30. Earthquake Observations in Kawasaki and Turumi Areas
and the Seismic Qualities of the Ground. (Part II).

By Syun’itiro OMOTE, Shauzow KOMAKI
and Naoyoshi KOBAYASHI,

Earthquake Research Institute.

(Read May 28, 1957.—Received June 30, 1957)

. 1. Introduction

In our previous paper” we analyzed the seismograms obtained at
nine observation stations in the Kawasaki and Turumi regions, a short
distance to the south of the Tokyo area, and discussed the seismic qualities
of the ground of nine locations where the seismometers were installed.
In grading the seismic qualities of the ground of the respective locations,
the vibration characteristic of the Keio Station, station S*, was used as
the standard. Referring to this standard station the relative seismic
qualities of the ground of the other stations were described.

In the course of our analysis of the seismographic records obtained
at the respective stations, we came to the conclusion that station S
probably recorded a somewhat larger amplitude because of the high cliff
of some 30 meters, near the edge of which the station was situated.
In order to give reasonable correction to the amplitude of station S, we
hoped to change the standard station from S to another standing on
ground with better conditions. ,

On the other hand, as we stated in the previous paper, the studies
of the connection between ground vibration and seismic destruction have
mainly been developed in the Tokyo area where many seismic obser-
vations had been carried out. In discussing the seismic quality of the
ground of these locations, their vibration characteristics were compared
with that of the Hongo location where our Institute stands, and by
doing so the relative grade of the seismic quality of the locations in
the Tokyo area was described. For the purpose of giving wider appli-
cation to our former study, it is intended in this paper to attempt a

1) S. OMoTE, S. KOMAKI and N. KOBAYASHI, Bull. FEarthq. Res. Inst., 34 (1956), 335.
* In the present paper, S stands for the Keio High School instead of S-1 used in the
previous paper.
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comparison between the vibration characteristics of the Kawasaki and
Turumi stations and that of the Hongo observation station, station H*.

The seismic observations at the Hongo station were carried out in
the same way as in the Kawasaki and Turumi areas, using the same type
of the seismometer to register the same component of the earth vibra-
tion and covering the same observation period. Though the commence-
ment of the seismic observation by means of the said seismometer was
somewhat later than had been expected, at station H, we could have
many seismic records for making a comparative study in relation to
those of our previous study. Such seismic records were laid at our dis-
posal by the courtesy of the Observation Branch of our Institute. The
present report is the result of interpretations studied with these records.

2. Period interpretations

Of the twelve earthquakes analyzed in detail in our previous paper,
three earthquakes, Nos. 10, 36 and 38, were recorded at station H. The
histograms due to the vibration pe-

150t No. 10 No. 36 | No. 38 riods of these earthquakes are illus-
trated in Fig. 1. From these were
calculated such factors and pre-
dominant periods as were defined in
the previous paper. These are; the
sharpness factor s,(N/2), the flatness
factor £,,(IN/2), the predominant period
T(N/2) due to the larger waves, the
predominant period 7',(4) due to the
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Fig. 1. Frequency histograms whose class

interval is 0.1 sec. summed-up amplitudes, and the pre-
White column: Histograms due to all dominant period T,(W) due to the
waves. weighted frequencies. In them the
Black column: Histograms due to lar- suffix H represents the values of
ger waves. .
station H.

The ratio of the value of station S to that of station H is computed
with regard to each of these factors and predominant periods. The
product is worked out of this ratio and the corresponding characteristic
ratios of the respective stations in the Kawasaki and Turumi areas due to
station S with the results shown in Table I-a. By this the standard is
transfered from station S to station H. The figures in each column in

* H stands for Hongo. o
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Table 1.
a. Characteristic ratios of the seismic quality of the ground.

S-3

[H{ s | s9 } s2 | ’ S-4 ’ S-7 ‘ S-5 | S-6 ‘ 5-8
SN2yl 1 | 101 | 1.96 | 3.06 | 3.56 | 3.67 | 5.28 | 5.17 | 4.32 | 4.13
FNf2)| 1 | 1.14 | 1.16 | 1.32 l 1.60 | 1.50 | 1.87 | 2.00 | 1.97 | 1.62
T(N/Z)i 1 1.10 ’ 0.94 | 1.36 | 1.45 | 1.61 | 1.55 | 1.64 ‘ 1.68 | 2.01
T(A) 1 100 | 1.08 | 1.28 | 1.28 | 1.30 | 1.35 | 1.48 | 1.38 | 1.68
T(W)‘ 1 1 1.18 ‘ 1.18 | 1.62 l 1.53 | 1.65 | 1.62 | 1.70 ‘ 1.68 | 2.17

b. Orders of characteristic ratios.

B s | s9 | s2 | s3] 54 os7 S5 | S6 | 88
S(N/2)| 1 2 3 4 | 5 6 10 9 . 8 . 7
FNP2)| 1 2 3 4 | 6 | 5 § 10 | 9 7
T(N/2)| 2 3 1 4 I 5 .7 6 8 | 9 ‘ 10
A | 1 2 3 5 0 4 | 6 7 9 S8 10
Wy | 1 3 2 5 | 4 76 9 | 8 i 10

Table I-a have been numbered in order from small to large in Table I-b
with respect to each item. Looking at Table I we find that all the
characteristic ratios of stations S and S-9, representing the best seismic
quality, have the values of nearly unity. This fact shows that the
seismic qualities of these locations are to be ranked at the same grade
as station H, or at only a slightly inferior grade.

3. Amplitude interpretations

In order to make clear the relationship between the two stations as
to the summed-up amplitude, the sums of the amplitudes of all the
waves that fall into the respective class intervals of periods were made
out in the form

Al=§1 (li,p y

where A, is the summed-up amplitude of the i’th class and @, the ele-
ment amplitude in the ¢’th class. The summed-up amplitude 4, due to
station S, denoted here as A;,, was divided by the value of the summed-
up amplitude of the corresponding class intervals Ay, of station H.
The running averages of these ratios were calculated as to every three
numbers adjoining in order, The averaged ratios are plotted to the
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respective class periods as will be seen in Fig. 2. The larger circle in
the figure represents the ratio where the

5t No.36 numbers of waves in the denominator is
3 greater than one half of the average num-
|'-f\&@093900—-4-¢; ber of waves per class. The medium cir-
tO 05 10 SEC. cle represents the ratio where the number

5 No. 38 of waves in the denominator falls between

DK e one half and a quarter of the average

< --~°.9’w"':-"---; ----- - number of waves per class. The smaller
0 05 10 SEC.  circle represents the ratio where the num-
gl No. 10 ',& *‘.‘. ber of waves in the denominator is smaller
3 w& than a quarter of the average number of
[ AR waves per class. Therefore, it may be
0 05 10 SEC.

said that the smaller circles represent a
value less reliable than the larger circles.
Looking at Fig. 2, we notice that the am-
plitude ratios are only slightly bigger than unity with respect to each
earthquake throughout the class intervals, and the mean value of these
reliable ratios marked by the larger circles is 1.60. Though in some
cases there are a few circles representing somewhat larger values than
unity in the range longer than 0.6sec., they are marked by smaller
circles that show a low reliability.

In our previous paper it was noticed that the values of the maxi-
mum amplitude ratio of the stations, calculated with station S as the
standard did not exceed 2 even in the stations considered to stand on
very soft ground. On the other hand, referring to the studies made in
the Tokyo area, it is expected that the values of the ratio of the sta-
tions which stand on very soft ground are greater than 2. It is one of
the purposes of this paper to make clear whether or not station S has
recorded too large a maximum amplitude in relation to its firm ground.

Now, the maximum amplitudes at two stations, S and H, were
compared with those of eleven earthquakes, Nos. 9, 10, 29, 30, 36, 38,
39, 42, 43, 44 and 54. As a result of the calculation we had the mean
value of the ratios of the maximum amplitudes, as

Fig. 2. Period characteristics of
summed-up amplitude ratio.

Ag/Ap=1.57+0.18 ,

where A, is the maximum amplitude of station S and A4,, is that of H.
It is noticed that this value is nearly equal to that mean value 1.60,
caleulated from TFig. 2.
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Table II. Relation between the maximum amplitude ratio
and the thickness of alluvium.

a. Station in Kawasaki and Turumi areas.

Observation station | s | s9|s2 | 53| 54| 57|55 56|58
Maximum amplitude ratio | 1.57 | 1.05|1.38 | 2.18 | 1.62 l 2.24 | 2.50 | 3.09 ‘ 2.80
Thickness of alluvium (m) 0 5 35 40 45 45 | 45 70 \ 45

b. Stations in Tokyo area.
Observation station ‘ Sumida ‘ Oshima ‘Komatsugawa Higashi-shinozaki
Maximum amplitude ratio 1.62 2.46 2.68 2.90
Thickness of alluvium (m) 30 45 50 66

In our previous paper, maximum amplitude ratios of the respective
eight observation stations were calculated with the maximum amplitude
of station S as the standard. In order to transfer the standard station
from S to H, the figures of the

maximum amplitude ratios which 8
were already laboured out in the é
former paper were multiplied by w 05-6
the value 1.57 obtained above. 9§ 3 ® Op
The relation between these ratios '_:J 2_85 Oc
and the thickness of the allu- % ga
vium at each station is shown I 5| 538787
in Table II-a and in Fig. 3 with s
solid circles. 2 OA  @s-4

In the period from 1952 to § ®s-2
1954 Miyamura® carried out seis- S |} 9s-9
mic observations at four loca-
tions in down-town Tokyo as well
as at the Hongo station, using
six seismometers with different O 10 20 30 40 50 60 70 M.
periods. TFrom his data on the THICKNESS OF ALLUVIUM:
maximum amplitudes and peri- Fig 3. Relation between the maximum ampli-
ods recorded by these seismo- tude ratio and the thickness of alluvium.
meters, we picked up such am- A: Sumida. C: Komatsugawa.
plitudes as were recorded by B: Oshima. D: Higashi-shinozaki.

2) S. MIYAMURA, Bull. Earthq. Res. Inst., 33 (1955), 512,
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Ishimoto tromometers having the oscillation period of one second, and
we computed the ratios of the maximum amplitudes of the down-town
stations to that of the up-town Hongo station. These maximum ampli-
tude ratios of the stations too were related to the thickness of allu-
vium® at the respective stations in Table II-b and in Fig. 3, with the
open circles.

In this figure we can compare the ground conditions of the stations
distributed in the Kawasaki and Turumi areas with those of the Tokyo
area. Looking carefully at Fig. 3, we notice that the ground conditions of
the 1st group of stations in the Kawasaki and Turumi areas, including S
and S-9, resemble closely in seismic quality that of station H standing
in up-town Tokyo, those of the 2nd group, including S-2, S-3 and S-4,
that of the Sumida station in the Tokyo area, and lastly that those of
the 3rd group, S-5, S-6, S-7 and S-8, are in good accord with those
of such stations as Oshima, Komatsugawa and Higashi-shinozaki, which
stand in down-town Tokyo.

Kanai and others” made some observations of earthquakes in many
buildings with the same construction but standing on the ground of differ-
ent natures by means of Ishimoto tromometers having a period of one
second. In their report we read that the smaller the regidity of the
ground is, the larger will be the maximum amplitude of earthquake
motions. This coincides well with our result.

Before discussing the maximum amplitude in this paragraph, two
kinds of correction had to be made. One is the correction of the ampli-
tude caused by the difference of dynamic magnification due to the peri-
ods proper to the respective maximum amplitudes. The other correction
concerns the difference in the epicentral distances. In practising this
correction it is assumed that the maximum amplitudes decrease in in-
verse square proportion to their epicentral distances™ because it is the S
wave that determines the maximum amplitude of the earthquakes with
a short epicentral distance.

Before concluding this paragraph, it will be of some use to add the
following facts to what has been discussed above. One is that the
maximum amplitude ratio of station S to station H is smaller than unity
as regards earthquakes with the epicentres off the east coast of Honsyu

3) S. OMOTE, Bull. Farthq. Res. Inst., 33 (1955), 479.
4) K. KaNAIL, T. SUzUKI and S. YOSHIZAWA, ibid., 34 (1956), 61.
5) H. KAwAsUMI, Bull. Earthq. Res. Inst., 30 (1952), 319.

C. TsuBol, Journ. Phys. Earth, 5 (1957), 1.
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Island of Japan. Another is that the maximum amplitude ratio of sta-
tion S to station H is extremely large, 4.05 in the case of earthquake
No. 11, with the epicentre in the vicinity of Titibu City in the western
mountaineous part of the Kwanto District.

4. Conclusions

Judging from the period and amplitude interpretations studied above,
the following results will be summarized.

The stations belonging to the 1st group in the previous paper, S
and S-9 have a seismic quality similar to that of station H located in
the up-town of Tokyo. The 2nd group including S-2, S-3 and S-4 have
a seismic quality similar to that of Sumida station. The 3rd group in-
cluding S-5, S-6, S-7 and S-8 have a seismic quality similar to those
of Oshima, Komatsugawa and Higashi-shinozaki stations in the down-
town of Tokyo.

The authors wish to express their indebtedness to Professor Takahiro
Hagiwara, the Chief of the Observation Branch of their Institute, for
the use of the original seismograms on which their analysis was based.

30. IS AR 9 & B C47 -2 7= HU R & 2 OGO Hu R (£ D 2)

£ e — I
WEWER { /N K BB =
NN N 1= =3

Ik 2T XX R 9 7y FTe M i it o sk ii , oML TF « DR
HoFN IR OMAE LI, F ORI Ao RIS 2 BUSETRIC T 2 R R R
DR ILU L LTINS ORBIHENTIN b iz, FOMICE BNk S, —DIIIIEHE
AL LEBErTs s 30m o 0 Lt 50T, FOEFKOMEL Bhbh 3FEEC X b iREAD LR
EAMTER ISR AFANRALDZE, 35 —2kiE, RIPOFEEE HIE L TINNERD
RO AT TR D L <TG TV BYTROHARE BIiI ¥ 52 & DL, XRIPTH DK
JEFTC AT, JISES SR T v A2 & @ U IREHCm & M Urdbm A L 7-586 o e 7o
Fo. AP TEIN S MR O SRR D W THbER T o0 SR R OHRIE O ffFT 2 170, BUE O AR OVRIR
LENFERRZRD D Z LR I0T, BREIERILEE LT R 7E U0 O R B O KRR
Feae AR 2 3HE e Licd O ET L, RACEEORIMTITT BRIkt 1.57+£0.18 T
b, W EAHNIERM 27 45 -29 FAMB L WHUFIT & TR o il 2 7o T2 0T,
o data 2T, ARIPCKPT B T4 SO KIRIE L skebie. & o X 5w LTINS Ribiko
FEHIE L FOR T ORMNM & ZRESIT 5 2 LN TE e, Th b OFMBRC > EZRZETL,
wo X 5 ek eGie., MBI 1 FHCREINEIGR O F Y v e — i RIE L At iies
PEREL, 5 2 TSRS HUE, o, HENIMMERY 3 FoMm, i, PEE, MIUIKRE,
INRITL IR SR IS B & & DD T,




