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1. Introduction

The property of earthquake-motion is varied according to the
ground property. Therefore the value of earthquake force, which has
to be taken into consideration in calculation of earthquake-proof con-
struction, depends on the ground property. In order to get the
standard of estimation of such a value, we made a simultaneous
observation by installing seismographs both at the basements and the
roof-floors of buildings of the same structure standing on ground of
different properties.

The results of the comparative observations made at two places in
Tokyo and two places in Hyogo Prefecture, have already been given
in the previous paper®. The main points revealed in that paper are;
(i) natural vibrations of buildings are apt to be caused by earthquake-
motion, (ii) the damping of building in case of earthquake is larger on
softer ground, and (iii) the latter phenomenon is explained from the
damping caused by the dissipation of vibrational energy of the building
into the ground.

In the present paper, besides the results of comparative observa-
tion made at two places in Tokyo which the previous paper contains,
the results of two times of comparative observations which include in
each the observations made at three spots in Tokyo are given. Obser-
vations in eight places in total were made at the basements and
roof-floors of the buildings of the same structure. '

2. The method of earthquake observation

The observations were made in the four-storied apartment-houses

1) K. KANAI and T. SUZUKI, Earthq. Res. Inst., 31 (1953), 305.
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Fig. 1. The positions of the buildings.
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Fig. 2b. Side view of the building
of called 46-type.

Table I. The names and positions of the buildings.

No. Name Position

(1) Komagome Apertment _ Komagome, Toshima-ku

(2) Senju ” Senju-hashido-chd, Adachi-ku
(3) Ishikawa-chd » Ishikawa-cho, Ota-ku

(4) Totsuka ” Totsuka-machi, Shinjuku-ku
(5) Honmura-chd ~» Azabu-honmura-chd, Minato-ku
(6) Gotokuji ” Setagaya, Setagaya-ku

(7) Taishidd ” Taishidé-machi, Setagaya-ku
(8) Kyodo ” Kydds-machi, Setagaya-ku




-

Part 1.] Relation between Property of Building Vibration and Nature of Ground. 111

of reinforced concrete called “Tokyo-to Residential Association 46-type”.
The positions and the rough sketches of the buildings are shown in
Figs. 1 and 2 respectively. The names and positions of the buildings
are given in Table I.

The seismograph was installed on about the center of the basement
and the roof-floor of each building and the component of beam direc-
tion of earthquake-motion was observed. The constants of seismo-
graphs used in the observation and the natural period of building

obtained in the preliminary experiment are shown in Table II.
Fig. 8 illustrates the epicenters of earthquakes treated here and
in Table III the date and position of the origins are shown.

Table II. The constants of seismographs and the natural
period of building.
Building Seismograph
o vl;ériordr . 74*.7:%’ Period Damp. .
No. (sec) | Position (sec) ‘ ratio Magnif.
Roof 1.0 \ 13:1 138
. 102
(1) 0.32 e e LT
Ground ” ” 174
i Growd |+t s
Roof » ! » }?g
B - Ground e ” " 146
Roof ” r 400
(3) 0.22 —
Ground ” " 400
o ! Roof . ” I3 100
(4) 0.33 - -
Ground ” ” 100
o Roof o, , 100
(5) 0.23
Ground 4 ” 100
Roof ” ” 92
(6) 0.32 — -
Ground ” ” 234
Roof ” ” 104
(7) 032 e
Ground " ” 212
Roof ” " 100
(8) 0.32
Ground r ” 190
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Table III. The date and position of the origin.

Origin

Observation
A Building Number

¢

1), @
35.5 140.4 3), @), )
35.6 140.5
35.6 139.9
35.4 140.1
35.7 140.9
34.3 141.
34.1 141.
35.7 140
36.0 139.
36.1 139.
34.2 141
36.1 139
37.8 140.
36.2 139.
36.0 139.
36.1 140.1
36.6? 139.9?
34.7? 140.5?
35.4 139.3
36.2 140.0
35.5 139.7
35.5 139.7
36.2 140.0
37.1 141.3
34.0 141.0
36.2 140.0
36.4 141.2
37.3 141.7
40.7 139.3 ®, (1), 8
36.4 140.9
35.5 141.0
35.6 141.0
35.6 140.9
35.7? 139.7?
35.5 141.0
33.8 140.3
33.7 141.2
35.5 141.0
35.6 140.2
35.6 141.0
34.0 141.0
37.6 141.7
36.1 140.0
30.2 139.4

(to be continued.)
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(continued.)

Origin .
Earthg. Observation
Date (1954) b

No. v Depth(km)] Building Number

54 VIII 11 35.7? 139.7? — ), M, 8

55 " 12 35.8 140.9 50

56 " ” 36.6 140.7 | 40~50

57 v 19 35 ? 140 ? —

58 " 25 36.1 140.4 60

59 " 28 36.7 138.7 140

60 ” ” 36.7 141.1 40

61 " 30 37.2 140.7 | 80~90

62 7 31 42.8 143.8 | 60~80

63 IX 1 35.7 141.0 40

64 " 2 35.6 140.9 30

65 " 6 35.8 141.0 | Shallow

66 ” ” 36.8 139.3 20

67 " 11 36.2 139.9 | 40~50

68 ” 12 36.1 140.0 70

69 " " 29.5 139.5 450

3. Results of observations

In Table IV the maximum 139° 140° 141° 142°
amplitude of the building at 2 36°
roof-floor and both the ampli- . E:—_
tude and the period at the —
basement in the time when =
the amplitude of roof-floor -
becomes maximum regarding 37°
each earthquake are shown. . .
The representative seismo-
grams are shown in Fig. 4.

Figs. 5~10 represent the ° "’?o R 36°
relation between the values
of the maximum amplitude of PACIFICE
building at the roof-floor di- ——OCEANE
vided by the amplitudes at
the basement in the time 35°
when the amplitude of roof-
floor became maximum and

the period of the buildings at
the basement in the same
time concerning each earth-

The epicenters of earthquakes.
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Table IV. The maximum amplitude of building and the
period of earthquakgfggtion.

| Amplitude Amplitude |
Earthq. - (micron) Period | Earthq. . (micron) Period
t RO e S P SR S PR
No. Position Roof |Ground (sec) No. osition Roof |Ground (sec) .
9 | 5 54 |21 | 030 T @ [ Tio | i 0.4
10 | (& | 75 55 | o038 i 37 4 50 25 0.36
11 (@) 250 140 {7034 . 1 (B | 2 | 15 | 046
'''' T@yTT8000 | T130 | 0.34 |38 (8) 18 13 0.72
2 s 20 | 110 | o024 (T8 |7 (® 118 | 8 | 0.38
13 4 | 60 | 30| 0.42 40 0 ® | 175 120 0.50
O 40 38 | 0.68 | 41 @) 115 78 0.48
" () 12(3) 75 8';5 42|77 40 | 26 ) 0.42
) 63 B84 AT @) T 25 i 0034
1 @ 9% s 060 [T f~~*§7§—~ —o 713 | oEs
B e 45 | 35 104 | M g 22 13 0.43
@3 23 19 0.37 | N TR
16 ) 75 95 03¢ | 45 (6) 38 13 0.38
) 35 13 023 |- —— & | 30 | 18 | 0.36
- = - o (6) 170 66 0.32 M
Ty (4)7, ,,,,, g OO ___370_ . 0.36 - 46 «) 63 33 0.46
18 3) 11 567 0.30 0 03
o @) | 41 37 | 0.81 B S R ) ég -
19 (4) 100 70 0.95 a7 (6 54 24 :
. S SRAR AR AR AR ’
20 (5) 23 15 0.45 | — | ,(EL_ *izo ~p % 24
| 045 | '
iR A A AR AR AR AN
- (@) 28 19,051 1 - ® | 9% | 66 | 034
22 (4) 108 40 0.34 | (6) 160 52 0.35
(5) 35 18 0.38 49 (7 100 37 0.36
T T 13 56| 0.31 C® | 8 0.46
215 20 00103 T @ 47 18 0.40
24 3) 4 | 50| 0.3 | ® | 2 12 | 0.3 .
25 3) 13 3.1 0.22 (6) 51 17 0.35
26 3) 94| 31| 0.25 | 51 @) 33 11 0.38
3) 19 5.0 0.25 ~® 28 16 | 0.38
27 (4) 15 5.0 0.27 (6) 75 31 0.34
(5) 25 10 | 0.31 52 ) 52 21 0.29 <
28 ) 55 23 0.37 | (8) 47 | 26 | 0.38
®) 90 45 0.31 | 6 | 32 11 0.38
09 | 11 6.3, 033 | 953 (8) 15 |. 11 0.38
(5) 15 13 | 0.49 ®) 40 20 0.38
30| (6 | 350 280 | 0.35 54 7 19 12 0.32
31 Gy 7250 20 | 0.39 | ® | 20 | 12 0.33
3) 28 13 0.39 { 38 15 0.43
. 32 _®G) | 30 15 | 0.3 | 55 Eg; 41 17 0.41
(3) 15 13 8'% (8) 50 33 0.38
33 (4) 50 2 : 6 59 | 29 | 0.38
B O N NSO 253 I O B G B S I I o
VR U S B N
) 30 15 0.65 | 57 (6) 26 12 0.38
S, ) -2 7) 23 9.4 0.44
3) 38 11 0.25 B N o -
35 (4) 45 20 0.33 ! (6) 71 45 0.32
' —l e | 58 ) 100 35 0.31
3) 73 50 0.88 | u 9 b 0%
36 4 180 65 039 |1 ® | 74 :
(5) 50 60 0.71 | 59 (8) 20 13 0.36

(to be continued.)
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(continued.)

Amplitude i Amplitude
Earthq.|pition (micron) Period | Earthq.|p ..o (micron) Period
No. Roof |Ground (sec) E No. Roof |Ground (sec)
(6) 410 170 0.38 | 65 (6) 24 10 0.29
a1 N1 1k JEEERRAE AN B
o @ s oo @ | om0
R 563* e |24 |03t e | © % 4 0.36
62 | (7 49 14 0.33 | (8) 84 50 0.33
G s bl e e e
T (6) | 64 24 0.35 ¢ .
63 Egg 2 14 0.36 | 8) i 150 90 0.43
64 | (6) | 2 1 0.3 | 69 ® 2 16 0.38

quake. In these figures the strips indicate the natural period of the
buildings.

From Figs. 5~10 it is found that in each building the period
wherein the ratio of amplitude of the roof-floor to that of the base-
ment becomes maximum nearly corresponds to the natural period of
the building. It seems that the principal reason why the amplitude
ratio of roof-floor to basement varies even when the period of the

(Roof)
A(Ground)

(&
T
—_—

(7T) ——— Period of Ground(sec)

! 1 ] ! ! 1 ! ! ] 1 !
n o1 0z 03 04 05 06 07 08 09 IO, I
Fig. 5. Relation between the maximum amplitude and the period at (3)
Ishikawa-cho.

ground vibration coincides with the natural period of building is cor-
related to the succession number of the earthquake-motion of the same
period. This is explained from the fact that if the earthquake-motion
of the period which coincides with the natural' period of building
occurs more than several times in succession, the amplitude of building
vibration may become larger up to the value of resonance, while if
the succession number of earthquake-motion of the same period is less
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Fig. 6. Relation between the maximum amplitude and the period at (4) Totsuka.
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Fig. 7. Relation between the maximum amplitude and the period at (5) Honmura-chd.
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maximum amplitude and the

period at (6) Gotokuji.
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Fig. 9. Relation between the

maximum amplitude and the
period at (7) Taishido.
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than several times, the in-

2 S B crease rate of amplitude of
‘50.5% X building vibration may be
A e 000 o

smaller in proportion to the
succession number.

Therefore, it may be
(T) — Period of Ground(sec) assumed that the amplitude
ratio of the roof-floor to
the basement becomes maxi-
mum when the building
vibration comes near to the
resonance phenomenon by the earthquake-motion. In other words,
the value of the maximum ratio of the amplitude of roof-floor to that
of basement corresponds to the amplitude of roof-floor in case the
building resonates by the simple harmonic ground motion of unit
amplitude.

O

-
T
—

| 1 | | | | .1 |
o ol o2 03 04 05 06 07 08
Fig. 10. Relation between the maximum
amplitude and the period at (8) Kyddo.

4. The relation between the property of building vibration and
the property of ground

Figs. 11~16 show the relation of the frequeney to period of miero-
tremor observed on the ground on which the buildings treated here
stand. If there are more than two periods corresponding respectively
to the maximum frequency of period, the largest one of them is called,
for convenience sake, the natural period.

Number
801

70r
60F Aumber
s0r 50
Number
4ot 40! 40!
30- 30 30r
20r 20 20

101 10 10r

002 03 04 0506

. N . . 1 ! s 1 1 e, I
o] ol 02 03 04 Osseco.s 0o 01 Q@2 03 04 05 steca7 o 05 ..

Fig. 11. The relation of Fig. 12. The relation of Fig. 13. The relation of
the frequency to period the frequency to period the frequency to period
of micro-tremor at (3) of micro-tremor at (4) of micro-tremor at (5)

Ishikawa-chao. Totsuka. Honmura-cha.
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Number
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30, Number 30
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Fig. 14. The relation of Fig. 15. The relation of Fig. 16. The relation of
the frequency to period the frequency to period the frequency to period
of micro-tremor at (6) of micro-tremor at (7) of micro-tremor at (8)
Gotokuji. Taishido. Kyoda.
The relation between the maximum ratio of the amplitude of roof-
floor to that of basement in case of earthquake and the natural period
of the ground on which the building stands is derived from Figs. 5-10
and TFigs. 11-16 as shown .
in Fig. 17. From Fig. 17, 10
it is found that as the —F
natural period of the ground — b
is longer, the building ’_T

standing on the place has
the smaller maximum ratio
as mentioned above, that is
the damping of building
vibration at the time of
earthquake is larger. From
Fig. 17 the empirical for-
mula can be written as

& |
Q \\.}5’\ ‘

follows : , sec
-05 : L1
Me<Tg 1) oy 0.2 05 i0
where M indicates the Fig. 17. The relation between the maximum

amplitude of building and the proper
period of ground.

maximum ratio of amplitude
of roof-floor to that of base-
ment in case of earthquake and 7, the natural period of the ground.

Fig. 18 shows the relation between the natural period of the
ground and the velocity of S-waves near the ground surface. Though
the propriety of deriving an empirical formula from only three measured
values of the velocity of S-waves may be questioned, the following
empirical formula may be given for convenience sake;

Tyoc Vi (2)
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400 where V, is the velocity of S-waves.
| mysec From equations (1) and (2), the re-
3001 lation of the maximum ratio of ampli-
200 tude of roof-floor to that of basement
at the time of earthquake to the velo-
city of S-waves near the ground surface
100 )\Q may be expressed in the following
0:2 02 \o formula :
T—%—»sec Mo V28 (3)
Fig. 18. The relation of the The data concerning the velocity of
proper period of the ground S-waves is so few that we cannot ex-

and the velocity of S-waves. pect much reliability from that formula,

but at least qualitatively it can be said that the smaller the rigidity
of the material around the ground surface is, the larger the damping
of the building standing on that spot in case of earthquake will be.

5. Conclusion

It is found from the results of observations made at eight build-
ings of the same structure standing on ground of different properties
that the maximum ratio of roof-floor to that of basement becomes
smaller as the rigidity of the ground on which the building stands
becomes smaller. In other words, the smaller the rigidity of the
ground, the greater the damping of the building standing on that place
in case of earthquake.

Having yet only a few data concerning the rigidity of the ground
at hand, we will discuss quantitatively about the damping of buildings
in case of earthquake and the property of the ground in our next
report.

In conclusion, we wish to express our thanks to the Science Sec-
tion of the Educational Ministry, for the financial aid (Research Funds)
granted us. Also thanks are due to the members of the Residential
Association of Tokyo-to for their help and to Mr. K. Nakagawa and
others, members of the Architectural Institute of Construction Ministry,
for their cooperation in the course of these observations and to Miss
S. Yoshi zawa who assisted us in preparing this paper.
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Fig.v4a. The representative seismograms at (3) Ishikawa-ch5.
(Farthquake No. 29) '
L]
: .. ¥ T UEE; . 3

i Fig. 4b. The representative seismograms at (5) Honmura-chd.
& (Earthguake No. 29)




