AN ARCHITECT'S NOTES ON THE GREAT EARTH-
QUAKE OF OCTOBER, 18gr.

By Josiam Conper, F.R.LB.A.

In venturing to publish the following notes in their present
form, the writer has been influenced by several considerations,
Their revisal and re-arrangement more systemaltically would
obviate the occasional repetition of similar observations and
deductions in different places, but would, on the other hand,
tend to over-generalising, and perhaps impart undue importance
to the writer's own casual inferences. For a proper understand-
ing of their value it is necessary that inferences and speculations
should not be separated from the exact circumslances and con-
ditions upon which they are based. Much ground has been lost
in scientific investigation owing to too hasty speculation, and an
uncontrollable tendency to adapt facts to preconceived theories.
Conclusions arvived at by the present writer regarding the
resistance to earthquake afforded by different methods of
construction are altogether based upon his personal observa-
tiong immediately after the convulsion, It is desirable, there-
fore, in placing them on record, that the different data upon
which they rely should be presented in the regular sequence
and under the exact circumsatances in which they were
observed.

With this aim the form of itinerary notes has been preserved.

Purely phenomenal records, not bearing directly upon the
A
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subject of structures, have been purposely eliminated. It
being the writer’s. object to record fairly, without prejudice to
any style, the effects upon all classes of structures, care has
been taken to avoid all exaggeration and sensational deserip-
tion which, though perhaps tempting instruments for arousing
public .attention to scientific matters, are inconsistent with
patient and reliable scientific investigation.

Approaching the damaged districts by means of the Tokaido
rai]way; the first signs of the earthquake’s more distant effects
upon buildings were seen in certain houses which had some
of their plastering thrown off, and their ridge-tiles shaken
down. These were observed at Washizu, and further on at
Mikata-ga-hara and Toyohashi. (It may be here observed that
the tiles of all Japanese roofs are simply laid upon clay spread
over the roof, with a slight lap. The ridges consist of layers
of tiles also jointed with clay and, in some cases, externally
pointed with lime mortar.) In the same neighbourhood a
farm-house, apparently very old, with a heavy thatch-roof, had
completely collapsed. A stone image of the god Kwannon,
balanced on the extremity of a rock pinnacle at Mikata-ga-hara,
had remained standing, but some stone lanterns at Goyu had
thejr top balls thrown off. The large circular brick piers of
the railway bridge over the T'empaku river were cracked near
the base, and the facing bricks loosened round the cracks.

Near Atsuta certain farm-houses had small moals with stone-
faced escarps surrounding them which carried long out-build-
ings called nagaya. The magaya and certain neighbouring
“godowns” were observed to be leaning over out of the per-
pendicular, Riding from Atsuta to Nagoya in jinriksha it
was observable that the majority of street houses had their
posts leaning out of the perpendicular, and these were loosened
- from their sockets in the supporied beams. The upper portions
of these houses all bulged over towards the street; they were
in most cases atfached houses, and therefore supported by
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one aunother laterally. The upper floors had mostly fallen in,
and the interiors were gutted; their tiles were all loosened,
and many had fallen.  These buildings, which were all out
of equilibrium, were prevented from collapsing during the
subsequent smaller shocks of earthquake by means of temporary
strutting and shoring which was being busily constructed.
Many isolated houses, not supported laterally by others, had
collapsed, presenting a mass of beams, posts, mud, plaster,
waltling, and broken tiles. Many stone monuments and lan-
terns were observed to be overthrown in different divections.
The centres of the narrow streets were taken up by cabins and
temporary erections made with wooden shutters, paper slides,
and mats Ued with straw ropes; in these the inhabilants were
taking refuge, nearly all the buildings being tenantless,

Arriving at Nagoya, the brick buildings received first
attention, their damage having been attended with the most
serious results. The Post and Telegraph Office, a high brick
structure of Lwo stories, showed a large length of the wall of
its upper story fallen from the cornice to the cills of the upper
windows, The chinney stacks above the roof-line had crashed
through the roof and upper floors, making large square holes
through which some of the roof and floor timbers had faljen.
The metal-covered roof and lantern, of triple span, belonging
to a large Sorting Office, which roof was supported on four
hollow cast iron columus, had fallen in, the outer wall being
pushed out; but the columns remaining standing,  One portion
of the two-story building at the end of the South wing, which
wag divided by cross walls of brick, and tied across the top by
means of a brick vault, had not fallen, '

This building had been erected by alocal firm of contractors,
and was reported to have been completed at a price of six or
seven (housand yen below the original Government estimates:
it was about four years old. An examination of the structure
showed that the outer walls of the lower story were two bricks
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in thickness and those of the upper story one brick and a half.
’Ifhe total height of the walls to the cornice was from thirty-two to
thirty-three feet. Thereexisted only a few cross walls which were
of large span, one brick and a half thick below, one brick thick
above,ﬂ and placed about 6o feet apart. The i‘emaining external
walls were framed in wood, but they were few in number, and, for
the most part, the building was divided into offices of very large
size. ‘Th’e,ﬁoor beams were of minimum dimensions, shallowly
and loc.éely let into the brick walls, their ends resting on stone
templates, wooden wedges and shavings being in some cases
driven between {he stone and thebeams to give them a level bear-
ing. The outer 13 brxck wall of the upper story had large win-
dows, and no piers or cross walls for a length of sixty feet. On
inspecting the fractures of walls it was found that they had nearly
all occurred at the mortarjoints. In fallen masses of brickwork
only the bricks receiving super-incambent weight during the
fall were broken. Perfect bricks were without difficulty detached
" from the brickwork, and such mortar .as still adhered easily
knocked off with a hammer, crumbling to powder in the fingers.
An examination of portions of the walling still standing show-
ed fissures in which the brickwork had separated al the mortar
joints, leaving the mortar loose (see Fig. 1), In some casesthe
cakes of mortar in horizontal joints had been shot partially out,
“thus showing no adhesion to the bricks (see Fig. 1). In other

— I

Fig. 1
cases loosened bricks had been partially shot out (see Fig. 2).
Also, the brick voussoirs of arches had been loosened at the
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mortar joints and had dropped (see Fig. 2). Remaining
standing was a smaller secondary building for service, also
constructed in brick, and of two stories, but somewhat lower
than the main building, with walls of limited span, and having
smaller windows. A projecting cornice of plastered brickwork
had been forced out on the North side by the action of the
roof ; the tiles were loose, and the roof bent, but there were
no other serious injuries.

Enquiries showed that most of the soil of Nagoya was red
clay, with the exception of parts of the Citadel which had beén
filled in with made-ground excavated from the moats. The
foundations of the Post and Telegraph Office building con-
‘sisted of brick footings upon concrete trenches placed im-
mediately upon the hard red clay.

Il

Fig., 2.

The most apparent defects in these buildings were as fol-
low :—The thickness of external brick walls had been reduced
to & minimum, Cross walls of brick were rare, and in some
cases occurred only at distances 60 feet-apart; these were also
of minitnum thickness. The ouler walls of the upper story
being one brick and a half in thickness bad numerous large
windows, reducing considerably the area of the brickwork,
without piers or cross walls, and heavy granite dressings with
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little‘bond were added to these windows, Floors were loosely
. and defectively constructed. Important transverse walls and
certain cross walls were of timber, roughly framed, without
diagonals. The mortar was totally defective, having no cohe-
sion in itself, and no adhesion to the bricks, being indeed but
a little better than clay or mud.

The next brick structures examined were the Engine and
Dynamo Hall and the furnace chimney of the Nagoya Elect-
rical Lighting Company, erected by the Nagoya Kenchiku
Kaisha. The hall measured about 5o ft. by 6o ft. and was of
one story, with walls only about 18 feet high and one brick and
a half in thickness, having small half brick piers, but no cross
walls. The ends of the building were carried up in the form
of brick gables. These brick gables had been forced out by
the movement and vibration of the roof trusses and purlins (see
Fig. 3). The main walls remained intact, showing only small
cracks over the window arches.
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Fig. 3.
GABLE FORCED OUT BY OSCILLATING ROOF.

Narrow brick piers with heavy stone tops, forming the pillars
of the onter entrance gates, had fallen in a N.N.W. direction,
and showed that there was but litlle cohesion in the brickwork.

- (It was generally reported in Nagoya that the direction of the
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earthquake shock, as felt, was from S.SE. to NN.W.) About
20 feet length of the brick chimney, measuring in all 9o feet,
had fallen, and the remaining portion was cracked to a dis-
tance about 18 feet below the fracture, There were fine
cracks, horizontal and diagonal, near the bage, but this lower
part appeared safe.

Conclusions were :—That the cohesion and adhesion of the
mortar used in these buildings was only slightly, if at all,
superior to that of the Post and Telegraph Offices. For the
rest, the methods of construction followed could hardly be
considered defeclive from the point of view of ordinary stability
and safety, considering the class of building and its commer-
cial purpose. The walls, though of some length and moderate
thickness, were low, wide between windows, and had small
strengthening piers. Ou the other hand, the destruction of the
brick gables by the roof timbers, and the breaking off of the
chimney, pointed to the necessily of additional precautions in
such portions of structures, as well as to the need -of employing
more cohesive and adhesive mortar when the possibility of
violent earthquake had to be cousidered.

The next brick building inspected was the Shirei Hombu, or
Garrison Office within the Castle grounds, constructed by the
Nihon Doboku Kaisha from the desigus of Mr, Tanaka Toyo-
suke. This was a building of brick and stone, of two stories,
the outer walls measuring about 34 ft. in height to the cornices,
being two bricks thick below,and oue brick and a balf thick
above. Windows were of medium size with wall spaces cons
sidevably wider than openings, Cross walls of brick, one brick
and a half thick below and one brick thick above, were placed
at moderate intervals of from Lwenty to thirty feet; but there
wag a want of continuity in the upper brick walls, some being
replaced by wooden framed partitions, Floor beams and roof
timbers wers substantially built, resting well into walls, but with
uo anchoring. All the walls of this building, with the exception
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of triangular pediments, remained standing. The brick pedi-
ments had been forced out by the roof framework and parts of
the cornice thrust out by the tie-beams in the same manner as
observed in the Electric Lighting Building (see Fig. 3). A small
segmental central pediment was also pushed over. The chimney
stacks had all fallen from the roof line, passing in most cases
through the roof and floors and making large holes about 1o ft,
square. One, which had not fallen, remained broken off and
balanced, leaning over at the roof line. One chimney stack cor-
belledE out near the top in a N.W. direction had fallen in 2a S.E,
or exactly opposite direction. The centre key-stones of the flat
heads to the stone window dressings had been loosened, and in
some cases had nearly fallen out. In internal brick cross walls

3

Fig. 4.
wide cracks had occurred near their junction with the outer
“walls, and other large diagonal cracks were observed running
across these walls from the chimney stacks and top corners
of the Yooins (see Fig. 4). When seen by the writer, these
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cracks were large fissares a quarter of an inch or morein
width, and gradually attennating, but the evidence of people
present during the earthquake should that only hair-cracks
were formed after the first violent shock, which had since
gradually widened during the subsequent frequent small shocks,
A curious oval crack was noted over a doorway in a brick wall
roughly corresponding with the line of the relieving arch and
linto!l (see Fig. 4). There were other instances of two vertical
cracks extending from the top corners of a doorway to the
ceiling, Internally, cracks were visible over all window arches
on the upper floor. An examination of the interior of the roof
showed it to be apparently in perfect condition with the ex-
ception of the holes made by fallen chimneys. It was of
strong and substantial construction, with large ties and queen-
post framework, having strong iron bolts. The joints of the
timbers remained almost perfect, and iron straps and bolts
were not twisted or loosened. The rocking of the roof had,
‘however, shoved over the brick gables, cut off the chimneys,
and pushed out parts of the stone cornices.

The ouler entrance gates were of iron, with granite piers,
Some of these piers had fallen, but one remained partially lean-
ing over, propped up by the ion gate and showed that it had
rotated from East to North as well as sliding in a N.W. direc-
tion (see Fig 5). The Gate Keeper's Lodge, a low brick build-
ing with walls one brick thick, remained standing, but showed a
curious injury in one corner. Granile quoins, of straight joint
with the brickwork, and occupying the whole thickness of
walls, had bezen used at the coruers, and one angle of
such quoin work had been shaken out, leaving the ends of
“brick walls exposed and a daylight space between (see Fig. 5).
The fallen granite blocks were in long vertical lengths and very
rough on their backs and beds; they had formed, therefore, only
a loose straight-joint with the brickwork., The conclusions
arrived al frow the inspection of this bailding were as follow :—
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External brick walls, though no thicker than those of the Post
and Telegraph Office, were better tied with cross walls, and the

Fig. 5.

brickwork had been laid with more adhesive and cohesive
mortar. The mortar was, however, still defeclive, not having
the same cohesion as the common mortar employed in Tokio,
Portions of this mortar were brought away for examination.
Brick gables had suffered in exactly the same way as in the
Electrical Lighting Building, though. the roof was strongly
and well constructed ; also the tie-beams had pushed out the
cornice. Such points called for careful attention in the future.
The upper parts of chimney stacks above the roof showed the
same signs of weakness as observed elsewhere. The cross
walls had prevented the collapse of the outer walls, with which
they appeared to have been fairly well bonded, but they were
themselves too slight, and had suffered considerably under the
strain, especially at the corners and over the openings.  Very
flat segmental arches, and flat stone lintols jointed as arches, had
opened and cracked. Wood lintols over openings seemed to
have -done damage Lo the walls, Stonework was not properly
bonded into brickwork, and large open cavities occurred ba-
hind the stone blocks.

In another part of the Castle grounds was a large Powder
Magazine constructed in brickwork and externally plastered,
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which had received no injary whatever—not even the slightest
crack. It was a one story huildiug about goft. by 45ft.,
very strongly constructed, with walls 2} bricks thick and zoft,
high, and with no cross walls. Ithad notbeen built by contract
but by day-work, under the
gpecial supervision of the
Military Department. The
foundations, as shown on the
drawings inspected, were car-
ried sft. below ground and
consisted of a thick concrete
bed with squared stone fool-
ings and continuous stone
plinth above. The concrete
had been laid on made-
ground consisting of blackish Z
earth, which had been firstwell Fig. 6.
rammed with a layer of broken stones, A curious method
of notching had been used between the stones of the plinth,
and concrete had been filled in between the rows of squared

stone footings (see Fig 6). These unusual methods of con-
~ struction seemed to the writer more altributable (o amateur
work than to any scientific intent, but as this was one of
the only brick buildings in Nagoya entirely uuinjured, the
responsible authorities were inclined to take credit for these
details, as if devised in view of earthquake. The notching
of plinth stones might, as will be exemplified later, form a most
useful expedient against the effects of earthquake in the case of
stone bases to light wooden buildings, where a sliding between
plinth stones could take place, but in a heavy brick building
the advantage does not easily appear. Ideas of preventing
penetration of damp between straight joints had most probably
influenced the designer in this instance,

In addition (o the gieat propottional thickness of the walls,
the careful bricklaying, and good mortar which the specifica.
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“tion showed to have been used, it must be noted, that, the
building being a Store, had but very small openings for light,
-and the aperturés in walls were therefore reduced to a
minimum. The floor was strongly constructed, with brick
vaults tying the structure at its base. The outside as well
as the inside of the walls was plastered, the method em-
ployed being that-of building numerous hanging hemp cords
into the brick joints and plastering over these; so that with
the most violent shaking the plaster was not cracked or
fhrown off. To'give some idea of the solid and careful con-
struction, it may be mentioned that this one story building,
which covered an area of only 37 Zsubo, cost 5,363 yen or
about 145 yen per Zsubo, though only a plain store-house with
o ornamental stonework, cross walls, internal doors, or other
details. This price represents a cost only 50 yen per fsubo
less than that of the complicated two story offices previously
described. It may be mentioned that quite near this Powder
Magazine a curfous phenomenon had taken place during the
‘edrihiquake, a liquid white clayey sand, known by well diggers
o exist below the surface at a minimum depth of 50 feet, had
‘been squeezed up to the surface, spirting out of the ground,
and the whole surrounding area was at present covered with
‘this white deposit; This is worthy of notice as indicating that
the safety of this particular building can hardly be attributable
‘to any local immunity of the site caused by neighbouring
moats, or rigid subsoil.

Near to this building another Magazine of wooden-frame
construction, plastered over, and built on a granite plinth, had
been considerably damaged. The roof was broken and the
tiles were thrown off; also the plastering, and the clay render-
ing below which had been attached to bamboo wattling, was
. cast off in large pieces.

Close by was a Rice Store,~a long wooden building in the
niost solid ancient Japanese style of construction with thick
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timbers, It was old,” and apparently the tenon joints and
dowels were rotlen, It was all pushed out, toppling over on
one side, the other side being bent inwards.

In another part of the Castle grounds were to be seen the
buildings of the Military Hospital connected with the garri-
son. These were separated blocks of one-story buildings of
wood, in psendo-European style, erected on a plinth formed
of two courses of hard stone. One ward in the N.W. corner
exhibited signs of very curious disturbance in the stone plinth,
and between the plinth and wall cill (see Fig. 7). A rotation
of the four corner stones of the upper plinth course had taken
place, and in different diréctions.

N

= =7

—
Fig. 7.

The bottom course, being partly bedded in the goil, had
rg:m‘ained stationary, or rather followed the motions of the
ground, but the whole of the upper course, together wilh the
superincumbcxﬁst wood-and-plaster building had been shifled a
few inches to the West. This sliding movement had been re-
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gisfered by the stationary steps on-the South side which were
also bedded in the ground. In addition to this general sliding,
the four corner stones had been forced out, as if by a centri-
fugal force, and, in one case, the corner block had dragged the
second block partly with it, Conclusions drawn from these
effects, and from an examination of the construction, were :—
That the stones of the plinth had rough loose beds and backs
and were imperfectly cemented together. The superstructure
being light, and only laid upon the stone base, did not by its
weight offer any considerable resistance to the movement that
had occurred. A system of sinking or notching the wall plate
into the plinth, and of notching together the different courses '
of the plisith, as adopted in the Powder Magazine referred
to above, (see Fig. 6) would probably have prevented this move-
ment. The writer is of opinion that even proper square beds and
backs properly united with adhesive mortar or cement wonld
bave been almost sufficient to obviate the movement; but in
this respect the conditions of light superstructures like the pre-
sent one and those of heavy brick structures were somewhat
different.

An examination of the Castle itself and the surrounding
fortifications showed the following‘injuries:—-—Several parts of
the stone-faced escarps of from 40 to soft. in height had
fallen, together with their earth backing, and there were large
cracks and crevices in the roads parallel to these slips, caused
by the failure of lateral supports. In one of the small yards
formed by the double gateway approaches and occupied by
‘the military guard, the large square ashlars of the raised earth-
works, had fallen on all sides, causing, it was said, a panic
among the guard. The Pagura (corner turrets) and con-
necting. Z'amon (barracks) crowning some of these earth-
‘works, built in the most solid Japanese feudal style, had their
plaster cracked and in some cases fallen off. The turrets
had tile roofs which did not appear injured. In another place
a portion of a large barrack built on the extremity of a slone

.
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faced dos¢ (earth mound) had collapsed, a part of the dozé
crumbling into stones and dust, and tearing the building off
in the middle. A curious effect was observable in connection
with the Omotte Ichi no Alon,~-one of the principal gateways
. —the upper story of which consisted of a heavy wood-and-
plaster structure spanning a space between two stone-faced em-
bankmeunts (do/é), this space being occupied by heavy posts
supporting the superstructure and forming the gateway. The
heavy stone-faced do/é on either side had by their movement
squeezed and doubled up the slabs of granite-paving, as
shown at A in Fig 8,

—

b T A
Fig. 8.

The Castle Palace (Gofen) showed no extemal injury, but
the internal walls were much shaken and cracked, and many
of the mural pictures had peeled off the walls. A small
treasury outside, built of slabs of stone placed vertically, and
plastered over with a kind of stucco having pebbles mixed
with the last coat, had cast off all its plagtering, which seemed
to have had no key or adherence whatever,  In the case of a
Japanese built dogi  (mud-and-plaster godown) bavisg a
skeleton of stout wond-work. coverad with watlling and, several
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coats of clay and plastering (in accordance with the usual con-
struction of these Japanése fireproof stores), the whole of the
cllay and plaster work of considerable thickness had been
thrown off, exposing the timbers of the framework below.
This was interesting, as it offered an explanation of the state-
ment often heard that at times of conflagration following earth-
quake the Japanese fireproof stores burnt like other buildings.
A small wood-and-plaster annex to the main palace building,
called Fudono Shoin, was leaning considerably out of the
perpendicular. »

" A small one-story Gate Keeper’s Lodge, built in brick in
European style, with walls of one brick thickness, showed the
portion of a window arch fallen out, but no other injury,

The Zenshu, or Keep, appeared not to be injured with the
exceplion of a few ashlars of the stone-faced earthwork which
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) Fig. 9.
bad fallen on the inside. This building is roughly speaking
of the following dimensions :—Ground storey 1o8ft, by 1z0ft, ;



GREAT EARTHQUAKE OF OCTOBER, 18g1. 17

first floor also 108ft. by goft.; second floor 8oft. by y2ft.;
third floor 66ft, by 54ft.; and the fourth floor 54ft. by g2ft.;
the larger dimensions being from N. to S. The total height,
including the stone-faced base, is about 16oft. The stone-
faced . base of this and all Japanese Castle Keeps does not
support more than the outer edge of the thick external wallg
of the structure, these being continued down inside in a series
of stepped frames almost to the level of the base of the escarp.
" This forms 8 sort of complicated socket arrangement. The
building is of decreasing stages, not very high in proportion
to their enormous width, so that the complete structare ;iresents
an almost pyramidal outline, of no great altitnde in proportion
to its width of base. It is constructed of enormous timbers,
framed and stiffened in every direction, the external walls of
the decreasing stages being carried on gigantic beams and lin-
tols, supported on numerous stout posts. The roofis a perfectly
stiff heavy framework, and is covered with copper sheeting and
heavy gilt finials of metal,  The roof was apparently uninjured
and even the plaster work of the building seemed not to have
suffered. Itis reported, however, that closer examination after-
wards led to the discovery that this structare had been thrown
aboul a foot oul of the perpendicular and extensive repairs were
consequently undertaken.

Conglusiong drawn by the writer from an examinalipn
of the above Castle structures were as follow :—The deep
excavated moats of the Castle seemed to have in no way as-
sisted in cutting off the effects of the shock. The comparalive
immunity of the Keep could not be attributed lo them, as many
other buildings within the same enclosure had seriously suffered.
The mxide-gmumi of embankments and mounds had been
seriously disturbed and contorled, forcing down the stone
facings, which served ag a kind of retaining wall, The cracks
in level gronud were caused by the yielding of lateral support
in the made-ground and the effect of settjements, and were not

strictly speaking earth-gapings. Thestone siruclures were not
# B
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correctly described as sfone walls; they had no stability apart
from the earthworks they assisted in supporting, They had not

- even the stability of ordinary European retaining walls built in
horizontal beds with mortar, of increasing thickness towards the
bottom and with proper footings; such requiring overturning
in mass, They were constructed of enormous stones, triangular
towards the back, bedding upon one another only a few inches
at the joints, the cavities behind being filled with loose gravel,
No mortar or bond of any kind was used ; see (Fig. 10).
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Fig. 10.

Nothing but the enormous weight of the individual stones
prevented the pushing out of these walls by the mere lateral
pressure of the earth, and when (o this was added the shak-
ing and kneading of these embankments by the earthquake,
they easily collapsed. Similar effects might frequently be
seen in stone-faced embankments of less colossal dimensions
in which small stones were employed; a continuous fall of
rain was often sufficient to cause them to collapse. The
Japanese retaining-wall was a sham and unstable facing. It
seemed important to record such observations, because, in
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entire ignorance of the conditions, these stone facings had
been referred to as examples of sfone walls which had fallen
whilst wooden walls remained standing.

The better built Japanese structures, and especially the
turrets and large central Keep, had undoubtedly shown wonder-
ful powers of resistance. To judge intelligently of their height
as structures il was necessary to compare it with their extent
of base, which was considerable. The Keep was 160 feet high
to the apex, but x20 feet broad at the base, gradually de-
creasing in size and weight towards the top,—in fact a form
approaching that of the pyramid. This was undoubtedly a
very strong form indeed, if constructed in a material which
lent itself Lo such treatment. It might, on the other hand, be
an extremely weak, unstable, and defective form, if constructed
in other materials, A building, it must be remembered, was
not solid, but consisted chiefly of hollow compartments, and
wood lent itself to a method of selting back walls one above the
other in decreasing stages, In materials like brick and stone
it was imperative that walls should be continuous from below
and as equal in height as possible,

The framework of this citadel was enormously strong, and
the timbers being of such large scantlings, the ordinary
Japanese methods of jointing, which had proved to be so
weak and defective in lighter structures during earthquake,
did not produce fragility, The great weight added to the
stiffuess and rigidity of these connections. These con-
siderations tended to controvert the theory thatloose and pli-
able joints in wooden structures, by admitling of an amount
of give, were favourable in earthquakes; because if this were
so, the lighter buildings should have suffered less than the
heavy ones in the which joints were more rigid; but the
reverse was the case, The great stiffness of the wood
framing of this Castle structure was remarkable, timbers and
ties running in every direction. Especially was this notice-
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able in the roof, which was trassed equally in every direction;
no trusses could move independently, and the roof structure
was compelled to shake in one piece, like a hollow pyramid.
The writer considered that in this lay a principle which might
be applied to roofs of more scientific construction, when
erected in earthquake countries. Another inference from the
examination of the Nagoya buildings was, that, whatever con-
clusions might be reached with regard to brick buildings in
general, magazines and fireproof stores, not used as dwellings,
and of no great height, were far less liable to injury if built
in brick, or even stone, than the ordinar;: Japanese mud and
plaster store-house. The worst that occured to the former
was the damage of a few arches to openings, whereas after the
earthquake the latter became entirely useless for the fireproof
purpose for which they were constructed. Nowhere up to the
present had Jow brick structures been found seriously injured.

The buildings of the Nagoya Railway Station were next
visited. The Stalion itself, a temporary wooden building of
light framework, with weather-boarding, had fallen. A long
Carriage-shed with wooden walls and two rows of posts inter-
naiiy, had bent over considerably. The outer walls were sup-

~ported upon a stone plinth, but the inner posts were let into
the ground, framed into cross plates with struts. These had
tilted up through the soil, forcing up the earth, and the whole
structure was leaning West (see Fig. 11).  The roof trusses,
though simple in construction, had longitudinal plates belween
them which were strutted, giving longitudinal stiffness not pre-
sent in the ordinary European house-roof, where trusses were
only tied by purlins. This roof was uninjured, having ap-
parently moved in one piece.

Alarge iron water tank of eylindrical form, 14ft. in diameter
and 7 feet deep, holding about 7,000 gallons, and supported
by girders placed on a ring of cast iron columns standing on

3 brick and stone base, had been shified on its supports about
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6 inches East. The tank is said to have been full of water at
the time of the earthguake, A similarly constructed one at
Ogaki Station was reporled to have been thrown down and
broken to pieces.

ﬂj,/\

Fige 11,

The next building examined was a large brick Engine-shed
200 feet long, 45 feet in span, and with walls two bricks thick and
about 18 feet high. It was covered by a flailish gueen-post
roof and had a wooden lantern and end gables of brick. The
large arches of the triple entrance were constructed in three
half-brick rings with key-stones and abutment stones. There
were cracks over the arches, and the key-stones had opened,
one falling out. In one case a brick arch had slipped bodily
atits junction with the stone abutment. There were also large
cracks at the corners of the gable ends running from the pro-
jecting wall plates diagonally downwards through the corner
arches ; these were in some places as much as two inches open
(see Fig, 12). In the case of one arch in which the key-stone
was intact the lower ring of bricks had loosened and dropped
back (see Fig. 12). The movement of the wooden roof had
much disturbed the tops of the walls “The brick beam-
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filling between the tie-beams, above the wall plate and
behind a continuous outer roof plate, had been loosened
and pushed in by the vibration of the roof (see Fig. 12).

Fig, 12.

A low brick annex of thinner walls and with a leansto
roof attached to the Engine-shed, had suffered considerably,
jts side walls being pushed and made to bulge out by the
movement of the main wall of the shed, aud the window open-
ings were much crushed and injured : one of the cross wallg
was cracked from top Lo bottom near its connection with the
shed wall, as if torn apart. Several courses of bricks in the
main shed were pushed out below the trusses, revealing their
white mortar-covered under surfaces. The morlar seemed to
be tolerably adhesive.
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Conclusions drawn from the examination of the above struc-
tures were :—That light fragile buildings like the tempbrarv
Station offered no powers of resistance. It seemed also ques-
tionable whether the internal posts of the leaning wooden shed
above referred to had been an advantage or otherwise from a
geismological point of view. They may be considered to have
somewhat stiffened the structure and preveuted its complete
collapse, at the same time they apparently acted like large in-
verted pendula assisting the structure to swing over and drag-
ging its walls off their stone base, The longitudinal strutted
truss to the roof had, it appeared, kept it SUfF and complete.
The condition of the brick buildings confirmed the impression
that structares of this matecial with walls of sufficient thick-
ness and no greal height,—even with no cross walls,—were not
likely to be overthrown, bat cracks would occur over arches
and at other weak pointg, The damage invariably caused to
the tops of brick walls by the Joose timbers of the roof was con-
firmed. The Engine-shed showed the first example as vet
observed of damage done to an annex of smaller size and
lighter construction connected with the main structure, and
was prabably accounted for by the different masses, weights,
and consequent different periods of ogcillation of the two
portions.

The Nagoya Cotton Mill, next inspected, was a combined
wood and biick building, The first Cotton-gpinning Hall was
a one story wonden building about 16 feet high, and 170 feet
long by 72 feet wide, covered in two 36 feel spans of queen-post
roof, and containing three rows of wooden pillars one under the
ceunlre of each trusg and ove under the ceutral valley. At the
end of the hall was a brick Engine-room, the end wall of the
hall being of brick, two bricksin thickness. In the wooden hall
there was no damage except that the glass of the windows had
been smashed by the shock, Against the brick wall the roof
timbers had been carried on brick corbelling, and this corbelling
had been dragged and broken by the vibration of the roof (see
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Fig. 13). The tops of the doorways in this and other brick
walls had no relieving arches but were carried on thick wooden
lintols, and these lintols had moved, some being drawn partly
out, the brickwork between their ends being battered and crack-

ed (see Fig 13).

-
E= ||
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: Fig, x:x.J

A sort of buttiess wall inside the En-
gine Room, at right angles to the brick
divisional wall between Engine Room
and Spinning Hall and partly corbel-
led out from below, was damaged, a
portion of the centre being detached
and. partly thrown out (see Fig. 14).
This wall was reported to have been -
cracked previously, owing to a sinking
occasioned by defective foundations.
The mortar was found to be poor in
- quality. The adjacent brick chimney
had fallen, damaging a portion of the
roof of the Engine Room.

Anotherlarge wooden Spinning Hall
(see Fig. 15), 180 feet by 108 feet,
with roof divided into six 18 feet zigzag
spans zine-covered on the broad slopes
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and glazed on the steeps, and supported by 5 internal rows of
wooden pillars, was not injured, though the shaking is repotted
to have been so iutense that the machinery violently vibrated
The machinery in the hall showed signs of having been
twisted in a Northerly direction. This building was lightly

Fig. 15.
constructed with thin posts, covered on the outside with
Japanese weather-boarding, with low walls and a light roof
divided into may spans. In another part of the compound a
portion of a large low wooden building having thin uprights
and a heavy king-post roof had completely fallen, East by North,
being torn away from the rest of the stracture (see Fig. 16).

.
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Fig. 16,

The top portion of a large octagonal . brick chimney 14 feey
wide at the base and originally 85 feel high bad fallen from
a height of 35 feet. The greatest thickness of the brickwork
was three bricks and a half, at the point broken off it was two

. bricks and a balf, and at the top one brick and a half. The
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pedestal portion below had been constructed in cement mor-
tar, and the upper part—where broken—with common lime
mortar, The remaining portion of the chimney above the
pedestal was much bent and cracked (see Fig. 17). Bricks
manufactured by the Toyokumi were used, and this chimney wag
constructed about 34 years previously by an Engineer from the
Ishikawa-jima Zosenjo, Tokio, Close by was another smaller
round chimney 8 feet in diameter at the base, originally 55 feet
high, 6 feet in diameter above, and of this about 30 feet had
fallen, the part remaining being severely cracked right down
to the base. The bottom was two bricks and a half thick and
the top only one brick thick, and it had been constructed
8 years ago of the first bricks made by the Toyokumi in Nago-
ya. No cement mortar was used, even in the base, common
lime mortar being employed throughout.
r" 8

= o | [ ]
I , —
Fig. 17,
Inferences drawn from an inspection of this Nagoya Cot-

»
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ton Mill were :—That low one-story wooden buildings like
these Spinning Halls, of great extent of base in proportion -
to their height, and of simple square plan, though receiving
severe shaking, did not collapse, although the machinery
was much damaged and the glass of windows broken by
the excessive oscillation and yielding.  Also, a light roof
divided into many spans, covered with metal and appro-
aching a flat form, and supported internally at numerous points,
showed a possible advantage. On the other hand, a light
wooden building of comparatively narrow base and quad-
rangular plan was torn off at one angle and had completely
collapsed. Undoubtedly, age, weakness of joints, and other de-
fective construction, partly accounted for this, but the proportion
of width to height, and particularly the complication of plan
may have assisted.  Whereas a building of one simple mass
would swing in one piece, the parts of a structure having
different attachments would tend to oscillate independently,
resulting in the tearing off or shoving over of outer portions in
the direction of the greatest movement.

The brick portions of these buildings, confirmed former
experiences of the damage done to the tops of walls by roof
timbers resting on them and not anchored in any way, The
weakness of brick corbelling subject to such strain was
plainly shown. The shoving and balering aclion of wooden
lintols let into brick walls over openings was instructive, and
partly explained the effects seen over door-ways in plastered
brick walls in the Shirei Hombu (see Fig, 4, page 8). The
damage to the brick buttress-pier in the Engine Room showed,
~firstly, the damage done by earthquake to parts of brick build-
ings where small setlements and cracks had commenced
owing to defective foundations; secondly, the danger of top-
heavy or corbelled construction; and last]yf tended to confirm
the remarks already made as to light attachments to heavier
masses. The example was a parallel one to that of the Loco-
motive Engine-shed in the Nagoya Railway Station.
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The damaged chimneys confirmed the observations noted
regarding other high brick chimneys, and at the same time
showed the superior advantages derived from thicker brickwork,
harder bricks, and particularly from the use of cement mortar,

The Owari Cotton Mill was next examined. This was the
brick building which had received the greatest damage from
the earthquake and had occasioned the largest loss of life and
injury to the inmates. It was built by the Nagoya Kenchiku
Kaisha, the builders of the Post and Telegraph Offices, from
~ the designs of a Cotton Mill engineer. It consisted of a
large two story oblong Spinning Hall about 28z ft. long by
10z ft. in span, having a total height to the cornice of about
4o ft., except in the water tank tower, which was about 14
feet higher, The walls of the Spinning Hall were 2} bricks
thick below and 2 bricks thick above, and there were no inter-
nal cross walls. The upper floor, which supported very heavy
spinning machinery, was of wood, beams being let into the
brick outer walls and supported by rows of cast iron columns
internally. The walls had large window openings, about 8 feet
wide, 12 feet high, and 6 feet apart, the openings on the upper
story nearly equalling in combined area the remaining area of
the wall surfaces. The windows were arched with flat seg-
mental arches. The tank tower was of the same thickness on
the ground and first floors as the rest of the building, but
piers of half brick extra projection were built at the corners,
The upper story enclosing the tank had walls one brick thick
and one brick and a half thick at the corners. The tank was
of wood, supported on a large brick pier carried up in the
centre of the tower. “The upper wall of this building had
completely fallen on the West side and South end from the
level of the upper floor, and on the East side from the level of
the cills of the upper windows. The top story of the tank-
tower and part of the next story had fallen, exposing the wood-
én tank ; the remaining brickwork of the next story was much
cracked. An examination of the brickwork showed that the
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mortar was rather crumbly, though tolerably adhesive to the
bricks in parts, But in other parts the bricks appeared quite
clean, not even stained by mortar ; especially was this the case
in the vertical joints, “The whole of the upper floor, with the
heavy machinery it carried, had fallen in, the cast iron columns
had been broken, twisted, and thrown over, and the sloping tile-
covered roof had fallen with the collapse of the upper walls,
A large brick chimney, originally about 120 ft. high, had half
fallen.

Considerations based on this examination were as fol-
low :—Bearing in mind the enormous size of this building,
having no cross walls, an upper floor loaded with machinery
of enormous weight, and a heavy roof, the brick walls were of
minimum thickness for safety and had no projecting piers.
Added to this was the fact that the amount of window opening
was almost equal to the solid surface and the widths of such
openings were one (hird greater than the width of dividing piers,
The upper floor had not assisted in tying in the walls, the
beams being only let loosely into the brickwork. The in-
termediate cast iron columns had carried much of the weight
of the floor and roof, but they had swung like pendula, together
with the upper floor, assisting in pushing out the walls and
drawing the beams from the walls. The tank-tower had en-
closing walls of much less diameter than the Spinning Hall
and its first story remained standing, bul the top story bad
fallen. This might have happened under any circumstances,
as this upper wall was only onebrick thick, but the form of the
fracture and the method of carrying the tank on a ceatral pier
suggested the conclusion that it had been battered out by the
swinging of the tank on its central pendulum.

The Atsuta Cement works were visited for the purpose of
seeing further effeots on brick chimneys, The kilns and
chimneys of this establishment were constructed by the local
bricklayer, Hasegawa. Common lime mortar was used, but it
was not very adhesive, the sand appearing bad. The tops of
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the kiln chimneys were all broken off. There was a large
square brick chimney, originally about 78ft, high, of which
about 25ft. had fallen, partly E. and partly W, In the remain-
ing portion the brick joints had been loosened in many places
and a twisting had taken place from E. to W. by S. causing
curious effects at the angles creating an indented appearance
when viewed diagonally, as sketched in Fig. 18.

J

Fig. 18.

Among the street houses of Nagoya was a so-called brick
building, which had received serious damage, This was called
the dicki Kankoba,—a kind of Bazaar, An inspection showed
that it had only one brick fagade and short wings carried about
15ft. back, the rest of the structure being of wood and plaster,
It was of two low stories ; the lower walls of the fagade being 1}
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brick and the upper walls 1 brick thick, The lower part of .
the fagade had two wide arches with a central granite pier and
side pilasters of granite let into the brickwork., Above had
been two windows.  The Lop story had fallen to the level of the
window sills.  An examination of the mortar showed it to be
have been almost useless. The stone jambs of the archwaj*s

T

Fig, 19,

had been thrown out, one remaining caught under the cap as
in Fig. tg. It seemed unnecessary to dwell on the defects
of this building which was of the falsest and worst construc«
tion; a typhoon alone would have probably been sufficient to
destroy it. The brick portions of the structure were weak,
unstable, and badly built with useless mortar, and they only had
three sides to stand upon. The swinging of the wooden pro-
tions behind had probably assisted in pushing over the upper
walls, The projected stoned jambs afforded another example
of the pushing or shaking out of stone not bonded, cemented,
or cramped to the brickwork, and -especially of long blocks
having little penetration in proportion to their height.

A cursory inspection was made of the following build-
ings. The Nagoya Eiwa Gakko, a high wooden building in
foreign style, had clap-boarded walls, and a high pitch tiled
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roof with dormer windows. No great injury was observable
from the outside, but the brick chimneys above the roof
had all fallen, and the roof tiles were loosened. A small
house close by had low brick chimneys remaining, only the
tops being broken off,

The Nagoya Shihan Gakko, opposite to the above, was also
a wooden building of two stories in foreign style, with walls
plastered and instead of being clap-boarded. The plastering
was executed in Japanese style, clay being used below and with
an upper coating of lime plaster, A great portion of this plaster-
ing was thrown off and the wooden posts and beams below were
exposed. The brick chimneys above the roof had fallen and
the tiles were loosened. The Kencho Gijido (Prefectural
Assembly)—a large wooden building, comparatively new, in
fdreign clap-boarded style, and with a large roof, had some
of the roof tiles thrown off, but other parts were apparently
intact. The Christian Church a high clap-boarded building
with wooden tower and spire and metal roof showed from the
outside no signs of injury.

The condition of the above wooden buildings of foreign style
seemed to show that clap-boarded structures resisted better
than plastered wooden ones. The advantage of protection
from fire afforded by the plaster was lost after earthquake, as
the wood became exposed. Metal covered roofs had fared
better than those tile-covered. The brick chimney-stacks above
the roof lines had proved in all cases dangerous. The condi~
tion of these buildings confirmed the public report that wooden
buildings of foreign design (Mokuzo seiys dsukuri) had made
the best record in the earthquake, next to the Japanese Castles
and other very heavy and superior Japanese buildings,

The writer devoted a day to the closer examination of cily
buildings, and other structure of pure Japauese style. The
Shukinro, 2 first class Japanese hotel, was seriously damaged,
but it appeared that the portions most injured were crushed in
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owing to the fall of the upper walls of the adjoining Post and
Telegraph Office. A large two story annex of this hotel, '
consisting of a number of tea rooms and small chambers
below with a large 120 mat room above, had at its West
end a heavy Japanesa Store, close to the Eastern end of
the Post and Telegraph Office, The falling brickwork
had knocked over this heavy Store crushing in the top
portion of the hotel annex.  The lower story posts and parts
of the lower ceilings remained standing, and a portion of
the East end remained complete 772 séfu. ‘L'hose parts of the
hotel which had not been damaged by adjacent objects showed
signs of terrible shaking in large cracks and rents, horizontal
and vertical, in the plastered (ade) panels of the rooms, and
the edges of these plastered panels were separaled from
the posts, but the posts and beams remained intact, 'as well
as the wooden ceilings (see Fig, 20).

B
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Fig. zo.
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The gateway entrance of this Japanese hotel was in foreign
style, and the tops of the stone pillars presented an interesting
example of rotation during thé earthquake, the glass lamp box
above serving as a guide to the direction the rotation had taken
(see Fig. 21). The tops of some stone lanterns in the inner
garden were thrown over, Round the front garden was a high
wood-and-plaster fence with projecting roof of boarding, and
part of this roof had been thrown off.

Fig. 21,

The Hongwanji Temple, one of the finest and most solid of
the temple buildings of Nagoya, was next visited, The magni-
ficent Sam-mon, or two storied entrance gateway, of heavy conw
struction, was intact, as well as the main Temple Hall or
Hondo. This lalter structure had colossal timbers, the posts,
being 18 inches in diameter and some of the beams and cross
ties 3ft. deep, Lven the heavy ridge tiles and terra cotla
terminals of the roof seemed unchanged. In the connecting
passage of lighter construction adjoining the Temple a few
plaster panels had been shot out bodily and others were severely
cracked. The detached outbuildings were sbmewhat damaged
in their roofs, the tiles being thrown off. The end of the ridge
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of a porch to one of these buildings was shoved out. In some
of the secondary gateways, having thatched roofs with tile
ridges, the terminals of the
tile ridges had fallen and the
ends of such roofs were bent
over. On the other hand,
the ends of the curved lean-
to roof extending over the
porch of the Hondo had large

terra cotla termirtals of high /

rearing lions steadied only by mf&/@/
= 0=0

thin wires, and these werenot r':*é\sé &
injured, showing that the roof Fig. 22.
had moved in one block, see Fig. 22.

A heavy bronze bell suspended in a beautifully framed and
carved bell-shed, raised on a high stone-faced base, had fallen,
but the bell-shed itself was not injured. A common and some-

! "L Granite Dowel

-

Fig. 213.
what lightly constructed Japanese building near this had fallen
in, and a magapa oun one side of the court had its plaster
thrown off. The top of a bronze lantern had fallen, showing
the existence of a large square granite dowel inside the bollow
bronze drum, fixed tightly with pebbles below but apparently
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only loosely penetrating the cap, which had been shot off, see

Fig. 22,
The next temple visited was the Wakamiya, the grounds of

which are now a public park. Here several large stone lanterns

r/:"”"""l

Sledmg‘
“and tulsting

Plan of Base

Fig. 2z,
which had moved and fallen were examined and skeiched. The
top of a large stone lantern, Fig. 24, had been thrown over in a
South direction. Another had remained standing but had been
moved and twisted at the joints (see Fig. 25). The plan shows
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the sliding movement at the base in a South direction, with
a twist toward the West, The cap had also slid about 1 inch
East; and the top ball had fallen and rolled to a considerable
distance South, The above Janterns were of no very great size.
Another colossal stone lantern about x6ft. high had fallen to
pieces, spreading out in a direction S.W. by W. (see Fig. 26),

Fig. 26,
The separate stones showed no dowels, dowel holes, or connee-
tions of any kind. Opposite the dancing stage (Kagura-do)
of the same temple two similar stone lanterns had fallen in ex-
actly opposite directions (see Fig. 27). Numerous other small
lanterns had been thrown down.

Fig. 27.

The next visit was paid to a famous temple called Kenchiuji,
containing the mansolea of the Bishin branch of the Toku-
gawa family, With the exception of small repairs the buildings
were 200 years old. The outer gateway, a heavy structure, was
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standing intact except that the posts had slid slightly E. on their
stone bases. The Hondo or main temple had some tiles fal-
len, and the walls were cracked at the junction of connecting
passages, the plaster panels having been loosened and sepa-
rated from the mud backing, in thin sheets, Also the plastering
(kabe) inside was much damaged. A detached double story
building, strongly constructed, had large panels of plaster fallen
off. Every one of the numerous stone lanterns on the sides of
the paved approach had fallen in pieces in different directions
making a heap of débris, In the large cemetery yard behind
about 200 stone lanterns had fallen to pieces apparently in no
fixed direction,

This was in front of the fifteen enclosed tomb-courts contain-
ing the remains of the Bishin Tokugawas from the znd to the
16th, inclusive, The stone railings round these burial enclo-
sures, which were of stone posts and rails tenoned together like
wood construction, had fallen to pieces in various directions,
but mostly N. and S.
Most of the wooden en-
trance gates of these
courts, which had heavy
roofs, two supporting
posts, and buttresses on
one side, had fallen for-
ward on the side having
no buttresses, The con-
struction of these but
tress posts was peculiar,
They consisted of wood-
en pillars tenoned above |
into the cross beam of k)
the roof and scarved 2774 “:t{{/“{/ e

i\ GrewieRoct

and strapped below to a
granite end let into the ;
ground (see Fig. 28). In Fig. 28,
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some cases of overthrow the scarf joint had given, in others
the granite root had been drawn out from the earth. Some
gateways had the posts merely loosened, but the handsomely
carved wooden doors thrown out of their sockets and the
panels smashed. Some of the stone cenotaphs, of flattish
form curved at the top, had been thrown over in a S. direction

(see Fig. 29.);

,,,,,,,,,,,,,,,,,,,, ,_,__.__---—-—*"""'"
) '—l\ but their form
— \ was unfavour-

able to over-

throw in any
direction but S.
or N, Thelocal
priest reported

Fig. 20, that, generally
speaking, those railings and buildings which faced E. had been
most badly injured,

Another temple called the Shrine of the Gohiaku Rakkan
had its outer fence much broken. A bell-shed containing a
medium sized bronze bell showed that the four posts had slid
on their stone bases x inch West, but the bell was still hanging.
All the buildings of this temple, including the Hondo, were
plastered, and the plaster wag much cracked and had fallen
off in masses, Inside, the plaster was torn and broken, being
separated from its clay backing. The posts and roof of the
Hondo were apparently intact,

At the Tokugen Temple, Nagoya, part of the tile ridge of
the Hondo had fallen off,

The Prison at Nagoya was next visited, many casualties
having occurred there. This consisted of solid but old
Japanese buildings converted from former military rice stores.
Their construction was heavy, the posts being of considerable
thickness, but the joints loose and partly decayed. A large

» building used by the prisoners for grinding rice in was leaning
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over bodily in a W, direction at an angle of about 6o degrees,
the posts having their dowels drawn out of or broken into the
ground cills and the intermediate plaster-work broken and
fallen (see Fig. 30).

Fig a0,

There had been two heavily constructed shed buildings one
on either side of a pathway zo feel wide, and these had both
fallen. Eye witnesses declared that these two buildings swung
80 during the earthquake that their eaves almost met, eventually
one falling E. and one W. Other sheds had fallen killing three
and injuring thirty prisoners engaged in making matches,
There was an example of a shed building leaning longitudi-
nally South.

The Chilose Theatre, Nagoya, was nextiuspected. Though
a Japanese building, the roof was a modern one of light king~
post construction, covered with metal with a large central
lantern box for lighting; and half of this roof over the pit had
collapsed ; a part of the roof over the stage had also broken in,

Another Japanese theatre called the Shimmori had entirely o
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collapsed and the surrounding electric lighting poles had been
pulled over,

An excursion through the suburbs of Nagoya and the neigh-
bouring villages oun the road to Gifu was the occasion of an
examination of the more ordinary Japanese buildings. Inthe
guburb of Higashi Biwajima, long rows of street houses were
leaning longitudinally in a Western direction (not over the
street as at Atsuta.) Further on there was a large area oc-
cupied by “houses which had completely collapsed, "the tiled
roofs having flaltened out on the top of the fallen posts, beams,
&c.  The long wooden bridge of the Biwajima river was
broken and waved in the centre with a large swoop towards the
S, E. The stout wooden piles about 15 inches in diameter,
supporling it from the bed of the river, had some of them sunk
dowxx, some broken in the middle, and some torn away at the
scarved and bolted joints (see top of Fig. 31).

Fig. 31,
The Japanese fire-proof stores were all leaning distorted and
» had their thick clay and plaster coatings thrown off. At Nishi
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Biwajima the street houses were of poorer cbnstruclion, having
thatched roofs, and these without exception had all collapsed,
but the roofs had fallen bodily, making triangular huts in which
the inhabitants sought refuge during the night.  The blackened
timbers and plaster suggested fire, but this proved to be a sign
of age and owing to the use of open wood fires internally for
kitchens with no chimnies. At Tataki village, a little beyond
Nishi Biwajima, the road becomes a raised causeway (do#é) of
made ground ; and this had spread, sunk and cracked in many
places, leaving the small wooden bridges (which were supported
partly on piles driven into the bard bed of the crossing streams),
raised above the road levels at their ends (see Fig. 31).

At Ichi no Miya, a small town next reached, aboul one half
of the houses had fallen, (he rest being shattered and bent overs
In some cases parts only of houses had fallen, being torn off
from the remainder. Of the leaning houses, some leant N, and
some S. In the streets of this town the same phenomenon
had occurred as already mentioned in alluding to the Nagoya
Castle on page 12. White liquid clay and sand known to exist
at considerable depth below the surface had been squeezed up,
spirting above the ground. The principal temple of this town,
called Masumida Jinshu, was examined.  The large two-story
gateway was standing apparently uninjured, but ou closer in-
spection it was found that the heavy supporting pusts had been
shifted, some 5 inches, and one as much as 8 inches in a N.E,
direction, Two large open
Prayer Sheds (Har ya), with
large round pillars, were lean-
ing and twisted in an Easterly

direction, one pillar having slid w k
5 inches East.
The top of a large stone
< L]

lanternhad fallen, and the body e e
had twisted on its base from 5
E.to W. by S. (see Fig. 32). Fig. 3a.
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Near the same spot the top of a bronze lantern had fallen,
showing a large granite dowel let inside the hollow bronze
standard and kept in position by gravel and stones. Some
stone lions (skiskr) had slid on their pedestals.

I
U,\ U/\H/Stowlgasw

Fig. 33.

A curious case of lifting and sliding was shown in a closed
well shed, the pillars having bLeen lifted off the stone bases
although dowelled into them (see Fig. 33). The dowels re-
mained unbroken,  In another instance the posts of a Prayer
Shed had beeu slid off the rounded stounes which carried
them (see Fig, 33).

An interesting example was here observed of a copper eaves
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Fig. 34.
gutter, loogely supported on hooks and jointed in sections,
being detached in the middle and shaken out in opposite
directions (see Fig. 34).

Many conclusions were gathered from the inspection of
the above Japanese structures of various kinds in and around
the city of Nagoya. It seemed an indisputable fact that
the monwmental class of wooden buildings of pure Japanese
vonstruction showed remarkable powers of resistance to the
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earthquake, Suach damage as had occurred to them was
the falling of plaster-work and tiles, and in some cases a
sliding and twisting of the supporting pillars which had in
two or three examples shifted the structure off the isolated
stone supports, but without throwing it perceptibly out of the
perpendicular. Lighter buildings annexed to these heavy
structures had invariably been damaged by the oscillation of the
heavier mass. The roofs in all cases showed wonderful stiff-
ness, and in many instances not a tile was shaken off. Tiles
where used in combination with thatch had been thrown off,
On the other hand, the ordinary Japanese city buildings, and
a few of the older structures of better class, had yielded like
a broken chair, collapsing when not held up by adjoining
structures. The same principles and methods of coustruc-
tion were followed in these ordinary buildings as in the large
temples ; the weight, size of timbers, and covsequent strenglh
and stiffness of joints in the latter alone distinguishing them,
It appeared to the writer therefore that the advantage was not
one of method of construction, but rather one ol strength
and mass in the heavier structures. The scantlings and
mass employed in these monumental structures it was im-
possible to apply to ordinary structures, both for reasons of
utility and economy. Also it must be remembered in com-
paring them with other classes of buildings that there existed
no monumentally solid structures in masonry or brickwork to
compare with these temples, such brick buildings as had been
examined being mostly of the speculative or comumercial class
and of poor construction,

To arrive at exact conclusions as to uniformity of direction
in which structures had been most damaged or overthrown it
would be necessary to compare notes taken of fallen ubjecty in
different localities with the direction of the earthquake centre.
Possibly some degree of prevailing uniformity would be found
to exist. The street houses in Biwajima had, for example, all
lent longitudinally West in the direction of Gifu, though they
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laterally supported each other in this direction, and it would
consequently have been easier for them to lean over the street
ag was the case near Atsuta. Also the. priest's observation at
the temple of Kenchinji was that gateway structures which faced
E. and W. had been most thrown over. But, on the other
hand, temple buildings square in plan had been shifted South,
and stone monuments of regular plan had been thrown over
in all directions,  In some cases, as with the stone tablets of
mausolen, the direction of fall was evidently governed by the
shape of the object, which from its nature could hardly have
fallen edgeways. The observations of the damage to the
raised roads and to small bridges npon them confirmed pre-
vious opinions expressed as to the dangerous instability of
made gronud during earthquake, and especially of embank-
ments of made-ground unsupported laterally. Most of the
so-called cracks, openings, and subsidences in the earth during
earthquake were really the breaking up of artificial heaps and
mounds of comparatively loose soil, and such effects seldom
occurred in the hard, level, and natural soil. The bed of the
Biwajima river appeared to have been subject to a violent and
permanent movement of its bed.

Proceeding towards Gifu the banks of the river Kiso were
goon reached. These artificial embankments about 40 feet
wide, tg keep out the floods, are constructed for the most part
of fine river sand with a top surface of hardened clay about 6
inches thick.  These banks had been flattened oul by the earth-
guake, sinking in large waves, producing enormous cracks and
fractures, and in some cases changes of level of from 2z to
3 feet.  1n pacts, great hollows had been formed in the centre,
the sides remnining at almost their original fevel, The rail-
way bridge over the Kisogawa was casually inspected. The
main bridge supports were ablong tapering piers of brickwork,
arched at the bottom, and these arches all appeared to be
injured, The snd brick abutment was cracked considerably.
-The river was a double steam, and a sand causeway be-
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tween the bridge over the main stream and the secondary bridge
over the tributary, had sunk several feet.  One of the large brick
piers of the tributary bridge, having granite quoins, had slid
on its base of brickwork in an Fasterly direction. The end
pierg supporting the main girders had separated from their
wings which supported the ends of the earthworks (see Fig, 35),

} . Fig. 33.

What had once been the pretty little town of Kasamatso was
next reached, This town before the opeuing ot the railway
had been an important stopping place on the road from Nago-
ya, being close to the old ferry across the river, having some very
fine hotels and well built houses. - It was now completely de-
stroyed by conflagrations which broke out after the sarthquake,
It was said that eleven fires had burst out simultaneously, and
so complete was the destruction that not even a godown re-
mained, the whole being a heap of plaster, mud, tiles, and
charred timbers, This afforded one of the most calamitous
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examples of the destractive effect of fire after]earthquake in
wooden cities, and of the uselessness of the Japanese fireproof
store as a protection against fire in such cases,

The village of Kano was next visited. Here there had been

I L

Fig. a6,

isolated ones remainipg standing, .but very much disw
torted, An interesting example was here observed of a light
Japanese gateway having its side pillars tied by diagonals;
this had fallen over bodily, the framework being uninjured
(see Fig. 36), 'T'he diagonals appeared to have prevented any
movement in the joints of the framework, and, instead of the
posts giving at the connections and the roof falling, the whole
had been tipped over in a mass. This could hardly have
happened if the structure had in some way been fixed to the
ground at its base. The loose isolated supports of a Japanese
building here showed a decided disadvantage,

On visiting the town of (3ifu it was found that one portion
of the city bad suffered much more severely than another,
The division was marked by a sunk rent running diagonally
through the town and perceptible even across the hard roads,
Qun the side of this rent included in the NJE,, N,W,, and S.W.
quariers, the effects were most severe,  Considerable portions
within this area had been destoyed by fire, presenting the
appearance of a large plain of smoking Jébris, only a few go-
downs remaining, and these were scorched and half deprived
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of their fireproof coverings. It was stated that about 75,906
#s12bo of buildings had been burnt, covering an area of 158,000
tsubo, or 12g acres, Other ordinary Japanese buildings which
were not burnt were much bent and distorted.

Gifu only contained one brick building, and this was in
course of construction, namely, the Go Rio Kioku or Oflice
of the Forestry Bureag of the Household Department. The
brick walls had been carried up nearly to the roof level, but
were new, the mortar not having properly hardened, The roof
had not been put on. The top portion of this incompleted strues
ture was shaken down and presented the appearance of a ruin,

The Shihan Gakko, a semi-foreign wooden building of two
stories, was much cracked but still standing erect. A com-
mon shed-like dining hall, in the yard behind the main school,
had fallen. A separale wooden building about 35ft, by soft,,
fised as a Gymnasium, of one story but 16ft. high to the
beams, was intact. It had an open roof, which showed an ar.
rangement of quedn and princess roof-trusses of light tim.
bers but stiffly strutted and also trussed longitudinally between
the princesses. The posts of the wooden walls were also well
strutted with diagonals, This building exhibited scarcely any
signs of shaking, the roof (see top of Fig, 37) showing no con.
tortion or signs of movement whatever. Other roofs of much
stronger build had been seriously twisted and injured, especially
those of so-called European coustruction.  The ordinary Euro-
pean roof consisted of trusses scientifically framed with struts
and braces, which were placed at distances of from 8 to 121,
apart and tied longitadinally only by the putling, ridge pieces,
and pole plates, which were merely notched on 1o the pringipals;
thus, though the trusses in themselves were stiff, the raof had
no sliffness longitudinally, and the trusses could work in.
dependently during a violent upheaval and shaking, Many
cases of broken wavy roofs showed that this had happened (see
middle of Fig. 37). Here, on the contrary, was w roof which
was trussed in both directions, and it had apparently vibrated
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in one mass. This was exactly the same principle of construc-
tion ay was carried out, though in a less scientific manner, in
" the large temple roofs and other well built JTapanese roofs which
had given such good records. As already pointed out, these
roofs were as stiff in one direclion as another, tie beams and
collar pieces being carried both cross-ways and longitudinally,
In the poorer and lighter Japanese structures, though the same
principle was followed, the smaller scantlings of the timbers,
weakened at the joints by much cutting, and having no
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triangular bracing, rendered movement possible in the differ-
ent paris; but even these inferior roofs had in many cases
retained their shape in falling and were still used as huts of

temporary refuge by the inhabitants. The enormous timbers
D
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used in the femple roofs, enabling stronger and stiffer joints
without appreciable weakening of the structure, to a great
-extent compensated for the absence of triangles (see bottom
of Fig. 37). ' ;

The writer has elsewhere had occasion to draw attention to
‘the utility of this principle of double trussing applied to
modern roofs for structures in earthquake countries, and which
since the fatal earthquake of 1891 he has adapted to several
important buildings. He does not by any means desire to
advocate the copying of Japanese roof coustruction, an inter-
pretation which one crilic has chosen to put upon his observa-
tions. Such roofs are in many respects eminently unscien-
tific, unnecessarily heavy, and wasteful in material, and they
at the same lime require numerous internal supports, But in
the one particular of being equally stiff in both directions they
present an important advantage. And this solidity and stiff-
ness can also be given to modern structures executed in 8 more
scientific and economical manner, The problem becomes a
somewhat complicated one in dealing with roofs of buildings
of irregular and compound plan. The plain square or oblong

~plan invariably given to Japanese buildings is very favourable
to such treatment; but the principle is capable of application
more or less to any plan,

-To no part of a building did an architect perhaps give less at-
tention than to the roof construction. The engineer, on account
chiefly of the large spans and the iron construction with which he
had mainly to deal, calculated and considered carefully every
part of the sarface of his structure. It was the common
practice of architects to provide a general roof plan showing
the positions of trusses and to supply only one or two details of
individual trusses. These trusses were probably designed and

- calculated with considerable care, but in framing the whole
‘roof together on a complicated plan, half-trusses, three.quarter
trusses, diagonal trusses, and numerous wnforeseen strattiogs,
supports, and modifications were required which were left
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mostly to the contractor or clerk of works to devise. The
consequence was that, though the roof truss alone might be a
very strong aund scientific structure, the roof as a mass
was often a very weak and unscientific one. This was not
attended with any serious results where simple weight and
stability were concerned ; but in case of structures liable to be
violently lifted and shaken, it became most important to con-
sider the roof asa whole. Itshould as near as possible approach
the form of a hollow pyramid, equally unable to yield or move
in either direction,

Continuing the inspection of build-
ings at Gifu, it was found that the
Training School near to the Shihan e
Gakko had received considerable da-
mage, many of the buildings having 7
fallen flat, Part of the prison wall of
the Gifu Jail had fallen, and remain-
ing portions were much cracked, always
at the brick joints. The prison wall was =
a brick structure about 18 feet high, e
and 2z bricks in thickness with corbelled
brick top, tile-covered, and internal but-
tresses every ¢ or 12 feet.  The wall on
the outside rested upon a sloping base
of stone boulders lorming the escarp of
a small onler moat (see Fig. 28). One
corner of this wall had a brick building
attached, and on this account bad
bulged out considerably, cracking the
adjoining wall.

Fig. a8

The Post and Telegraph Offices in Gifu and other wooden
buildings of so-called European style remained erect, though
much damage had been caused by fallen chimneys, and
plaster had been cracked and shaken off,
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. The most important and monumental of the purely Japan.
ese buildings in Gifo was the Hongwanji Temple; and,
contrary lo the experience in similar structures at and near
Nagoya, this had been considerably damaged (see Fig. 39).

]

e

Fig. 39.

The Hondo, or Principal Oratory-—of very massive wooden
construction—was leaning over about 18 inches at the top, and
a great part of the plaster had fallen off. Some of the large
pillars had settled, showing signs of bad foundations.

The bending over of this structure, which like most Japan.
ese buildings consisted entirely of framed parallelograms,
was accompanied by openings and fraclures at the poinls A,
"above, and B. below in Fig. 40.

A large Bell-tower on a double-staged stone-faced mound
or platform had been thrown over and completely broken up,
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l the bronze bell be-
" ingprojected some
distance. The
posts of this tower
or shed showed
very small pins or
tenons which had
been let into the
stone bases (see
top Fig. 40).

The Kodo or
Lecture Hall, a
building of consi-

derable solidity, had fallen,

Glose by, an interesting example was observed ofa two-
storied structure the upper stage of which remained vertical

and apparently un-
damaged whilst the
lower one was bent
and reeling (see Fig,
41), The upper
story being, like
many Japanese two-
storied  structures,
of smaller plan than
the lower, the posts
were notcontinuous
the upper pillars be-
ing carried on heavy
beams supported by
the lower. Hence

the hinge-like action which had taken place. The ornamental
and somewhat salidly constructed porch of the priests’ resi-
dence had also been much bent and twisted (see Fig. 42).



54 CONDER :—AN ARCHITECT'S NOTES ON THE

Another example was here noted of gate posts scarved to
granite‘bases' let into the ground, and in this case, though the
granite base was root-shaped, (wider below than above), it had
been drawn out bodily from the soil (see Fig. 42).

: Fig 42.

Conclusions drawn from the above ingpection of the build-
ings of Gifu were as follow :—The vivlence of the varthquake
shock appeared (o have been greater here than «t Nugoya, a
large rent in the ground being observed vunning right across
the town. Itwas an undoubted fact that Gifu was much nearer
to the centre or surface-source ot the convulsion, which the
writer in his itinerary was gradually approuching, All secounts
show that the noise accompanying the catastrophe was much
louder here than at Nagoya. It wus necessary therefore to
bear all this in mind in comparing the effects upon buildings
with effects on similar buildings at a greater distance. The
dislocation of the Hondo of the Hongwanji,~—a structare of the
same coustruction and colossal solidity as the temples which
had resisted so admirably elsewhere,~might be attributable 1o
the greater degree of commotion. It might also parntly have
resulted from looseness of soil and imperfect foundations,~a
cause to which certain indications seemed to point,  Other
effects seemed to show that the juinting of the timbers was



GREAT EARTHQUAKE OF OCTOBER, 1891. 35

more defective than usual and the buildings in a rather old
and comparatively neglected state.

However this might be, the dislocation which had taken
place revealed clearly the weak points of all Japanese wooden
structures, which in ordinary buildings had invariably been the
cause of ruin, but which in certain exceptional and monu-
mental structures had been neutralised by excessive strength
and weight.

The writer of the present record desires as much as possible
1o avoid all coutroversial matters, but he feels bound to state as
his opinion that there is nothing in the character of the wall
framing or of the isolated foundations of purely Japanese
structures which gives them any seismical advantage over Euro-
pean methods of framing and foundation. And this is amply
and repeatedly proved by the effects of the earthquake of 18g1.
The advantages which such buildings may possess are entirely
those of suitability to custom and climate. The instability of
the parallelogram form of structure, linble ag itis to rhomboidal
change or deplacement, is repeatedly observable, as may at any
time be seen in a broken or creaky chair; and Japanese wall
framing consists only of parallelograms, The same applies to
Japanese roof framing ; but, as already pointed out, such roofs
have another compensaling advantage namely that of trans-
verse framing which gives them additional unily and stiffness.
The abstract theory that looseness of joints and liberty of
movement is an advantage,—that the couvulsive forces of
nature are so irresistable that they cannot be combatted by
weight and siiffness, and must, on the contrary, be met and
neutralised by pliability, is a very plausible one, and one which
is possibly to some extent applicable in practice. But if such
looseness and pliability is unavoidably followed by breakage
and disintegration, or by a chaonge of form which destroys
equilibrium and produces collapse, it is eminently’useless and
destructive, Foreign framed wooden structures, and even ex-
ceptionsl Japanese structures containing triangular arrange-
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ments of struts and braces, had on the other hand everywhere
preserved their forms.

The example referred to of a two-storied structure, the uppey
portion of which remained erect while the lower supports had
leaned over considerably, afforded interesting food for reflection.
It confirmed the report thatin certain two-storied Japanese
structures the upper story had fallenbodily, and being at no great
height from the ground had caused less serious injury to thein-
mates than was occasioned to those in the story below. Wasnot
this then a case where looseness of connection offered a practical
advantage? In structures of such a character that the lower
stages must inevitably give way and let fall the superstructure
the advantage seemed to be one of very slight degree and one
which might in cases be atlended with most serions results,
But in applying European principles of diagonal framing to
the lower stages and thereby rendering them incapable of
rhomboidal displacement and collapse, the partial discounec-
tion of the upper stages might certainly have its advantages.
What the writer has called the Ainged movement could indeed
no longer take place, but the vibratory force and oscillation
from below would be interrupted and not transmitted to the
upper portions in a swing, increasing in proportion to the
height, as in a continuous wooden structure. Passibly this
principle was one capable of some applicatinn,

With regard to brick structures, the injury to the Gifu Jail
wall pointed to the necessity of greater thickness or of larger

~and more frequent piers to long masonry walls where cross walls
were absenl. It also suggested the inadvisability of unneces-
saryornamental projectionsincreasing thetop-heaviness of such
structures. Thematterof the qualityand adhesiveness of mortar
seemed also to require atlention, as all cracks and fractures
had occarred at the joints of the brickwork. This wall also
afforded another example, frequently observed, of the weakness
at the junction between light and heavier masses, the oscilla-
tion of which must be of different period and force.
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As the only brick building of Gifu which had been seriously
damaged, was in a condition of incompletion at the time of
the convulsion, the brickwork being still damp, the mortar
unhardened, and the walls unconuected by roofs and floors,
it could hardly afford much instruction to practical observers.

From Gifu an excursion was made to the Neo Valley, at the
farther extremity of which had been felt the most violent con-
vulsions accompanied by a terrific noise at the time of the
earthquake, aud by extraordinary changes of the configuration
then and subsequently. Everything pointed to the extremity
of this valley as the centre of the convulsion, or rather the
superficial centre, for it must be assumed that the real centre
was underground, The writer has elsewhere recorded his
observations on the extraordinary physical phenomena wit-
nessed in the journey up this valley, indicating that there were
evidences of an immense sublerranean subsidence having taken
place, accompanied by a cracking and renting of the thinner
crust of the valley, and resulting in throwing the surrounding
mountains out of equilibrium, The small earthquakes, which
followed the original convulsion, in numbers daily decreasing,
proved by actual observalion and experience to be caused by
enormous superterranean landslips occasioned by the overba-
lanced hills resuming their equilibrium,  No doubt the cracked
and fractured condition of the soil, together with the existence
of still unclased cavities below, caused the vibration from such
avalanches and landslips to be Lransmitted Lo greater distances
than would otherwise be possible, The present record is, how-
ever, chiefly concerned with the effects of the earthquake upon
structures, and speculations as to its physical causes are out-
side the matter in hand,

The village houses on the road from Gifu to the Neo Valley
were constructed with stonl posts and heavy timbers, as is
common in country parts, where limber is more plentiful and
employed with less economy than in the ordinary buildings of
towns, These village houses had, however, nearly all collapsed,
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the high pitched thatch roofs retaining their shape on the top of
fallen walls and posts. A large village called Kurono showed
dreadful ruin, the common houses having all fallen, and only a
few bent and staggering buildings of better construction remain-
ing #z2 sffu. . In Inuzaka village, the houses were a little better
preserved. In the village of Monju a large school was shat-,
tered, the local temple and all the houses had fallen, The
village of Yamaguchi marked the entrance to the Neo Valley,
Only one or two houses of the better class, including the prin-
cipal hostelry, were habitable, and these were much damaged
A little beyond, large rocks from the limestone cliffs above had
fallen and blocked up the roadway. In the rounded and less
craggy hills on the side of the valley, large bare places were
visible where landslips had occurred. In a sort of knoll, partly
surrounded by large hills, a few farmers’ houses, very old and
poor in construction, remained undamaged, and the road
passing near them undisturbed in any way, This was curions,
and pointed to the possibility of explanation by theories of
earthquake shadows, - Could the weight and mass of intercept-
ing hills in the line of convulsion have stopped or diverted the
movement under their immediate shelter ? Another point which
was casually noted was the existence of a large grove of bamboos
near these houses, and the coincidence that ancient tradition
attributed immunity from earthquake to the viciuity of bamboo
groves | Al Sawara village, a little further on, the houses were
all tossed over and the road much cracked. Beyond this the
village of Kimbara was reached, aud this marked the limit
that it was possible to proceed in jinrdkisha, the vest of the
journey having to performed on fool, The houses here were
a confused heap of débris, and even a large temple called the
Ensho-in had fallen in fragments, the gate-frame alone re-
maining standing. Similar total ruin to dwellings had oe-
curred at the villages of Midori, K&d6, Kallowakimurs, and
Nagamine. The wells at Nagamine had all diied up. At
Nojo, higher up the valley, the ruin wasif possible worse, though
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many of the farmer’s houses had been built with pillars of
keyaki and hinok{ g inches square. The guide who accom-
panied the writer from this village stated that his house, which
was strongly built, had been moved or rather thrown forward
boﬂily some 6 feet during the shock, he being seated inside at
the time; it was much twisted and injured but did not fall
over., The motion here, it was said, seemed almost vertical.
This was the last village reached before eutering the Fuji-dani,
or extreme hollow of the Neo Valley, bounded at the top by
the mountaing dividing it from the province of Echizen.

Reflections arising out of the observations in these localities .
of greatest commotion were ;—That structures which showed
considerable powers of resistance al more distant points, where
the movement fhough violent was more horizontal and un-
dulatory, were helpless against the vertical shocks or upheava]s
at the localities of greatest disturbance.

After examining the remarkable physical phenomena which
had oceurred at this supposed centre of commotion, the return

“was made by the same route to Gifu,

On the road from Gifu to Ogaki similar destruction to build-
ings was observed, At the village of Minato the street was cut -
up into rifts, the houses shattered to pieces, and a bridge near
here over the Nagasegawa knocked into waves both laterally and
vertically,  Even solid temples and their gateways belween
Gifu and Ogaki were destroyed, the ground being severely
cracked, The few fireproof stores which remained standing
were stripped of their mud and plaster,

The town of Ogaki, consisting of about 8,000 houses, had
very few sutuctures remaining standing. Perhaps 30 would
bave been a very full compatation, and even these were much
damaged and in an unsafe condition, One (emple was
observed half standing, the other portion having been torn away
and thrown over. ‘I'he numerous wooden bridges across the
river passing throngh the town were all broken. The greater
proporiion of the fallen houses were burnt, and it was stated
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that a large number of people were burnt alive. One large
conflagration and five or six smaller fires broke out immediately
after the earthquake. People only injured or imprisoned by
the falling timbers and roofs of their dwellings were surronnd-
ed by flames before they could be extricated, others scatheless
from the earthquake, but bent upon rescuing their companions,
themselves fell victims to the encircling conflagrations.  The
destruction also of the so-called fireproof structures, which a
fire unaccompanied by earthquake invariably leaves standing,
made the destitution of the survivors pitiable in its complete-
ness. Among the few structures remaining was the Castle
Keep, which had been severely shaken, the finial tiles falling
off. The adjoining Tamon were much damaged, leaning
over in a S.W. direction, and the stone-faced escarps were
destroyed.

The Police Office, a wooden building of mixed Japanese and
European style, had its central projection broken and leaning
(see Fig. 43). The Post Office, a wooden plastered building
in- European style, showed signs of severe shaking, the joints
of the frame-work being broken and the plastering damaged,
but it preserved its erect form,
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Fig. 43.
The Jail, an old and strong Japanese building, was not much
injured, but the central part of the administrative office had
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fallen down in a N.W. direction (see Fig, 43). The prisoners
work-rooms were bent over. A wealthy wine merchant’s shop
called Inabaya, being a very strongly built Japanese biililding,
newly erected, with thick posts, was fhardly damaged at all.
There were also several examples of two-storied structures in
which the upper story had fallen bodily and remained almost’
erect upon the scatlered timbers of the lower. Certain old and
rotten wooden fences, curiously enough, remained in position.
It was impossible to visit the town of Ogaki as well as
Gifu and Kasamatsu without being impressed with the seri-
ous calamily from fire, following earthquakes, in cities mostly
constructed of wood, Any miligation of injury owing to the
lighter weights of falling wooden structures, as compared with
the partial collapge of buildings of heavier materials, seemed
to be far outweighed by the subsequent total destruction of pro'.:
perty and the torturing death which conflagralion occasioned.
From Ogaki an excursion by railway was made to the large
city of Osaka. Though a considerable distance from the source
of convulsion, Osaka bad been very severely shaken, So violent, -
indeed, had Dbeen the shock that all recording instruments
in the Observatory were broken, and many of the residents
affirmed that it was impossible to stand or walk in their rooms
duting the most violeat period of oscillation. The intensity of
the earthyguake in this locality was amply proved, moreover, by
the serious injuties which certain buildings received, It may
be argued that being so far removed from the Neo Valley—the
supposed centie of commotion—the test given to buildings
of different classes was not sufficient—that in fact construclions
which escaped serious damage in Osaka would bave been
overthrown if standing in Nagoya or Gifn, This is no doubt
so0, but in the following records and observations upon the
Osaka structures it is not intended to imply that those con-
stractions which showed admirable powers of resistance could
have endured, equally well however violent the convulsion.
Where such phenomena are concerned the architect cannot aim
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-atabsolute; but only at comparative, safety. Osaka afforded g
particularly favourable opportunily for examination and enquiry,
because it contained numerous buildings of all classes in al]
kinds of localities, and since the earthquake, as experienced,
was, to0 say the least, unusually severe, a comparison of the in.
juries to different classes of buildings was most useful and in.
structive. Particularly was Osaka the best and only field for
arfiving at fair and useful conclusions as to the comparative
seismical strength of different classes of drick, stone, und other
Jfireproof buildings, Being one of the largest and wealthiest
capitals of the Empire, it contained, in addition to fine monu-
ments in the old ligneous style, important modern structures in
brick and stone. Some of these were of the manufacturing,
commercial, ahd speculative clags, in which a minimum of
* outlay and solidity had been aimed at, whilst others were more
of the national or monumental clags. Oun the other haud, the
few brick buildings in the provincial towns, most of which had
been seriously injured, were generally of the cheapest specula-
tive class erected for manufacluring purposes. Those, zven,
which came under the head of Government erections being
almost equally defectively built on the principle that what was
necessary for the larger and wealthier cities was ton good and
expensive for the smaller towns,
The first building inspected in this city was that of the
~ Electric Lighting Co. in Nakashima 3 chome. The tall brick
chimney, about 125 ft. high, had suffered considerable damage,
a portion about 15 ft. long at & height of 72 ft. had opened
in the side in a fissare about § inches wide (see Fig. 44.)
- No crack was observable above this fissure, but cracks ex-
tended below it to a point about 6o ft. from the soil.  The
chimney was in a dangerous condition, and it had to be taken
down as far as the boltom of the fracture. It had apparently
‘been substantially constructed, being 2z bricks thick at the
top, then 3 bricks, and 4 bricks thick at the bottom. It
rested on a wide footing above a concrele base 28 ft. square,
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the concrete being composed of 1 part
Osaka cement, 3 of lime, and 5 of
granitic sand and gravel. Below the
concrete were close piles 18 ft. long.

An examination of detached por-
tions of the brickwork showed that
the mortar itself was pretty hard, but
did not adhere properly to the
bricks. Some portions of the bricks,
especially the vertical joints, were
quite clean. The inference was
that the bricks had not been pro-
perly soaked, and these vertical
joints not properly filled with mortar
when laid. .

The brick Boiler Room, 4oit. and
57{t, in plan, and 22ft, Gin. high 10
the tic-lméam, showed no crack
whatever,  The walls were 2 bricks
thick, with the exception of one
end filled temporarily with wood-
work with a view Lo the extension
of the building, and there wag a
divisional wall from the Engine
Room 2% bricks thick., The walls
contaived medium-sized windows

|
|

o :‘ S e e
Brick ‘:’f’o?{&
Wing Filling
Fig. 45.
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Fig. 44.
reaching a little more
than half way up to
the eaves, with broad
piers between, The
building was covered
by a roof of flattish
slope and king-post
construction, with a
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lantern. The ends bad brick gables with trusses against the
inside of the gable‘s.

The Dynamo Room, also of brick, measured 50ft. by 7ift,
6in. on plan and was 2oft, high to the cornice, It was also
intact. It was coustructed with outer walls 2 bricks thick-
and a divisional wall 2§ bricks thick; and bad semicircular,
headed windows to about half the height of the wall,  One end
of the building had short brick wings with wood filling (see Fig,
45). It was covered by strong king-post roof trusses, with a
large transverse beam supporting them in the centre, carried
on two central posts. These buildings had been superint
ended in their construction by Mr, Takahashi, an experienced
foreman, who had been engaged on the Osaka Miut, .2;enes;

The Sangenya Cotlon Spinning Mills at Osaka, next ex.
amined, consist of three large Mill Buildings, Mill No. 3 being
the largest and latest built, executed entively from working draw-
ings and specifications prepared in England by Messis, Hicks,
Hargreaves & Co., of Bolton in consultation with Mr, Yama-
nobe, the Ménager of the Mills, then in England, It was
superintended by an English Clerk of Works, with whom work-
ed Mr, Sasaki as Japanese technical superientendent, This
building was four stories high——about 67 ft. from the ground to
the cornice, with a tower still higher-—aliout 87 ft. o the
cornice. The size of the main block was 96 ft. by 170 fu,
having four internal rows of cast irun columns suppporting
floors and roof. Together with the staircase ttrrets the area
of this block was about 85 Zsubdo (31,860 sy, f1.). Autached to
this block was the Engine House ahout 67 fsubo (2,412 sq. 11)
in area. The total cost of this Mill, inclmliug imported build-
ing material, was said to be $180,000, of which the KEngine
House cost $2,500, coming to about $500 per fixbe, and the
Mill proper costing about $175 per fsubo,

These prices are important to those familiar with onlinary
building prices of a similar class of stncture in Japan for

_ purposes of comparison. This No, 3 Mill hal bheeu builustrietly
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inaccordance with working drawings supplied by an experienced
Firm in England, and in the same manner that such a large and
high structure for heavy machinery would be built in that coun-
try, cast iron, wronght iron beams, and cement being specially
imported.  Other companies in Osaka and the neighbourhood
had followed it as a model for the general arrangement of
_ their buildings, using their discretion in thinning walls, modi-
fying floor construction, and practising various economies
in construction, Probably the cost of the later Cotton Mills,
some of which had severely suffered in the earthquake, was
less thun one half the cost per square foot of area of the
Sangenya Mill. To return to the description of this gigantic
Mill, its main walls were 4 bricks thick (z ft. 10”) on the
ground floor, 3} bricks on the 1st floor, 3 bricks on the znd floor,
and 24 bricks on the 3rd floor., Below the ground the outer
walls were 3 ft. 2" thick, and 5ft. 8” at the bottom of footings.
The coucrete trenches were 7 ft. wide, filled with cement con-
crete made with British cement; and below the concrete were 18ft.
piles 6”in diameler driven by machinery into the'sand. Concrete
beds and piles also existed under the internal cast iron columns.
The Eugine Room had outer walls 5 bricks thick to the top of
the engine beds, and 28 ft. high from the top of engine beds to
the beams of roof,~-altogether 40 ft. high from the concrete to
the saves, The elevations showed large windows on all'slories,
the wall spaces between which were only a little more than
half the width of the openings, and these were crowned by flat
segmental arches, The tower windows were narrower and
their arch curves apparently struck from the same cenires as
the larger windows, being almost straight.  The Engine Room,
however, which hadbeen designed as thechief ornamental feature
of the design, had some large semicircular-headed windows.
The walls were crowned with a machicolated cornice of con-
siderable projection, and a parapet, solid in the main central
portions so0 ag Lo form a tank-roof, but balusirated at the corner

pavilions.
B
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The framework of the floors and main roof were similarly
constructed, with strong iron girders placed about 4ft. apart,
and filled in with half brick arches concreted above., The flat
roof was asphalted above the concrete with Belgian asphalt
and, enclosed by the solid parapets, formed a large reservoir
continually filled with a few inches of water, to prevent cracking.

One of the staircase towers supported a large iron water-tank,

_its walls being about the same thickness as the walls of the
main block, with the addition of half brick projecting piers on
the exterior. It had a low.pyramidal roof constructed of wood
and covered with tiles. A divisional brick pier ran up the
centre of this staircase tower, but it terminated roft, below the
bottom of the tank, which was carried 3 inches free of the outer
walls, supported by stout iron girders (compare with description
of Owari Cotton Mill pages 28, 29).

Errzcts oF THE EArTHQUARE.—The shock was so severs
that the short tenons of the struts of the tower roof were shaken
put of their mortises. A large crack was observed at the end
of Engine Room. in the wall forming the division between it
and the Rope-chamber, but the Manager stated that this was an
old crack due to unequal settlement during construction, The
upper part of the Engine Room had been delayed in construe-

tion owing to difficalty in procuring stone from the quarries,
and the weights being unequal a crack had occurred between
this annex and the main building. This original crack had been
strained and widened and a few bricks crushed by the earth-
guake. In the Main Block, the two towers had small window
openings close to their junction with the main wall, and the
very flat arches of these openings had been strained and dam-
aged, the keys falling out, OF these towers one had only
partial connection with the main block (see Fig. 46). The
arches referred to, which were damaged, were mere facing
arches of only a half brick penetration,

The mortar of the brickwork was common lime mortar, and
it apparently had good connection with the brickwork, except
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in the vertical faces of the bricks, which were clean. The
bricks were made at Sakai and had frogs in their beds.

i

Main Block

Tower Tower

Fig, 46.

Some of the brick arches of the iop floor and roof had opene.d
a little in one place, letting in the water from the flat tank-roof.
The iron girders and joists carrying these arches were built into
the walls williout any anchoring. The larger girders had cast
supportsfor receiving the ends of ironjoists. Thetops of internal
door openings were supported on iron lintols and in one or two
casges the movement of these, or the vibration of the brickwork in
contact with them, had caused cracks in the brickwork. Slight
injuries had occurred to the parapets at the corners of the build-
ing, which were constructed of thin brick balusters supporting
heavy stone cupings.

The above observations showed that the building, although
of unprecedented height for Japan, had suffered comparatively
little damage from the earthquake, and the writer can but at-
tribute this mainly to its solid, careful, and conscientious con-
struction. The light flat roof, having a skeleton of iron beams
and acting as a fixed lid tying the top of the building, probably
presented superior advantages to the ordinary sloping roof of
heavy timberand of more or less independent trusses. Thenet-
work of iron beams at the different floors, though not anchored,
acted as important horizontal ties to the walls, without creating
the large cavities occasioned by the use of enormous wooden
beams; and the brick arches and concrete over these prevented
them moving independently and battering the walls. Though
the window openings were of large area compared with the
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‘wall spaces, a great thickness had been given to the inter-
mediate piers.

On the other hand, such small injuries as had resulted
pointed to the following conclusions :—Damages had occurred
at the junction of towers of small mass with the large mass of
the main block. The main block had oscillated practically in
one piece, and had strained the junctions with these smaller
masses, the tendency of which was to oscillate with a different
period to the main block. Openings close to these puints of
connection proved additional sources of weakness. Ilaving in
view earthquake alone, it seemed important that the plans of
buildings should be as simple and compact as possible, all off-
shoots from the main figure of plan proving points of weakness,
and in p'roportion to their smallness of size as compared with
this main plan, and in proportion to their limited connection
with the main block; short, of course, of complete detachment.

The flatter the form, of brick or stone arches to openings,
the more they appeared liable to injury from the strains caused
by earthquake, When these arches were mere surface arches,
of small penetration, they were still more liable to displacement.

Arches of good curve forming a solid ring right through the
thickness of the wall could hardly fail to strengthen openings,
especially if they could be made constructively continuous with
the jamb and cill borders. They would then somewhat re~
semble in function a rim added to strengthen the edge of a hole
in glass or porcelain,  On the subject of arches to wall open-
ings much has been written assuming a permanent state of
pressure and thrust such as exists in a model arch constructed
of loose blocks weighted above ; and upon this agsumption the
.agitation and disturbance of equilibrium caused by earthquake
* is supposed to render the arches of doors and windows a source
of active injury to the walls. Accordingly, lintols have been
. recommended for spanning apertures, in preference to arches,
as being always in a stale of repose, whilst arches are in a
dynamic condition. Experience, however, shows thut the arch
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of the ordinary door or window-opening in a well constructed
brick building, the material of which hag properly set, becomes
a solid and continuous border to the top of the aperture, very
little, if any, of the superincumbent weight being converted
into thrust along the arch. Except in the case of very wide
openings, the arch could in fact be afterwards removed and the
solidified brickwork above wonld hold itself together. If the
aperture were of pointed form, the superincumbent wall would
be less likely to yield and crack on the removal of the arch than
if it were of semicircular form ; and again, the semicircular
form would be more self-supporting than the segmental and the
straight forms, It is, therefore, the form of the openings which
has to be first considered, and the arches may be regarded as
borders giving additional strength to the edges of such openings.
The writer is convinced that other conditions being the
same, the square head is undoubtedly the weakest form for the
top of an opening, and the segmental, eliptical, semicircular,
and pointed forms excel in strength in the order given, the
pointed being the strongest. But the application of any such
theory must be strictly governed by other considerations, such
as the area of the openings in proportion to wall areas and the
width and strength of intervening bands of brickwork, A
pointed or semi-circalar head to an opening might in certain
cases 0 cut into the intervening horizontal bands of brickwork—
already sufliciently weakened by the penétration of floor or roof
beams—that a segmental head might be preferable for the
united strength of the building. The strongest form for window
openings in & given building could not theredore be determined
independently of the exact distribution of such openings.
Regarding the brick arch over a window as the top border of
an aperture, (which forms & void or point of weakness in an
olherwise solid wall) the edge of which aperture is subject to
compression, tension, and wrenching, by the vibration of the
surrounding brickwork, it is plain that, being constructed of
separate blacks, it is liable to open and crack when stretched
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and sheared. At the same time it may be assumed to shield
the top of the aperture, the edges of which would have become
much more damaged without its protection. Its value, as
- well as its own immunity from injury, would undoubtedly
be increased by the employment of good bond giving it a
maximum of tensile resistance, and it would be rendered still
more effective by making it constructively continuous with the
side and bottom borders of the opening. Probably it would be
to the advantage of such a continuous rim or border to an aper-
tirre that it should be as nearly as possible of the same material
as the surrounding walls—possessing the same amount of
elasticity ; but if window openings were lined with a continuous
frame-border of wrought iron throughout the thickuess of the
wall, serving at one and the same time as arch, jumbs, and cill,
the writer is of opinion that this would be a valuable protection
" during severe earthquake,

On the other hand, rigid iron lintols alone, the ends of which
must perforce penetrate the sides of the opening, could not be
considered satisfactory. Incaseswhere theyhad been employed,
their penetrating ends had seriously damaged the corners of
the apertures which they covered. Wooden lintols proved to
be equally or even more injurious to the tops of doors and
windows during seismic movement (see Fig. 13 page 24). The
same applied in a greater degree to lintols of stone which were
invariably only loosely, connected with the brickwork at their
backs, and crealed considerable disturbance during vibration,

The damage occasioned to the pierced parapets of this
building, pointed glo the necessity of making parapets ag
solid and coping them as lightly as possible. The solid low
parapets over the main block had not suffered, vor had the
heavily projecting machicolated cornice. This was doubt
less attribulable to good coustruction, and especially to the
absence of the heavy slooping wooden roof, which had pushed
out the cornice stones in so many other buildings.

Mill No. 2, in the same compound, was an older building,
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only three stories in height, but of somewhat larger area than
Mill No. 3. The outer wall was three bricks thick below, two
bricks and a half on the first floor, and two bricks above, with
cross walls two bricks thick running up through two floors. On
the fagade the lower story had large windows with semicircular
heads, and the upper stories double windows of smaller span
also crowned with round arches. The building was covered
by three spans of king-post roofs, and these, as well as the
floors, were supported internally on four rows of stout wooden
posts with cushion caps. The beams of the floors were framed
in both directions, giving the advantage of great stiffness. The
ceilingswere formed of sheet iron strongly screwed to the beams.

In this building, the floor and roof beams had been slightly
loosened and the walls slightly cracked at their points of
penetration, but no other injuries appeared to have occurred.

No. 1 Mill, a comparatively low brick building with walls
two bricks thick and small windows, was undamaged.

A brick chimney, about rzoft. high, cracked so much at the
top that 25ft, of its length had to be taken down. On close
examination, very small cracks were to be observed extending
considerably lower than the 25ft, and running spirally round
the chimney.

The next buildings examined were those of the Kanakin
Seishoku Kaisha, carried out under the superintendence of Mr.
Ohara, Architect, a graduate of the Imperial College of Engi-
neering, from plans supplied by Messrs, Platts and Oldham,
Eogland. The work was executed by small contracts for the
different trades. The bricks were from Sakai. The building
was of two stories, of a total height to the eaves of gzft. 67,
measuring 126ft. by xgzzft. in plan, with walls three bricks
thick below but only one brick and a half above. The floors
and roof were supported internally by 66 wooden pillars, 6
in a row, in one direction, and 1x in a row in the other. The
roof was of very flat slope and lightly covered with galvanized
sheet iron, The other building was a one story brick shed
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154ft. by 132ft. in plan, and 14ft. high to the tie beam, covered
with zigzag roofing, supported internally by rows of columns
t1ft. and 22ft. apart. Between these two departments was the
Engine and Boiler Room, 6oft. by 35ft. in plan, with walls
2 bricks thick and 18ft. high, The foundations were on piles
driven into firm sand. The principal building was peculiarly
constructed in its u;ﬁper story, the roof trusses and roof plates
supported upon wooden pillars built against the 1} brick walls, a
space of 5" being left between these pillars and the brick walls
(see Fig. 47.) Thisspace is reported to have opened as much
as 2ft. during the earthquake shock, the roof and support-
ing wooden pillars swinging independently of the brick walls.
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Fig. 47.

The floor frames consisted of wooden beams x11ft. aparl, carry-
ing solid boarding 34" thick without joists, Ower this thick
boarding was spread a layer of mortar or fine concrele 23"
thick, and upon this ordinary floor boarding was placed. The
weight of the machinery had crushed out some of this mortar
filling (see Fig. 48), The floor beams were let into shallow iron
socket-caps attached to the tops of the wooden pillars. In some
cases the pillarshad come out of the shallow sockets.  Certain
partition walls in the building which were one brick thick had
cracked and opened at their connection with the cuter walls.

According to all accounts, the amount of oscillation in the
brick walls of the highest building had been intenss, and as
it could hardly be said to be of first class construction, it was
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surprising thatso little damage had occurred, only a few arches
being injured (see Fig, 47). The lightness of the flattish roof
-and the moderate size of the openings had no doubt been
favourable. Some architectshavebeen inclined to detect avirtue
inthe method of constructing the upperstory with wooden pilIarS
free from the brick walls, carrying the wooden roof.  Consider-
ing the report made by eye-witnesses, that the brick walls and
woodwork had opened as much as 2ft. during the shock, and also
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Fig. 48.

in the light of observations elsewhere showing the injury done to
brickwork by moving and battering timber, the wiiter can
hardly cousider such construction to have been advantageous.
It seems 1o him almost miraculous, when compared with other
experiences, that the upper wooden skeleton did not injure
more seriously and even actually push over the thin upper brick
walls, and he thinks that it was probably “within an ace " of
doing so, o
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A visit was next made to the Naniwa Cotton Spinning Mill—
the building in Osaka which had been most seriously damaged,
causing considerable loss of life. It was a comparatively new .
building, finished in November 18go—about a year previous to
' the earthquake, The plans of the Sangenya No. 3 Mill, ta
which the Naniwa building presented a strong family likeness,
were lent as a guide for jts arrangement and design, and it was
constructed by the Kansei Kogyo Gumi of Osaka. The writer
made enquiries, but was unable to learn of any architect or ex-
perienced foreman engaged in its construction. The cost,
including cast iron columns, was about 120,000 yen, or
a little over 100 yen per lsubo—a little more than half
the price of the Sangenya Mill. It was a three-story Mill,
120ft. wide by gooft. long, with two staircase towers, and
an Engine Room and Rope chamber at the end (see Fig. 49).
Internally it had five rows of cast iron columns in its width,
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and twenty-one rows lengthwise. These columng appeared to be
rather thin in proportion to their length. They rested one upon
the other, the wooden floor beams, 13 inches deep, being sup-
ported upon shoes attached to them. The beams were crossed
by stout joists 2 feet apart, carrying thick boarding, and they
ran loosely into the brick walls to the depth of 6 inches, being
additionally supportedon stone corbels. The walls of the dif.
ferent stories were 2} bricks, 2 bricks, and 13 bricks thick re-
spectively, with the addition of piers of 4 brick projection
externally, The total height from the ground to the cornice was
57ft. 6in., and to the top of parapet about 6oft. The wall sur-

i
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faces were thickly perforated [
with windows, some 5ft, and Ep——
others 7ft. or 8ft. wide, leaving
parrow piers considerably less

. T
than the width of openings,
and narrow bands of brick- _
work between the different o 3| wohe
window stages (see Fig. 50). -
The foundations were said to & 6
T

be built upon soft, shifting
sand, upon x5t and x2ft, piles,
with concrete over them. For
the walling, common lime
mortar was used throughout, J—
and no cement work,

The effects of the earth-

quake upon this building were E"’f 35/:8:2—!\
as follow :—The oscillation of J[/ Z’j/

the wooden floors, weighted th abks
with heavy machinery, had ap-
parently been the cause of :
pushing over & large portion of the upper wallg of the build-
ing, which were of minimum thickness, crowded with apertures,
and not in any way tied together by iron beams or cross walls.
On the North side of the top floors, which has been most
heavily weighted with machinery, the floor beams had been-
pulled out of the walls, letting in the floor, machinery, and
shafting, It was on this side that the collapse of the wall had
been greatest, the whole of the third story and part of the
second story being broken off to a point near the top of the win-
dows of the frst floor. The appearance of the line of fracture
resembled the teeth of a saw, The upper wall of two baysat the
East end, where there had been no machinery, remained stand-
ing. On the Souath side, the wall of the second story still
remained, though much cracked and leaning, and having its

Fig. 5o.
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point of junction with the upper floor very loose, with- beams -
broken. A portion of the lower story wall, on the East side,
had separated from the first floor, either the floor having shrunk
inWards, or the wall being permanently pushed out. The outer
walls of the end portion having the cross walls of Engine
Room and Rope Chamber to tie and strengthen them, had not
collapsed, and were but slightly injured. There were no signs
of cracks in the foundations, although the portion over Rope
Chamber, carrying the large water tank, was reported to have
sunk z inches at the time of the shock.

People who were in the Mill during the earthquake state
that two violent motions were felt, one from E. to W., fol-
lowed by one from N.to S. The long sides of the building
faced North and South.

At the junction of all floors remaining in position, the brick
packing over wall plates were loosened, and beams and joists
partly drawn out (see Fig.

51.) The bricks used were / )
large Maiko bricks with frogs .@Q
on both beds, sizes being 7 W

sun 8 bu by 3 sun 8 bu by
2 sun § bu. They were toler- Tig. 51,
ably hard and all fractures in the walls had taken place at the
mortar joints. Very few bricks were found to be broken, even
in the fallen masses; and the cracks in the standing brick-
work were all in the joints. The bricks in the walls remain-
ing standing could, at the line of fracture, be easily separated
by hand, the mortar having no adhesion. Their vertical
joints and backs were guite clean, and the mortar ac'lhering
to the beds was easily rubbed off, crumbling to powder,
Conclusions drawn from the above observations, were -
That the walls of the building were too thin, considering their
great length without any cross walls and in view of the large span
~of the Mill. The span was 120 feet, and the length of external
wall, without cross walls was 300 feet, In the Sangenya Cotton
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Spinning Mill (which was, however, one story higher than the
Naniwa Mill) the span was only 96 feet, and the greatest length
of external wall 170 feet, notwithstanding which, the walls were
4 bricks thick below, and 2 bricks and a half thick on the
-top story. The additional strength imparted by cross walls
was illustrated by the fact that the end of the Naniwa Mill, con-
taining Engine Room, Rope Chamber, and Tank Tower, had
not fallen like the rest. The wooden floors, with large beams
loosely penetrating the brick walls, supporting single joisting
and not stiffened transversely by binders, did not act as hori-
zontal ties between the walls as the stiff iron framework of the
floors in the Sangeunya building had done. In fact, these loose
heavy floors, weighted with machinery swinging with the iron
columns, alternately deawing out from and shoving the walls,
seem to have been one if not the main cause of the collapse of -
the brickwork, already considerably weakened by the holes of
the large timbers, This pointed to the advisability in such
buildings of using light steel or iron floors, well anchored into
the walls. If compelled to use wooden floors, they should
be stifly framed in each direction so as to form a united frame-
work and the penetrating beams should be anchored into the
walls, It is possible that the anchoring of beams into walls
would in cases of intense oscillation cause considerable strain
and injury to the brickwork at the floor line, unless the walls
were of greal thickness, but such local injury was nothing
ag compared with the damage occasioned by loose floor
timbers, which were in turn drawn out of and rammed against
the walls with great violence, Besides the thinness of the
wallg, they were additionally weakened by numerous windows,
the apertures equalling in combined area that of the solid walls,
and the pier widths being about one half of the widths of
openings. In cases where such large and frequent openings
were necessary, walls must be proportionately thickened. But
one of the most serious defects of the building under con-
sideration was the bad quality of the mortar used in laying the
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bricks, and the method of bricklaying.  The vertical sides of
the bricks were perfectly clean, not being even stained by
mortar, which had been apparently smeared only on the beds.
" Even the mortar between the beds had no adhesion to the
bricks, suggesting that they had been laid dry, a habit, as is
well known to those engaged in practical work, most difficult to
eradicate from the Japanese bricklayer, who has a most ob-
stinate liking for liquid mortar and dry bricks. But the mortar
itself was seriously defective, not only had it no adhesion to the
“bricks, but it had no cohesion in itself, and was easily reduced
to powder with the fingers. The mortar joints had presented
no resistance to the brickwork being pushed over, as might be
seen by the form of fractures and the condition of the bricks
‘at the line of fracture. The newness of the building, which
was only one year old, may have partly accounted for this, but
the mortar was dry, and although it cannot be said to have
set, it seems unlikely that it would have ever hardened more
with age. It seems probable that the lime was not properly or
freshly burnt,

Another building inspected, said to be 24 years old, wasthe
Osaka Seigyo Kaisha, a two story building, 45ft. in span and
rooft, long, with walls 2 bricks thick from top to bottom, The
walls were perforated with segmental arched windows 5ft, wide,
with 5ft. spaces between. The upper floor was supported inter-
nally by one central row of pillars, the top was covered bya
large queen-post roof of flat slope, covered with tiles, and entirely
supported on the outer walls, and the outer wall was finished
with a low brick parapet having heavy coping stones, and two
end gables of brick and stone. It was observed that the brick
walls of this building were awry having been carelessly built.
The following effects from the earthquake were noted

The connection between the walls of the main building and
adjoining Boiler Room had opened a little. The brick and
stone parapet had been pushed over by the tie beams of the
roof, and all the bricks round the ends of the tie beams had
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been cracked or loosened, in some cages large cracks extend-
ing down the walls below these timbers (see Fig. 52),
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The corner stones of the bri%l?zgable ends had fallen, being
also pushed out by the vibration of the roof. The mortar was
tolerably hard compared with that examined at the Naniwa
Cotton Spinning Mill last described.

The Commercial Museum (Chinretsujo), a plastered brick
building carried out from the designs and under the superin-
tendence of Mr. Yoshii, Architect,—a graduate of the Imperial
College of Engineering,—had not suffered to any appreciable
extent. A few cracks had occurred in the plaster ceilings, and
between the wooden partitions and the brick walls with which
they were connected, This was the second plastered brick
building which had been examined, the first being the Powder
Magazine at Nagoya. Though both of these buildings had
other sterling qualities sufficient to account for their freedom
from damage, it was possible that the external plastering added
a certain amount of cohesion to the brick walls. v

The Senshin Cotton Spinning Mill at Sakai was. next
visited, Yt was a new, three-story structure, commenced
on the #th March, 1890, and finished just before the earth-
quake, being superintended by Mr. Sasaki, the assistant
architect of the Sangenya Mill, separate contracts being
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'made for the different trades. The area of this building
was 690 Zsubo, the main halls measuriug 100ft. by 130ft. (see
Fig.53). The heights of the three floors were 16ft., 16ft,, and
14ft. respectively, which, together with the depth of the floors,
made a total height of 50ft. to the eaves, and of 55ft. to the top
of the parapet. Below the parapet was a machicolated cornice
of considerable projection? The thickness of the walls were
3 bricks below, 2% bricks at the piers of the fiist {loor, and 2
bricks between the piers, and 2z bricks at the piers of the
second floor and 1% bricks between the piers. The end wall
of the top story, though shorter than the side walls, and having
wider spaces between the windows,‘t had for some unexplained
reason been made one half brick thicker. The top wall of the
staircase lower measured 3 bricks in thickness. A water tank
on the top of this tower was carried on wooden beams sup-
ported in the outer walls, and croésiug a ceutral brick pier

which divided the flights [
of the staircase.  The e
windows of this building
were about 5ft. wide, with Km:ﬁ
intermediate wall spaces
about 7ft, 6” or 8ft. wide;
10078,

they were crowned by seg-
mental arches of rounder 3 W
curve than those at the 1 >\
Sangenya Mill: some [__

small windows had semi-
circular arches,  The
main hall had a Shaft Gal-
lery attached to a smaller
Hall beyond this as a Shat
special Mill; the Engine | Bnguse
and Boiler Room was at
the side (see Fig. 53).
Floors were of timber

"Bjnwp

130 F
2z

Fig. 53.
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with deep beams and binders carried in iron shoes on four
rows of cast iron colamns, the columns bearing continuously
one upon the other. The floor beams penetrated the outer
walls about ¢ inches. The roof consisted of five spans of
king-post trusses covered with Japanese tiles.

In building the foundations water, was reached at a depth
of 8ft. 6 inches, and piles 15ft. long and 6 inches in dia-
meter were driven, in three rows, concrete sft. thick being
laid upon these to widths of 5ft. 6in. and 6ft. 6in. below the
different walls, ‘The concrele was made with a mixture of
lime, cement, and river ballast, The bricks were manufac~
tured in Sakal. The mortar of the brickwork contained also
cement mixed with the lime, and as no mortar-mills were
used, the ingredients were thoroughly mixed three times by
hand., .

People who were on the spot during the shock say that it was
felt in this building very severely : the injuries were, however,
very slight.  The parapets on the N, E. and W, sides fell over
in blocks, that on the S. side remaining. The roof was a little
injured by a portion of the N. parapet falling inwards. The
pole-plates of the roof were also loosened. The mortar of
the fallen brickwork was found to be tolerably adhesive. The
segmenial arches of most of the windows were uninjured.
The connecting arches between the Elevator Tower and ‘the
main block, and a few narrow segmental arches, were cracked
and open, There was also a crack down the inside of the
main wall at the point of its connection with the tower.
These observations were confirmatory of what has been
advanced previously with reference to the connection of
unequal masses in the same plan. The walls had not
been perceptibly injured by the floor beams; and it is worthy
of remark that these floors were stiffly framed in both direc-
tions and the beams were deeply bonded into the walls.

The Panorama Building at Osaka had been in no way

injured. Though a cheaply canstructed brick building of no
F
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inconsiderable height—s54 ft. to the eaves—(rom a seismo-
logical point of view it presented many advantages in form and
detail. Itwas of circular plan, its walls presenting the form of
a cylinder of elastic brickwork. It had no intermediate floors,
and possessed a light roof covered with corrugated iron and
glass.  The thick wall-plate carrying the ends of the roof
beams formed a continuous ring,

An examination was next made of the piincipal Government
buildings of Osaka, the first establishment visited being the
Imperial Mint, consisting of several different structures, The
Office building, erected in 1883, was a low two-story brick
building with walls 2 bricks thick and wide windows crowned
with flattish segmental arches. The foundalions were said to
be 12 fr. deep, with piling and wide concrete trenches. The
Mint proper—a much older building erected in 186¢-—was a
high single story structure 225 ft. by 84 ft. in plan, The walls
were built with ashlars of a volcanic rock called Tatteyama
stone and measured about 15 inches thick between the piersand
2 feet thick at the piers. The mortar used was composed of a
mixture of lime, cement, crushed coke, and sand, laid in fine
joinis. The height of the walls was 24 fl. and they were
crowned by a slone cornice of considerable projection, above
which the plastered wooden eaves projected considerably,
The windows were circular-headed and there were concentric
round arches connecting the external piers. The wall spaces
were much wider than the openings. Large iron columns
supported the roof internally, the ends of the tie beams being
carried in strongiron shoes. The outer walls had a continuous
roof plate. This main building was constructed upon piles
driven into the sand, over which was a wooden platform carrying
wide concrete. The foolings over the concrete were 8 ft. wide
at the bottom, constructed of long stones Iaid allernately in
different directions. In the centre of the fagade was a stone
columned portico with inverted arches below the columns, and
even this had not been damaged. At the eaves were several
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rather high chimneys,

the earthquake,

and these had been much cracked by

The Assay Department adjoining had a

wooden lantern-roof with an end gable of brick, and (his

gable had been pushed slightly out in 2 N.W. direction, some
of the bricks being a little loosened,

The Copper Mint was a separate brick building,
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Fig. 54.

measuring
externally about 48ft. by 45ft, ; the great-
est length belween cross walls being 210ft.
(see Fig. 54). These divisional walls had
widecentral arches. Inadditiontothe cross
walls, the longitudinal walls were sireng-
thened by occasional internal piers 2 bricks
wideand of 3ft.projection. The total height
of the walls from the ground to the eaves
was 36ft,; this included a vaulted base-
ment5ft. high havinga granite facing. The
thickness of basement wall was 2ft.,, and
the outer brick walls above were 2 bricks
thick, supporting a deep corbelled brick
cornice. The height, from ground floor
to the tie beams of roof, was about 24ft.
Theexternal wallshad semicircular headed
windows about 5ft, wide and recessed—the
intermediale solids being from 8ft. to gft.
wide—and deep horizontal wall spaces re- -
mained above the windows. The building
wag covered with queen-post roof trusses
placed about 8ft. apart, having heavy tie-
beams letinto the walls and resting on con-
tinuous wall plates, These wall plates and
the pole plates of the roof had been a little
loosened by the earthquake. This Mint
contained heavy tanks of water for clean-

ing and separating the ore, and the earthquake shock had been
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sufficient to cause overflow though they were only partially
filled at the time,

In the Forge there were six high chimneys. The largest
was a wide thick chimney 120ft. high with a light cap.  This
was the only chimney fired at the time of the earthquake, the
others being cold, and it was cracked right down, whereas the
remainder, though of weaker construction, were uninjured.
The large Boiler Room, supporting a heavy water tank bolted
to the brickwork, was uninjured, not even the tiles falling.
The edge tiles had been nailed to the roof, which is not
always customary.

The Rolling Room was a large brick building about 450ft,
long covered with a heavy queen-post roof. In the walls of
this building diagonal cracks were observed extending from
below the roof trusses. The bricks between the roof beams
were also much loosened. A lean-to roof adjoining this
building had opened, and the bricks at its connection with
the wall were loosened.

The buildings of the Osaka Arsenal were next inspected,
} They: consisted of numerous brick structures representing a
" combined area of about 6,200 Jsudo. They were situated on
one side of the river with deep moals on their other side, the
site forming a sort of large promontory. The Arsenal Office,
designed by Mr. Yoshii, Architect,—a high two story building
with a basement—was uninjured. The other principal build-
ings consisted of large workshops constructed with enormously
thick walls, the commonest class having walls 3} bricks thick
with additional strengthening piers, A workshop for the
manufacture of cannon supports had walls measuring 3ft. 6
inches thick through the piers, with recessed walls and semi-
circular headed windows. It had a thick internal wall dividing
itlongitudinally. Both the inner and outer walls were recessed
above for travellers. The whole was covered with a double
queen-post roof. A few old cracks were perceplible in the
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plinth, owing to settlement, but there was no injury that could
be attributed to the earthquake.

Another large workshop built of brick with granite quoins,
having a central portion three stories high, used as offices, and
measuring about 40ft. to the eaves, showed no fracture or
crack, notwithstanding its irregular height and the unequal
weight of the high and low portions, Enquiries addressed to the
engineers in charge about the construction of these workshops
elicited the information that they had very deep brick footings
formed of steps with comparatively slight projection (see Fig.
55). Below this had been laid
two courses of hard stone placed
alternately longitudinally and
cross-ways, with spaces between
filled with concrete. These rested
on piles 20ft. and z6ft. long
driven 3ft, 6” apart into the red
clay and continually under water.
l No concrete was used between the

: | i stones and the pile heads. The
1 l i i ! mortar employed for the brick-

% b ' work was composed of 1 part

Fig. 55 cement, 14 partslime, and 5 parts
sand. For the concrete between the footing stones 1 part
cement, X part liwe, and 6 parts of brokens stones had been
used. The cement was of different brands, tested to bear a
breaking strain of zoolbs. to Lhe square inch in a neat state.
The mortar had been mixed in mortar mills.

The compound contained about 14 high chimneys in all, and
portions of four of these had fallen, some of the remaining
ones being slightly cracked. About 21ft, length of one large
chimney had opened out and fallen in two halves in
different directions North, and South, the falling portions
damaging the roofs of the adjacent workshops. The tops of
three other chimneys had fallen, Various proportions of in-

o
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gredients had been used for the mortar of these chimneys, viz,,
1 part cement, 1} parts lime, and 3 parts sand ; 1 part cement,
2% parts lime, and 7§ parts sand ; and 1 part cement, 4 parts
lime, with 4 parts sand.

‘Conclusions arrived at after the inspection of these principal
Government buildings were as follow :—Making allowance for
certain evidence of amateur construction (unavoidable in the
early days to which they belong; when architectural works
were entrusted to mechanical engineers and others having

little knowledge of archilectural building), these structures had
been solidly and carefully built, with a maxmium of strength
in the foundations, walls, and other important parts. Their
sitnation, close to the river bed, which had marked the line of
greatest seismic disturbance, and the fact that their chim-
neys had fallen and the water in tanks had been thrown out,
together with the report of those present at the time of the
earthquake as to its alarming severity, seemed to show that
they had been shaken with the same degree of violence as had
occasioned serious injury to other brick buildings in Osaka,
They had, however, only received very trivial damages. What-
ever, then; may be the argnménts against excessive sliffness
and solidity when building with a flexible material like wood
(and the writer is strongly inclined to the opinion that even in
timber structures solidity and stiffness count for a great deal,
as repeatedly demonstrated in the precedent pages). in brick
and stone buildings, indisputably, extra thickness ot walls and
general massiveness of construction was greatly advaniageous
from a seismological point of view, Such a statement would
seem almost superfluous;, were it not for the often-repeated
argument that, because seismio forces are irresistable, the idea
of building strongly in order to counteract their violence must
be an erroneous one, and that the principle of making a build-
ing and the different parts of a building yield and * give " is
the more correct principle to be followed in practice, Without
doubt the recent earthquake had shown that the connection
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of different materials and of very different masses of (he same
material in one structure were causes of weakness and injury
during earthquake. This was even exemplified in the solid
building last referred to, in which timbers had loosened
bricks and caused cracks in the walls; but the writer saw
no satisfactory compromise between sirengthened connection
and complete isolation. Partial ésolation, or looseness of
connection, had, in all cases, proved most detrimental. It
an annex or a tower could not be isolated from the main
structure so considerably that in their oscillating swing the
two had no chance of colliding, then the more strongly they
were tied and counecled together the less was the damage
likely to be occasioned. In the same way, if timber floors and
roofs could not be distantly isolated from the brick walls, then
it had been proved that they were less injurious to sach brick
walls when stifly framed Lo one another and strongly united to
the walls than wheo loosely penetrating the walls and allowed
to move independently in their different parts.

The existence of careful drawings and detailed specifica-
tions; the use of the best skilled superintendence available and
of the best materials procurable ; and the execution by day work
orsmall contracts for the different trades instead of by general
contract; were all points which distinguished these Government
buildings from the grealer number of the commercial build-
ings among which serious accidents had occurred. Even
among the manufacturing buildings themselves (necessarily
more economically and hastily built than the principal Govern-
ment erections), a scale of growing audacity and of decreasing
care and precaution in construction could be easily traced. We
find the first Cotton Spining Mill, at Sangenya, built under
the aegis of the Mitsui Company with the greatest care and
golidily, using skilled superintendence, and ungrudging any
necessary expense, Thisis followed by the other Mills borrow-
ing from the Sangenya its arrangements, bat thinning the walls,
though at the same time increasing the spans; substitating
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wooden foors for iron ones, and wooden tile-covered roofs for
light iron coverings; widening windows and decreasing piers ;
dispensing with cement ; mixing mortar by hand instead of by
machinery ; and employing the services of assistants as super-
intendents. And lastly, we find the general contract system
introduced, the contractors being mostly speculalors of no ex-
perience, possessing no machinery, plant, or special facilities,
and the machinist in charge of the Mill being the only
supervising ‘“architect.”

" Surely such results pointed Lo the necessity of strict building
regulations and some governmental control which should
ensure at least that important works were only undertaken by
properly certificated experts, Commercial and manufacturing
buildings could not be made monumental, and economy
became a most important factor in their construction, but it
was the expert alone who knew how far economy could be
carried ‘without endangering stability, and the safety and
lives of inmates. One of the lessons learnt from this
severe earthquake was that the constant presence of trained
and experienced supervision in small matiers of consiructive
detail, such as mortar mixing, soaking bricks, bricklaying,
grouting, squaring beds and backs of ashlars, bonding wood-
work into walls, &c,, &c., was quite as necessary ag was pro-
fessional knowledge in the preparing of working drawings and
specifications. It was too often of late the practice to obtain
general drawings and entrust any one to carry out the work.

In the matter of Factory chimneys, and also the ordinary
chimneys of buildings, the best and strongest ¢lags of structures
seemed to have fared scarcely any better than those of inferior
construction. With regard to very high chimuneys of brick,
certain improvements might be possible in increasing their
thickness, building the brickworkinneatcement, and introducing
iron bands and straps, but they would probably always be a
source of danger during severe earthquakes. The substitution
of iron plates in place of brickwork appeared to be the most
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practicable solution. For the ordinary brick and stone chimneys
of buildings projecting above the roof and eaves it seemed also

- advisable to substitute light stacks of wrought iron plate firmly
screwed to their brick stumps. For the safety of the woodwork
of the roof it might be necessary to carty the brick stacks just
above the roof line, commencing the ironwork above the lead
flashing ; but if double iron flues were used filled between with
some non-conducting substance, or even with an air space,
there seemed no reason why the ironwork should not be carried
down throngh the roof timbers to the level of the highest ceil-
ing. It appears almost needless to remark that complete
isolation of brick chimney stacks from the roofing which they
penetrated was impracticable in building, and the experience
from isolated factory chimneys tended to show that such a

streatment, even if possible of execution, would by no means
be effective.

It remains to allude to one other building in the city of Osaka
which was barely completed, viz.,,—the Post and Telegraph
‘Offices, This was a large brick and stone building in the
Palladian style, having four corner pavilions of three stories and
the remander being of two stories in height (see Fig. 56). It
had a large central or office hall measuring about 4oft. by 7oft.
surrounded by piers 2§ bricks thick and 2ft. 9" wide, with round
arches constructed in four half-brick rings. The floor above
wag carried by large wooden beams penetrating the walls over
the crowns of the semicircular arches, and supported intern-
ally on two cast iron columns, The thicknesses of the lower
walls were, at the corner pavilions 3% bricks, and in the
two-story portions 3 bricks thick, very thick mortar joints
(nearly & inch) had been used, and the brickwork rough ex-
ternally as well as internally being to receive plaster. The
mortar had been composed of 4 parts of lime to 6 parts of
granitic sand, and had been partly mixed by mortar mill and
partly by hand. The windows were of medium size, being from
4ft. 6" to 5ft. wide, with intermediate wall spaces from 7 to 8ft.
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wide. The height of the two-story portion was 44ft. to the top of
parapet, and the pavilions measured 62ft. to the top of parapet.
The balusters of the parapet were of cast iron supporting
coping stones. The building had a high stone-faced basement,
and above stone columns at intervals supporting stone cornices,
The foundations had been built upon concrete composed of
lime, Osaka cement, puzzolana, broken bricks, and gravel, laid
on large boulders which had been rammed into the natural
sand. No piles were used,

The earthquake had in no way damaged the main building
though it was quite new and of varied heights. The low two-
story annex, of cheaper and weaker construction, with walls
only 1} bricks thick at the top, had several eracks. These
were observed at each end of a cross wall which carried a roof-
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truss—one being over a door arch in the corner, and one extend-
ing right down the solid wall (see Fig. 57).
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Fig. 57.
This completed the writer's examination of the prineipal
buildings in the localities most seriously affected by the violent
earthquake of October, 18¢1. :




