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Introduction.

.In a previous paper”, we have remarked that, near the epicentres
of the “deep” earthquakes, “conspicuous and rather conspicuous” earth-
quakes rarely occur immediately before or after the respective earth-
quakes, and that, three conspicuous maxima of frequencies of the
latter are found in the regions at about —500, 500 and 1000 in kilo-
metres measured from the maximum of the former.

With regard to these results, Prof. Torahiko Terada suggested,
that if a spherical part of the crust at the ‘“deep” earthquake origin
lying several hundred kilometres beneath the earth surface, happens
to expand or yield by some cause, the maximum shearing stress may
occur in a conical surface with semivertical angle of about 45° and
the vertex at the centre of sphere, and the fracture may propagate
along these directions towards the earth surface.

It was the first aim of the present experiment to verify these
suggestions. The second object was to verify the fact already noticed
by the author that, very near the thunderstorms and the cyclonic
centres, and also near the region of great precipitations, earthquakes
very rarely occur at the time of these meteorological occurrence, and
a remarkable maximum of frequency of the latter seems to exist about
several hundred kilometres apart from the formers®.

This experiment was carried out during the period of about 15
months from March, 1934 to June, 1935.

Method of Experiment.

Taking a rectangular wooden tank, 7;, whose sides are 20, 30 and
60 cm, and placing in it a spherical caoutchouc-balloon, B, of good

1) S. YaMAGuUTI, Bull. Earthq. Res. Inst., 11 (1933), 501~504.
2) Bull. Earthq, Res. Inst., 12 (1934), 214~221, 742~753; 13 (1935), 569~575.
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material, whose initial diameter was 4'0 ¢cm, connected with a very fine

flexible caoutchouc-tube (dia
=15mm) to a open mano-
meter, M, as well as to a
cylindrical air chamber, V
(dia=4'0 em), as shown in
Fig. 1, a large quantity of
agar-agar dissolved in warm
water was poured into this
tank and cooled for one day
or two, until it solidified up
to the innermost part. The
bottom end of V is connected
with a caoutchouc tube (dia
=8 mm), to a water tank, H,
of which the head is held
about 150 em high, and the
vater surface in V is raised
up gradually at the rate of
1 em/min. The air contained
in V and B is thus com-
pressed and the balloon, B,
was compelled to expand until
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the crack was produced in agar-agar. The pressure, p, at the beginning
of producing crack was read when the mercury meniscus of M begins
to fall down while the water level in V is continued to rise up, which
relation is shown in Fig. 2, ¢ and b, and in Fig. 3. This photogram

of the motion of mercury meniscus was taken by illuminating from
upward, on the rolling film, which was rolled by the rate of 1 revolution
per 90 seconds.

The general features of the cracks which were developed on the
surface are shown in Figs. 11,a~11,e. Radial gaping cracks are
the tension cracks due to the bulging up of the surface, while the con-
ical cracks shown in Figs. 11,a and 11,b are the shear cracks here
interested. The configuration of the shear cracks starting from the
bottom and extending to the surface were studied by cutting the agar-
agar with a vertical plane through the centre of balloon, and parallel
to the longest side, the angle of inclination, #, of the crack line from
vertical, being measured.

The dry sticks of agar-agar used in one experiment, were 60 and
100 in number and 450 and 750 grams in mass for the tanks 7', and
T, respectively, the volume of 7', being 30 x40 x 50 cubic centimetres.

To see if the crack in question really starts from the bottom but
not from the surface by the tension at the surface, a glass plate with
the weight of 1 kg, was put over the surface to prevent the surface
cracking. It was fully recognized that the shear cracks studied grow
from the inner part, very near the balloon.

From the results of about 30 experiments, the suggestion made
by Prof. T. Terada, above cited, was verified, and the angle of shear
erack, #, was found to be lying between 40° and 50°.

Next, we tried to study the variation of ¢, according to the varia-
tion of position of a surface loading which consists of a porcelain dish
with hemispherical bottom, loaded with weight. In the first experi-
ment, the depth, e, of the centre of balloon (initial diametre, D =
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cm), from the surface was fixed at about 9cm, and a dish, P, with
radius of curvature, p=12-2cm, loaded with weight, W=2-29kg (weight
of dish included), was put at the various distances, d, or r=d/e=0-..
37, from the so-called “epicentre” of a balloon along the centre axis
of the tank, 7,. For the tank, 7', the values of Dy=5cm, e=12cm,
p=82, and W=2'15kg were taken, and the values of r was changed
from zero to 2'1. Thus, the values of 0 for different ' s, were ob-
tained and plotted against », as shown in Fig. 4, a and b for the tanks,
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p=4.8cm, and W=2.07kg for the tank, T, and the similar 0-r
diagrams were drawn as shown in Fig. 5, ¢ and b. The diameter of
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Fig. 5, a. Tor the second experiment with the tank, T,.
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Fig. 5, b. TFor the second experiment with the tank, 7.

the balloon at the time when the crack begins to grow, may be calculated
from the equation, v, = (py/p;) v+ (Po/P1—1) Vo+ 4h.S,
\ where v,=required volume of the balloon,
v,=1initial volume of the balloon,
po=initial pressure,
p,=final pressure,
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S =sectional area of the air chamber,
V,=initial volume of the air chamber,
dh=change of water level,

and the final diametres of the balloon were estimated to be 4'5~5'5
in centimetres.

The frequencies of pressures, at which the cracks began to grow,
falling in successive 10 mm Hg intervals, were counted and plotted as
ordinates, the pressures of the intervals being taken as abscissa.
These curves are shown in Fig. 6, a, b and ¢ in the cases of the first
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Fig. 6. With the tank, T,. Fig. 7. With the tank, T..
(a) For the first experiment. (a) For the first experiment.
(b) For the second experiment. (b) For the second experiment.

(¢) No load. (c¢) No load.

and second experiments, as well as of the experiment with no load,
respeetively for the tank, 7,. Similar curves are shown in Fig. 7. q,
b and ¢ for the tank, T,. The curves drawn in full lines in Figs. 4
and 5, denote the values of #,=arc tan r.

Lastly, we have drawn p—7» diagrams for each tank and for each
experiment separately as shown in Fig. 8, a, b, and Fig. 9, a, b, in
which the points marked by = and ¢, represent the means of p in the
regions 71 and r<1, respectively. The corresponding values of p
and r are shown in Table I and II.
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Table 1. Table II.
For the tank, T, Tor the tank, Tg
The first The second The first The second
experiment experiment experiment experiment
r P r P \ r » T v
0-0 51 0-0 77 00 50 0-0 675
0-0 68 2o | 02 58 | So | 00 54 0-2 54:5 Q;I‘I
o2 | 58 | \’Q‘l 04 | 58 |} \I]‘[ 00 | 68 | © | 03 6L | &
04 | 58 | & 05 | 72 | & 03 | 63 | I | 05 | 915 §
06 74 : 06 59 Z 0-4 62 5 0-7 57 o
08 52 | &, 1 07 64 | g, | 08 43 | 7 605 3
10 | 56 |HS| 09 | 54 |[AS | o8 | 44 | o [ 07 | 6 | L
10 62 1-0 79 0-8 49 b 0-8 61 | =
12 | 52 11 | 515 g: 39 ; gg zgs g
1-2 56 - 11 575 10 gg 5 0 -8 =
14 56 - 11 60-5 S
17 66 | A | 12 66 1o 54 1-2 575
20 | 51| B | 12| 7 ig 23‘5 12 | 625
24 56 - 12 76 1-2 67
25 54 3 13 46 12 40 13 55
30 50 g 13 72 1-2 41 - 14 50:5
34 54 |« 14 64 12 46 7«\ 15 45
34 66 g 14 59-5 1-2 61 - 15 76
36 56 § 15 63 2 1-4 44 é 17 555
36 58 15 66 | A 14 68 - 17 64 °
16 | 65 | - | 15 | 48 | & | 18| 505 R
16 67 | & 1.7 61 1 20 48 =
18 51 2 18 425| « 2:0 615 3
1-8 525 P 1.8 85| = 20 67 o
18 66 5 18 50 | S 2-2 505| i3
1-8 75 ) 2:0 58 2:-2 61-5 <9
19 | 545 § 21 | 40 22 | 62 | B
2:0 72 | S 21 | 485 24 | 47 §
2:0 76 | 2:5 535 =t
2:2 58 2:5 585
2:2 72 27 47'5
24 58 27 66
2:5 53 . 27 685
27 59 2-8 64
2-8 52 92-8 67
3-0 54
32 52
34 61




»

Part 4.] Mechanism of Occurrence of Earthquake. 779

Fig. 8. With the tank, T,.
(a) For the first experiment.

(b) For the second experiment.

*: Mean for 7>1
§®: Mean for r=1
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Fig. 9. With the tank, Ts.

(a) For the first experiment.
(b) For the second experiment.
*: Mean for r>1
&: Mean for r=1

- The forms of surface cracks are summarised and classified into

15 kinds approximate-
ly as shown in Fig. 10,
a, b, ¢, e n and o.
The percentages of the

gl

occurrences of the dif-
ferent cracks are shown
in Table III. The great-
‘est percentage value is

shown in the case of
d, of which the most
cracks are inclined by
the angles of about 30°
and 150°, and some

others by the angles
of about 60° and 120°,
referred to the longitu-
‘dinal axis of the tank.

------ marke wrinkles.

Fig. 10. Surface cracks.
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Table III.
Kinds of cracks \u‘b’c d a“f gih z‘y‘k llm|n|o
Percentages of the
occurrences 3 213 (2 |11,9 |7 11| 2| 4|2 7|5 3 5

Results and Discussions.

We have tried to keep the constancy of elasticity and density of
agar-agar as good as possible, by taking the same initial concentration,
but we found some sensible fluctuation of density in the range from
1:01 to 1-015, owing to the repeated boiling and cooling and also to
the seasonal variation of room temperature. The density of agar-agar
was determined by immersing, a small piece of agar-agar in the salt
solution of equal density, which was measured by Baumé’s pycnometer.

From Figs. 4 and 5, we may be able to say the followings:-

a) The values of the angles, 6, i. e. the inclination of shear crack
against the vertical are always greater in the same side as the surface
load than in the opposite side with respect to the epicentre of the bal-
loon.

b) The values of ¢ are about 45° when the load is near the epi-
centre, that is near r=0, and they are less than 45°, when the load
lies in the interval 0<<r<1. '

¢) The values of # have the tendency to approach the curve
f,=tan™' 7. :

d) The values of 0 increase with », when +>1, until reaching a
maximum value about at r=1'8, and then decrease for greater r.

e) Sometimes, more than one conical cracks appear at the same
time, some of which have greater angles than f;=tan™'», and others
less than 6, (curves here omitted). '

From Figs. 6 and 7, we could say that the inner pressure at the
beginning of growing crack, is smaller when the surface loading is
present than when it is absent, owing evidently to the effect of the
initial strain due to the load.

From Figs. 8 and 9, we can see the tendency that the maximum
inner pressure is less in its amount when 7>1, than when r<(1, which
is also shown in Table I and II. This result may, for some extent,
explain the fact that the occurrence of a thunderstorm, cyclone or
precipitation near the epicentre is less effective in causing earthquake
than the same thing occurring several hundred kilometres distant from
the epicentre, .
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In conclusion, I wish to express my best thanks to Prof. Torahiko
Terada under whose supervision the entire work has been carried
out and who has given me many useful suggestions throughout the
course of my investigation. I also wish to express my cordial thanks
to Messrs. R. Yamamoto and T. Watanabe in the Institute of Physical
and Chemical Research and also to M. Ogawa and T. Maruyama, in the
Imperial Higher Naval College in Tokyd, for their kind and able assist-
ances during the course of experiments.
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