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1. Introduction

The property of earthquake-motion at a building varies according
to the ground property on which the building stands. Therefore the
value of earthquake force, which has to be taken into consideration in
designing earthquake proof construction, depends on the ground property.
In order to make the estimation of such a value more clearly, we made
a simultaneous observation by installing seismographs both on the
basements and the roof-floors of two buildings of the same structure
standing on different ground properties, that is, one standing directly
on the rock and the other on the crushed stone with concrete piles.
These buildings are in Hitachi Mine site, Ibaraki prefecture.

The results of the vibration tests by means of a vibration generator
at the buildings have already been given in the previous paper.”

2. Observations of earthquake motion

Four horizontal seismographs were installed on the roof-floors and
on the ground-floors of two buildings. The component of beam direction
(short length direction) of earthquakemotion was observed. The constants
of seismographs used in the comparative observation are shown in
Table 1.

The rough sketches of the buildings and positions of the seismographs
installed are shown in Figs. 1 and 2.

Four recording drums of the seismographs were started automatically

1) K. KANAI and T. SuzUKI, ‘‘Relation between the Property of Building Vibration
and the Nature of Ground ”’, Bull. Earthqg. Res. Inst., 31 (1953), 305: Part II, ditto, 33
(1955), 109: Part III, ditto, 34 (1956), 61.

2) K. KaNal, T. TANAKA and T. SUZUKI, ‘‘ Rocking and Elastic Vibrations of Actual
Building. 1, ditto, 36 (1958), 183
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at the same time by means of a starter. The starter has a horizontal
component pendulum with a period of 0.3 sec, which starts when
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Fig. 1a. Sketch of the plane view.
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Fig. 1b. Sketch of the side view.

earthquakes were greater than 0.5
gals in acceleration, that is, twice
the amplitude of usual micro-tre-
mor, and stops automatically after
a three-minute running record.®
The driving speed of recording
papers was 1.05 cm/sec. The period
of observations of earthquake
motion was about one year, from
February, 1956 to March, 1957.
The number of earthquakes,
recorded during the period was
110, among which 43 earthquakes
were recorded satisfactorily. All
the records of earthquakes treated
here had been started before the
main shocks began. The position
of the origins of those earthquakes

and the observation position are shown in Table 5.
Fig. 3, illustrates the epicenters of earthquakes treated here.

3. Results of observations

The representative seismograms observed simultaneously at those

3) T. TANAKA and K. KANAI, ‘““A New Starter for Observations of Earthquakes”,
Monthly Meeting of the Farthq. Res. Inst., (Dec. 1955).
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Table 1. Constants of seismographs.

. No. of Natural Damping | nraonification| Position Direction
seismograph period (sec) ratio :

1 1.0 13 200 No. 6 beam
No. 6

2 " ” 210 ground ”

3 v v 190 No. 2 v
No. 14

4 " ” 180 gr?)und "

e 30.0m ———] 30.0m
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Fig. 2a. Foundation parts of No. 6 house. Fig. 2b. Foundation parts of No. 14
house.

positions are illustrated in Fig. 4.

As the constants of every seismograph were almost equal, we are
able to know easily the difference of earthquake motions at those
positions by merely looking at Fig. 4. That is to say, from Fig. 4, the
amplitudes on the ground-floor of No. 6 house standing on the rock are
smaller than those of No. 14 house standing on the crushed stone. On
the other hand, the amplitude ratios of the roof-floor to the ground-
floor of No. 6 house are larger than those of No. 14 house. The precise
discussions will appear in the successive paragraphs.

(i) Period characteristics of earthquake-motion

Table 6 gives the values of the maximum amplitude of buildings

observed at the roof-floor, the amplitudes and the periods at the ground-
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floor in the time when the amplitude of roof-floor became maximum and
the amplitude ratios of the roof-floor to the ground-floor mentioned above,
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Fig. 3. Epicenters of earthquakes.

for each earthquake. Figs. 5and 6 represent the relation between the peri-
od and the amplitude ratio mentioned above for No. 6 house and No. 14
house respectively. In these figures the vertical stripes indicate the
natural period of the buildings. It will be seen from Fig. 5 that the
period of the earthquake-motion at the ground on which No. 6 house
stands is 0.1 sec when the ratio of amplitude of the roof-floor to that
of the ground-floor becomes maximum. The maximum value of the ratio
is about 9.5. On the other hand, from Fig. 6 it is found that this ratio for
No. 14 house becomes maximum at the period of 0.2 sec and the value
is 4.5.

Figs. 5 and 6 tell us that the magnification of amplitude in building
at the time of earthquakes is maximum when the period of the earthquake
motion at the ground nearly corresponds to the natural period of the
building. It seems that the principal cause that the amplitude ratio of
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roof-floor to ground-floor varies even when the period of the ground

vibration is the same is correlated to the succession number of the
earthquake-motion of the same period.?
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Fig. 5. Relation between the ratios of maximum amplitude of roof-floor
to ground-floor of No. 6 house and the periods of ground vibra-
tion, for each earthquake.
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Fig. 6. Relation between the ratios of maximum amplitude of
roof-floor to ground-floor of No. 14 house and the periods
of ground vibration, for each earthquake.

4) K. KaNAL K. OsADA and S. YOSHIZAWA, ‘‘Observational Study of Earthquake

Motion in the Depth of the Ground. IV ", Bull. Earthq. Res. Inst., 31 (1953), 233, Fig.
12,
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Figs. 7 and 8 show the amplitude ratios of the roof-floor to the
ground-floor, concerning each wave of No. 35 earthquake at No. 6 house
and No. 14 house, respectively. It will be seen that the envelope of

Gi::;fd (Amplitude) Fig. 5 is considerably similar to
that of Fig. 7 and that of Fig. 6
o~ to that of Fig. 8.
(ii) Spectral analysis
sl The displacement spectra of
the earthquake-motions of Nos. 7,
27, 34 and 35 at the roof-floor as
6L well as the ground-floor in No. 6
Roof .
o) Ground (Amplitude)
a4l 4
o
2+ 2
o
o)
1 | | L 1 | | | I | i L.
o] o1 02 03 04 05 06 o O 02 03 04 05 06
—Period of Ground (sec) —>=Period of Ground (sec)
Fig. 7. Amplitude ratios of roof-floor to  Fig. 8. Amplitude ratios of roof-floor to
ground-floor for each wave of No. 35 ground-floor for each wave of No. 35
earthquake at No. 6 house. earthquake at No. 14 house.

house and No. 14 house obtained by means of the response computer®
are shown in Figs. 22~29. The velocity and acceleration spectra have
been calculated from the displacement spectra on the assumption of
simple harmonic motion. These velocity and acceleration spectra are
presented in Figs. 30~37 and 38~45, respectively.

It will be seen from Figs. 26~28 that the amplitude at the roof-floor
in the No. 14 house corresponding to the period of 0.2 sec, that is, the
natural period of the house, grew considerably large. Figs. 25 and 29
show that, in the special case of No. 85 earthquake, the roof amplitude
corresponding to 0.2 sec natural period of No. 14 house, appears rather
modest because the amplitudes corresponding to 0.5 sec as well as 1.0 sec
are extremely large.

In the case of No. 6 house, the absolute amplitude at the roof

5) R. TAKAHASI, ‘“‘A Reéponse Computer Preliminary Report’’, Proc. 3rd Japan
National Congr. Applied Mech., (1953), 373.
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hardly grew large, in spite of the fact that the roof amplitude correspond-
ing to 0.1 sec of the natural period of the house was magnified consider-
ably. This is because the absolute amplitude of the period mentioned
above at the ground on which the house stands was very small.

Figs. 22~25 tell us it is not only in the earthquake motion on fresh
rock that the vibration of short period predominates.

The values of the periods corresponding to the maximum amplitudes
at the roof in the spectral analysis as well as in the original records

Table 2. The periods (in sec.) corresponding to the vibrations when the
amplitudes of the roof-floor became largest.

N.(‘>l 7767 horus;e T No. 14 house
No. of
earthquake (4) . (B) 41 (B
7 0.1, 0.21 | 0.12, 0.21 0.18 0.17
oz 0.35 1 0.33 0.19, 0.39 0.28
34 0.14, 0.55 = 0.46 0.18 0.6
o35 0.52, 1.0 - 1.0 0.55, 1.1 — 1.0

(A) and (A') represent the periods corresponding to the maximum amplitudes
at the roof-floor in the results of the spectral analysis. (See Figs. 22~29.)

(B) and (B’) represent the periods corresponding to the maximum amplitudes at
the roof-floor in the original records.

are shown in Table 2. It will be seen from Table 2 that the periods,
when the roof amplitude in the original records is maximum coincide
mostly with the periods corresponding to the maximum value of
spectrum.

And, in the case of No. 14 house, the periods mentioned above
generally correspond to the natural period of the house. On the other
hand, in the case of No. 6 house, the periods mentioned above scarecely
coincide with the natural period of the house because the amplitudes of
the earthquake motion of short period corresponding to the natural
period of the house were rather small.

Figs. 9~16 show the amplitude ratio of the roof-floor to the ground-
floor in each house which were obtained from the results of spectral
analysis of Figs. 22~29,

In the case of No. 6 house, the phenomena of excitement of free
oscillation of the house are clearly seen from the amplitude ratio of the
roof-floor to the ground-floor shown in Figs. 9~12, though they are not
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Fig. 9. Amplitude ratio of No. 7 earthquake at
No. 6 house.
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Fig. 10. Amplitude ratio of No. 27 earthquake at
No. 6 house.
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Fig. 11. Amplitude ratio of No. 34 earthquake
at No. 6 house.
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Fig. 12. Amplitude ratio of No. 35 earthquake at
No. 6 house.
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Fig. 13. Amplitude ratio of No. 7 earthquake at
No. 14 house.
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Fig. 14. Amplitude ratio of No. 27 earthquake at
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ROO'/Ground
=

S
T

N
1

1 1 1 L 1 1
fo) 02 0.4 046 0+8 10 1e25eC

Fig. 15. Amplitude ratio of No. 34 earthquake at
No. 14 house.
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Fig. 16. Amplitude ratio of No. 35 earth-
quake at No. 14 house.
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manifested by the results of the spectral analysis in Figs. 22~25.
Figs. 9~12 tell us that the values of amplitude magnification at the
roof exceed 7 times.

In the case of No. 14 house, the phenomena of the amplitude mag-
nification are illustrated cleary in Figs. 18~16, and from Figs. 13~16
we know that the maximum values of the amplitude magnification at
the roof become about 6 times larger than at the ground on which
the house stands. Excepting the special cases of No. 35 earthquake in
No. 6 house (see Fig. 12) and No. 7 earthquake in No. 14 house (see
Fig. 13), the amplitude ratios of the roof-floor to the ground floor became
nearly unity when the period of earthquake motion exceeded the natural
periods of the houses.

The predominant periods of the houses obtained from the analysis
of natural earthquakes as well as micro-tremor and the natural periods of
them obtained from the results of the vibration experiments using
vibration generator are shown in Table 3.

In Table 8, columns (F'), (F") were derived from Figs. 5, 6 and
columns (C) and (C’) from Figs. 9~12 and 18~16. From Table 3, it is
found that the predominant periods obtained from four kinds of examina-
tions, that is, the observations of earthquakes and micro-tremors and
the artificial vibration experiments, are nearly equal to each other. In

Table 3. Predominant periods (in sec.).

No. of No. 6 house ) No. 14 house
earth- [ B -
quake ) | (D) (E) ’ (F) (@) I D) |+ (& ; (7
; | ) i
7 0.10 0.16
7 | 10.15, 0.20 :
S —— 0.10 | 0.09 0.09 | ©0.18 | 0.18 | 0.16
34 booar ‘ oo0ar ! ‘
e | L ‘
35 | 0.11, 0.4 | -

(C) and (C’) represent the periods corresponding to the maximum ratios of
roof to ground from the spectral analysis. (See Figs. 9~16.)

(D) and (D’) represent the resonance periods obtained from the vibration ex-
periment. (See Figs. 7 and 17 in the previous paper.)

(E)and (E') represent the predominant periods of micro-tremors at the roof-floor.
(See Figs. 9 and 18 in the previous paper.)

(F') and (F’) represent the periods when the ratios of roof to ground became
maximmum. (See Figs. 5, 7 and 6, 8.)
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Table 4. The largest values of the amplitude ratios of the
roof-floor to the ground-floor.

No. of | No. 6 house No. 14 house
earth- T I B ' : ! ' :
quake ‘ (@) . (H) ’ (I L (@) ‘ (H") (I
. ; |
7 | s5 | — 65 . —
2w 20 0 o— 40
| _ 9.5 U v

34 7.5 — ; 5.5 — , 4.5

35 ‘ 3.5 9.5 i 2.5 4.0

(G) and (G’) represent the maximum values of the ratio of roof to ground
from the results of spectral analysis. (See Figs. 9~16.)

(H) and (H') represeni the maximum values of the ratio of roof to ground
from the original records of No. 35 earthquake. (See Figs. 7 and 8.)

(I) and (I') represent the maximum values of the ratio of maximum amplitudes
of roof to ground. (See Figs. 5 and 6.)

the other words, these facts tell us that earthquake and micro-tremor
will excite considerably the free oscillation of buildings.
(iii) Vibrational damping of building

The largest values of the amplitude ratio of the roof-floor to the
ground-floor obtained from TFigs. 9~16 and Figs. 5~8 are shown in
Table 4. It will be noticed that the values of column (G) somewhat
differ from those of (G’) according to each earthquake while those of
(H) and (I) are nearly equal to those of (H') and (I), respectively.  This
seems to be due to the disregard of the phase difference in the results
in spectral analysis. The relations between the predominant periods of
the ground and the values of columns (H), (I) and (H’), (I") are shown in
Fig. 17. In Fig. 17 the values except those concerning No. 6 and No. 14
houses are the results obtained in the previous paper.® As the present
houses and the previous houses are of the same style but of different
height, in Fig. 17 the reduction of the effect of height has been made
for the present houses.

Next, we try to obtain the damping coefficient of No. 6 house
using that of No. 14 house obtained in the previous paper.”

As No. 6 and No. 14 houses are the same both in the upper con-
struction and positions of seismographs, it may be considered as the
first approximation that the value of the ratio of 9.5/4.5=2.1 in (I) and

6) loc. cit., 1), Part III, 77, Fig. 16.
7) loc. cit., 2), 188,
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(I') columns of Table 4 is inversely proportional to the value of the
ratio of 2 of No. 14 house to the .~ of No. 6 house, in which 4 is the
fraction of ecritical damping.

After the above consideration, we obtain the value of 2 of No. 6
house in the following :

hs=hy % (4.5/9.5)=0.032x 0.47=0.015 .

In spite of fhat the value of % of No. 6 house is about half of that
of No. 14 house, there appeared only a little difference between the
amplitude ratios of the roof to the ground concerning No. 6 and No.
14 houses obtained after spectral analysis as seen in the columns (G)
and (G') of Table 4. The facts mentioned above may be explained as
follows :

N

[
0-05 (oL} 0.2 05 O
—— Predominant period(sec)
Fig. 17. Relation between the ratio of the largest am-

plitude of roof-floor to ground-floor and the predomi-
nant period of the ground on which the house stands.

When the succession number of waves having the same period of
the natural period of a building are several, the amplitude of the build-
ing grow up nealy as large as under resonance condition. This is the
case of No. 14 house. On the other hand, when the succession number
of waves having the same period of the natural period of a building
are only a few, the amplitude of the building varies considerably accord-
ing to the succession number. As the waves of the period smaller than
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about 0.1 sec happen infrequently in earthquake motion, No. 6 house is
the case under this condition, and the results are shown in the column
(@) of Table 4 and Fig. 5.
(iv) Vibration characteristic of ground

Figs. 18~21 give the ratios between the amplitudes at the ground-
floor of No. 14 and No.6 houses obtained from Figs. 22~29. It will be
seen in Figs. 18~21 that the ratio mentioned above takes the maximum
value at the period of about 0.2 sec in general. As the amplitude ratio of
the roof-floor to the ground-floor at the period of about 0.2 sec is notquite
so large as shown in Figs. 9~12 and 16, the above mentioned fact seems

No14 L. 6(Grouwnd)

1 1 L 1 1 !
0 0-2 0-4 0+6 0-8 10 1+2sec

Fig. 18. Ratio between amplitudes at the ground-
floor of No. 14 and No. 6 houses. Earthquake No. 7.

No14G f6un

6}

1 1 I 1 1 1
(o] 0-2 0-4 0+6 0-8 10 I+2sec

Fig. 19. Ratio between amplitudes at the ground-
floor of No. 14 and No. 6 houses. Earthquake No. 27.

to have no relation to the natural period of the houses. It is natural
that the period of about 0.2 sec is considered the natural period of the
ground on which No. 14 house stands. In the case of No. 14 house, it
may be considered that the natural periods of the house and the ground
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NOJ%O' g(Ground)

6

| 1 1 1 1 L
o 02 04 06 0.8 1*Osec
Fig. 20. Ratio between amplitudes at the

ground-floor of No. 14 and No. 6 house
Earthquake No. 34.

No.18/4. & (Ground)

8

) ! I ! 1 L
(o] 02 0+4 0+6 0-8 10 le2sec

Fig. 21. Ratio between amplitudes at the ground-
floor of No. 14 and No. 6 house. Earthquake No. 35.

on which the house stands are nearly equal, being about 0.2 sec. This ’
is presumed from the fact that the amplitudes of the ground are largest
at about 0.2 sec as seen in Figs. 26~29, and the amplitude ratios of the
roof to the ground take the largest value at about 0.2 sec as shown in
Figs. 13~-16.

On the other hand, in the case of No. 6 house, the amplitude ratio
of the roof to the ground is the largest at about 0.1 sec as shown in
Figs. 9~12, and the amplitude of the ground itself is not so large at
about 0.1 sec as shown in Figs. 22~25. Roughly speaking, the amplitude
at the ground takes a large value at 0.4~0.6 sec, and this feature may
be considered to be the vibration characteristics of the ground itself.®

Let A, p and » be the maximum amplitudes, density and velocity

8)*12 KAN;I,MonEll_y Meeting, Farthq. Res. Inst., (May, 1958).
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of S-waves at the ground on which the houses stand and suffixes 6 and
14 represent the house numbers.

Considering A,/ A;=p:Vs/p Viu(=T) and assuming p,=p,, as well as
adopting the equation v,=4x6.6/0.2=132 m/s (thickness =6.6m, period
=0.2 sec), we obtain v,(= base rock)=132x7=924 m/s .»

4. Conclusion

The results of the comparative observation of earthquakes made at
reinforced concrete buildings standing on rock and on crushed stone,
proved the following quite evidently.

(1) In general, the vibration amplitude of a building at the time of
an earthquake must be considered under the resonance-like condition, that
is to say, the vibration amplitude at the top of building is several
times as large as that at the ground.

(2) In the special cases when the natural period of building is much
smaller than the predominant period of the ground, the effect of the
excitement of the free oscillation of the building seems to be negligibly
small.

(8) The buildings standing directly on rock as well as on crushed
stone with 2 or 83m piles make a rocking oscillation, relative horizontal
movement against the ground at the basement together with elastic
deformation of the members at the time of earthquake.

(4) The smaller the rigidity of the subsoil with which the founda-
tion is surrounded, the larger the damping of the building vibration in
case of an earthquake.

(5) Concerning only the vibration problem of building in case of an
earthquake we come again to the conclusion that the best condition for
buildings is for hard ground to extend considerably around a building
and soft soil of a limited area to surround the foundation. (For refer-
ence the velocity and acceleration spectra are shown in Figs. 30~37
and 88~45, respectively.)

In conclusion, we wish to express our thanks to the Science Section
of the Educational Ministry, for the financial aid granted us. Also
thanks are due to the members of Motoyama-office, Hitachi Mine and
Prof. R. Takahasi and Mr. I. Aida, for their cooperation in tho course of
these investigations and to Mr. K. Osada and Miss S. Yoshizawa for
the valuable assistance they offered in these investigations.

R 9) K. KANAI; “Thé i{esult of Observation of Wave Velocity in the Ground ’, Rull.
Earthq. Res. Inst.,, 29 (1951), 503.



216 K. KANAI, T. TANAKA and T. SUZUKI

Table 5. The origins of earthquakes and the locations
of seismographs.

No. of | ... Origin ' No. 6 house | No. 14 house .
earth- | e L | 'p B .
quake ‘ °N °m f in km) roof | ground i roof | ground
1 1956 II @) @) O O Y
- 1..4.,,,,, P i
2 vow 27 @) O o 0
3 » I O O O ®;
4 ! " " - - O ‘ O
5 » T 30 O O l O " O
JA . ‘ |
6 r IV 1 _—— - 0 @)
70 v 2 370 | M2 40~50 O O O | O
’ ' |
very | _
8 v v 12 | 375 10.2 | G O O
9 v v 12 — —_ 'S 0
13 v 25 36,6 1z At o o o O
1 i ,
4 |, o+, 2 38 | M08 AU o o 5 | O
15 | 7; ” ]‘ f — - O O
17 [ IV 29 | 1 o i @ ‘ O O
o S _ ! S
18 vV ; e o 0 O
20 | + s 15 365 ‘ 141.2 ‘ about O 0 x = )
_ ) T \ ) I
22 roor 17 ‘ O i O — -
T P “about o .
23 r v 18 36.5 ‘ 141.3 r O O x o)
24 r — _ O 0]
25 [ O O O K O
26 | r w — — O ‘ O
27 | + VI 6  36.1 ' 139.7 & about | o 0 O
28 4 s 10 39.9 115 [ 40~50 O o o O

(to be continued.)
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(Table 5. continued.)

Ofigin No. 6 house No. 14 house 7
Time of | 5 - -
occurrence N } °R ; (in km) | roof |ground| roof | ground
1s6viie | A
C | I e e
, e 23 L 3’”:—1' o o
rovo 26 | 36.2 5 o1 | MMt o o | o O
v v 26 | 36.1 ‘ 1.8 | % o 1 0O o . O
» v 29 | 373 ‘ 139.3 | 2% o o o | o
r VI N - — o 0o
;e o o o
o 7 o, 0| o | c
ror O O O Oi
v . — 1 oo | o
. ol — i o o
a ) oo |0 | o
por o | o | oo
o ' olo o o
;o o |o]o o
T e e e
v O — O O
v ) o| — 1l o o
P o |0 o0 | o
v - =0 0
o ol ol o| o
SR | ol — 1 ol o
o oo oo

(to be continued.)
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(Table 5. continued.)

eligih(_)f Time of ! | ‘ No. 6|house i No. 14 hou‘se
quake occurrence { °N | °E i (Dn km) ‘ roof i ground |- roof |ground
54 1956 VIl : O O O @
5w R
5 4 s 30  36.1 - 189.9 | a‘é%ii"a O O - 0
A ol o! ol o
Cs8 v 2 o368 | M2 | 40 o) O o, o
59 | oo - -] oo
60 .+ v 8| 362 | 400 |60 — | O | O | O
61 1956 Vil | - — 0o 0o
e o 359 | 1406 | about e o e
63 s » 15 | 7 i o - | © ~O_
65 v v 16 356  140.1 | about 1 O oo 0
6 o 0 20 361 | 1414 | 20~30 | O o ol o
67 1 » ”2'4_§ 5.8 | 116 N o O o | o
68 v - -, 0| o
69+ 1 30 ‘ 36.5 | 1411 | about o o | o
70 ”,,,Ii,_,,; 77777777 - o — o | o
71 ror i O O O “ _Aé_
2 o ol o ol o
73 I ] — — o o
7 o, -0 | o
B o 2 o -1 0 | o
6 s 0 24 361  139.9 | about — 0 o
77 v - 0 — o o
78 v r 26 O O ’ O 7 Qi
8 s X 8 355 0.2 | about o -1 o o0

(to be continued.)
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(Table 5. continued.)

No. of Time of Origin No. 6 housev NO',M house 7
: g?xgtlile occurrence °N °K ‘ (?n km) roof |ground | roof ground
8l 196X 11 Cws | owsos B o | o | 0 O
) g5 . o 17 | 368 | m23 MU o | o [ o 0o
§ | s v 14| 353 | 1406 31’33?” — ol oo
8 | » XI 16 | 368 | 1407 ag’g(‘)‘r — | o | o o
89 v - O O i O
90 ron 17 — | o o 1 )
91 v oro21 38.3 | l42.1 i Ebf‘,l’gtw — 1 ol o 0
92 |« s 26 36.3 140.9 ﬂi‘bi’gt" O o x 1O
8 |+ X 7| 363  139.9 e o | o x | O
94 o 10| 367 | 139.3 | 20 e o | o 0
95 ror 13| 37.3 iw1<41.8 j abi’gf“ 70 —wd B oi
96 v v 14 | 363 1 140.2 i E“bgg? ol o] ol o
98 !+ » 22 33.8 139.6 55‘253?'”@ o | o o
00 | » » 26| 363 141.0 shallow | O | O | O | O
103 o1 9 35.4 141.5 "'552-(‘;‘{77 O O ©) 1 O )
104 , v 17 | 355 1412 ”ab‘l’g‘m o | o x—_i O
\ 105 s ;19 | o - o o o O”A
06 | e e 20 olo| -1 o
107 e e o2t | a7 141.0 ab%‘t ol o - | o
' 108 | » o » | 366 777&1;77‘*"_3})7{_ ol ol =1 o
09 | s o4 24 - ol ol oo
110 —”7— noon “ - “67” 7O‘W ‘é Or
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Table 6. The values of the amplitudes (in micron) and the

periods (sec) of the largest vibrations.

No. 14 house

No. 6 house

amplitude 1 period roof amplitude period : roof
roof | ground ) ground | ground roof ‘ ground ] ground \ ground
5.5 6.0 1 033 09 22 9 . 0.2 s
25 2.6 0.08 © 9.4 45 16 0.13 2.7
6.0 55 0.76 1.1 = 13 16 0.80 | 0.8
- = — \ — ; 8.2 3. 0.18 . 2.1
12 1.6 0.07 7.6 = 32 11 0.21 2.9
— — - 20 8. 0.18 2.2
9.8 7.0 0.21 | 1.4 | 48 13 0.17 3.7
I— — - = a0 13 0.18 3.1
— — — - 2 7 0.14 3.1
14 12 041 . 1.2 55 22 0.18 2.5
21 20 o064 | 11| 60 19 0.15 3.1
- — — = 2 3. 0.14 3.9
7.5 1.1 0.09 } 7.1 | 18 4. 0.13 3.8

. 1.2 0.10 . 40 | 12 5. 0.24 2.2

11 13 0.30 | 1.0 — — — —
13 3.1 015 | 3.7 . — — — —
110 63 | 0.23 | 1.8 — 167 0.25 —
— i 31 13 0.17 2.7
7.5 7.0 050 | 1.1 6.5 7. 0.53 0.9
— - - — 13 4 0.15 2.9
19 22 0.3 = 09 , 71 42 0.29 1.7
6.5 48 031 14| 19 5. 0.20 3.4
e e — 20 6. 0.17 3.3
- = = — 13 3. 0.12 4.3
S — — 27 9.0 0.16 3.0
8.0 3.8 1 0.36 2.1 23 8.0 0.14 2.9
9.0 11 0.46 0.8 25 8.0 0.16 3.2
38 0 1.0 1.0 50 45 1.0 1.1
— - — 42 14 0.18 3.1
n 19 om 5.8 | 34 11 0.18 3.1
23 | 31 0.9 0.7 13 5.0 0.17 2.5
1.0 1 0.7 | 017 1.5 4.2 1.4 0.18 3.0

— 83 0.3 ~ 26 18 0.18 1.4
10 = — — | 3.2 1.4 0.17 2.3

(to be continued.)
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43
44
45
46
47
48
49
50
51
52
23
54
55
56
57
58
59
60
61
62
63
65
66
67
68
69
70
71
72
73
74
75
76
77
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(Table 6. continued.)

No. 14 house
amplitude : period roof amplitude period } roof
roof ’ ground ‘ ground \l ground roof ; ground | ground | ground
1.0 0.7 0.14 1.5 8.7 3.3 0.14 2.6
3.4 2.4 . 0.2 14 . 22 8.6 0.17 2.5
4.3 2.1 0 0.14 2.0 0 13 | 4.5 0.14 2.9
2.0 0.7 © 0.1 2.8 | 53 28 0.15 1.9
— 2.6 0.11 — 2 1 0.15 2.2
0.5 — — — 4.7 ! 1.9 0.17 2.5
0.3 - — — 2.6 . 1.4 0.17 1.9
2.5 2.1 ‘ 0.10 1.2 | 30 i 9.2 ' 0.7 3.3
— S - 12 3.3 0.15 3.5
2.0 1.4 0.12 L4 1 10 | 47 0.17 2.2
7.5 — — — | 18 | 50 0.16 3.2
2.0 0.5 0.12 4.0 | 6.6 | 3.1 0.18 2.1
120 26 0.17 = 4.6 | — | 42 0.18 —
5.0 1.0 | 010 53 — | — ~ —
23 81, o012 28 — | 27 0.17 -
11 11 . 010 | 1.0 14 11 0.17 1.3
4.8 1.9 1 010 25 | 7.6 3.1 0.17 2.5
— e — 12 3.1 0.16 4.0
— 1.7 | 0.18 — 22 9.2 0.18 2.4
— - = = 7.9 2.5 0.13 3.2
9.0 4.8 | 0.31 1.9 28 11 0.17 2.7
3.4 - — — 14 4.7 0.11 2.9
4.0 1.4 | 015 2.9 | 30 11 0.17 2.7
1.5 2.6 0.21 0.6 | 18 8.9 0.18 2.0
5.5 2.9 0.24 1.9 © 11 6.4 0.18 1.6
— - | = — 2.4 0.8 0.17 2.9
2.3 1.7 1 0.24 1.4 5.3 1.9 0.14 2.7
0.5 — — — 5.0 1.9 0.17 2.6
2.8 1.0 0.12 3.0 27 9.7 0.17 2.8
3.0 1.2~ 0.18 2.5 16 4.7 0.13 3.4
— —_ — — 9.2 3.6 0.13 2.6
5.0 — — - 28 9.4 0.16 2.9
3.5 S — - 3.4 1.9 0.17 1.8
2.3 — ; — - 3.5 2.5 0.18 1.4
0.5 - — — 2.6 0.8 0.15 3.1

(to be continued.)
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(Table 6. continued.)
No. 6 house No. 14 house
No. of
earth- amplitude ; period | roof amplitude ] period ‘ roof
quake . - ; | _TOod
roof | ground l ground | ground roof ! ground ' ground | ground
78 — — — — 30 12 : 0.17 2.5
80 8.3 — — — 57 21 0.20 2.7
81 11 4.5 0.38 i 2.4 22 22 ’ 0.57 1.0
85 6.5 8.3 0.33 0.8 ; 18 8.6 . 0.15 ; 2.1
87 — 9.8 0.47 — 2% 1l o021 24
88 - 7.1 0.24 - 2 0 | o 2.7
89 — 5.7 0.38 — 20 6.1 J 0.14 3.2
90 — 8.6 0.31 — 24 7.5 0.14 3.2
91 — 27 1.04 — 33 24 0.86 1.4
92 33 77 0.74 0.4 — 33 0.46 —
93 24 27 0.34 0.9 — 31 0.19 —
94 4.5 5.2 0.25 0.9 32 11 0.18 2.9
95 5.0 11 0.48 0.5 — 11 0.17 —
96 5.5 11 0.48 0.5 14 9.2 0.35 1.5
98 8.5 5.7 0.57 1.5 6.6 5.3 0.90 1.2
100 3.8 4.0 0.36 1.0 23 7.2 0.12 3.1
103 21 15 0.70 1.4 22 20 0.86 1.1
104 22 37 0.41 0.6 — 27 0.17 —_
105 56 30 0.40 1.8 — 22 0.34 —
106 30 26 0.67 1.2 — 16 0.13 —
107 7.5 7.6 0.40 1.0 — 19 0.16 —
108 9.0 13 0.40 0.7 — 14 0.54 —
169 2.5 2.4 0.31 1.0 9.5 3.6 0.16 2.6
110 3.0 3.3 0.24 ‘ 0.9 18 6.9 0.15 2.5
micron ;nc;cron
50|
Roof Ground g /R
1 | 1 ! | 1 1 | ! 1
0 0.2 03 06 08 iOsec 0 0-2 0.4 06 08 jOsec
Fig. 22. Displacement spectra of No.7  [Fig. 23. Displacement spectra of No. 27

earthquake at No. 6 house.

carthquake at No. 6 house.
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micron

50 ‘Roof Ground
T | 1 1 1
o 0.2 0-4 06 0-8 1Osec
Fig. 24. Displacement spectra of No. 34
earthquake at No. 6 house.
mlTon
200
150
Roof
100
Ground
50t
_\
1 L 1 L 1
[0} 02 (22 0+6 08 I*Osec
Fig. 26. Displacement spectra of No. 7

earthquake at No. 14 house.

micron
1CO|

1 1 1 1 1
02 0«4 0-6 08 1sOsec

Fig. 28. Displacement spectra of No. 34
earthquake at No. 14 house.
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micron
150

100~

Ground

501

1 | 1 1
0 02 04 06 N8 I*Osec
Fig. 25. Displacement spectra of No. 35

earthquake at No. 6 house.

micron
200~

Roof
150
100~

Ground
50

L 1 1 1 1

(o) 0-2 0-4 06 08 1*Osec
Fig. 27. Displacement spectra of No. 27

earthquake at No. 14 house.

micron

150

Roof
100

Ground
50

1 1 1 1 1

0 02 0.4 06 0+8 1e0sec
Fig. 29. Displacement spectra of No. 35.

earthquake at No. 14 house.
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cm/sec
oof crysee Roof
ol Ground 0
Ground
1 1 1 T ] ] 1 1 1
o 02 04 06 08 10sec o 02 o4 06 08 tOsec
Fig. 30. Velocity spectra of No. 7 earth- Fig. 31. Velocity spectra of No. 27 earth-

quake at No. 6 house.

quake at No.6 house.

cm/sec

e or} Roof Ground
[oZ]
Ground Roof
1
m ; o b 0:4 ol.s o‘.g o
(o] 02 04 06 0-8 1,0 sec

Fig. 32. Velocity spectra of No. 34 earth-

quake at No. 6 house.

em/sec

08 (-

ook

= Roof

0.4 |-

o2} Ground

0 L | - .

0.2 0-4 0.6 0-8 1.0sec

Fig. 34. Velocity spactra of No. 7 earth-

quake at No. 14 house.

Fig. 33. Velocity spectra of No. 35 earth-
quake at No. 6 house.

cm/sec
0.6
Roof
0.4
Ground
0.2
L ! ! 1 1
[o] 0.2 0.4 0.6 0.8 LOsec

Fig. 35. Velocity spectra of No. 27 earth-
quake at No. 14 house.
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cm/sec

03

cm/sec
02k Roof 0.2k
o0l k- Ground ol -
] 1 ! ] 1 L ! ] 1 1
0 02 0.4 06 0.8 L.Osec 0 0.2 0.3 0-6 08 LOsec

Fig. 36. Velocity spectra of No. 34 earth-
quake at No. 14 house.

cmy/sec?
Roof
L
ar Ground
Il L 1
o 0.2 0.4 06 0.8 1.0 sec
Fig. 38. Acceleration spectra of No. 7

earthquake at No. 6 house.

Fig. 37. Velocity spectra of No. 35 carth-
quake at No. 14 house.

cm/sec?
Roof
Ground
2_
1 1 !
o 0.2 0.4 06 -8 1Osec
Fig. 39. Acceleration spectra of No. 27

earthquake at No. 6 house.

cmy/sec?
4

Roof

cm/sec?
Root
2 Ground 2| Ground
: ‘

] 1 N 1 1 1 1 T

0.2 0-4 0.6 0-8 1.0 sec o 0.2 0.4 0.6 0.8 1+0'sec
TFig. 40. Acceleration spectra of No. 34 Fig. 41. Acceleration spectra of No. 33

earthquake at No. 6 house.

cm/sec?

earthquake at No. 6 house.

L cm/sece
20} 20+
3 Roof o Roof
i i Ground
ol Ground ok
[ 1 L 1 1 1 ! ]
0 0.2 0.4 0+6 0-8 1<0sec Y 0.2 0.4 0.6 0.8 0 sec
TFig. 42. Acceleration spectra of No. 7 Fig. 43. Acceleration spectra of No. 27

earthquake at No. 14 house.

earthquake at No. 14 house.
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cmy/sec?
T

L cm/sec Roof
8l Roof 4

- -Ground
4l Ground 2

| - . ) 1 L I T 1
0 0.2 0.4 0.6 0-8 110 sec o 0.2 0.4 06 0.8 10sec

Fig. 44. Acceleration spectra of No. 34 Fig. 45. Acceleration spectra of No. 35
earthquake at No. 14 house. earthquake at No. 14 house.
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