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In the early morning of March 38, 1933, about half an hour afier
a very strong carthquake that occurred at 2"81™ a. m., the Pacific coast
of Sanriku (the three provinces), co- sisting of the prefectures of Aomori,
Iwate, and Miyagi, were visited by tunami. As these regions consist of
hard Palaeozoic, Mesozoic, and voleanic rocks, the earthquake itself
practically caused no direct damage, but the tunami did extensive damage
by washing away a large number of houses and boats and killing a
number of people.

Such tunamis that accompany seismic phenomena are believed to
be a long wave,” resulting from extensive topographic changes occurring
on the sea floor. In fact the wave lengths and periods of these tunamis
are comparatively long. In the recent tunami the period was observed
to be from 10 to 20 minutes. When a wave of this kind advances
to fairly shallow places it is only natural that the wave height should
increase and that its form should change, provided of course that the
cnergy of the waves remain undiminished.

When a tunami propagates, the motion of the sea water, just as in
the case of an ordinary long wave, is parallel to the direction of pro-
gression and is the same for every particle in a vertical line. Conse-
quently, if we pay attention to only certain parts of the wave, it appears
like water flowing with a fairly large velocity, but as its wave length
is extensively long, it is nothing more than an extensive region of
water flowing uniformly;” so that vessels out to sea are seldom feel the
wave motion.

1) The wave velocity of long wave is given by a/g/, where g is the acceleration of
gravity and 4 is the depth of the seca.

- 2) The velocity of water particles is given by v= l/— », where g is the acce-

leration of gravity /. the sex depth, and y the wave height. For instance, let 2=100m
and 7=10", then p=3m/sec,
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In considering a wave of this kind that has reached the shore,
although a flow, such as mentioned above, could exist out to sea, at the
shore where there is a limit to further wave motion and the reflection
of wave occurs, there can be no more flow and the only motion possible
is rise and fall of the water level.”

In the case of coasts indented with bays, as in the Sanriku, when
the waves enter the bay the wave height may increase or decrease ac-
cording to the depth and other characteristics of that bay, as indicated
by the actual observations. But in any event, so long as the sea at the
shore does not overflow the land, all that will happen is rise and fall
of the sea level.

Tt must be said however that the wave velocity in shallow places,
becomes a function of the wave height, just as we see at the sea shore,
and on this account the crest of the wave travels at a relatively heigh-
er velocity than that of the trough that proceeds it, and the wave slope
gradually increases its inclination to such a extent that it breaks, in
which case & flow towords the shore can be considered. But the places
where the tunami does not reach so great height, these phenomena do not
come into the question at all. Even in the case when only a rise and
fall of the water level occur at the shore, a flow shall be produced by
the overflow of the sea water upon the land.

Examinations made of districts devastated by the recent tunami,
vividly brought out the fact that damage to buildings and other struc-
tures was caused by the water height and water velocity of the over-
flow of sea water” upon the land: the latter is in fact most intimately
related to the damage to houses. If there are any space which is to be
filled up by the water then the water moves towards it and the flow
is occurred. We have noticed many facts that the houses that stood
where a flow formed were destroyed or washed away, whereas even
houses adjoining it but which had hillocks behind it, owing to there
being no space for the water to fill up were practically undamaged. At

3) This phenomenon is equal to such case as when we observe an ordinary seiche
of a bay or lake at the shore. In this case we can notice only the water level rising
and falling.

Mr. T. WATANABE, engineer of the Department of Railways, who was standing on
a high hill and witnessed the tunami at Odawara in the time of the great Kwantd
eathquake of 1923, likens the tunami to the water in a cup gradually tilted.

4) In Chinese, tunami is called as “hai-i” (J4iéd), the meaning of which is over-
flow of the sea water.
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Ootuti, Yamada, Rybisi, Kamaisi, Hongd (Téni), etc., in particular, where
the tunami was not so high, the phenomena just mentioned was more
clearly evident than elsewhere. This is noticed also in the case of the
tunami that visited the same region on June 15,1896, and upon comparing
the two tunamis the local distribution of damage is found to be very
similar. In both cases, houses build in the places that have no back
spaces for the water flow to, suffered least. If, as has been frequently
believed, the flow had come in from quite a distance out to sea, then
every house would have been damaged in the same way and to the same
extent regardless of the character of the topography behind them.

The elements of the damage that tunami cause to structures are, as
has already been said, water height and water velocity. When a combi-
nation of these two elements cxceed a critical state, damage results.
Although the maximum height of the tunami may be known from
traces left on piers, walls, buildings, ete., there is nothing to enable us
to know directly the velocity with which the water flowed, so that all
we can do is to estimate it with some assumption. ’
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Fig. 1. Relations between the wave height and the velocity of
overflowing water: & the wave height, v the velocity of
overflowing water, 8 the inclination angle of the land.
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Let us now consider the case when the sea overflows the land simply
as the result of the rise in level of the water at the shore, and try to
ascertain what velocity the water would develop. For simplicity, we
shall regard the problem as one-dimensional, and as shown in Fig. 1,
suppose that the sea overflows the land which has the angle of slope 6,
and that the condition that the sea always maintains a horizontal level
is not disturbed. Then letting d¢ be the time in which the level rises
dh, and v the velocity of the water at the distance of v from the place
reached by the water, then we get the following relation,

rdh=wvdt-x tan 6,
whence : y=cot @ dh .
dt
The velocity of the water v is independent of z. And the smaller the
angle of slope and greater the velocity with which the water rises, the
greater will be the value of .

We shall now select for illustration what we observed at Kamaisi.
Although at Kamaisi the tunami advanced and receded several times,
the level reached its highest point at its second onslaught, and was 3-9m.
higher than the normal sea level at that time, while its period is under-
stood to have been 10 minutes.

Assuming now the change of sea level at the shore of Kamaisi to
be of the harmonic type, we shall after substituting numerical values
into the above equation, graphically express the relationship between the
water velocity » and its height h with respect to various values of 6, sce
Fig. 1. The road on the Kamaisi waterfront stood 1-4 meters above the
sea level at the time of the tunami, so that this height substracted from
I, gives the tunami height above the road on the waterfront. It was
possible to know the maximum height attained by the tunami at this
place by the large quantities of sardine fertilers adhering to the various
structures in the town, which had been drying near the waterfront at
the time of the tunami and were carricd there by the water. The
numerals in Fig. 3 denote the maximum heights of these marks left by
the waters as measured from below the foundations of houses and other
structures, and since we may regard that when the water height attained its
maximum the water surface was in the condition of perfect horizontal level”,

5) According to Mr. Nasu's determinations, the height of the water in the middle
of the town of Kamaisi itself was somewhat lower than at the beach. In this paper it
is presumed that the maximum height of the water was everywhere the same. See
Nasu’s paper in the same volume.
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Fig. 3. Distribution of water height at Kamaisi.
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we can get an idea of the topography of the district by reasoning back-
wards from these numerals.

According then, it follows that angle of slope ncar the Kamaisi
waterfront is about 1/50. Then from Fig. 1, it may be deduced that
the velocity of the tunami at Kamaisi was at maximum about 1 m/sec.

'Fig. 2 gives the distribution of damage at Kamaisi. As will be
seen from the figure, the number of houses demolished equal the number
of these that were not. From this it may be concluded that the power
for demolition of structures was near its critical limit, so that a struec-
ture was demolished or not according as conditions exceeded this limit
or otherwise. According to I'ig. 2, the stone, brick, and mud structures
escaped damage. Moreover, the wooden houses that stood on the places
where the ground is relatively high and accordingly the water was low,
or those that received the water of low velocity, owing the presence of
such a structure as stone building in the behind, escaped demolition.

In Fig. 8, parts A and B are depressed ground and the water was
high compared with their vicinities, so that the houses in thesc places
are severely damaged. At C and D, owing to the presence of stone
structures behind it, the velocity of the water was curbed to a certain
extent, so that they escaped demolition. '

Tt follows from the foregoing that the wooden structures reached the
critical state owing to the water having reached a height of 2 meters
and were demolished with such small water velocity as of the order 1
m/see, whereas most of the stone and brick structures were quite safe.

The above is a discussion based on the effects on structures due to
the tunami, in which the process of inundation was supposed to be
extremely slow, and the water level at all times maintained horizontal
plane. In practice, however, when we deduce the velocity we should
take into account the depth of the water and the inclination of its level,
and bottom friction. And for this purpose the hydraulic formulas of
Basin or Cutter are usually employed.

According to DBasin

8 _yrr,

V=
Y

1+ 4=
VR
where o is the water velocity, R:% (here A is the sectional area of the

water channel and S the length along the bottom in the section vertical
to the flow) which, in our casc, corresponds to the depth (I7); I=the



2] Tunami as a Phenomenon of Sea Water overflowing the Land. 23

inclination of the water surface, and y= a variable coefficient for rough-

ness of the bottom, ranging from 065 to 1-65. If now we neglect V%
we have ’
v=87Xx VH]I,
and puting v=1m/fsec., H=2m., the inclination of the water surface I
becomes approximately 1/15,000, and may be regarded as a perfect hori-
zontal plane. In other words, in the case of the velocity of the tunami,
until it reaches a number of meters per second, the surface may safely
be regarded as level. In the onslaught of a tunami, so long as the
waves are not very high, there is practically no change in the wave
form ; it advances without forming any breukers, and if we observe
tunami at one spot there is only the phenomenon of gradual rise and
fall of the surface. And even if the waves are very high, since a tunami
wave is exccedingly long, there is no such breaking up of the entire
waves as we see at the sea shore in the cases of ordinary sea waves?
and as in the tidal bores of Whangchow® in China, only a front part
of the wave surface break. But the places where this condition prevailed
is confined where the water was very high or where the ground had

very little slope, such as along rivers.

Since as just mentioned, the damage from a tunami depends on the
height attained by the water and its velocity, in order to avoid its effects,
high ground needless to say is the safest place for residence, and it would
be dangerous to build on ground with very small slope.

It is a great pity that in the Sanriku region, owing to the particular
topgraphy, most of the large towns stand where the ground is low and
the slope gentle. Since in the event of a future tunami, all the pheno-
mena above mentioned are likely to be repeated, the facts observed and
here discussed should be borne in mind if a repetition of the disasters
is to be averted.
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