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1. Introduction.

For the purpose of making a contribution to the study of a wind-
proof construction of Japanese wooden-house, we measured the vibrations
of a Japanese two-storied wooden house due to the pressure of natural
wind. It is quite reasonable to do concurrently the measurement of
natural wind by an anemometer installed at a position near the house
of which the vibrations due to wind are measured. As a matter of fact,
the vibration problem concerning the dynamical nature® of Japanese
wooden-house caused by natural wind pressure remains to be treated, not
to mention the concurrent observations of both the natural wind and the
vibration of the house. The present paper contains not only the dis-

1) Architects are aware that the problem of wind-proof construction of a wooden-
house has been hitherto treated only as one of statics, while some of the experimental
results of vibration measurement of a steel tower or re-inforced concrete building due
to natural wind have already been obtained by some investigators.
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cussions about the results of these concurrent observations,® but also
the treatment of both the problem of the horizontal free vibrations
due to an arbitrary shock and that of the horizontal forced vibrations
excited by a rotary with unbalanced mass. In the last article of this
paper, moreover, we studied a special problem concerning the natural
horizontal deformation of a Japanese wooden-house due to thermal
stresses caused by the radiation heat of the sun.

2. Measuring Apparatus for House Deformation.

The - house treated by us is a kind of two-storied wooden house in
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Fig. 1. Plan views of two-storied wooden house at 1st and 2nd floors.
(a): 1st floor, (b): 2nd floor.

2) In the present study, the anemometer we used was the same with the one we
used in the study of natural winds, which will be shown in the next but one Bull*
Earthq. Res. Inst.

G. NI1sHIMURA and M. SUzUKI, “Anemometer of Inverted Pendulum Type and Wind
Construction Studied with It,” Bull. Farthq. Res. Inst., 32 (1954), Part 3. ’
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Japan, and the plan views of its 1st and 2nd floors are respectively
shown in Fig. 1, the total area of the two floors being about 80 m?
The respective heights of the two floors become about 0.5 m for the 1st
floor and 2.0m for the 2nd floor from the ground. The environment
of the house is as follows. There are many Japanese one- or two-
storied houses around the house, and on the east side of it there is an
empty space of about 80 m? across which there is a one-storied work
house at about one meter’s distance from the house. On the west side,
there is a small house of one story across a narrow street of about one
meter’s width, and a common Japanese wooden house of one-story is
situated on the north side of the house. On the south side, there is
a two-storied house at eight meters’ distance from the house. The
topographical map is shown in Fig. 2, and it contains the two stations
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Fig. 2.

where the observations of natural wind and house vibration were car-
ried out respectively and also their environment. The distance between
the two observation stations should have been made as short as possible,
but it turned out to be about 50 meters, for the reason that no other
house was available for installing in it the measuring apparatus for
house deformation as will be shown in this section.

For measuring the dynamical displacement of a house, it is gener-
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ally convenient to use a displacement vibrograph when the vibration
periods of it become comparatively short. As a matter of faet, however,
the periods of house vibrations caused by natural winds, in some oec-
casions, will become comparatively long, for the reason that the natural
winds contain long periodic variations as may be seen in the characters
of natural winds.” It is well known that a displacement vibrograph
having a comparatively long period pendulum becomes generally un-
stable. For these reasons, the vibrograph of long period is not favourable
for measuring the house vibrations caused by natural wind. Hereupon,
if we want to use a short period vibrograph such as an acceleration-
or a velocity-vibrograph, we are obliged to do some tedious works of
integration and other treatments for obtaining the house displacement-
vibrations due to natural wind. The two vibrographic methods men-
tioned above, in brief, become naturally unfavourable for the present
study. From a new standpoint, therefore, clearing the vibrographie
method, we obtained an apparatus for measuring the house vibrations
excited by natural wind, of which the principle of measurement is very
simple and primitive as will be shown. Assuming a long pipe uninflu-
enced by natural winds, the motions of the respective floors of the
house due to natural wind will be measured relatively to this pipe ; the
pipe becomes comparable in height with that of the house to be under
measurement, and one end of it is rigidly fixed in the ground. From
the dynamical point of view, of course, the transversal vibration periods
of the pipe must be as short as possible, and moreover shorter than
the effective vibration periods of the house due to natural winds. Upon
this principle, we constructed a measuring apparatus for house defor-
mation as shown in Fig. 3a. Because the height of the ceiling of the
house under measurement is about 5.5m, we take 6.5 m as the total
length of the pipe of the present apparatus. The upper part of the
pipe is composed of aluminium pipe of 3.5 m in length, and the lower
part of it is of steel pipe of 3.0 m in length, and they are connected
by screw and flange at their connection point. The outer and inner
diameters of the aluminium pipe are respectively 50 mm and 40 mm,
and also the respective outer and inner diameters of the steel pipe be-
come 90 mm and 80 mm. The lower part of the steel pipe just 0.5m
in length is concreted in the ground as shown in Fig. 8. The pipe is
set, of course, through the 1st, 2nd floors and the ceiling of the house.
To prevent contact between the pipe and any element of the house,

3) loc. cit.
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there are empty spaces of a few centimeters between the pipe and the
floors and also between the pipe and the ceiling of the house as may
be seen in Fig. 83a. To cut off the effect of the wind, the pipe is
tightly covered with a suitable box such as wooden-made long pipe of
square section of which the area is larger than that of the steel pipe.
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Fig. 8a. Measuring apparatus for house deformation.

Both the magnifying and recording methods for the present measure-
ment are mechanical ones as in the case of the anemometer® which will
be described in the next paper, and moreover they are exactly common

4) loc. cit.
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to the three measuring points (Ist floor, 2nd floor and ceiling). We
will, therefore, explain them concerning the 2nd floor, and their sketch-
maps are shown in Figs. 8a and 3b. Two steel rods (diameter 2 mm,
length 5 mm) B are serewed normally into
flange F' which becomes concentric with
the pipe J, and they become perpendicular
with each other. The flange F is fixed by
bolts and nuts to the pipe J at a desirable
position in whieh each axial directions of
the two rods become coincident with N-S
and E-W directions® respectively. The
curved end of the rod B is put into fork
H of which the center rod K is pivoted
by a suitable arm. Rod B makes a point
contact with one of the two slightly
magnetized arms of the fork H, and the
arm pivoting the center rod K is put
vertically on the 2nd floor by a suitable
stand S as shown in Fig. 8a. The end of
the recording stem C screwed into the
center rod K has the recording needle D, which moves in accordance
with the house-motion and records the two components of the house dis-
placements on the smoked recording paper running with drum G. The
recording drum G runs with suitable rotation speeds which are given
by a phonic motor with gear mechanism.

For the present measuring apparatus, the mechanical magnification
V of house-displacement on the 2nd floor is given by the following
expression :

Fig. 8b. Measuring apparatus
for house deformation.

V=L|I,

where L expresses the length of recording stem C with recording needle
D, and I the distance between the rotation axis of the center rod K
and the point of the fork H with which the steel rod B contacts, and
the value V becomes 10~13.3 for the present apparatus. The running
speed of the record-paper (=peripherial speed of the recording drum)
assumes three kinds values i.e. 2.09, 0.174 and 0.0145 mm/sec for the
present experiment.

5) The directions of the girder and the beam of the house under measurement
become respectively N-S and E-W.

o)

Z
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3. Free Vibration of the House.
The records of horizontal free vibrations of the house due to an

arbitrary shock applied to a pillar on the second floor are shown in
Fig. 4. These records have been of course obtained by the apparatus
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Fig. 4. Reeords of frees vibration of the house.
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Fig. 5. Damping characters of E-W, N-S component
free vibrations on the 2nd floor.

explained in the above section, and they show that the respective two
components of vibration at the three places (Ist floor, 2nd floor and
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ceiling) are in the same phase, and that they have the same value of
the free vibration period in the same time.

(1) Damping Ratio and Amplitudes. Taking the n-th double amplitude
A, and next (n+ 1)-th double amplitude A,,, in the free vibration record
of the 2nd floor, we obtain Fig. 5, which shows the damping characters
of the respective E-W, N-S component vibrations on the second floor
of the house. From Fig. 5, we can see that the value of A,/A4,.. or
the damping ratio increases with the vibration amplitude. Expressing
the relation between A4, and A,,; as follows:

A=a(4,.)" , (1)
we obtain the values @ and m as in the following Table I.

Table I. Values of @ and m for the 2nd Floor.

Components E-W N-S
a 1.10 1.14
m 1.13 1.20

Now, from Table II which shows the relations between the ampli-
“tude A, and the damping ratio v for both E-W and N-S components,
we find the following facts: The damping ratio increases with the

Table II. Amplitude and Damping Ratio v on the 2nd Floor.

Ay (in mm) v (E-W component) | v (N-S component)

0.05 1.06 1.08
0.10 1.10 1.17
0.20 1.25 1.27
0.40 1.35

amplitude ; when the amplitude becomes 4 multiples of small amplitude
(0.05 mm), the damping ratio increases by about 189 of the damping
ratio for the case of the small amplitude (0.05 mm). When they become
8 multiples of the small amplitude (0.05 mm), the damping ratio in-
creases by about 289 of that for the case of small amplitude.

(2) Period and Amplitude of Free Vibration. . As regards Japanese
wooden house, from the observation results of the house vibrations,
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T. SAITA® and one of the present writers have already explained that
its free vibration period becomes longer as the vibration amplitude
becomes larger. For the present study, we obtained generally the same
results about the relation between the periods and amplitudes of the
free vibrations of the house. On the present free damped vibrations as
shown in Fig. 4, for large amplitude of vibration, we will take the first
five continued vibrational motions from the beginning point of vib-
rational motion, and also for small amplitude, we will take the last
five continued vibrational motions from the end point of free vibration.
Taking the mean values of the periods of the respective first and last
five free vibrations on the 2nd floor, we obtained the relation between
the periods and amplitudes as shown in Table IIIL.

Table III. Free Vibration Period and Amplitude on the 2nd Floor.

E-W component N-S component
No. of Front part Rear part Front part Rear part Reference
exp'eri- of vibration of vibration of vibration of vibration
ment 5 I L | B
ampli- : ampli- . ampli- . ampli- "
tude period | ¢ 40 period tude i period tude | Period error of
(mm) | (sec) (mm) | (see) (mm) ; (sec) (mm) | (sec)
: . calculated
0.43~ - 0.22~ -1 ;
1 0.08 | 0-335 >0.02 | 0.306 0.022 | 0-807 | >0.01 ) 0.288 \ 1b1"at1on
period
g | 047 10.335 | >0.02]0.314 0-25~10.287 | >0.01 | 0.286 | becomes
) : less than
0.42~ (.23~ ' 3%.
3 0.08 | 0-346 | >0.02 | 0.306 0.03 | 0-307 | >0.01 | 0.288
mean
values 0.26 | 0.338 | >0.02 | 0.308 0.13 | 0.804 | >0.01 | 0.287

From Table III, we find that the free vibration period of small
amplitude (rear part of free vibration) of E-W component becomes longer
by just 79 than that of N-S component. We can see, moreover, that
for the two ecases in which the respective ranges of the vibration
amplitudes for E-W and N-S components become 0.45~.0.08 mm and
0.23~0.02 mm, the free vibration periods increase to be about 109
longer than that of small amplitude less than 0.02 mm for E-W com-
ponent and also to be about 695 longer than that of small amplitude
less than 0.02 mm. for N-S component respectively.

6) T. Sarta and M. SuUzuKI, loc. cit.
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(8) Free Vibration Modes. The free vibration modes of the house are
shown in Fig. 6, which is obtained from the observation records of free
vibrations at the three points (1st floor, 2nd floor and ceiling) of the
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Fig. 6. Free vibration modes.

house, and Fig. 6 shows that the free vibration becomes the modes
of shear vibration type. It is natural that the free vibration mode
should become similar to the mode at the resonance condition of the
forced vibration of the house caused by a rotary with unbalanced
mass which shall be discussed in the next section.

4. Forced Vibration Caused by a Rotary with Unbalanced Mass.

To obtain the forced vibration of the house, we used SAITA’s
rotary® which is shown in Fig. 7. This rotary is mainly constructed
with the rear hub and rim of a bieyele, and it is hand-driven by means
of handle, chain and gear mechanism. To increase the rotation inertia
of the machine, we put into the hub a lead wheel band instead of
tire and tube. The unbalanced masses of 4 kinds shown in Table IV

T T. SAITA, loc. cit.
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are composed of lead wheel segments and they are rigidly fixed on the
hub of radius 22.9em by bolts and nuts as shown in Fig. 7. When
these four unbalanced masses are used, the hub will rotate uniformly

Fig. 7. Rotary with unbalanced mass.

for the range of rotation 7~1.5 R.P.S. Of course, in the working
state of the machine, it must be kept off from any displacement with
rattle on the floor for the purpose of obtaining reliable records of
damped foreced-vibrations of the house. By hand, the hub is put into
a running state with the highest possible peripherial speed, and then
into a free state of damped rotation.”

Now we can easily obtain the following expression of the horizontal
foree caused by the machine which works horizontally to the house :

F—" Mecosti=4="" M cos 0 , (2)
” JEl

where /' (in dyne): Horizontal force caused by the machine,

r (in em): Distance between the center of mass of the un-
balanced mass fixed to hub and the axis of the
rotation of the wheel,

1" (in see.) : Rotation period of the wheel,

M (in gr.): Mass of unbalanced mass,

0 (in degree): Angle between the horizontal line and the line
running through the two points, one being the
center of mass of the unbalanced mass and the other
center of the wheel in its running condition.

Now, using the unit of ke-wt for M, we obtain the following ex-
pression of £ in kg-wt:

8) In the present experiment, we put this machine on the respeetive positions €
and C’ of the 2nd floor of the house, which are shown in Fig. 1b.
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'=0.923 MT-2. (3)

In Table IV, the maximum horizontal force for T—1 sec. is shown for
respective unbalanced masses.

Table IV. Weights of Unbalanced Masses and Max. Horizontal
Forces dus to Them.

Kind of unbalanced mass Ma ‘ Mb ’ Mec ‘ Md

Wt. of unbalanczd mass 1.00 1.70

(in Kg.) 8.40 | 5.10

Max'é‘f‘?{g’ﬁ% foree 992 | 1.57 | 8.14 ‘ 4.7
|

For the case of free damped rotation of the rotary with unbalanced
mass M.=3.4kg, we obtained the records of the forced vibrations of
the respective three places (Ist and 2nd floors, ceiling) as shown in
Fig. 8. In this case, moreover, the record of acceleration vibrograph®
is also shown in Fig. 8. The displacement calculated from +this record
becomes, of course, equal to the displacement obtained ‘directly from
the present displacement measurement apparatus.

According to the damping degree of revolution of the unbalanced
mass rotary, the resonance amplitude of vibration becomes of course
somewhat different, but this faet has no serious effect on the certifi-
cation of the resonance period of the house. As the maximum hori-
zontal force applied to the house by the machine becomes proportional
to the square of 7, we are able to calculate the maximum vibration
amplitude for the constant maximum force of the respective periods.
The amplitude obtained by the product of 7% and the maximum ampli-
tude of the respective periods becomes equal to that of the respective
periods corresponding to the maximum force 0.923 M (kg-wt). From
these treatment, we obtained the relations between the displacement
amplitude and the period for the three respective locations (1st floor,
2nd floor, ceiling) when the maximum horizontal forece becomes 3.14
kg-wt as shown in Fig. 9. From these curves in Fig. 9, we can see
that for N-S component, the displacement commonly reaches its max-
imum when the period becomes 0.84 sec. for all three locations, and
also for E-W component, it reaches its maximum  when the period be-

9) The accerelation vibrograph used is ISHIMOTO’s seismograph of which natural
period=0.115 sec., s@nsibility=2.0 gal/mm, mechanical magnification=213, weight of
mass=13kg, damper=air damper, and recording method=mechanical smoked paper
one. It is installed at & location on the 2nd floor of the house shown in Fig. 2.
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Fig. 9. Relations between displacement amplitude and period.

comes 0.38 sec. When the period of applied force becomes longer than
0.55 sec., the respective displacements for E-W and N-S components
become roughly constant, and this fact shows that the problem turns
into a statical one when the period surpasses 0.55 sec. Table V shows
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both the N-S and E-W component displacement-amplitudes of the three
loeations when the statical displacement of E-W component on the 2nd
floor is taken to be unit.

Table V. Displacements When Statical Displacement of E-W Component
on 2nd Floor is Taken to be Unit.

’\\P\O sition Ceiling 2nd Floor 1st Floor
State
Com- statical | resonance | statical | resonance | statical | resonance
ponent state state state state state state
E.W 1.06 6.2 1.0 4.65 0.10 0.46
N-S 0.334 3.33 0.82 2.27 0.167 0.41
ratlo g(fmlgfn and | o0.3: 0.536 0.82 0.50 1.51 0.89

This table reveals the following facts; excepting the statical state
of the 1st floor, for both statical and resonance states the amplitudes
of N-S component become generally smaller than that of E-W component
for all two floors and ceiling, and they become smallest at ceiling, and

i
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Fig. 10. Forced vibration modes.
also the ratios of N-S component and E-W component for both statical

and resonance states for the upper floor have smaller values than that
for the lower floor of the house. These two facts show that both the
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effective statical-and dynamical-strength for N-S component of the house
becomes larger than that for E-W component, and also the upper part
of the house becomes effectively stronger than the lower part of it.
The vibration modes of the house for both E-W and N-S components
are shown respectively in Fig. 10, in which the parameter of the curves
is taken as time in see. In Fig. 10, we can see that both the vibration
modes for N-S and E-W components for resonance condition become
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Fig. 11a. Vibration characteristics of the 2nd floor for the variation of
unbalanced mass of the rotary.

naturally similar to that of the free vibration mode of the house which
is already shown in Fig. 6. When the period of the applied horizontal
force becomes long, the amplitude of both the 2nd floor and ; ceiling
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become nearly equal, but in the case of more longer periods the ampli-
tude of the 2nd floor becomes somewhat larger than that of the ceiling.
This tendency appears especially more distinetly for N-S component than
for E-W component. The reason why the displacement of the 2nd floor
becomes distinetly large, is that the horizontal force caused by the
rotary is applied on the 2nd floor and also the 2nd floor is of rather
weak construction. When the period of the applied force becomes
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Fig. 11b. Vibration characteristics of the 2nd floor for the variation of
unbalanced mass of the rotary.

shorter than the resonance period of the house, the respective three
locations (1st floor, ond floor and ceiling) show their respective different
vibrations and also seem to have their own respective resonance periods.
This fact shows that the house cannot vibrate wholly as a single body,
and that the three locations vibrate with their respective vibration
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modes for the reason of the dynamically weak construction.

Now the vibration characteristics of the 2nd floor for the variation
of unbalanced mass of the rotary on the 2nd floor are shown in Fig.
11 for E-W and N-S components respectively. In E-W component (Fig.
11a), observed points marked with @, x, O correspond to the unbalanced
masses M,, M, and M, respectively, and also the points marked with @,
O, X in N-S component (Fig. 11b) shows respective cases of M, , M, and
M,. The vibration characteristics for the case of M, are already shown
in Fig. 9. The curves in Fig. 11 correspond of course to the maximum
horizontal forces shown Table IV. From Fig. 11, we can see that the
resonance period on the 2nd floor slightly varies as the unbalanced mass
varys and that it shows a tendency to be elongated as the maximum
force becomes larger. And this tendency appears more distinetly in the
N-S component than in the E-W component. This fact shows that the
dynamical construction of the N-S direction of the house may be weaker
than that of the E-W component.

amplitude
m| LU
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Fig. 12. Relation between the applied statical force and the maximum
horizontal deflection of the 2nd floor.

From Figs. 9 and 11, we are able to obtain the relation between
the force intensity applied horizontally to the house and the maximum
horizontal displacements in both statical and dynamical states; Fig. 12
shows the relation between the statical force applied to the house and
the maximum deflections of the house on the 2nd floor, the statical
force of course being the force with the period longer than 0.55 sec.
for the present house, and also Fig. 13 shows the relation between the
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dynamical maximum deflection of the 2nd floor at the resonance con-
dition and the dynamical force of period 0.32 sec. applied to the house.
Of course, the two curves in both Figs. 12 and 13 are cases of N-S
and E-W components respectively. From Figs. 12 and 13, we can see
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Fig. 13. Relation between applied dynamical force and maximum dzflection
at 2nd floor.

that the statical deflection of course becomes proportional to the applied
force but the dynamical deflection does not become necessarily pro-
portional to the intensity of applied horizontal force. As for the present
house, the fact that the E-W component does not become proportional
may be explained by the increase in the decaying factor worsening of
the condition of the house with the increase in deflection caused by
the applied force. Of course this property is mainly due to the con-
struetion of the house.

From Figs. 9 and 11, we obtain Fig. 14 which shows the variation
of resonance displacement due to that of resonance period on the 2nd
floor and in which the points marked with x correspond to the state
of free vibration. We can understand from Fig. 14 that the resonance
period of the house becomes much elongated by the finiteness of vibra-
tion amplitude, which is of course due to the intensity of the applied
force. In Fig. 14, moreover, we can see that the free vibration period
obtained from small vibration amplitude becomes much smaller than
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that obtained from forced large vibration amplitude. The resonance
period corresponding to comparatively large forced vibration amplitude,
moreover, becomes comparatively longer than that of the comparatively
small forced vibration amplitude. From the discussions about Fig. 14,
we obtain the important fact about the resonance phenomenon of wooden

040+ period

Q! @2 03 Qo4 a5 ao o
Displace ment

Fig. 14. Relation between displacement amplitude and
resonance period.

house as follows: When the resonance period of a wooden house is
discussed, it must be stated whether the vibration condition is a free
or a forced one and moreover whether the vibration amplitude becomes
infinitesimal or finite.

5. Vibrations due to Pressure of Natural Winds.

In the present section, we shall discuss the results of the concurrent
observations of both the natural winds and the house vibrations caused
by them. The apparatus used for this concurrent observations has al-
ready been introduced in the preceding section. As the method of analysis
of the wind pressure will be shown in the next paper® in which we
shall discuss the wind construction, we do not show it in this
paper. In this section, we shall first discuss the relation between the
wind pressure and the house displacement and next we shall study the
statistical characters of the vibration periods of the house due to wind
and the predominant period. The problems concerning the relation
between the periods and the amplitudes of the house vibrations caused

10) loc. cit.
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by natural wind and also the nature of the deformation vectors of the
house due to natural wind will be studied in this section.

(1) Wind Pressure and Displacement of the House. Now we will take
the following two cases of observation of winds: (1) S-E wind blowing
for the space of 8 hours and 45 minutes from 22", Sept. 11 to 6"45™,
Sept. 12, 1941, in which the maximum wind speed reached 23 m/s, and
also (2) N-W wind lasting for the space of 23 hours and 12 minutes
from 18"48™, Sept. 16 to 18", Sept. 17, 1941, in which the maximum
wind speed reached 35 m/s.

Using the respective records of both wind pressures and the house
vibrations, we calculated the mean values of the wind pressures of
NE-SW direction and those of SE-NW direction, and also the mean
values of the vibration amplitudes of E-W component and those of N-S
component. By these procedures, we obtained the relations between
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Fig. 15. Relation between wind pressure and house
displacement amplitude S-W wind.

the wind pressure and the vibration amplitude of the house on the
ceiling and on the 2nd floor as shown in Figs. 15 and 16. From Figs.
15 and 16, we can see that the vibration amplitudes become roughly
proportional to the maximum wind pressure for both winds (S-E wind,
and N-E wind). From the theoretical point of view, this character of
proportionality may be of course right, but actually the respective
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points marked with @ in Figs. 15 and 16 do not necessarily form a
regular curve such as a straight line. This fact is of course due to
the facts that both the house displacements and the wind pressures
have respectively dynamical natures and also the two stations where
the observation of the wind and house deformation are respectively
carried out have a 40 meters’ distance between them. Figs. 15 and 16
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Fig. 16. Relation between wind pressure and house displacement
amplitude S-W wind.

show that for the wind pressure of 80 Kg-wt/m?, the two displacements
on ceiling and 2nd floor become respectively 0.49 mm, 0.38 mm for S-E
wind, and 0.87 mm, 0.30 mm for N-E wind. Hence we learn that the
displacements on ceiling and 2nd floor due to S-E wind become larger
than those due to N-W wind. We cannot, however, explain easily these
facts from the theory that when the intensity of wind pressure is the
same, the displacement of the house due to the wind is of the same
magnitude even when the directions of the wind are diametrically op-
posite to each other. In the present case, as already mentioned, the
two concurrent observation stations have a distance of 40 metres between
them and both the environment of the houses and the topography around
the house are not uniform. From these two facts, we are able to infer
that the effect of N-W wind pressure on the house is more or less

varied and weakened mainly by the environment of N-E side of the
house.
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(2) Statistical Characters of the Vibration Periods of the House due to
Wind and Their Predominant Pertod. Taking two records of the house
displacement which are respectively caused by N-E wind of the duration
from 17"85™ to 17"565™, March 2, 1941, and by S-W wind of the duration
from 12"17™ to 12°27™, March 4, 1941, we studied the statistical charae-
ters of the vibration period of the house. Figs. 17a and 18a show
respectively the vibrations of the house for the above-mentioned two
durations of time. Parts of the records of the wind pressure for these
two time durations are also shown in Figs. 17b and 18b respectively.
Figs. 19 and 20 show the statistical characters of the house vibrations
of N-S component caused by N-E wind of which the duration of time
(5 minutes) is taken arbitrarily from 17"35™ to 17°40™ and also from
17°40™ to 17"45™ respectively. In Figs. 19 and 20, the values of the
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Fig. 19. Relation between vibration period Fig. 20. Relation between vibration
of the house due to N-E wind and their pre- period of the house due to N-E wind
dominant period. Observation time=17t35m~ and their predominant period. Obser-
17040™, March 2, 1941. vation time==17040m~17045m, March 2,

’ 1941.

period taken on the abscissa of log. scale are obtained by the method
wherein we take, as the period of the house vibrations, the time du-
ration from a top to the next top on the recorded curve of the vibration
of the house in Figs. 17a and 18a, or the time duration from a bottom
to the next bottom on the same records. The ordinates in Figs. 19
and 20 show also the total numbers of which we summarized the
numbers of the same values of periods for the same duration of time
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(5 minutes) as in Figs. 17a and 17b. The natures shown by the curves
in Figs. 19 and 20 become approximately the same, and therefore we
can say that the result is same whether the observation time of
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Fig. 21. Relation between vibration period of the house due to N-E
wind and their predominant period.
O 17035m~17040m March 2, 1941
@ 17Mm40m~17h4pm ” ” ”

duration is 5 minutes or 10 minutes. From Figs. 19 and 20, or from
Fig. 21 which shows the results obtained from 10 minutes observation,
we learn that there are two maximum values of the vibration periods
such as 1.0 sec., 3.0 sec. respectively. We shall ecall these values of
period as the predominant periods of the house subject to winds. Fig.
22 shows the statistic characters of the house vibrations of the respec-
tive two components of E-W and N-S due to the same wind during the
time from 17"45™ to 17°55™. Fig. 22 shows that the predominant periods
become 2.3 sec. for E-W component and also 2.7 see. for N-S component
respectively. In the same way, the predominant periods caused by the
S-W wind become as follows: Fig. 23 shows the statistical results
which are obtained from the observation time duration from 12*17™ to
12*27™ by the same statistical method as in the preceding case of N-E
wind. From Fig. 23, we find that, for the predominant periods of the
house for E-W vibration component, there are two values i.e. 0.6 sec.
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Fig. 22. Relation between vibration period of the house due to N-E wind

and their predominant period. 17h45m to 17b56™ March 2, 1941.

and 2.4 sec., but the predominant period for N-S direction becomes
roughly 2.5 sec.

From the discussions about the predominant periods of the house

vibration caused by the winds, of which the natures are shown in

Table VI. Predominant Periods of the House Vibration
Caused by Natural Wind.

“\_Wind Direction

S N-E Wind S-W Wind
Vibration .
Component ™ S (sec.) (sec.)
N-S Direction 1.0 | 2.7, 3.0 2.5

E-W Direction 2.8 0.6 2.4
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Fig. 23. Vibration period of the house due to S-W wind and their
predominant period. 12h17m to 12h27m,

Figs. 26~32, we obtain Table VI in which the predominant periods
are tabulated. The values of both the free vibration period and the
resonance periods of this house shown in the preceding sections become
of course shorter than that of the predominant periods shown in Table
VI.. From Table VI, we ecan say that the predominant periods of the
house become generally longer than the proper periods of it such as
free vibration periods or forced resonance periods. Now the vibrations
with these predominant periods do not necessarily show the property
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of the displacement of vibration during the time of these predominant
periods beginning from equilibrium position or zero displacement and
returning again to the zero displacement. Regarding the displacements

Table VII. Predominant Duration Times.

Kind

A) B) ©)
Component
E-W 3.8~12 sec. 3~10 sec. 20 sec.
N-S 3.0~6.0sec. | 3.56~8.0sec. 20 sec.

which begin from zero displacement and return again to zero, its duration
time becomes generally longer than the predominant periods mentioned
above. For example, we take the vibration records due to N-E wind
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Fig. 24. Vibration period and amplitude (N-S comp.) due to E-N wind.
Obs. Time=17h35~17hb40m,

during the 5 minutes from 17"45™ to 17"55™ and also the 10 minutes
from 12°17™ to 12°27™. Using these vibration records, we analyse the
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predominant duration times in which the displacement begins from zero
position and again returns to zero position as shown in Table VII. In
Table VII, (A) corresponds to the vibration record during the time from
17%45™ to 17°556™, and also (B) corresponds to that during the time from
12017 to 12"27™, In addition to the values corresponding to (A) and
(B) shown in Table VII, from the above-mentioned vibration records
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Fig. 25. Vibration period and amplitude (N-S comp.) due to E-N wind.
Obs. Time=11k40m~17h45m,

of both components N-S and E-W, we found the value 20 sec. to be the
predominant period. And this value is shown in (C) kind in Table VII.
Of course the free vibrations of the house must be generated by the
wind, and the phases wherein the periods become 0.30~-0.32 sec., are
predominantly found in the records of both E-W, N-S components of
vibrations, but their amplitudes become very small compared with those
of the above-mentioned phases, and become moreover only about 1/20
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of the amplitude of the other predominant phase which we have already
explained.

0l4rmm

o1z ampli tude

olof
E-w
008}
006

0041

002

0 S
* 02 04 06 10 2 4 7 10 20 30 <eC.

Fig. 26. Relation between vibration amplitudes and period due to S-W wind.
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(8) Period and Amplitude. Figs. 24 and 25 show respectively the
relations between vibration amplitude and its period due to N-E wind
during the 5 minutes time from 17°35™ to 17°40™ and also from 17"40™
to 17°45™. From Figs. 24 and 25, we

can see that the periods corresponding N

to the large amplitudes become about

3.1 sec. and 4.5 sec. respectively. Fig. 02

26 shows also the relation between the ol
periods and amplitudes due to S-W wind %
during the 10 minutes time from 12*17= W Of;

to 12°27=, from which we can see that
the periods corresponding to large ampli-
tudes become about 2.5 see. TFig. 27
shows the relation between the time, in
which the displacement begins from zero
and also returns again to zero, and the
maximum amplitude during this time. g
From Fig. 27, we can also see that the

time corresponding to large amplitude Fig. 28. Vector diagram of the

becomes about 10 sec. house vibration due to the wind

. . during about 60 sec. from 2b45m4(Qs
(4) Displacement Vectors. Taking both on March 4, 1941.

E-W and N-S components of the records

of the house vibrations caused by two winds, one of which is the wind
(for about 60 sec.) from 2"5™40° on March 4, 1941, and the other is
the wind for about 50 seec. from 2°45™ on March 4, 1941, we obtain the
displacement vectors of the house vibration in every 0.48 see. for both
two vibrations which are shown in Figs. 28 and 29 respectively. Fig.
28 shows that the house generally moves in the direction of E-S during
this time of 50 see., and that it also returns to the same initial position
passing through the same way during this wind blow of 50 sec. Fig.
29, however, shows that the house generally moves in a manner more
complicated than the movement shown in Fig. 28, and that it moves
through three quadrants during the wind blow of 60 sec. During two
short neighbouring wind blows of S-W wind as in the present case,
the motions of the house differ greatly as shown in Figs. 28 and 29.
These two natures of the vibration of the house may of course be caused
by the facts that the wind construction is very .complicated, and that
the natural wind varies greatly in its blowing directions even during
tne short time of about 60 see. Thesz facts of the nature of the blow-
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ing wind mentioned above shall be explained in the next paper'™, in
which we will show the study of the wind construetion by a short
time observation of the blowing wind.

Fig. 29. Vector diagram of the house vibration due to the wind during
about 50 sec. from 2b46m 0 on March 4, 1941.

6. The Statical Displacement of the House due to
the Sun’s Radiation Heat.

It was very calm and there was no wind during the five days from
17", Sept. 10 to 17%, Sept. 15, 1945. For the space of these five days,
we obtained the records of the house displacement of both N-S, E-W
components, and the parts of them are shown in Fig. 80, in which the
upper three curves show respectively the E-W displacement components
on the 1st flow, 2nd floor and ceiling, and the lower three curves cor-
respond respectively to the N-S displacement components on the respec-
tive three places (Ist floor, 2nd floor and ceiling). From Fig. 30, we
can see that the two components of the respective three places have
generally a common variation period of 24 h. The house begins to move
in the E-S direction from 6h morning and it returns again to the
original position at about 6h next morning, and moreover the two
components of the three respective places have different residual perma-
nent displacements respectively. The respective displacements on the
ond floor and on the ceiling generally assume same phase with respect

11) loc. cit.
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to both the E-W and the N-S components for the present house. The
displacement magnitudes on the 1st floor become almost equal for both
the E-W and the N-S components, but the displacement magnitudes of
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Fig. 80. Displacement of the house due to the sun’s radiation heat.

the 2nd floor and ceiling on E-W component turn to be about three
times of those on the S-N components shown in Fig. 89. The phase
differences between the 1st and 2nd floors or between the 1st floor and
ceiling become about 2 hours, and the phase of the maximum displace-
ment on the 2nd floor has 2 hours time-lag compared with those on the
1st floor. _

These phenomena concerning the deformation of the house become
similar to the daily variation of the atmospheric temperature. When
the daily variation of the atmospherie temperature becomes large as on
a fine weather, the daily variation amplitude of the deformation of the
house also becomes large, and it comes near zero when the weather is
bad or rainy. These house deformations can be explained from the
fact that the house is exposed to the radiation heat of the sun, and that
its deformation is caused by the thermal stresses effectively induced into
the house.

Using Fig. 80, we obtain Fig. 31 in which the vector diagram of
the deformation of the house on the 2nd floor is shown. The numbers
such as 6, 12, 18, 0 on the curve shows the time of a day in hour.
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From the vector diagram in Fig. 81, we can see that the daily vari-
ation of the deformation becomes same and similar for every day, and
the maximum displacement amplitude in a day becomes about 1.0 mm
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Fig. 31. Vector diagram of the house due to the sun’s radiation heat.

which corresponds to the statical deformation caused by the horizontal
force of about 850 kg-wt applied to the 2nd floor. This fact shows that
the house deformation due to the radiation heat of the sun is large

and is not negligible when we study the deformation of a Japanese
wooden house.

7. Conclusion.

* In the present paper, we have explained the vibration properties
of a Japanese two-storied wooden house when it is subject to free vi-
bration caused by a shock, and also to forced vibration due to unbalanced
force or natural wind pressure. The house deformation due to thermal
stress under the radiation heat of the sun has also been studied.

Concluding this paper, we express our thanks to the late Prof. M.
Ishimoto, by whose guidance the present study has been carried out,
and also to the late Yoshitaro Maeda, teacher of the Technical School,
Inatori-machi, Shizuoka Prefecture, whose assistance proved valuable in
the present analysis. We also wish to express our sincere thanks to
Katsuzo Hosaka who constructed the present experimental apparatus
designed by us. Lastly we express our thanks to the authorities of
the Japan Committee for Promoting Science and Engineering for the
grant in aid of the present research.
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