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If we may judge from the contortions produced along lines
of railway, the fissuring of the ground, the destruction of
hundreds of miles of huge embankments which guard the
~plains from river floods, the utter ruin of structures of all
descriptions, the sliding down of mountain sides and the top-
pling over of their peaks, the compression of valleys, and other
bewildering phenomena, we may counfidently say that last year,
on the morning of October 28, Central Japan received as ter-
~ rible a shaking as has ever been recorded in the history of
seismology. It is a subject that might be written about at
interminable length, and therefore in the following few pages
no attempt is made o give detailed descriptions of all that
happened.

Mr. E. Omori, who works with me in the Seismological
Laboratory, has made several visits to the shaken district, and
ever since has been busily engaged in analysing the malerials
he collected, Professor Tanakadate, with a staff of assistants,
devoted himself to observations relating to the velocity of pro-
pagation of earth-waves, the curious sound phenomena, and,
lastly, to a redetermination of magnelic elements in the
devastated district,  Dr, B. Koto has studied the phenomena
from a geological standpoint.

Under the title of ** The Great Earthquake in Japan,” in con-
iuhciinn with Professor W. K. Burton, I have published a
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popular account of the more striking phenomena which were
observed, illustrating the same by a series of photographs, The
questions to which greatest attention has been given are those
of importance to engineers and builders, but inquiries and in.
vestigalions have been made relaling to everything which was
thought to be of interest. A few days after the disaster, at the
request of Professor D. Kikuchi, I drew up a circular con-
taining some fifty queries. Ten thousand of these documents
were issued, and we are now surrounded by boxes filled with
newspaper cutlings and replies. Five per cent. of the whole
may be of value, but yet it has all to be patiently examined.
In addition to this material, there is thal of our own collecling,
which, in addition to what has already been mentioned, in-
cludes some hundreds of diagrams taken by seismographs of
what seemed to be at one'time an unending series of shocks
which followed the great disaster, This chaolic mass of
material is gradually being sifted, and assuming a form suit-
able for systematic investigation, Although mauy of the results
" may be more marked by the magnitude of the phenomena they
represent rather than by their novelty, we hdve already gone
sufficiently far to see that certain observations can hardly fail
in widening the circle of our present knowledge,

The first notice that I received of the earthquake wasat 6h,
39m, 118, on the morning of October 28, whilst I was in bed.
From the manner in which my house was creaking and the
pictures swinging and flapping on the wall I knew the motion
was large. My first thoughts were to see the seismographs at
worlk; so I went to the earthquake-room, where to steady my-
self I leaned against the side of the stone table, and for about
two minutes watched the movements of the instruments, It
was clear that the heavy masses suspended as horizountal
pendulums were nol behaving as steady points, but that they
were being tilted, first to the right, and then to the left. Hori-

_zontal displacements of the ground were not being recorded,
but angles of tilting were being measured, That whenever
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vertical motion is recorded there must be tilting, and therefore
no form of horizontal pendulum is likely to record horizontal
motion, is a view I have often expressed. What I then saw
convinced me that such views were correct. Next I van to a
water-tank which is 8o feet long, 28 feet wide, and 25 feet
deep. lts sides are practically vertical. At the time it was
holding about 17 feet of water, which was running across
“jta breadth, rising first on oue side and then on the other
to & height of about 2 feet. It splashed to a height of 4
feet, It seemed clear that the tank was being lted, first
on one side, and then on the other, Whilst this was going
on, trees were swinging about, telegraph-wires were clatlering
together, the brickwork of the tank was cracked, and the
callege workshop s two storied brick building, a few yards away,
was 80 far shattered that it has had to be partially rebuilt. The
effect of the motion upon myself was to make me feel giddy
and slightly sea-gick. The chimney of a paper-mill in Tokio
fell, and alsoa chimney at the electrie-light works in Yokobama,
The constructor of the lalter derived some salisfaction from
the fact that it fell as n heap of loose brick round its
bage, for had it been made of better materials, it might have
toppled over In large masses, and destroyed neigbhouring
buildings. Many structures were slightly fractured, During
the day twenty-one other shocks were recorded, but nearly all
of them were so slight that they failed to give a diagram
suffictently large for analysis, From the slow and easy swing-
ing nature of the motion, it was known thal the shock was not
of loeal origin, but that it had originated at a distance, As
disturbances of this character had often reached us from an
arsa beneath the Pacific Ocean gbout 400 miles Lo the north-
east, it was from the northern parts that we expected to receive
further information, The surmise that the origin was ata dis-
tance proved correct, but instead of being beneath the ocean
_to the north-east, it was beneath the land in an exactly con-
trary direction. The first news was that in Kobe, which is

about 400 miles towards the south, many chimneys had fallen,
~ 1
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earthquake shocks continued, and all were in alarm ; whilst at
Osaka, which is 356 miles from Tokio, & cotton-mill had
collapsed and many people had lost their lives, Little by little
news of destruction arrived from many towns, and as it came
it grew more terrible. The scene of greatest disaster was the
Nagoya-Gifu Plain, which lies about 140 miles W.SW, of
Tokio, and 8o miles N.E. of Kobe. In this district destruc-
tion had been total. Cities and villages had been shaken
down, the ruins were burning, bridges had fallen, river embank-
ments had been destroyed, the ground was fissured in all
directions, and mountain sides had slipped down to dam
the valleys. More accurate estimates of certain damages
are now before us. The killed numbersd 9,960, the
wounded 19,994, and the houses which were fofally de.
stroyed were 128,750, In addition to these there were many
temples, factories, and other buildings. In an area of 4,176
square miles, which embraces one of the most fertile plains of
Japan, and where there is a population of perhaps r,o00
to the square mile, all the buildings which lad not besn
reduced to a heap of rubbish had been badly shattered. To
rebuild the railway, reconstruct bridges, roads, and embank-
ments, and to relieve immediate distress, about five million yen
were poured into the district, a large portion of which cams
from the Imperial treasury, This sum, however, only measured
a fraction of the total destruction, One hundred thousand
houses had to be rebuilt, irrigation works had to be re-
paired; a value had to be given to land which had been buried
by landslides or lost by what appesrs to be a permanent com-
pression of valleys ; there had been a six months interruption
of traffic and of industries, and nedrly 10,000 people had lost
their lives—all of which are factors which cannot be overlooked
when measuring the effect of an earthquake by the sum it takes
to replace the damage it has occasioned. Independent of the
lives which were lost, the lotal cost of the earthquake may be
recorded as thirty million yen,
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The immediate cause of this great disburbance was ap-
parently the formation of a fault which, according to Dr, B.
Koto, can be traced on the surface of the earth for a distance of
between forty and fifty miles. There are also many minor faults._
In the Neo Valley, where it runs nearly N, and S., it looks like
one side of a railway embankment about 2o or 30 feet in height,
The fields at the bottom of this ridge were formerly level with
the fields which are now on the top of it. In Mino, where
it strikes towards the east, it is represented by subsidences and
mound-like ridges, suggesting the idea that they might have
been produced by the burrowing of a gigantic mole. Although
there is only 20 feet of displacement on the surface, from what
we know of surface disturbances resulting from the caving in
of subterranean excavations, the maximum throw of this fault
is in all probability very much greater than that which is ac-
cessible for measurement, Not only have the rice-fields Leen
lowered, but, according to the peasants, the mountain peaks on
the western side of the valley have decreased in height,

In addition to the evidence of subsidence along this line,
there are many evidences of horizontal displacements. Lines
of roads have been broken, and one part of them thrown to the
right or left of their aviginal direction ; whilst fields which were
rectangular have been cut in two, and one-half relative to the
other half Lias been shiflted as much as 18 feet up or down the
valley, One result of this, is, that landowners find there has
been & partial alieration in the position of their neighbours
A more serious change has been the permanent compression
of ground, plots whicli were 48 feet in length now measuring
only 30 feet in length. It appears as if the whole Neo Valley
had become narrower, A similar effect is noticeable'in the
river-beds, whers the piers of bridges are left closer together
than they were at the time of their construction,

Since (he big shock about 3,000 mipor shakings have been
recorded. At Gifu and Nagoya, wheré most of these wers
felt, their distribution with regard to time was as follows,



132 A NQTE ON THE GREAT EARTHQUAKE

the numbers representing the number of shocks which were
recorded during successive intervals of ten days i—

Month. Day. Month. Day. Nagoya. Gifu.
1891:  Xoiiion 2901891 Kl 700005590000 1,132
Koo 8o Lo 1700000230000 341
P, 4 FNTIIION 18,00, Xlima27 000 7600, 116
XL 28, XL 700, 48 e 139
XL N JO D24 § OO ....I7...... 40,00 100
XL 380000 XIviovininne2 e 2700 78
XiL. onn28,0001802: L 6000, 360, 87
1802: Lo Juens Livivonandbiin, Que.. 60
Lo IZonn Loaa26i... 6. 36
R PN A II Sevvene Qv 45
I 6o o ..‘15 o Taee 37
L b, IL... 25000 I 30
I 26...00. Lo 6iiier i 40
III.,.., ...... v Feenees () CHRORROIOT T SO Bvee. 28
L X700, Hlawono26i00 3000 13
Hlevrvi, w27 e IV t; Qs 42
IV G IViaimnals.. x 26

IV o000 IV, .25.

Total . yme .‘..980 a2 474

The most violent shakings took place high up in the Neo
Valley, on the line of the great fault, and again in & district to
the west of Nagoya, about 25 miles farther south, in the middle
of the Owari Plain, This second area of great disturbance
may indicate the proximity of a second line of fracture not
visible on the surface, or it may be an area where waves from
various sides of the plane coalesced.

With the first of these shakings, great landslips took place,
and long lines of mountaing which were green with forest now
look as if they had been painted yellowish white. The valleys
in these districts have been filled with débris, and behind one
of the dams which has been formed there ia now a lake six
milesin circumference, In one district on the eastern side of
the plain we are told that mountain peaks fell in and depres-
sions were formed, Depressions also oceurred in some of the
valleys, and the houses of farmers suddenly sank up to their
eaves, burying their inmates in a sea of earth and mud beneath
the floor on which once they lived.
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In the plains, river embankments which on the top are from
20 to 3o feet in width, and have slopes of 3 to x and 2 to 1,
were very much cracked and fissured, Usually these cracks
were 2 or 3 feet in width, but in places they had so far united
that openings 10 or 15 feet wide and about the same in depth
had been formed. In all cases the fissures were parallel to
the river banok, aud it was in villages near these banks where
destruction had been most complete. It might be expected
that these fissures would occur at distances of half wave-
lengths from the river bank, and at similar distances from
sach other, but no such rale was observable. The general
~ appearance of the ground was as if gigantic ploughs, each
cutling s trench fromn 3 to 12 feet deep, had been dragged up
and down the river banks.

Fissures, out of which sand and water had been poured,
sometimes to form small craters, were ilso to be seen on the
open plains. These fissures, which seldom exceeded a foot
in width, and which may have been formed by the compres-
sion of watery strala beneath, may possibly give approximate
mensures of maximum horizontal displacement, it being assum-
ed that the direction of motion was at right angles to the
direction of the fissure.

Along the railway-line mauy curious appearances wetre pre-
gented, Tt was almost everywhere more or less disturbed, the
exceplions being where it passed through small cuttings,
Along these cuttings, although they might not be more than
20 or 5o feet in depth, the mils and sleepers were unmoved ;
from whicl it may be inferred that the movement on the free
surface of the plain had been much grealer than the move-
ment at & comparatively shallow depth. Measurements of the
motion experienced on the surface and that recorded in pits
10 to 20 feet in depth have already been given in former
papers. Theresulls of these experiments have been practically
applied to several buildings in Tokio, by giving them base-
ments and a free area, The Imperial College of Engineering
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is such a building. It does not show the slightest trace of
damage after the last earthquake, whilst at a distance of 20
yards the workshap, which is also a strong brick building, but
rising from the surface, as already stated, has been rebuilt,
This is the third time the Engineering College has escaped
damage, whilst neighbouring brick buildings have been cracked
in almost every room.

Where the line was on the open plain, and only separated
from it by a narrow dilch on either side, it appeated as if the
ground had been piled up into bolster-like ridges belween the
sleepers,  This indicated a longitudinal motion, but in |
many places it was noticeable that the ‘sleepers, relatively
to the ground, had also been moved endways. Neither of these
movements greatly exceeded 6 inches. Wherever the line
crossed a small depression in the general level of the plain,
even if it did not exceed 2 or 3 feet, al such places the whole
of the track was bent from its straight course into a bow-like
form, suggesting the idea that along these depressions, which
are probably filled with softer material than that composing the
plain, a greater quantity of motion had been transmitted, which,
siriking the line like a flood, had caused a permanent deflec.
tion, The more reasonable explanation is that these lines of
soft material, like the valleys and river-beds, had been per-
manently compressed, and the amount of compression wag
measured by the amount of bending. Effects of compression
were most marked on some of the embankments, which gradu-
ally raise the line to the level of the bridges. On some of
these, the track was bent in and out until it resembled a sers
pent wriggling up & slope. Not only were there these hori.
zontal foldings, but by subsidence or compression there were
.vertical folds, which in places gave the line the appearance of
 switchback. Close to the bridges the ernbankments had
generally disappeared, and the rails and sleepers were hanging-
in the-air in huge catenaries,

AL the bridges, one of which, over the Kisogawa, made
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up of 200-feet spans, is 1,800 feet in length, the destruction
~wag various. In nearly all cases wing walls had given way,
- At one brick bridge the abutinents had been forced backwards,
; di the arch had fallen bodily between them down upon the
‘}aadway, where it lay in two big segments, looking like a gig-
" antic toggle-joint, At the Nagara Bridge the piers, each of
% which consisted of five large fron columns filled with concrete
" gnd braced together, had in several instances not simply been
~broken at their bases, but they were snapped in pieces and

“thrown out upon the shingle beach of the river, where they lay
%“:\Lif,ke blts of broken carrot, The bridge was thrown 19 feet out
gtfa, straight line, and oue of the foundations near the centre
oﬁ the river had been oved 5 feel 2 inches up-siream. Where
" the greatest deflections occurred the foundations could not be
positively recognised. .

G Mr C. A, W, Pownall, who constructed these bridges, and
who gave we the sbove measursments, ustimates the deflection
on the line where it approaches the bridges st 1 foot & nches
ina distance of go fest, The distance through which the

foundations of the Kiso Bridge have permanently approached
ench other iz 2 feet in & spau of 300 fest—that is 1o say, the
contraction scross the tiver-bed s 1 per cent.  When all the
plers of & bridge had not been broken, it was observed that
those which escaped were the shorter ones, near the river banks,
The longer piets of the Kisogawa Hridge bad a cross-section
of 325 feet by 10 feet, aud o height of 2¢ {ee! above the plane
of fracture, which was 4 or 5 [feet above their foundations,
They carried girders weighing about 200 tons, The shorter

plars, which also bad a crossesection of 22°5 feet by 10 feet,
bad heights of about 21 feet above their planes of fracture,
They carried girdess weighing about 22 tons,

The tensile strengih of the brick and cement work of these
plers was, as shown by tests made by the writer, unusually
high, often reaching 1oolb, to the square inch, When making
thess lests, it was seldom that the cement gave way, fracturg
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taking place either by the breaking of the brick or by separation
between the cement and brick,

The tensile strength of brick and wortar work from colton-
factories and other private buildings seldom exceeded 5lb, to
the square inch. ,

Professor Tanabe, of the Imperial Cullege of Engineeiing,
has very kindly applied the fracturing formula to the Kisogawa
and other structures, with the following results e

The tall piers at the Kisogawa Bridge, which were broken,
were capable of resisting an acceleration of 5.05 feet per sec,,
whilst the shorter piers, which were also broken, could have re-
sisted a foree involving an acceleration of 10.8 per gee. per sec,

The acceleration in the neighbourhoond of this bridge wag
therefore greater than the higher of thexe two nmubers, Bee
cause there is no necessity that one set of piers out of a series
should only have half the strength of another group in the
same serieg, or that any given structure should be weaker at
its base than itis in its upper parts, so far as resistance to
stresses consequent on horizontal movement is concerned, the
writer ventures Lo express the opinion that when constructing
in an earthquake country, ordinary engineering practice re-
quires modification.  Such madifications are heing made by
Mr. G A WL Pownall in the design of 4 series of bridges now
being built ap the Usui Pasa, in this country,

For the Nagara Bridge, where cast-iron plers have snapped in
two, the accelerations experienced have uot yet been caleulated,

Leaving the railway works, and sxamining the varions brick-
and mortar stractures, like public buildings and mills, which
existed at many towns upon the plaiy, we meel with bardly
anything but absolwte ruin. Twa conspicuous brick-and-
mortar ruing in Nagoya were the Post Office and a cotton-mill,
Walls like these, even if not weakened by opeuings near their
base, assuming them to have bren go feet high and t} foot
thick, and with a tensile steugth for their brickwork of slb.
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per square inch—which is not an underestimate——might have
resisted a suddenness of motion of a few inches per sec. per
“gec, From overturning phenomena and diagrams we know
the acceleration impressed ujmn buildings in this area may
have beeu ag much as 15 feel per sec. per sec,

One curions form of destruction was that which was observed
with muny mill chimneys, which, with the exception of one in
Vokohama, instead of breaking at their bases, gave way at
about two-thirds their height, The conclusion is, that sections
near the basus of these chimneys were apparently sufficiently
sirong (o resist the siresses due to the inertia of the upper
parts, while sections at about two-thirds the height were so
wesk that they failed to resist the inertia effect of the upper
one-third of the chimney, Calculations respecting these
structures have not yet been made.

The ruins of ordinary Japanese buildings existed along all
the roads in never-ending lines, In some streels it appeared
g if the houses had been pushed down from the end; and they
had fallen like a row of cards,  Where a row of buildings bad
only been partially pushed over, it was noticeable that those at
the end had suffered more than their neighbours. . Sometimes
you passed a mass of heaped-up rubbish, where sticks and
earth and tiles were so thoroughly mixed that traces of streets
or indications of building bad been eutirely lost,

Many of the ruined lowns, like Kasamatsu and Gifu, caught
fire, and all that remained was a sea of reddish earth and
broken tiles, At several places people were caughtin the fallen
ruins, and subsequently burnt to death, The chief causes
which led to the destruction of Japanese buildings were :—

1. The heavy roofs, which are usually made of a heavy
framework carrying a layer of heavy tiles bedded in a thick
layer of mud, The roofs of the farmers’ houses are covered
with a heavy thaich., These latier fell intact, and even now
the country is covered with these saddle-shaped masses, which
have served as temporary tent-like shelters.
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2. The want of cross-bracing and the thinness of the vertica]
supports, the strength of which, as pointed out by Mr, W,
Silver Hall, is reduced to perhapswan cighth of what it might be,
by a variety of tenons, mortices, and other cuts, made for the
reception of cross-limbers,

Both of these faulls in the constraction of au ordinary Japa-
nese dwelling might be easily overcome, but from the buildivgs
which are now being erected it is clear that the survivors prefer
that to which they have been accustomed and can easily obtain,
Buildings to resist eartiquake motion are outside the experience
of ordinary carpenters in Japan, and any novelly in construc.
tion would be expensive. For these reasons, and perhaps
with the idea Lhat severe earthquakes only recur at long intervals,
the inhabitants of the Nagoya district are giving another trial
to the old forms of construction,

Among the buildings which were only shattered, but which
did not fall, are two castles and several heavy.roofed temples,

The castles stood, partly perhaps, because they were well
built, partly because they were surrounded by deep moats, but
chiefly on account of their pyramidal forw, their bases being
sufficiently wide and strong to withstand effects due to the
inertia of their upper parts,

The temples undoubtedly resisted the severe movements
partly because they were well built, but chiefly, perhaps, on ac-
count of the multiplicity of jointed corbel-wark, which comes be.
tween the upper parts of the supporting pillars and the heavy
roof.  If this had not existed and acted as a yielding medium
between the roof and its supports, it seems impossible that the
latter could have resisted the inertia of the load above them,

A class of buildings which here aond there escaped entire
destruction were structures hike some of the school-hunses,
which were built of wood, and framed according to foreign
methods,

The movements which cavsed all this terrible destruction
throughout the Gifu and Nagoya Plain do not appear o bave
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been waves which were entirely those of elastic compression
and distortion.  On the coast-line (o the north of the devas-
tated district we are told that the shore-line rose and fell, and
with this rising and falling the waters receded and advanced.
In the district ilself many eye-witnesses tell us that they saw
the ground in waves.

Mr, Kildoyle, an engineer, who at the time of the disaster
was in Akasaka, says that the waves came down Lhe streetiin
lines. Their height may have been 1 foot, and the distance
from crest to crest anything between 1o and 30 feet; but he
very naturally added that hie could not be sure of any measure-
ments, as he was expecting that the houses on one side or the
other of the strest might at any moment fall in upon him,
It may here be remarked that because on the street side of the
houses in & town there are many openings, which make this
side of the buildings weaker than they are at the back, the
tendency is to full forwards from two sides into the strest.
For the safely of the inbabitants of a town, special altention
ought to be given to the construction of shop and other front-
ages, and the strests be made wide,

Another Indication of wave movement is the stalement of
people who say that after they had been thrown upon the
ground the movements of the earth rolled them from side to
side, A station-muster, who tumbled on the ground as the sta-
Ton-house fell cluse belind him, showed the writer the manner
in which he seized one of the rails whilst lying on the ground,
the rail passing between his legs. While in this position he
wag tumbled from side to side, first striking the ground with
one shoulder, and then with the other,

Reasons for believing that in Tokio the ground was thrown
into long undulations have already been given, First, there
was the evidence of our sensations; secondly, the observation
of the manner in which water moved in ponds; and, thirdly,
the observations on the movements of bracket seismographs,
which were tipped from side to side. The most cerlain evidence
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about the tilting is, however, that which is furnished by t.he
diagrams of many seismographs, which, rather than showing a
series of irregular waves with superimposed irregularities, in
almost all cases show a series of clean-cut ctirves, In gne
instrument which was tested, the periodicity of these curves dig
not agree with the period of the instrument, from which we
may conclude that they had not been formed by swinging,
Further, the periods of a consecutive series of waves are not
constant. For example, one set of east and west tiltings fol-
lowed each other, with periods measured in seconds of 34,
2'0, 27, 1'7, 4'1,3°1, 31, 2'7. On another instrument another
set of waves, taken at random, followed each other at intervals
of 1'g, 2'5, 1.3, and 2'6 seconds, These observations algo
preclude the idea that the records were obtained by swinging,
The most interesting observation, however, is that a pair of
conical pendulums, the bobs of which, supposed to be steady
points, and which had no pointers for multiplication, gave
diagrams about twice as large as similar, but smaller, conical
pendulums which carrled pointers to multiply any motion re.
lative to their bobs six times,

The actual records are as follows e
.8, B’le;!lem. B.wW. r\‘lnuon.
e

n,

Large pendulums with hooms (8 inches g, 8 .., 13
Small pendulums with booms and pofuters 9.5
inehes Jong i oo, 8

On the assumption that the bobs of these machines had act-
ed as steady points, we should come to the conclusion that the
range of north and south motion had been 8 inches, as given by
one instrument, whilst it was only *66 inch as given by another,
both instruments being in the same building. It is clear that
these two instruments had not behaved as modern seismographs
are supposed to behave at the time of an earthquake, but be-
cause the displacements indicated are practically proportional to
length of boom, or the length of boom and pointers it may be
concluded that the instruments had been tilted, and the extent |
of the displacement measures maximum slopes of earth-waves.
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To interpret these measurements, it is necessary to place &
Jevel on the stand of the seismograph, and determine by experis
ment the angular values of tilling corresponding to measured
movements of the writing-pointers, the latter quantities vary-
ing with the amounl of stability given to the horizontal
pendulums.  Immediately after the earthquake, Mr. F, Omori
‘yery kindly made such determinations from a seismograph in
the laboratory of the Imperial University, with the result that
,ghe maximum slopes which this seismograph had recorded
were about one-third of a degree. Waves with such slopey,
a8 shown on the diagram, succeeded each other at intervals of
shout 2'2 seconds. The vertical motion which was recorded
was about 1e3 num, § but ag ordinary lever spring instruments,
when the levers are not parallel to the wave-fronts, are as
gensitive Lo tilling as borizontal bracket or conical pendulum
goismographs, these measurements must be regarded ag maxi-
mum rather than actaal values, Cowmbining the maximum wave
slopes with these records of vertical motion, we obtain certain
values for the lengihs of the waves, which may be {aken at 18
or 20 feet; and as we know their period, we may determine
their velocity of propagation, which appears to have been about-
‘10 feet per second, This is exceedingly slow, but notwith-
standing the errors in the observation of vertical motion, I do
not think the velocity exceeded double this amount. The
velocity of propagation of more traly elastic vibrations will be
referred to later,

From these observations, which I think are made for the first
fime, rather than concluding that modern seismographs are
useless whenever vertical motion occurs, we see that on such
occasions they must be regarded as angle-measurars, The
action of any bracket seismograph when recording horizontal
motions depends greatly upon its inertia, but to obtain the
best measnrements of tilling, any cause likely o produce
swinging should be minimised. To obtain a true measure-
“ment of vertical motion, the method which first suggests itself
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is to have a number of spring lever arrangements in different
azimuths, the one which happened to have its arm at right
angles to the direction in which the wave advanced being the
one which wouald give the best results,

Independently of any new instruments which may be devis-
ed to measure tilting, we now know that the instruments we
already possess have a double function, not only measuring
horizontal displacements, but also measuring angles of tilting,
In order to- take advantage of this second funclion, it is
necessary that when a bracket or conical pendulum instru-
ment is once set up, experiments should be made to determine
the effects of tilting, otherwise, shiould it be tilted by an earth-
quake, its records will not be measurable.

An investigation of considerable importance in connection
with the intensity and direction of motion, which has been
carried out by Mr, F. Omori, relates to the overturning of bodies
of various dimensions., At all temples, which are as thickly
distribuled as the towns and hamlets, there are stone lan.
terns, standing on circular or square pedestals, whilst in the
vicinity there are hundreds of gravestones, which are aquare
or rectangular in section, and stand freely on their end. Ap-
plying the overturning formula to some thousands of these
which were overlurned in the Nagoya-Gifu Plain, average
minima and maxima values for the accelerations experien-
ced at different points within the earthquake area have been
determined. Inasmuch as the results given by the formila,
which is due to Professor C. D, West, conform with the
results obtained by experiment, we have every confidence in the
figures given in the following table tem
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_ AVBRAGE OVERTURNING ACCELERATION AND MEAN DIRRCTION
U ov SHOCK A8 EXPBRRIENCED AT VARIOUS PLACES 1IN THR
SHAKEN AREBA.

Carcutaren gy Mr. F. Quonrt,

Intensity in Mil

Place, District, und Provines, limwotren per aee, Eyivection.
B8,
CTauy, Aney v e 2,000 1S, 70° BN, 70° W,
Nokkaichi, Miye, Ise . i, go0] S.E KN W.W,
CRuwsua, Kowana, [se o 2,000 B, 10° N-W, 10° 5,
Tokanabe, Chita, Qwati, ..., i, 400 4. W,
Handa, Chita, Owan (e | 2,0002,700 S.E-N.W,
Toyohashi, Atsumi, Mikawa.,. | 1,700~1 800 [S. 75° KN, 75° W.
+ Okaganki, Nukada, Mikawa .., O
CAwsuta, Adchiy, Owari s | 23003500 | EN.ESW.S W,
Northern pmt of Nagoya (1o
B T 1T R P POTIIO 2,600 1<, 80® W.N, 80° B,
Northseasters cotne of Nagoya
(Kenehinfi) oo 2,600 |8, 60° W.-N. 60° B.
Cential part of Nagoya o 2,500
Mean for Nagova s 2,600 S, 65° W N, 65° B,
Bamba, Kae, Owari.n.o. g do0 1 B, .?L-W.&%V.
Tyughiinsa, Kaito, Owari. ... ' LW,
iovmoleujr, Kaite, Owany Lo Ha-W,
hitgosQtai, Nishi  Kuanggus,
OWAri s cimcnarsivaosioans Nearly N, aud 8,
Komaki, Hogualix Kanugai, | )
WAL civvrnan v avrosinrnasenbnsis s 000 | Chiefly B, and W,
) ) uay\vm .W."E.\NLE‘
Twakura, Niwa, Owari ... B, 300 L.!u:‘ﬁi,u \?} ?\}ni 5.
say 5.5 W, N,NVE,
Kobed, Niwa, Qward oo 2, 100 y S W..NE.
Imadchiba, Niwa, OQwartt. ..., s, (00
Inaghi, Niwa, Qwart .o | 2,300=4,000 1S, 18° W.N, 15° B,
Iehinomiya, Nakajuna, Qward, | 2,500=-3,500 1 W.N.W.E 5B,
Kasamatsg, Hagui, Mivo....., go00 ] WNWL.ES E,
Gifu, Atstanti, Minc, .. a000 ) WS W.ENE,
gaki, Ampuchi, Muo . do00 | N.NE-SSW,
itagrata, Motoss, Mo, ... Nearly N.-W,
Beppu, Motusi, Miso. .0, 23,000
Ruorano, Katagatn, Mo ..., S. 50" WaN, 50° B,
Monju, Motvsn, Moo, S, 00° WaN, 60° B,
Kochibara, Motosy, Miso ..., w2 1,000 N. 20° W,
Keami, Matos, Mino .ovvvusin S GO0 S, 60° W,
HigashisKatabioa, Kaw, Mmo e, 400 N.-8.
Doata, Kand, Mo .o w2, 200 (5. 20° Wati, 20° R,
mawati i, Kaoeg, Mivo ., 5,
Mitake, Kani, Mo ..oovinnn.. | About 1,600 W.N.W,
Tukayama, Tuki, Mine ......., w1, 800
Tokiguehi, Toki, Ming oo 2 00 N, aud 8,
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Place, District, and Provinge.

Intensity in Mil-
limetres per sec
per gee,

Direction,

Tajimi, Toki, Mino .o,
Ikeda-Machiya, Toki, Mino ..,
Utsutsu,  Higashi -~ Kasugai,
WATT 1yivariasrnerisnsrrarisisecns
Alkechi, Higashi - Kasagai,
O WAL varrarrisianriiiiconineriarin
Ouno, Ono, Echizen (o
Katsuyama, Ono, Echizen...,..
Fujishima, Yoshida, Echizen,.,
Fukui, Asuwa, Echizen . ...
Asozu, Asuwa, Echizen .
" Midochi, Imadate, Belizen .,
Sabai, Iinadate, Echizen
Takefu, Imadate, Echizen,.....
Higashiura, Tsuruga, Bchizen,
Tsuruga, Tsuruga, Echizen ..,
Nagahama, Sakata, Omi ...,
Hikone, Inukami, Omi ..o,
Kioto, Yamashiro
Tnavi, Kii, Yamashiro e
Fukakusa, Kii, Yamashiro......
Fushimi, Kii, Yamashird .....
Nara, Yamato voiseee seennenn
Horiuji, Yamato ..o,
Osaka, SEUSU v

Aviave

CRdakusniasteny

2,000

2,000
1,200
About 1,200
>1,300
2,500
1,100
About 2,000
Aboul 1,800
About 1,200
About 1,300
Anoul 1,200
Aboul 2,400
About 2,700
1,200
About 1,000
= 1,000

About 1,300

About 1,000

S.S.W.N.N.E,
S.20° WeN. 20° B,

5.35° W.-N.35° E,

E.-\WV,
Nearly N.-S,
Nealy N.-S,

N.N.E..S§.S.W.
S, 30° W.

N.-8,

N.N.W.-8.8.E.
Neatly N.-S,
N.N.W.S.8.E,
8.S.W.N.N.E,
N. 10° W..8, 10° E,

N.-S,
~N.N.W
~N.N.E,
i-N.N.W.

=

-

ey

wnnwn
nwnw

=g

The principal measurements obtainable from the records of
seismographs are as follows tme

1. Toxxo,

CENTRAL METEOROLOGICAL STATION.

Maximum horizontal motion, N, and 8., about 28 mm. Period,

1.4 86C,

Maximum horizontal motion, E. and W.=xbout 32 mmn, Period,
2.5-4.0 secs.

Maximum vertical motion, 3.1 mm., with [period .84 sec., and
4.4 mm, with period 2.3 secs,

2. Toxro.

Imeeriar UwniversiTy,

Maximum horizontal motion, =35 mm, Period, 2.0 sec,
9.5 mm, Period, 2.4 sec.

3. Osaxa.
Maximum horizontal motion, 30 mm. Period, 1.0 sec.

Maximum vertical motion,

Maximum vertical motion,

8 mm. Period, 1.0 sec.
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4. Nacova,
Maximum horizontal motion,=26 mm. Period, 1.3 sec.
Maximum vertical motion, 6.2 mm. Period, 1.5 sec,

5. Girv,
Maximum horizontal motion, 18 mm, Period, 2.0 secs.
Maximum vertical motion,>11.3 mm. Period, 0.9 sec,

At the two latter places the records only showed the first
half-dozen vibrations of the disturbance, after which the build-
ings fell, and the instruments were buried.

At several places in the Neo Valley objects like gateposts
- have apparently shifted their positions by jumping, each leap
~ being from 1 to 4 feet,

 Another observation, also due to Mr. Omori, is that the
greater number of columns in one district fell in one direction,
whilst those in another district fell in some other direction
Thus, in the southern part of the Nagoya-Gifu Plain, on its
eastern side, columns fell towards the west, whilst at towns on
the western side of the plain they fell towards the east——an
gbservation which suggests that the movements causing over-
tarning had advanced eastwards and westwards, from a line or
tract running north and south down the centre of the plain,

In the northern part of the plain the direction of motion,
" similarly determined, must have been more north and south,

From the measurements of maximum acceleration, and from
the records of ssismographs which at Nagoya and Gifu gave for
the commencement of the disturbance the period of the bagk
and forth motions, we may approximately determine the ampli-
tude and maximam range of motion. The following are a few
of such determinations, which it willbe observed donot materially
differ from the width of fissures found in the open country.

The period taken is one and a half second -
Piace, Accolesration wim, per sec, Rauge of Motion,
Weat of Nagoya .uvcvieses #:,500 v 495 mm.==19§ inches
Komaki ang iy{awmmts crn $000 v 440 mM.=17% inches
Gifu and Ogaki .cseevivees 3,000 s 330 mm=13 inches
1
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It must be remembered that all the numbers given referring
to acceleration and range of motion only apply to the open
plain, and not to free surfaces like river banks or lines of soft
material like river-beds. A phenomenon which seemed to
accompany most, if not all, of the Nagoya-Gifu shocks was g
hollow, booming sound. These sounds, which accompany all
great earthquakes, and even small ones, if they occur in rocky
regions, have been discussed at considerable length in the
“Transactions of the Seismological Society ” (sz¢ vol. xii. p. 53,
and p. 115). They are evidently the result of vibrations con-
veyed through the earth, and may be continuous with the
large vibrations which constitute the earthquake, Professor
Tanakadate endeavoured to determine the intervals in time
between the sound and the subsequent shakings, Sometimes
there was an interval of one or two seconds, whilst at other
times the two phenomena were synchronous, The distance of
the point of observation from the origin of these disturbances
was in all probability at least 1o or 12 miles, While the writer
was at Nagoya, which may have been from 25 to 45 miles
distant from the earthquake’s origin, the sounds never preceded
a shaking by more than two seconds. Sometimes they were
synchronous, and often there were sounds without any subse-
quent shaking,

Very many observations were made in Tokio, on the Gifu
Plain, and in other places, to determine the velocity of pro-
pagation. These have not yet been computed, but the dis
turbance appears to have reached Tokio at rates of about 8,000
feet per second,

From observations made at the Zikawei Observatory, near
Shanghai, which is, roughly, 1,000 miles distant, the velocity
with which the movement was transmitted was about 5,104 feet
per second.  As stated in newspapers, the lime taken to reach
the Berlin Astronomical Observatory, in round numbers, was
forty-nine minutes, the velocity of transmission being about
9,840 feet per second. The disturbance apears also to have
been noted at the Magnetical Observatory in Potsdam.
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Although numerous experiments and observations have been
made Lo determine the velocity with which motion is conveyed
through the earth, we have not as yet any salisfactory ex-
planation of the great differences which have been observed.

From a long series of experiments, extending over several
years, which were made in Tokio, where earth disturbances
were caused by exploding charges of dynamite, velocities
were obtained varying from 200 to 630 feet per second. All
these experiments were made in alluvium,  Amongst other
resulis the following were of importance i~

1. The velocity of transit decreases as a disturbance radiates.

2. The velocity of transit varies with the intensity of the
initial disturbance,

3. The ntotons transmitted most rapidly are vertical free-
gurface vibrations; normal motions come next, whilat the
lowest records obtained were for transverse motions (see
“Trans, Seis, Soc.,” vol. vili, p. 50, &e.).

Mr, Mallet determined a velocity in sand of 824'9xg5 feet,
and in granite, of 1664°576 fest per second, General Abbott,
at the destruction of Fluod Rock, noted velocities as high as
20,526 feel per second, Professor S, Newcomb and Captain
C. Dutton determined velocities for the Charleston sarthquake
of 17,073 feet per second,  The highest velocity for & sound-
wave through piano steel of density 77 is given by Tomlinson
al 5,108 metres (17,049 feet) per second.

Although elastic vibrations may have been transmitted from
the earthquake district 150 miles to the Tokio Plain at the
rate of several thousand feet per second, the resultant gravity-
waves in the Tokio Plain itself do not seem to have been pro-
pagaled at a grealer rats than a few feet per second, With
these results before us, all we can say, is, that earthquakes
have caused motions in the ground, which apparently have
been transmitted at rates varying between 20 feet per sescond
and 20,000 feet per sccond, the latter being a rate which is
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higher than that at which sound waves are propagated through
hard steel. Attention has often been called to these facts,
but any explanation for them has not yet been formulated.

The result of Professor Tanakadate’s magnetic survey shows
that there is a slight irregularity in the isomagnetic curves,
showing the daily change in declination, which does not appear
to have been noticed before the earthquake,

A curious observation, made by Dr. Julius Scriba and other
medical men, was that many of the troubles amongst the wound-
ed, like tetanus and erysipelas, were in great measure due (o
the result of nervous excitement, From my own observations
at a time when all were camped in the midst of ruin, and every
few minutes a shock was heralded by a booming sound, the
only effect that the great calastrophe had produced upon the
people was, when they heard one of these unaccountable noises,
to cause them to act with unusual quickness in seeking safety,
Amongst the Japanese, so far as I could learn, there was no
hysteria, fainting, or nervous prostration like that which was
observed amongst European women. Although they were
surrounded by ruin, the dead, and the dying, all that happened
when a hollow thundering announced a coming shock was that
they ran quickly for the open, shortly alterwards coming back
laughing and talking about the terrible effects of earthquakes.
Notwithstanding this, it is not unlikely that this disaster will
have produced an impression sufficiently great that for many
a year to come it will be commemorated by a religious cere-
mony, when services will be performed in honour of the dead.

The Nagoya-Gifu Plain is a flat expanse of rich alluvium,
covering an area of about 600 square miles,  On its east and
west sides it is fringed by low hills made out of tertiary toffs
lying at Lhe feet of palzeozoic mountaing which rise to heights of
from 2,000 to 4,000 feet, These latter, which stand up in
serrated ridges and overlook the plain, are composed of slales,
schists, and other metamorphic rocks. Here and there beds
of limestone are found, and rising from the midst of these

~
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hills are several large granite bosses. Volcanic rocks do not
exist in this part of Japan. From ancient maps and historical
accounts we know that the southern portion of this plain has
rapidly been encroaching on the sea. This, no doubt, is
largely due to sedimentalion ; but because evidenices of eleva-
tion exist at so many places along the eastetn coast of Jdpan,
it is reasonable o infer that the growth of land may in part bs
attributable to this cause. A certain number of earthqudkes
are every year recorded in the Nagoya Gifu Plain, but it is by
no means so often shaken as many other parts of the Empire,
A somewhat remarkable observation connected with thé
seismological history of this portion of Japan is the fact that,
although written records of natural phenomena are usually
fewer the further we go back in time, yet, from what has been
chronicled, great earthquakes were more frequent in the dis-
trict between Nagoya and Osaka in bygone times than they
have been during more recent times. The last severe shakings
at and near Gifu took place in 1826, 1827, and in 1859,
Many ordinary buildings and even mountains suffered, people
and animals were killed, rivers stopped up, and floods oc-
casioned, The shocks lasted for several days. A rather
severe shock wasg fell on May 12, 1889. In 1880 there were
shocks and sounds came from the north-west. From 1885 to
1890 the number of shocks annually recorded in that district
were respectively 9, 4, 10, 12, 15, and 36, In 1888, in one
locality near to the centre of the late distarbance, 19 shocks
were recorded ; in 1889 the number was 15 ; in 1890 there were
20 shocks ; and between January and October 1891, that is, up
to the time of the great disturbance, 26 shocks were noted,
These figures suggest the idea that for four years before the
Great Earthquake there was a marked inctease in seismic
activity, and that an unusual number of small disturbances had
heralded the great collapse.

Even if it is only sometimes true that emall shakings warn
us of larger ones to follow, becduse the latter are so (etriblé in
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their effects, it would seem well to carefully study districts in
which from time to time there are definite indications of an
increase in underground activity.

Earthquakes generally occur in mountainous countries
where the mountains are geologically young, or in countries
where there is evidence of slow secular movements like eleva-
tion. These lalter movements are usually well marked in
volcanic countries, and it is not unlikely that the majority of
earthquakes, even in volcanic countries, are the result of the
sudden yielding of rocky masses which have been bent until
they have redched a limit of elasticity. The after-shocks are
suggestive of the setting of disjointed strata.

In Japan,the majority of the earthquakes which we experience
do not come from the volcanoes, nor do they seem to have
any direct connection with them, Assuming that the greater
numberofearthquakes representinterruptions in the general pro-
cess of rock crumpling, it would appear that light might be thrown
upon the time of their occurrence by careful observation on
the change of level in a district where seimic disturbances were
frequent, "To accomplish this it is suggested that several
miles of water-pipes be laid at right angles to a known axis of
elevalion, and that continuous photographic record be kept
showing the height of the waler in standards at each end of
the line. A more complete arrangement would be to have two
lines of piping, placed at right angles. The cost of the instal-
lation would be about 5007 or 3,500 yen.

Possibly self recording tromomelers such asare described in
this number might at much less expense throw light upon the
questions relating to change of level, Arrangements for these
investigations are now being made,

In conclusion, it must not be overlooked that these remarks
on the Great Earthquake only aim at giving an outline of
phenomena which have been observed, and the general charac-
ter of the results to which they lead. The complete account
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of this great disaster to be issued under the auspices of the
Imperial University of Japan will not be ready for publi-
cation for several months,




