6. Experimental Investigation on Prevention or
Damage of Tunami*

By Haruo MATUO,

Research Office of Public Works,
Department of Home Affaires.

(Read Jan. 16, 1934.—Received Dec. 20, 1933.)

In Bureau of Public Works, Department of Home Affairs, when
they consider the prevention of damages from future tunamis have under-
taken a model experiment as a means of preliminary investigation. The
experiment is now being carried out in Research Office of Public Works,
and the author here tries to explain some results heretofore obtained
which include the change of the height of the wave in a smooth sloped
channel, also in a channel with a baffle wall of different heights and
with a wall representing a break-water, the effect of the wheeling of the
wave and some others.

Here the results are only described, full discussion of the result
being expected after it will be finished.

From the results it is clearly understood that it is the predominant
factor to control the force which acts on the structures that where the
breaking of the wave takes place and what is the distance to the strue-
tures from the site of breaking.

Near the site of breaking the destructive power of the wave seems
enormously larger than the other sites.

Arrangement for Experiment.

The experiment was mainly carried out in a tank made of board
which has the length 10-6 m, the width 123 m and the depth 0-60 m.
(Fig. 1).
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Fig. 1. Water tank for Fig. 2. A long wave is generated
the experiment. in the tank.

#*  Communicated by N. Mononobe.



66 H. Marvo. [6

The water level in the compertment B (the width of which is nor-
mally 100 cm sometimes 80 or 200 cm) is initially higher than that of
A normally by 10 cm (sometimes 5 or 15c¢m) and by pulling up the
bulkhead board C (Fig. 1 and 2) a long solitary wave was generated in
the compartment 4. The winding velocity of the board C was 20 cm/sec.

Inside of the tank were painted white and at the distances 10, 20
or 40 cm. vertical scales were marked to facilitate the observation as may
be seen in the photographs of the Plates. Thus the readings were taken
sometimes from direct observations, sometimes from instantaneous photo-
graphs, mainly taken with a shutter of 1/100

sec., and sometimes from cinematographs with /,//H;o\'

16 mm. film and with the max. operating

e

speed 64 frames per sec. or 1/100 sec. for one He20 en
— i "y
exposure.
The Wave. ' H=20n

Examples of the waves in the experiment F
are shown in Fig. 3. These are the shapes H=10 en
of the waves at a distance x=225m. from 37 Geales
the board C (Fig. 1) and which is generated E%” A

under /,=80 cm, A" =15cm. at the depths = __ :

Fig. 3. Waves generated at -
40, 30, 20, and 10cm. TFrom the figure we the depths IT=40, 30, 20 and
read the heights and the lengths of the waves  10cem.
as follows

IT(cm) I (cm) I(cm) I/h
40 39 250 659
30 50 230 460
20 71 180 257
10 71 85 12°1

The propagation velocities of the wave observed at the crest in a
series of experiments are shown in the following table.

The record of Sanriku tunami on March 8, 1988, shows” that the
height is nearly 3'5m. and the length of the wave is nearly 17 km. at

1) Haruo MaTtvo, “Estimation of Energy of Tunami and Protection of Coasts,”
loe. cit., pp. 55-64.
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Depth | Initial head| Height of Propergation vel. (cm/sec.)
the wave Caleulated Calculated
I (cm) 1" (cm) 7.(cm) Measured by VoIl by]/g(ff +%)
40 15 39 1685 1980 2030
30 15 50 154'5 1715 1785
20 15 71 1450 1400 152'5
10 15 71 1290 990 1155

the month of the bays if we assume the mean depth at the month 60 m.
and the period of oscillation 11-5min. Comparing the scales with that
of the experiment the ratios arc roughly in the order of 1/7000 for the
length and 1/100 for the heights.

Experiment on Slopes.

Effect of the base slope upon the wave was first observed on 2 kinds
of slopes i. e. 1/20 and 1/40, as

3 120 - wave | |
shown in Fig. 4. R e 73 |
Observations were made upon i;? 7 5!‘405 rre 7;?‘1 1 .
the following subjects and the re- ™' Py
sults are shown in Fig. 6 and 7. e X

R Fig. 4. Arrangement of the slopes 1/20
L. The chang of the helght of and 1/40 on which the experiment was

the wave during the propergation  carried out.
on the slopes, the loci of the crest of the wave being shown in the
figures by broken lines denoted by L (See also Tigs. 20—25 in the
Plates).
2. The sites where “breaking ” of the wave takes place, denoted by
B on the h curves in the figures. (also Fig. 21).
3. The max. height the water
reaches when it runs up against the

vertical wall set at different sites as o I T —

of e wire
Lt isg R LAET JEUEL o o _{
! 4

: 3 ¢ h o~

shown in Fig. 5. These ar¢c shown '~ -
by full lines denoted by 4’ in the Fig. 5. Arrangement for the
figures. measurement of 7'.

4. The displacement of small floating waxes, originally set at the
«corresponding sites of the figure, during the first oscillation of the wave.
‘These are shown as d in the figure. In this experiment the time during
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Fig. 7. Results of the experiment
Fig. 6. Results of the experiment on the slope 1/40.

on the slope 1/20.

in which 2= the locus of the crest of the wave, I indicates where the
breaking takes place. /= the max. height which the water reaches at the
vertical wall of the corresponding sites. d= total displacement of a small
floating wax, originally . placed at the corresponding sites of the figure,
during one oscillation of the wave, the direction being equal to the direction
of propagation of the wave. I= original depth of water in the tank (Fig. 5)
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the displacement was observed, but as the observation was made by
usual 02 sec. stop watches and moreover as the instant of the beginning
and the end of the motion was ambiguous some errors of observations
may be expected.

The time of one oscillation observed
Depth H
on 1/20 slope on 1/40 slope
40 cm. 2'1sec. at x=0m. and =7 mm. 20 sec. at x=0m.
30 22 s » 26 » »
20 27 » T 25 - » %)
10 41 , o ¢,

According to the figures it is obvious that the height of the wave
increases with the decrease of the depth and by detailed analysis it is
understood that the rate of increase is somewhat greater on 1/40 slope

“than on 1/20 slope, this latter approximately following Green’s law.?

Breaking of the wave takes place at the depth IT:= 2/ on 1/20 slope
and at H =l on 1/40 slope.

The height 2’ may be taken as a measure of the kinetic energy at
the site. For the experiment of larger depth in which breaking does
not take place such as the casec when H= 40cm and 80 cm on 1/40
slope, the values %’ at different sites differ but little. On the contrary
when breaking takes place, %’ is conspicurouly large near the site of
breaking and this indicates that the kinetic energy is here especially
large. The ratio I/ma[hs is approximately 4:3 for 1/20 slope, and 36
for 1/40 slope, in which A/, and %, denotes the max. value of A’ and
L' at x=0 respectively.

In another pair of experiments on @%{i_ ____________ i ﬁ
the slopes 1[4 and 1/8, the max. height .
L at the.end of thfz slope was o}o- Z\\ s ‘
served (Fig. 8 also Fig. 26 and 27 in f—>—_ *”4;

b ’
the Platé)’ anfi the r atio l.h{' was as Fig. 8. Arrangement of the slopes 1/4
follows, in which 7, is the height of the = gnq 1 /8 on which the experiment
wave at the head of the channel. ’ was carried out.

For this experiment mean values of each 4 observations were taken.

2) According to Green’s law the height %: of a wave at a depth Il is expressed
ha®hg <%°—)‘{ in which 7, is the height of the wave at the depth H,.
&L
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Height of the wave Value of 1'/h,
at x=

Depth I at o=0m on the slope | on the slope
ho 1/8 1/4
40 cm. 6'4 cm. 213 2:00
30 7'8 462 2:66
20 108 320 364
10 69 2:23 3:23

According to the table the value 1'[R, is, at the depth of 30 cm,
conspicuously larger on 1/8 slope than 1/4. As may be seen from the
experiments on the slopes of 1/20 and 1[40, the waves seems liable to
break at larger depth for the slope 1[40 than 1/20. The steeper is the
slope the more non-liable-to-break becomes the wave. Therefore the
wave which does not break at the end on the slope of 1[4 at the depth
H=380cm., is observed to break just before the end wall on the slope
of 1/8, thus 7’ for the case becoming very large for the latter. At the
depth H=40 cm breaking does not take place for both slopes, thus
both values of 1’ being moderate. For the depth H=20c¢m and 10 cm
breaking takes place half way up the slope and, as may be expected,
the water runs up higher for 1/4 than 1/8.

To see the effect of the base conditions, wire mesh which is made
of 0-1cm wire with the spacing of 1-0 cm was attached on the sloped base
and the same experiment was carried out, and the results were as follows,

1
Ir Tto
slope 1/8 slope 1/4
30 cm 7'6cm 553 248
20 101 284 589
10 56 247 312

The results are compared with that of the preceeding ones and we
would conclude that the effect of the conditions of the base is rather small.

Experiment on Breakwater.

Bafiie Walls. On the slope 1[40 vertical baffle walls of different
heights were fixed perpendicular to the direction of propagation of the
wave and the change of the wave along the channel was observed at
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the depths H=20cm and 10cm. The height % of the top level above
- the still water level was =0, 25, 5, 7°5 and 10 cm, therefore the total
height of the wall becoming the sum of H, and 7, in which 17, is the
depth of the still water at the site of the wall. For the depth of H=
20 cm (Tig. 4) the site of the baffle wall was selected at x=3, 5 or 7m.
and the max. height 7is to which the wave runs up high at the vertical
end wall at =8 m was observed and the relations of hg/h’s to » are
shown in Fig. 9, in which &s is the hight at x=8 m when there is no
wall in the channel.
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Fig. 9. Observations with baffle walls on Fig. 10. Do. with the depth /=10 c¢m.
the slope 1/40 with the depth of water ho=65cm and e =87 cm.
IT=20 cm, in which 7,=50cm and
hg' =87 cm. with various values of 7 (ecm)

Another result at the depth H=10cm is shown in Fig. 10 also Flg
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28, 29, 30 and 31. Here the end of the wave does not reach to 2=8m,
being half way up the slope, therefore the ratios of the height %, as
shown in the figure, to i, which is observed when no wall exists are taken.
In the above experiment when H=20cm, the effect of the site is
rather small, so long as 7 is const., as may be seen from Fig. 11.
From this and from Fig. 9 we may conclude that the nearer to the
coast is the vertical baffle wall, the more efficient it becomes, so far as
the total height of the wall is constant. This however seems not hold
true for the experiment at the depth H=10cm (Fig. 12), but we must
remember that for the depth ‘ breaking”
takes place at the site x=1'8m. when no wall |
exists and that the observations are made I Ay
after =2 m. According to Fig. 12 the site 60
of the wall has much effect on the value
h. which may be said after breaking of
shorter waves. / 7
Experiment on Breakwater Having @
Cut in the Centre. In a channel having a
breadth of 60cm and on the slope 1/20 or

1/40 the vertical wall having the height of 60°Z

60 cm and a-centre cut of breadth o (Fig.

13) was elected at x=4 m, observations were |
made under b=1'5, 8, 6, 12, 18, 24, 30 and L7 T=4
45 cm. A b=

The readings of the max. height of
water were taken at the fore-side edge 4 in
Fig. 18 and at the end of the channel which  gjg 13, Vertical wall having
is at 4 m. distance from the wall. a cut in the centre.

The walls were at the middle of the slope and the depths of still
water at the site were as follows,

Depth of water I Depth at the wall
at x=0m. slope 1/20 slope 1/40
40 cm 20 cm 30 cm
30 10 20
20 0 10
10 -10 0
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According to Fig. 14 and 15 which show the relations of hs/hy’ to
b|B, the curves of the mean values'is convex upward showing that the

effect of b is conspicuous for smaller values.
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Fig. 14. The relation between 7&4/h,’ and
b/B for the slope 1/20,
in which 7, is the height at x=8m with the wall and 7', without the wall.

Fig. 15. Do. for the slope 1/49,

Effect of the distance of the wall to the end wall was observed,
and a result at the depth /=40 cm on the slope 1/40 was as follows,
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Fig. 16. The relation between 72,/0/,

and b/B for the slope 1/20,
in which A, is the height at x=4m ‘at .1 of the wall and 7', the
height of the wave at 2=4m when no wall exists in the channel.

Fig. 17. Do. for the slope 1/40,



74 ‘ ' H. Marvo. 6

in which 7 is the height at the corresponding site and A’ is that when
no wall exists. From this it is obvious that the effect of the distance
from the wall is negligible. _
Results of observations at 4 (Fig. 18) are shown in Fig. 16 and 17.
Under sloped vertical walls as shown in Fig. 18, experiments were
carried out under b=12cm and I’=0, 25, 50 and 100 em and results at
the depths H=40 and 10cm on the slope 1/40 were as follows,

I'=0 | 25cm | 50cm | 100 cm
(0=90°)| (43°50") | (25°40') | (18°30")
i| H=40cm 058 030 033 0-31
Ngfh' s -1
H=10cm 063 057 062 067

Trom the result we would conclude
that in the bay the effect of the slope of
_the wall is rather small.

Effect of the Wheeling of
the Wave.

According to the investigation” on
the disaster of the great Sanriku tunami
on March 3, 1933, the height of the wave
in a bay opening direct on the ocean for )
the epicentre is conspicuously larger than  Fig. 18. Arrangement for the
in oblique one. To sec the effect of the experiment with sloped ver-
“ywheeling ” of the tunami, the experi- tical walls.
ment was done in a straight channel having a branch as shown at the
left hand under corner of Fig. 19. The wave which was generated
in the same manner as the previous experiments and which comes from
the direction indicated by the arrow runs up high against the direct end
A and the other branch end B, the angle which is subtended between
the two directions being 8. The ratio h[ho, i. e. the ratio of the height
at B to A, was plotted for various values of 4. Heretofore the experi-
ment was done for =45, 90° and 135° in the channel having uniform
depth H=40, 30, 20 and 10 ¢cm, and under /,=80 c¢m, h”=15 cm. (Fig. 1)

Results of experiments with two kinds of breadth of the main
channel, i. e. 60 em and 80 cm, the breadth of the branch channel re-

--_x=4 7

3) H. Marvo, “Estimation of Energy of Tunami and Protection of Coasts,” loc,
c¢it., pp. 55-64.
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maining the same for both experiments, show that the difference between
the two is not perceived and in Fig. ‘

19 they are equally treated. _ ’ . o Dbservaton an 49cm dasht
The conditions of water at its R 1
max. height in the branches are ¢ w\ T ’ﬂ
shown in Fig. 32, 83, and 34 in the , i <
Plate. Fig. 35 is that at the direct St Ly
end. ” . s
For the sake of the deficiency *’ ‘
of the data of experiments, espe- o L
cially for smaller values of 4, defi- (s | g
nite result is not obtained so far S
as yet, but we would apply tenta-
tively the formulas
v o
h=hee 3 or L=hd 2. 90° 1337 N

Fig. 19. Results of observations on the
Dr. Hiroi” has-introduced the  wheeling of the wave.

following formulas for the wheeling ~ ho= the height at ., 2= the height at
for the surface wave .

0 0

7L=]lo<1—-ﬂ*> or J="h,0 50,

240
from the measurement on the sea at the breakwater of Otaru, Hokkaido-
These formulas seem not hold true, as may be sseen from the figure, for
a long wave as the tunami, the loss of the energy for a long wave being
expected smaller than the usual surface wave.

Other Experiments.

The experiment of the effect of the convergency of the shape of
the bay is now going on and the experiments on topographical models
of important towns in the coast of Sanriku are also contemplated.

Remarks

The results above mentioned are of model experiments and it must
be remembered that they cannot be applied directly for the design of
structures so far as yet the law of similitude is not considered.

4) Harbour Construction, 1 (1924), 89, (in Japanese).
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