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1. Introduction.

It had been believed that the damping resistance of buildings implies the
damping in the material used in structure, the air-resistance and the plasticity
of the foundation. But recently we came to have the idea that the dissipation
of vibrational energy in the form of seismic waves transmitted into the ground
is also a contributory cause,? and the theoretical result obtained from this
concept was found to agree very well with the various statistics concerning
earthquake damage?. Naturally the relation of the building to the ground
became an important factor in the aseismatic property of buildings,

The present paper treats the experiments conducted in order to ascertain the
above-mentioned property. We observed the motion of the ground caused by
the vibration of a full-size 3-storied building madeé for experiments and a small -
one-storied house of masonry of reinforced concrete blocks. They were located
on the Loam Layer in the compound of Architectural Research Institute,
Hyakunin-cho, Shinjuku-ku, Tokyo.

2. The case of small one-storied house.

Fig. 1 is the schematic view showing the buildings for vibration experiments
and the observing points of the ground. The left part of the figure represents
those in the case of the one-storied small house, while the right part those in
the case of the full-size 3-storied building.

In the former case vibration was caused by the vertical-type vibrator con-

-sisting of 4 wheels set on 2 counter rotating shafts (unbalanced mass=50 kg,

1) K. SEzawA and K. KaNAI, “Improved Theory of Energy Dissipation in Seismic
Vibrations of a Structure”, Bull. Earthq. Res. Inst., 14 (1936), 164.

2) K. KANAI and S. YOSHIZAWA, “Relation between the Earthquake Damage of Non-
wooden Buildings and the Nature cf the Ground. 117, Bull. Earthg. Res. Inst., 29 (1951),
209.
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eccentricity =11 cm) which was installed on the roof floor.
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Table I indicates the

constants of seismographs used in the vibration observation of the ground.

Table I. The constants of the seismographs.

- |

Period Geometr.

l Number 1 (sec) Magnif.

‘ 2 ‘ 3 14
Horizont. i -

: 3 1 180
Vertical 1 0.09 4.5 gal./mm

Observation was made on the peints of 0.2, 6.3, 14.3 and
27.8 m off the side of the building.

The ground vibration was examined by observing three
components. Neglecting the vertical component and horizontal
one normal to the vibration dir?ection of the building, as they
are very small, we have treated in this paper the observed
ground vibration concerning only the horizontal component
in the direction of building vibration. The result' of obser-
vation is shown Fig. 2.

The record of observation shows that the displacement
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matic view show-
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for vibration ex-
periments and
the observing
points of the
ground.

at the ground close to the building is almost equal to the amplitude at the
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Fig. 2. Relation between the amplitude of ground oscillations
and the distance from the building.
A; T=0.134sec, k=0.055m"’, B 7T=0.140, £=0.0090,
C; T=0.156, k=0.068, D; T=o0.
E; 7T=0.201, k=0.0341, F; T=0.

1
260, k=0.0216.
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building base, and the wave form is always sinusoidal even at the point nearest
_to the building.

In the vibration experiments we saw at the boundary of the ground and the
building opening and shutting motion done or the ground crumble. This seemed
to indicate the elastical discontinuity of building and ground, but as the result
of observation We' concluded that it is natural to think that these phenomena

appear only on the surface and under the ground
the building vibration propagates as élastic waves
into the ground.

From Fig. 2 it is found that the relation of the
amplitude at observing point (@) to the distance bet-
ween the building and observing point (z) can be
expressed as follows:

acx ek .. (1)

where £ denotes the darriping coefficient concerning
the distance of which the value is a constant at

each vibration period. Fig. 3 represents the relation
007 0 } between the damping coefficent (%) and the period
—sPerjodisec) (T) of ground oscillations. Then we have

Fig. 3. Relation between Roc T2, . i, (2)
the damping coefficient and .
the period of ground From equation (1) and (2), we get
oscillaticns.
. kx
A=A T2, i (3)

Equation (3) shows that the property of the vibration in the ground in this case
corresponds to that of the plane waves propagating in elastic body of solid
viscosity. Namely the propagation of visco-elastic wave is denoted by?® .

. x & P2
a=ac?(t= 3 ) oy o (4)

where p=27/T, T=period, &=damping coefficient, p=density and »=velocity.
Calculated from the result of the experiment, & becomes 7.6 x10°C.G.S. Com-
paring it with other experimental values® we obtain Table II, which shows

3) K. SEZAWA, “On the Decay of Waves in Visco-Elastic Solid Bodies”, Bull. Earthq.
Res. Inst., 3 (1927), 43. :

4) T. Suzuxl, Zisin, 16 (1944), 170, (in Japanese).
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Table II.

Ground v (m/sec) (é/é_ps_) ‘ (é/ g’%) ‘Operator
Sandstone 8300 | 18x10°  5x10- | Sueuki
Tuff-shale : 2,000 1.4x109 ‘ 18 v ”

: 700 | 12x10s. | 35 » | v
Lcam e —— e e - - S —
80 : 1.9%x105 | 37 i authors

that the difference due to the physical property of ground becomes small if we
take &/2pv® into consideration.

3. The case of the full-size 3-storied building.

In this case vibration was forced by a horizontal-type vibrator with one
wheel (unbalanced mass=130kg, eccentricity=100cm) set on the roof floor.
The constants of seismographs used in observation of ground vibration, the
observing points and the direction of measurement are shown in Table III.

Table 1II. Constants of the seismographs, the observing points and
the direction of measurement.

Seismographs
No. 1 [ No. 2 No. 3 No. 4 ¢ No.5
No. of Period=1.0 sec | 4.0 sec
exper. . e SOUSSE I
Geometr. Magnif.=210 10
. dist. 1 oq., ¢ odist. T .. dist. . dist. | ;. Cdist. | '
L my direet |y divect: - gy | direct | () directi () direct
1. — i — ¢ 0 | EW ' — — 24 ! NS ! 24 ] EW
I o EW | 24 @ EW 24 NS | - = b =
mr | - — 24  EW = - —~ 24 ' NS 1 0 ' NS
v l 7.2 EW = 24 | EW 7.2 NS — — ! - -
vV, o0 | EW | 198 EW ' 90 | NS . — o — § —  —
VI | 260 | EW | 108 | EW 250 | NS o — - - — | —
VII | — — . 324 | EW 465 | NS, -~ | ~; — -
| ' - !

The observed records of ground oscillations are shown in Fig. 4.

The maximum acceleration at the roof floor of the building in NS direction.
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Fig. 4a. The record (Original) of transversal waves. Distance from the
bailding ; 9.0 m, Magnif. of seismograph ; 210, No. of exper.; V.

Fig. 4b. The record (Original) of longitudinal waves. Distance from the
building ; 19.8 m, Magnif. of seismograph : 210, No. of exper. ; V.
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250 ypm,

Fig. 4c. The record (Original) of longitudinal waves. Distance from

the building ; 32.4 m, Magnif. of seismograph; 210, No. of exper.; VII.

is about 600 gal and in EW direction 100 gal®. The record of the waves in
the travelling direction (EW direction) and normal direction (NS-direction) shows
sinusoidal form even in a point considerably near the building. The waves of
travelling and normal direction come to have the properties of longitudinal and
transversal waves respectively according to the phase relation. Thus we found
that the vibration of the base of the building which was vibrated by the
horizontal-type vibrator is transmitted into the ground in the form of longitudinal
and transversal waves.

The relation between the amplitude at the observing point (¢) and the distance
from the observing point to the building () is denoted in Table IV and Figs. 5,

6. These figures show that there exists the relation approximate to

5)  Report of the Committee Jor Seismic Tests of Structures, 1 (1948-1950), 104, (in
Japanese).
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Table IV. The values of amplitudes of dissipated waves in mm unit.

Period Dxetance (m)

Direct. (sec) - ]
;o eee | 0 24 72 9.0 198 26.0 324 465
,,,,, S | . S -
035 | .08 = — . .024 0205, — .0048  — = —
- 0.40 | .082 053}; 013 - 014 — o .0029 —  .0009
- \ |
(Trans.) 5 051 : | ‘
Waves 045 = .076 .044}‘»‘ 0093 L0105 — . .0024  —  .0007
| | 042 | : |
EW 0.35 160 | .044 | .026  .022 0125‘ .0093 0083 —

\
(Longi.) \ 0.40 “ 116 ¢ .020 .0094 | .0087 \ .0048 .0040 .0037 —
| o]

045 | .081 \ 014 | 0074 .0058 | .0034 | .0026 .0024 —
n
_csj [=0:35 SeC,ot=1-3
0L = T=0405€eC
g’w 4 [=0-35S€C, X=0-63 g’o" lasint
=R i7’=o-dosec D5
~ o(=0+65 g
32 o~
D
=010 T°0]0
3
‘f 5 5
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Fig. 5. Relation between the amplitude Fig. 6. Relation between the amplitude
of longitudinal waves and the distance of transversal waves and the distance
from the building. ‘ from- the building.
R i J PR (5)

a in equation (5) is a constant, and each figure in the diagram represents @
concerning correspondent curve. When the waves propagate in two dimensions,
a=05, and in three dimensions, @ will be 1. According to the value of «
shown here, it can be seen that the damping of waves of large amplitude in
travelling and normal directions tends to be a little larger than the damping of
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vibration amplitude concerning the distance when the wave propagates in two
and three dimensions.

Then, assuming the damping of vibration concerning distance to be
@oczT¥ee™t L (6)

and % to be the value obtained in the previous chapter, we can replace Fig. 5

and 6 by Fig. 7 and 8. Fig. 7 and 8 indicate that the longitudinal and trans-
versal waves propagate in the form of

i;k;' acc %k—i. .............. e (7) -
~ {750-35390'
3 =1 |
100 =700
2 Fosssec,am08 S {Z_o.gosec
5 S
32 Sf
D
5070 T-OIO—
3
S L T=0-40Sec 5
T 5 Z-o 57>
2 T=045 sec, o=0:62-% Vim
01— 0017470 20 50\
7 102050 - ,_
——»D/sz‘a nce (m —>=Djstance (m

Fig. 7. Relation between the ampli-

tude of longitudinal waves excluding
the influence of solid viscosity of ground

Fig. 8. Relation between the ampli-
tude of transversal waves . excluding
the influence of solid viscosity of ground
and the distance from the building.

and the distance from the building.

4. Conclusion.

The result of the observation stated in previous chapters made us under-
stand that the displacement at the building base is transmitted into the ground
in the form of seismic waves. Since this property is considered to determine
the damping resistance of building, it becomes very important to take into
consideration the relation between the construction of building and the ground
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property, in order to design aseismatic buildings economically and rationally.

As to the damping resistance of dissipated waves concerning distance, there
are two kinds of property. When the direction of forced vibration is single,
the damping has a property of plane waves in longitudinal waves: when the
direction is rotated, it has the property of longitudinal waves transmitted
in two dimensions and transversal ones transmitted in three dimensions. In
each case there is the damping due to solid viscosity of which the value is
£/200° = 3.7x10~7 C.G.S., where &=viscosity coefficient, p=density, and v=
velocity. It was found that even when the physical property of ground differs
somewhat the value will always assume the same order if the form &/pv® is'used.

In conclusion it must be added that the above is a research work as a
member of the Committee for Seismic Tests of Structures, undertaken under the
grant from the Scientific Research Expenditure of Department of Education to
whom the authors wish to express their gratitude. The authors also wish
to express their hearty thanks to Mr. K. Nakagawa of the Architectual Research
Institute, Mr. M. Suzuki of the Faculty of Engineering of Tokyo University
and Messrs. T. Tanaka, T. Suzuki, Miss S. Yoshizawa of our Institute, who has
aided the authors in carrying out the investigations successfully..
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