and half collapsed
dwelling houses, respectively, while circles denote undamaged ones.
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Table 1. Statistics of damage to dwelling houses in different subsoil conditions.
Column 1: subsoil: 2: region; 3: total number of families; 6-i: number of totally
collapsed houses; 6-ii: number of half collapsed houses;
7-i and 7-ii mean and maximum percentages of the same respectively.
Row A: clayey, B: gravel, C: sandy, D: diluvial or R:rocky foundations;
2 sum or total.
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Fig. 19. Collapsed houses in the Kakegawa Town, showing that the houses at street
corners, facing both of front and side streets, were destroyed markedly.
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Table II. List of the towns and villages for which the total numbers of families
in them at the time of the earthquake could not be known. The data at later
epochs from various sources are tabulated.
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o () G 1) (7) )
1156 3 W # 425 1950.9 358 — 424
2046 @ B & 530 1948.3 423 — 535
3|48 5 A K 452 1948.3 372 — 451
4|49 14 L omr 810 1950 626 660 855
5|50 A% WK 576 1950.8 478 478 —
6|61 M B K 324 1950 299 — 332
7166 #x m oy 7,024 1950.1 5,254 - 6.976
8|70 s m &t 359 1950 295 — 362
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14. Study of the Relation between the Subsoil Conditions and the
Distribution of the Damage Percentage of Wooden Dwelling
Houses in the Province of Totoms: in the case of the
Tonankair Earthquake of December 7th, 1944.

By Syohachi O0BA,
Kikugawa-Kita Middle School.

Since old times the dependence of earthquake intensity on the subsoil condition has
been well-known in this country. In compliance with the national postulation to promote
the building of rational and economical earthquake-resistant structures throughout our
land of earthquakes, the study of the foundation coefficient for the enhancement of earth-
quake intensity due to the subsoil condition has been undertaken from various points of
view by many scientists and engineers. Most reliable and direct data have been obtained
from the observation of the earthquake intensity in actual large earthquakes in the
locality. Relative intensity of an earthquake can be inferred from the difference of
dynamical effect on the same kind of physical system. As Japan is very densely populat-
ed, the dwelling house is one of the most prevalent objects throughout the country, and
in addition its mode of construction is almost identical within a certain area. Actually
the frequency distribution of the strength of wooden dwelling houses in our country has
been proved to be normal in many instances. Therefore, the percentage of houses destory-
ed to a certain degree in a locality may be deemed to be the best measure of the mean
intensity of the earthquake in the locality. If we take, therefore, the area of a locality
properly, we can obtain reliable mean intensity for a place of a given subsoil condition.

With these considerations in mind, the writer collected the statistical data on the
damage of houses in each hamlet, that is the subdivision of a village or a town and con-
sists in the mean of about 90 families (houses) in the present area. Considering the
homogeneity of statistics, the percentage of totally collapsed wooden dwelling houses in
each hamlet was used in this paper. It is true that some confusion was introduced by the
uncommon official despatch from the prefectural government to enter only those houses
perfectly levelled to the ground into the category of the totally collapsed houses, in which
those houses still standing but irreparably damaged have been ordinarily included in
current practice and in some reports in the present case. But the ambiguity arising
from this is small in itself and much less than that seen in the classifications of half
collapse and other degrees of damage. On the other hand appendage houses to a dwelling
are too numerous in variety to be counted and studied statistically, while kinds of dwel-
ling houses other than wooden houses were almost nil in these areas. These are the
reasons why the writer adopted the percentage of the totally collapsed wooden dwelling
houses in this study.

The writer is a native of the province of To6tomi, where the damage due to the T6-
nankai Earthquake was severest as compared with the other provinces notwithstanding
the fact that the epicentral distance was not the shortest. It was between 150 km and
220 km from the epicentre located at 33.7° of north latitude and 136.2° of east longitude
by the Central Meteorological Observatory. The total number of totally collapsed houses
in the whole disturbed area is reported to be 26,130, of which the province of Totomi
shared 5,183 amounting to almost one fifth of the total. The dwelling houses half collaps-
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ed, burnt or washed away by the tsunami waves in the present area were respectively
5,529, 3 and 0 corresponding to 46,590, 12 and 3,059 suffered in the total disturbed area.
Although the writer does not know the accuracy of the epicentre determination, the
circumstances would not be changed so much for the true epicentre as to justify the extra-
ordinarily high damage in our province. In fact, this extraordinary severity of intensity
in the province attracted the writer’s attention and compelled him to study it closely.
The statistical data, sent to the writer through the courtesy of the village and town
offices or collected by the writer himself or by his friends are shown in the Table III
at the end of the paper. From these data the writer calculated the percentages of totally
and half collapsed dwelling houses respectively and tabulated them in the same table. The
percentage of totally collapsed houses are plotted on a geographical map of scale 1:50,000
and contour (isoseismal) lines of 80, 60, 40, 202, were drawn on that map (Fig. 4). We
see from the figure marked clustering of places of high damage amounting up to 1007
in the drainage basins of the rivers, Ootagawa and Kikugawa, while along the river course
of the Tenryii and Qoi the circumstances are entirely different. From these intensity
distributions we cannot find any direct dependence of the intensity on the epicentral
distance, so that we must seek other controlling factors. Since we cannot expect such a
particular pattern of energy radiation from the hypocentre, and seeing the marked relation
to geography and geology, we may conclude that it is mainly due to subsoil conditions.
From these points of view the area in question was divided into 10 regions as follows:

(a) Ootagawa Basin (C,, Go)

(b) Kikugawa Basin (Cy)

(c) Aluvial Area at the Foot of the Makinohara Plateau (Cp).
~(d) Alluvium near the Lake Hamana (C,, S))

(e) Tenryu Plain (G4)

(f) Ooigawa Fan (Gy)

(g) Gravel Deposit Area around the Mt. Ogasa (Gy)

(h) Coastal Sand-dune Area (S¢)

(1) Diluvial Plateau (D)

(j) Rocky Foundation (R)

The symbols C, S, G and R indicate clay, sand, gravel and rocky foundation respectively,
while the subscripts o, &, m, I, t, 1 and g respectively denote the region above mentioned.
Some detailed descriptions of the geological conditions of these regions are given and the
relation with the damage percentage of dwelling houses are discussed separately. Markedly
higher damage was experienced in the basin where clayey marsh deposits extend near the
low grade river courses, while on the diluvial plateau with a gravel layer or along high
grade river courses with gravel beds the damage was decidedly slight, as in the Makinohara
and Mikatagahara plateaus and in the Tenryl and Ooigawa regions. In the coastal sand-dune
area the damage was intermediate and on the rocky fundations the damage was negligible.
The statistics of the damage in these regions are tabulated in Table I.

The mean percentages for C, G, S and (D+R) regions were 26.1, 1.4, 3.5 and 0.2%
respectively. Some historical evidences on the development of specially weak formations
are given, and the thickness of the alluvial deposits as inferred from the depth of artesian
wells is also considered.

Seisimic activity in historical times in the present area and characteristic features of
the damaged houses are also described in some detail.



