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SEISMICITY AND EARTHQUAKE
GROUND MOTION

( SESSION i)

The questions not answered in a written form by the
author do not appear on the pages of discussion.



Seismiecity of Jepen
Takuzo Hirono*

Japen belongs to the Circum-Pacific Seismic Zone and its seismic ac-
tivity is more vigorous than any other place of the same zone. Japan ex-
periences sarthquskes which are perceptible somewhere on Japan about 1497
times in average year from 1923 to 1959 but they very considersbly from
year to year (See Fig.l) and become numerous after any big earthquake or
by occasional eerthqueke swarms. The meximum numbexr for the last 37 years
occurred in 1930 amounting to 5770 while the minimum in 1958 was 850. The
former was csused by the earthquake swarms which occurred near Hakone..{1],

The geographisel distribution of the number of esrthquakes which were
felt by persons is shown in Fig.? which is mede on the basis of the data
of the last 38 years. It indicetes that the most frequently felt region
is that along the Pecific coast of eesst and north Jspan, while other re-
gions ere not so frequent, and the most quiet region is north Hokkaido.
Fig.3 is a similer chert mede by the late Prof. Omori [2)®howing the totsl
number for 6 years from 1885 to 1890 end it shows also thet the Pacific
coest of eéast Japen is most frequent. This fact indicates that the trend
of the recent seismic activity hes not changed very much since that time.

In Fig.2, the largest number of perceptible earthquakes was observed
at Tsukuba to the esst and Wekayama to the weat both of which amount to
137 times per yesar ss the mean value of from 1921 to 1958. {3]This value
meens that about 18% of the total felt earthquakes in Japan are occurring
in these two localities. The former is situated within the most frequently
felt region of the Pasifisc coast, but the latter is isolated outside of
that region. The earthquakes of Tsukuba occur mostly at depths of between
30 to 60 Km, while ‘those of Waksyama occur, shallower than 30 Kn. Though
these two plaeces are habitually occurring regions, sometimes there are
temporarily local swarms of earthquakes espesially at volcanic regions.

That the most frequently felt region lies along the Pacific coast
of north end east Japan sugrests that there is a zone of seismic activity
off these coasts. Fig.l which shows the distribution of the epicenters
of earthquakes during 1926-1956 assures this suggestion. All these earth-
quakes heve the magnitudes such that the diemeters of their perceptible
srees sre lerger than 200 Km, that is, sbout 4.0 in M scale (the msgni-
tude scale of Gutenberg snd Richter) and let us c¢all them A group. Fig.
L shows thet the seismic activity concentrates off the coest of the Xantc
District. It extends northwsrds under the Pacific Oceen slong the coast
of esst snd north Jepen, while in west Japen it disperses evenly over the
1and end lees setive under the sea fer off that coast. (4].

The number ot earthquakes mentioned above is sbout 142 in the average
yveer es seen in Fig.5 and it is sbout 107 of the aversge number of sll
peropptible esrthquekes. Let us o211 the latter group as F: it involves
A in it. Secular veriations of thes=e two aroups are very different from
esch other. While F group has been diminishing recently, A group hes
been increesing. The yearly number of esrthquekes with a perceptible area

* Japen Meteorologicel Agency
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of larger than 600 ¥m in dismeter is also shown in Fig.5 as B group.
sPheir magnitudes are larger than § 34 in M scale. They occur about 23 times
51 the average yeer, and, hence, it is 163 of A group.

‘The esrthqueke which could cause casuslties has a magnitude larger
then 6. The distribution of such denserous shocks which occurred during
recent 31 yesrs is chown in Pig.6. It elso shows that the largest acti-
vity is under the Pecific Oceen similer to Fig.h. But es they originated
fer off the cosst, the majority of thess shocks ended in harmlessness.
Fwven the eerthruskes of the order of 7 in M scele which eould kill few
trourend persons if it oeccurs unier a crouded c¢ity remeined in causing
a werk tesmami st the worst.

The deta of 31 yesrs above mentioned shows that the esrthquakes of
megnitude lerger then 6 oscur 16 times in aversge year, of which 4 are
Adceper and 12 shellower than 60 Km, and among shallower ones, 10 osccuxr
under the sea and 2 on land of which only one causing damege. Those lar-
ger than 7.0 in M scsle occur twice in sversge year of which one is deep
and once every 3 years on land.

It is true that earthquakes of the order of 7 in M scale ocscurred
occssionally on land, but the earthquakes of the order of 8 did not happen
on land during 31 years now under consideration. They occurred under
the Paeific Ocean, and they were only 4 times. The laest eerthquake of
the order of 8 which occurred on land is the Mino-Owari Earthquake of
1891 (M: 8.4) which is famous for a fault traced to a distance of about
100 Km. It demolished or badly damsged 142,177 hauses and killed 7273
people.

Same of the esrthquskes of the order of 8 whisch occurred under the
oceen brought large tsunamis destroying herbours and fishing villages.
As a metter of fact, when the submerine origin is under the shallow sea
near the lend the direct damege of shoek is comparatively more severe than
the damage dus to tsunemi as in the case of the Nenkaido Earthquake of
1946, while when the origin locates fer off the cosst under the deep sea
bottom, it causes big tsunsmi devaststing the cossts nearest to the origin..
This devastation is far greeter then the direct damege of shock ss in the
case of the Sznriku Esrthqueke of 1933.

As stated ebove the see bottom off the coest of the Pacific Oceen
of north end erst Jepen is most vigorous in seismic sctivity but big
eerthquskes of the order of 8 in M scele occur also under the Pacific
Jeeen off the coast of west Jspen, end though Fig.6 indicates their epiw
centers as points, the regions of ecrusiel deformation due to them are
thought to occupy considerably large areas. Fig.7 which wes mede by Mr.
Musha{5)shows the epicentral regions of destructive earthquakes during
the past two thousand yesrs. It shows the lareest areas correspond to
the easrthquskes of the order of 8 in M scale. When large epicentral areas
exre glso taken as active places,. the zone of seismic activity of the
P=cific coast is thought to be continuous throughout north, east and
west Japan and this is called the Outer Seismic Zone.. On the other hand,
several earthquakes of the orderof 7 in M scele have occurred elong the
coest of the Japen See forming enother seismic zone which is called the
Inner Seismic Zone. Besides these, several mindr ones seem to exist
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and earthquakes occurring there do not alweys csuse less casualties
than those of the two ma jor zones.

Now, it mmst be noted thet in Fig.h and 6, only the epicenters shal-
lower than 60 Km in depth ere shown. As far as seismicity is concerned
it would be inmdequate to omit deep esarthquakes, but there is no record
of damage by eny esthquake which originated at a depth deeper than 80
Km:. Therefore it is not so significant fron the point of view of earth-
quake engineering that we confine ourselves to show the geographical
distribution of deep earthquakes during 1926-1956 (Fig.8). Earthquakes
deeper than 200 Km form themselves- into seismic¢ zones other than those

_ for shallow esrthguskes.

The earthquakes by which damage wes caused in Japan since 1900 have
amounted to 70 in number (6], among these those bringing the death roll
of more than 10 were 24, that is, Japsn has sbout one of these per yeer..
The esrthnqueke which caused grestest number of cesualties in Japan was
the Kento Eerthqurkes of 1923 by which 576,000 houses were destroyed or
burnt down and 143,000 persons were killed or missing. The next is the
Fukui Eerthauske of 1948 #n which 299,000 houses were burnt down and
9,579 percons vwere killed.

One of the most remerksble festures of the epicentral region of
large esrthquakes is its hebit of repetition of eerthqueke’s occur-
rence. For instance, in the Pseific Ocesn off west Jepan large earth-
quakes have occurred 7 times ormore in almost the ssme place in the pest
two thousand years. This is & very importent fect as it suggests that
the place where people have experienced severe earthquakes will probably
be visited some day by another earthquake of & similar intensity. There-
fore, the intensity distribution of large earthquakes is very interesting.
Pig.9 is an exsmple showing the intensity distribution in the case of the
Nenkeido Earthqueke of 1946,

The scale of earthquake intensity which is now used in Japan con-
sists of 7 grades excluding no feeling {(See Table 1).. Though determined
by the feeling of human body, observed intensity was found to lave a
oconsiderably close relation with the maximum acceleration of ground mo-
tion and it is given by Prof. Kawasumil7]as

g7 0.8 ( 10’51'- 10'}) gal for 14m<7
2,50.8 gal,
ap» 250 gel.

where an is the scceleration corresponding to the intensity n, and the
7th grede of the inten=ity scesle was crested after the Fukui Earthqueke
of 19,8.

Demege to houses begins to appear when the intensity atteins to 5
grede end houses fall down when it becomes 6 grede. Fig.1l0 shows the
aistribution of the number of occurrences of intensities larger than 4
for the lest 33 yeers, It shows thet earthquekes with 5,6 end 7 inten-
sity gresdes oscur most frequently in the Ksnto Distriet which is Tokyo
and its surrounding erea, and actuelly the place where earthquakes of
these intensities oscur more frequently than any other places is an
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isolated point, Kofu. The observed number at Kofu is 13 for the same
period, but all of them occurred in 1923, the year of the great Kanto
Earthquake.

Begides the 108 weather stations of J.M.A. (Japan Meteorological
Agency) there sre sbout 1,100 weether sub-stations where seismic inten-
sity is observed without instruments, and sll of these stations send in
reports on the observations they hsve msde to the J.M.A. This data, es~
pecislly deta regarding the maximum esrthquake intensity in a certain
place, is made evailsble to construction engimeers before they begin to
erect constructions of any kind, i.e. buildings, embankments, bridges
etc.

As it is impossible for one stetion to determine the exsct origin
of earthquake the sbove mentioned 108 stations, each being equipped with
seismographs of one and 100 in magnification, form a network ana work
together in order to ascertain an sarthquake's origin, and the location
and the intensity distribution of the earthquake felt by persons are
generally announced officially sbout 50 minutes after the occurrence of
the earthqueke and when there is a fear of tsunami by a submerine earth-
queke, & tsunami warning is to be issued from some of 8 tsunsmi warning
centers within 20 minutes after the earthquake's occurrence. Then, of
course, the network of communication needs to work at its highest speed
so thet the werning is in time for the arrival of tsunami.

Casualties by eerthquskes are teniing to increase because city
populations are growing larger and lerger and lesrge industrial comstruc-
tions such as factories etc. are becoming more and more. In order to
prevent such casualties not only earthquake proof sngineering but also
sarthquake prediction is important. Consequently, seismologists in
Japan who heve the facilities to do so are concentrating their efforts
on this problem of earthqueke prediction. ‘this has been one of the
ms jor problem facing seismologists in Jspan since the days of Prof.
Omori snd Imesmurz.
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Fig, 5

= The secular changes of the
y number of earthquakes which
occurred in Japan in each
- year: A group—-the diameter
of the felt area is larger
than 200 km. B group——the
] diameter larger than 600 km,

Fig. 9 The intencity distribution due to the Tonankal
Earthquake of 1944.
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I

Fig. 7 The distridution of the epicentral areas of the destructive earthquakes
which occurred during Christian era, ’

The black area oocurred before 1890, Numerals mean the uumber of
occurrences at the same place,
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Deep Earthquakes
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Table 1 Scales of seismic intensity

The intensity of the shock is estimated according to the scales
0 - VII s follows :-

Rather VYery Very
No Feeling Slight Week Strong Strong Strong Disastrous Disas trous

Seale 0 1 II 1IIX v v VI vIX

0; No Feeling: Shocks too week to cause human feelings, registexed
only by & =seismograph.

I; Slight: Extremely feeble shocks only felt by persons at rest ox by
those who sre observant to sn earthquske.

II; Week: Shocks felt by most persons, slight shaking of doors and
Jepsnese lstticed sliding doors (Shoji).

I1I; Rather Strong: Slight shaking of houses and bildings, rattings
of doors and Japanese latticed sliding doors (Shoji), swinging of hang-
ing objects like the electric lamps, moving of liquids in vessels.

IV; Strong: Strong shaking of houses and bulldings, overturning of un-
stable objects, spilling of liquids out of vessels.

V; Very Strong: Cracks in the walls, overturning of gravestones, stone
lanterns etc., dameging of chimneys and mid-and-plaster warshouses.

VI; Disastrous: Demolition of houses less than 30%, landslips, fissures
on the roads, the ground ete.

VII; Very Disastrous: Demolition Oof houses more than 304, intense land-

slips, large fissures in ground, the faults.
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