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Main Shock of May 16, 1968

(1) 8-234 at Muroran—S (RA, DR, RS and FS) ..o
(2) $-235 at Aomori—S (RA, DR, RS and FSY oo
(3) S—236 at Miyako—S (RA, DR, RS and F5) ..o
(4) S—252 at Hachinohe—S (RA, DR, RS and | 255 TOUTU R
(5) S§—262 at Kushiro—S(RA) ..o
(6) §—237 at Akita—S (RA). .o
(7)  8§-271 at Sakata—S (RA) e

Aftershock of May 16, 1968

(1) S—241 at Muroran—S (RA, DR, RS and FS) ..o
(2) S—264 at Aomori-—-S (RA, DR, RS and FS) oo,
(3) $-271 at Miyako~S (RA, DR, RS and FS) .o

Aftershock of June 12, 1968

(1) S—304 at Aomori—S (RA, RS and FSY ..
(2) S-310 at Hachinohe—S {RA, RS and FS) ..o
(3) 5--312 at Miyako—S (RA, RS and FS)} ..o

Aftershock of September 21, 1968

(1) S$-399 at Muroran—S (RA, RS and FS) ..o
(2) S—400 at Aomori—S (RA, RS and FS).....coonimis
(3) S$—401 at Hachinohe—S (RA, RS and FS) ... :

RA: Reproduced accelerogram; DR: Digitized record;
RS: Response spectrum; and FS: Fourier spectrum.
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STRONG--MOTION EARTHQUAKE RECORDS ON THE 1368
TOKACHI-OKI EARTHQUAKE AND ITS AFTERSHOCKS

By  Hajime TSUCHIDA *
Eiichi Kurata** and
Katsuko Supo #*

Synopsis

On the 1968 Tokachi-Oki earthquake and its aftershocks, about 130 strong-motion
earthquake records were obtained in the network of the Port and Harbour Research
Institute. This report presents the results of the observation on the main shock and the 3
major aftershocks. The accelerograms with the maximum accelerations larger than 20 gals
are reproduced. On the records at the 4 nearest ports to the epicenters, response spectra
have been calculated; those 4 ports are Muroran Port, Aomori Port, Hachinohe Port and
Miyako Port. There include the digitized records on the main shock and the largest
aftershock recorded at the 4 ports. All the accelerograms in this report were recorded on
the SMAC—B2 accelerographs.

1. Introduction

On May 16, 1968, there occurred an earthquake of large magnitude in the Pacific
Ocean at about 650 km north east of Tokyo. This earthquake was felt very widely in the
neriliern Japan region, and damage took place to buildings, houses, roads, port facilities
and so on. After the earthquake the Pacific coast was attacked by a tsunami and darmnage
due fo it was seen to houses, a breakwater and other types of structures.1) This earth-
quake was nazmed officially THE 1968 TOKACHI-OKI EARTHQUAXE by the Japan
Meteorological Agency (JMA) in the Ministry of Transport.

The 1968 Tcokachi-Oki earthquake triggered 15 strong-motion accelerographs in the
network of the Pozxt and Harbour Research Institute. The maximum horizontal accelera-
tion of 259 gals was recorded at Hachinohe Port. There were a large number of after-
shocks and about 120 accelerograms were obtained in the network. All the accelerograms
have been collected %t the Earthguake Resistant Structure Laboratory in the Port and
Harbour Research Institute for processing such as determination of maximum accelera-
tions and digitization, and preliminary analyses such as calculations of the response
spectra and the Fourier spectra.

This report presents the results of the observation of the 1968 Tokachi-Oki
earthquake and its 3 major aftershocks; the report consists of the tables of the earthguake
data and the maximum accelerations, the reproduced accelerograms, the digitized records,
the response spectra and the Fourier spectra. The reproduced accelerograms are prepared
only for the records with maximum accelerations larger than 20 gals, and the digitized
records, the response spectra and the Fourier spectra are prepared for the records
obtained at the 4 nearest stations to the epicenter of the main shock.

This report has similar style to the annual reports on the strong-motion earthquake
observation written by the same authers.2)3}4) Since all the previous annual reports are
written in Japanese, the procedure of processing and the preliminary analyses will be
explained briefly in the later sections. There is a detailed publication on the site data of

* Chief, Earthquake Resistant Structure Laboratory
** Members, Earthquake Resistant Structure Laboratory




the stations.5) It will be noted that there are many accelerograms recorded in other
networks operated by differeni organizations and that this paper only deals with the
records taken in the network of the Port and Harbour Research Institute.

2. The Earthquake and Records

The 1968 Tokachi-Oki earthquake occurred on May 16, 19%8 'at 09:4?9 (.Tapag
Standard Time), in the Pacific Ocean at 40.7°N in latitude, 143.7°E in lqrfgltude lafl
20 km in-depth. The magnitude was announced to be 7.8 by IMA, 'I-‘hfa Se;smlc.mtensltxes
in several cities are shown in Fig. 1 in which they are indicated behind the city names.

NEMURC (3)

SAPPORO (4]
!l'MAKOMAI {6) /KUSHIRO{4)

" URAKAWA {5)
HAKCDATE (5)

AOMORE (5)
HACH-{I?)OHE P epicenTer

ONAHAMA-S

SHJNAGAWJ_\_—S KASHIMA-S

SHIZUOKA( L KEIHNII -8

KEIHINYAMASH TAHEN - &

Fig. 1  Intensities of Main Shock Fig. 2 Locations of Accelerographs

response.
A large number of aftershocks occurred during the following weeks. The aftershocks

of the 1968 Tokachi-Okij earthquake were considerably frequent compared with those of
the Niigata earthquake in 1964 or of the 1968 Hiuga-Nada earthquake of April 1, 1968.

network; this number was about a half of the number of the accelerograms which had
been accumulated for the 5 years before the 1968 Tokachi-Oki earthquake occurred.



The 3 major aftershocks included in this report are aftershocks at 19:39 on May 16,
1968; at 22:42 on June 12, 1968; and at 22:06 on September 21, 1968. The detailed data
of the main shock and the aftershocks are shown in Table “Strong-Motion Earthquake
Observation Results” which will appear in the later part of this report.

3. Network and Instrument

(1) Network

The network of the Port and Harbour Research Institute was covering the coast-line
of Japan with 55 strong-motion accelerographs at the time of the earthquake. The com-
plete location of the stations is shown in Fig. 3. The accelerographs at the 42 stations out

SMAC ~ B2 on ground
SMAC « B2 on structure
ERS - A on ground

ERS -~ A an structure

b » C &

of

Fig. 3 Strong-Motion Earthquake Network of
Port and Harbour Research Institute

of the 55 stations were the SMAC—B?2 accelerographs and the rest were magnetic tape
recording accelerographs of electro-magnetic type, called the ERS—A accelerographs
which had been developed by the Earthquake Resistant Structure Laboratory.6) As the
ERS—A accelerograph had not been installed in the northern Japan region at the time of
the earthquake, it is not explained in this report.

The network was originated with 5 accelerographs in 1962 and expanded year by
year, by the Port and Harbour Research Institute in co-operation with the following
organizations:

The Bureau for Ports and Harbours in the Ministry of Transport;

The Regional Bureaus for Port Construction in the Ministry of Transport;
The Port and Harbour Division, Hokkaido Development Bureau,
Hokkaido Development Agency in the Prime Minister’s Office; and

The Harbour Bureaus (Sections) of 4 Prefectural Governments.



(2) Servicing

The installation and the servicing of the network have been made by the port
construction offices in the previously described organizations under the direction of the
Earthquake Resistant Structure Laboratory. It is directed that the instrument should be
checked at least twice a month and after an earthquake larger than the intensity 11 as
soon as possible. The accelerogram is sent carefully to the Earthquake Resistant Struc-
ture Laboratory by post or in hand, without any treatment or reading in the station, to
eliminate possible danger to damage the accelerogram by unaccustomed persons to handle
it.

The Earthquake Resistant Structure Laboratory has been offering every year a
training course of 5 days to the persons who take care of the accelerographs in the
stations. During the course, the trainees are instructed proper procedure to maintain the
instruments and to handle the aceclerograms by the experts from the manufacturing
companies of the accelerographs. They also attend introductory lectures to the earth-
quake engineering by the instructors inside and outside of the Institute.

(3) Station

In the network, there are two kinds of stations; one is to record the ground accelera-
tion, the other to record the earthquake response of structures. The station to record the
earthquake response is always accompanied with another station to record the ground
acceleration in its vicinity.

In the stations recording the ground acceleration independently, one of the
horizontal components of the instrument is directed due north except a few number of
instruments which have been installed in parallel with the structures. It is the reason that
in the ports where the instruments are installed in parallel to the structures, there are
many quaywalls or piers parallel each other, and that it is desirable to record components
of the ground acceleration in parallel and perpendicular to the axes of the structures.
In the stations recording structural response and the accompanying stations recording the
ground acceleration, the instruments were installed paratlel to the structures whose
earthquake response was needed. As two horizontal components of the accelerographs
were named NS and EW always, the direction of the NS—component makes an angle to
the due north direction in some of the accelerographs in the network.

Each station in the network has its own abbriviated name which implies its location,
the type of its accelerograph and installation condition, on the ground or on the structure.
For instance, the station in Hachinohe Port is named Hachinohe—S in which Hachinohe is
the name of the place where the station is located and the capital letter S at the end of
the abbriviated name is showing that the accelerograph in the station is the SMAC—B2
accelerograph. If the ERS—A accelerograph is being used in a station, the name of the
place is followed by a capital letter M. As this naming was made to distinguish the
stations acculately in the network, it may be a little difficult for the people outside the
network to imagine the location from its name, especially for the people who does not
understand the Japanese language. The detailed publication on the network will help
those people to find the location as well as other necessary data of the station.5) In Table
1, there show the abbriviated names, the locations and the angles between the NS
components and the due north direction(deflection angles) on the stations which recorded
the main shock or the aftershocks.



Table 1 Locations and Deflection Angles of Stations

Deflection Angle

Abbreviated Name T.ocation (degree. minute)
Kushiro-S Minamihama-cho, Kushiro 14.40E
Otarm—S 2—2, Chikko, Otaru 0
Muroran—S 130, Iwaizu-cho, Muroran 0
Aomori—38 Dai—2 Futo, Aomori 0
Hachinohe—S 1-2, Kitanuma-maru, Kawaragi-cho, 0
Hachinohe
Miyako-8 5—20, Minato-machi, Miyako 0
Ofunado~S Aza Kaku Shimokochi-nai, Ofunado-cho, 34.30W
Ofunado
Ofunado-bo—S§ (On a tsunami breakwater) Yamagishi, 40.41E
Akasaki-cho, Ofunado
Onahama-—S Tatsumi-cho, Iwaki 20.25E
Kashima—S8 Aza Hamayashiki, Oaza Izumikawa, 29.15W
Kashima-cho, Kashima
Shinagawa-—S Shinagawa-futo, Shinagawa-ku, Tokyo 2.30W
Keihin-i—8 4, Takashima-cho, Nishi-ku, Yokohama 33.20E
Yamashita-hen-—-S Yamashita-cho, Naka-ku, Yokohama 33.20E
Akita—S8 19, Kamihama-cho, Tsuchisakiko, Akita 7.12W
Sakata—S 5-12-25, Hikarigaoka, Sakata 0
Niigata—3 4.533-7, Irifune-cho, Niigata 0

(4) Accelerograph

As it is mentioned previously, only the SMAC-B2 accelerographs recorded the
earthquakes, here the main specifications of the SMAC--B2 accelerograph are listed in
Table 2. As there are detailed publications available on the SMAC—B2 accelerograph,7} it
is not needed to repeat the details of it.

The triggering levels of the accelerographs in the network are 5 gals in places where
ground noise is small and 8 gals in places where ground noise is relatively large because of
heavy motor trucks for construction work or cargo transportation. Exceptionally a few
number of the accelerographs located beside roads carrying very heavy traffic are
triggered at 11 gals.



Table 2 Specifications of SMAC—B2 Accelerograph

(1) Main body of the seismograph:

ay Type: 3 element accelerograph

by Natural period: 0.14 sec.

c)  Sensitivity: 12.5 gals per mm on the paper
d) Magnification: X 16 (mechanical)

e} Recording range: 6500 gals

f)  Recording system: scratching stylus roll-paper

g)  Recording speed: I cm per sec.

(2} Driving part:

a) Type: spring motor (hand winding)

b}  Driving: able to start 5 times, operates for abt. 3 min,
after each starting

c) Starting apparatus: mechanically starts at 100 gals

d) Accessory: special device for saving paper

¢} Governor: centrifugal type

(3) Time marking system:

a) Type: clock with electric-contacts, provided with
electric starter
b)  Time marking: every 1 sec.

(4) Electric self-starter:

ay Type: vertical component accelerograph
{natural period 0.3 sec.)

b)  Sensitivity at starting: 5 gals

c¢) Electric contacts: 6 platinum contacts connected in parallel

(5) Electric power supply:

Dry cell: 3V x4 (JISNo. FM. 5)
(6) Net weight: Approximately 100 kg
(7) Dimension: 540 (width) x 540 (Jength) x 370 (height) mm



(5} Foundation and Housing

All the accelerographs in the network are installed on simple shallow foundations
which were designed based upon the same idea. It was supposed that the shape and the
dimensions of a foundation on which a seismograph is installed affects to the earthquake
record obtained by it. However, as there was no convincing idea to design- the most
suitable foundation, the foundations of almost same size and of same shape were selected
for all the accelerographs in the network. This makes it easier to compare accelerograms
of an earthquake recorded at several stations. As the most of the harbour structures have
shallow foundations and do not rest on bed rock, it was decided to make shallow
foundations for the accelerographs, as shown in Fig. 4. The hollow space under the

foundation was made to make the bulk
density of the foundation equal to that of
the soil, and to eliminate the disturbance
to the records from the foundation.

Usually, no pile is used to support the
accelerograph and its foundation, but in
the stations on very soft soil or loose sand,
concrete piles or wooden piles were used.
For example, the foundations in the Hachi-
nohe—-S station and the Niigata—S station
are supported by piles. The foundation is
isolated from a housing covering the in-
strument.

The most of the accelerographs are
covered with housings which were built for
the instruments. Some of the accelero-
graphs were installed in houses which had
been built for other purposes. The housing
built for the instruments are made of re-
inforced concrete or concrete blocks; some
are prefabricated houses. In Photo 1, asan
example, the housing of the Otaru~3§ sta-
tion is shown; that is made of concrete
blocks.
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Fig. 4

Foundation for Accelerograph

(SMAC—B2)

Photo 1 Housing of Otaru-S Station



4, Accelerogram Processing

(1) Preliminary Processing

The accelerograms collected at the Barthquake Resistant Structure Laboratory are
listed in the tables “Strong-Motion Earthquake Observation Results”, through the follow-
ing processing.

At first, each accelerogram is given a record number according to the order of its
arrival at the Laboratory. The record number for the accelerogram from the SMAC—B2
accelerograph begins with a capital letter 8, and that from the ERS—A accelerograph with
a capital letter M.

Then, the earthquake corresponding to the accelerogram is confirmed or determined.
The most of the accelerograms are sent from the stations with information on the
earthquake for which the accelerograms have been obtained. But a few of the accelero-
grams are sent without such information because the accelerograms have been found in
the regular servicings, and at the station it is difficult to find the corresponding earth-
quake. For the accelerogram without the information, the earthquake is determined
considering the possible period of the recording and the earthquakes occurred in that
period. The determination or the check is made based on the information distributed by
JMA; that is “Earthquake and Volcanic Activity Report (Jishin Kazan Gaikyo)”, Some of
the accelerograms are impossible to determine their corresponding earthquakes even in
the Laboratory and they are treated as earthquake unknown,

A direct copy is made from the original accelerogram and the maximum accilera-
tions of each component are read with the aid of a magnifying glass. In this reading the
base-line setting is not so accurate as that made in digitizing the accelerogram, since this
is just preliminary processing. The difference between two accuracies in base-tine setting,
may cause a little difference between the maximum accelerations read with the magni-
fying glass and in the digitized record.

The accelerograms are classified in accordance with the earthquakes, and listed with
their maximum accelerations in the tables “Strong-Motion Earthquake Observation
Results”. The items in the table will be explained in the following sub-sections. The
Strong-Motion Earthquake Observation Results is complied every two months and sent
to all the stations. The copy of the accelerogram is also sent with the necessary direction
on the maintenance of the instrument to the station where the accelerogram was obtained.
(2) Earthquake Data

The earthquake data except the remarks in the table are based upon the Earthquake
and Volcanic Activity Report. Some of the remarks come from different sources.

The time in the earthquake data refers to the Japan Standard Time (J ST) which is
earlier than GMT by 9 hours.

The class in the earthquake data is showing the scale of the earthquake based on the
distance between the epicenter and the furthest point where the shock is felt. The classifi-
cation criteria are shown in Table 3.

Table 3 Classification of Earthquakes (After Ref. 8)

Remarkable earthquake:

Distance of furthest point where shock is felt, is greater than 300 km.
Moderate earthquake:

The distance is smaller than 300 km, but greater than 200 km.
Earthquake of small felt area:

The distance is smaller than 200 km, but greater than 100 km.
Local earthquake:

The distance is smaller than 100 km.

-10—



The magnitude in the earthquake data is determined using Tsuboi’s formula;
M= log { A;g + AL:. )"é‘_{._ 1.783 log & — 0.83 R T I 4 1]

where, M is the magnitude; Ay and Apare the maximum amplitudes of N- and E-compo-
nents in micron respectively; and 4 is the epicentral distance in km. Those ground ampli-
tudes are of seismometers with periods of about 3 seconds, and of waves shorter than 5
seconds. The magnitude is the averaged value over magnitudes for every m
reported by the stations of IMA. N B
The intensity of the shock is estimated according to the scale as shown in Table 4.

Table 4 IMA Seismic Intensity Scale (After Ref. 8)

0:NO FEELING
Shocks too weak to cause human feelings and registered only by a
seismograph.

1:SLIGHT
Extremely feeble shocks only felt by persons at rest or by those who
are observant to an earthquake.

2:WEAK
Shocks felt by most petsons, slight shaking of doors and Japanese
fatticed sliding doors (shoji). -

3:RATHER STRONG
Slight shaking of houses and buildings, rattling of doors and Japanese
latticed sliding doors (shoji), swinging of hanging objects like electrie
lamps, moving of liquids in vessels.

4:STRONG
Strong shaking of houses and buildings, overturning of unstable objects,
spilling of liquids out of vessels.

5:VERY STRONG
Cracks in the walls, overturning of gravesiones, stone lanterns etc,
damage to chimneys and mud-and-plaster warehouses.

6:DISASTROUS :
Demolition of houses by less than 30% in total number, ‘landslips,
fissures in the ground efc. -

7:VERY DISASTROUS
Demolition of houses by more than 30%, intense landslips, large fissures
in the ground, faults.

(3) Accelerograph Results

The items in the accelerograph results have been explained previously. The maxi-
mum accelerations are those determined by the preliminary processing.

The accelerogram whose earthquake is unknown is not listed in the table, if both of
its maximum horizontal accelerations are smaller than 20 gals, If at least one of the maxi-
mum accelerations is larger than 20 gals, then it is listed in the table, but the earthquake
data can not be given.

5. Reproduced Accelerogram

The reproduced accelerograms in this report are offsets of full size from the original
accelerograms. Therefore, 1 cm along the time axis corresponds to 1 second, and t ¢m of
amplitude to 125 gals.

—-11 —



The directions written above and below each trace correspond to the direction of
the ground acceleration when the motion of the ground is harmonic motion of frequency
lower than the natural frequency of the pendulum of the accelerograph.

6. Digitized Record

The Earthquake Resistant Structure Laboratory intends to digitize all the accelero-
grams with maximum acceleration larger than 50 gals in the following procedure.

The direct copy of the accelerogram is made with the special photographic film
whose base is stable against temperature and humidity. On the copy, the trace is black
line and the background is semi-transparent. If the significant portion of the record is
longer than 60 cm, the copy will be two sheets or more; more than 10 cm of the record
on the both sides of the sheet is overlapping in the successive sheets,

With this copy, the record is digitized at equal time intervals of 0.01 second with an
accelerogram digitizer as shown in Photo 2, which was designed especially For digitizing
the accelerogram obtained on the SMAC—B2 accelerograph. If the portion to be digitized
is longer than about 30 cm, the copy must be shifted on the table of the digitizer.

Photo 2  Accelerogram Digitizer

The acceleration is digitized in a rectangular co-ordinates and perforated on paper
tape in the flexo writer code. Then the values are again perforated on paper tape in
special code with a digital computer and converfed into analog electronic voltage with a
digital-analog converter. The output from the converter is recorded by an ink-writing
oscillograph in appropriate amplitude. Then, the record is carefully examined whether
any fault in the digitizing or in the base-line setiing exists or not. If there is any fault,
it is corrected in the digital computer. As the pen of the SMAC-B2 accelerograph moves
along an arc and the record is digitized in a rectangular co-ordinates, the arc error
introduced in the digitizing in time values is corrected at the same time. The accele-
ration values are not corrected since the sensitivity of the SMAC-B2 accelerograph is the
ratio of the acceleration to the displacement of the pen measured at a right angle to the
base-line.



After the correction, the digitized accelerations are series of values at unequal time
intervals, but they are converted info values at equal time intervals by means of linear
interpolation. The reason (o make the digitized record at equal fime intervals is that the
records obtained by the ERS-A accelerograph are always digitized at equal time intervals
with an analog-digital converter and it is convenient to have digitized records in one
standard form for apprication of them. The digitized record at equal time intervals is
also convenient for converting them with a digital-analog converter into analog electronic
voltage which is used as an input to an analog computer.

The final results are printed on paper as seen in the last part of this report and also
written on a magnetic tape for future use.

7. Preliminary Analyses

(1) Response Spectrum

The response spectra in this report are calculated from the digitized record by the
digital computer using the Runge-Kutta-Gill method to integrate numerically the equa-
tion of motion of the oscillator. The time interval of each step of the integration is 0.01
second for the oscillators of natural periods longer than 0.2 second. For the oscillators of
shorter periods, the small time intervals are selected so that one cycle of the undamped
free oscillation of the oscillator is covered at least by 20 steps of the numerical integra-
tion, to maintain the necessary accuracy. In these calculation, the digitized records at
smaller time intervals are made by means of the interpolation in the computer. The
response spectra are provided in numerical tables as well as in the figures.

To calculate the response specirum, entire length of the record is not necessary; the
last part of the record after the maximum response have appeared, is practically meaning-
less in the response calculation. Besides, the shorter record is more preferable from view
point of the calculation time. The length of the record in the authers’ calculation is
limited within about 35 seconds. On some long records, their beginning parts of small
acceleration are not used in the calculation so far as it is thought that the neglected parts
do not affect the results of the calculation. The length of the record used for the calcula-
tion and the length of the beginning part which is not used, are shown in the numerical
table as the time length and the skipped length respectively.

Although the smallest natural period in the response spectra in this report is 0.05
second, the spectral values for the shorter natural perfods should be used taking the
frequency characteristics of the SMAC—B2 accelerograph in mind. The ERS—A accelero-
graph has wider frequency range than that of the SMAC-B2 accelerograph and such
caution is not necessary on the response spectra of the record by the ERS—~A accelero-
graph.

(2} Fourier Spectrum

The Fourier spectra in this report are plots of the coefficients of the real Fourier
series versus the periods. The real Fourier series of a periodic function is expressed by the
following equation:

oo . 2
fo)y=a + n):l (a, cos Z;m t+4 b, sin ,Tlr‘m t) - (2a)
=
a,= ¥ f f (=) dr
o
amz _F%— f’l‘ .f (z’) cCos Z:;m TdT S T T (2(:)
' 0
bmm -;%- L,rf{f) sin Z:‘II"m TAT  evrertarsarensoeeeasiaaisirianias (Zd)
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in which £ (1)is the periodic function; and T is the period. Although this series is, in
principle, applicable only to a periodic function and no earthquake is periodic, the
coefficients an, and b are calculated on the most significant part of the records. The
resultant ¢, of the two coefficients are plotted in the figures which will appear in the
later part of this report, The coefficient Cp, given by,

Cp = m S ()

is a discrete quantity against the period; in the figures however, the successive values are
connected with straight lines to show the shape of the spectrum as a whole.

The length of the record used for the spectrum calculation are usually 5 seconds
including the maximum aceeleration. In the figures, TSK indicates the beginning of the
used part for the calculation counted from the starting point of the digitized record in
second; TUS indicates the length of the used part in second.

The Fourier spectrum in this report have been provided temporarily to give engineers
the information to select the most appropriate record for their response calculation. In
the future routine analyses of the Laboratory, the Fourier spectra described previously,
will be replaced with more suitable spectra to represent the frequency characteristics of
the strong-motion earthquake record.
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STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATAD

Date
Time

May 16, 1968
09:49

Location of Hypocenter
Epicentral Regmn Tokachi~-cki

Latitude 40.7°N

Longitude 143.7°E

Denth 20 km
Class Remarkable
Magnitude 1.8

Intensities VI

Remarks

Tomakomai

v Hachinche, Aomori

IV Muroran, Ofunado
Onahama

i1 Tokyo, Chiba, Niigata

II Yokohama

named “The 1968 Tokachi-Oki
Earthquake™

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. A«'E‘gzggzrationz)
Number Note

Abbreviated Name | [stallation NS EW UD
Kushiro-§ on ground 5-262 34 36 15
Otaruy-S on ground 5267 17 17 11
Muroran-§ on ground 5-234 209 140 70
Aomori-S on ground 5-235 213 180 131
Hachinohe-3$ on ground §-252 235 188 80
Miyako-S on ground S-236 118 95 31
Ofunado-bo-§ on structure | S$-269 89 148 36
Onahama-§ on ground S5-29% - 9 3
Kashima-S on ground S-239 1t 16 -
Shinagawa-S on ground S-240 13
Yamashita-hen-8 on ground S-247 1
Akita-§ on ground 5-237 24 33 26
Sakata-§ on ground §-238 27 25 16
Niigata-S on ground 5-250 9 15 1

1) The earthquake data except the remarks are based upon “Earthquake and Volcanic
Activity Report” published by JMA.

2)  As some of the accelerographs are installed in parallel with the structures, their
components named NS are not directed to the due north direction.

#

JMA: Japan Meteorological Agency, Ministry of Transport




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATAL

Date May 16, 1968 Intensities V  Urakawa, Hirco
Time 19:39 IV Kushiro, Aomori, Akita
Ofunado

Location of Hypocenter I  Nemuro, Muroran, Sakata
Epicentral Region Tokachi-oki Mivako
Latitude 41.49N Il Tokyo, Chiba, Niigata
Longitude 143.39E
Depth 20 km Remarks

Class Remarkable

Magnitude 7.4

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration2)
Number (gal) Note

Abbreviated Name |  (iStallation NS EW UD
Kushiro-S on ground 5263 19 16 7
Otaru-S on ground 5-268 5 7

Muroran-S on ground §-241 95 62 30
Aomori-S on ground 5-264 56 86 25
Miyako-3 on ground 5-271 91 75 17
Akita-S on ground §5-292 9 7 4
Sakata-S on ground 8-245 8 8

1) The earthquake data except the remarks are based upon “Barthquake and Volcanic

Activity Report” published by JMA.
2} As some of the accelerographs are instalied in parallel with the structures, their

components named NS are not directed to the due north direction.
*  JMA: Japan Meteorological Agency, Ministry of Transport




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATAD

Date June 12, 1968
Time 22:42

Location of Hypocenter
Epicentral Region Tokachi-oki

Latitude 39.4°N

Longitude 144.3°E

Depth 20 km
Class Remarkable
Magnitude 7.3

Intensities IV  Aomori, Hachinohe, Miyako

111 Kushiro, Ofunadoe, Onahama
Alkita, Sakata

Il Tokyo, Yokohama, Chiba
Niigata

Remarks

STRONG-MOTION ACCELEROGRAPH RESULTS

i Max. Acceleration2)
Station Record (zal) Note
Number

Abbreviated Name gﬁ;ﬂgﬂin NS EW un
Kushiro-3 on ground 5-305 4 3 3
Muroran-S on ground 5-328 3 2
Aomori-8 on ground 5-304 17 22 13
Hachinohe-8 on ground 5310 35 30 20
Miyako-3 on ground 5-312 112 96 27
Ofunado-bo-8 on structure | S-335 41 89 20
Onahama-S on ground 5-374 7 3
Akita-S on ground §-306 7

Sakata-S an ground 8-337 i3 3

1} The earthquake data except the remarks are based upon “Earthquake and Volcanic
Activity Report” published by JMA.

2) As some of the accelerographs are installed in parallel with the structures, their
components named NS are not directed to the due north direction.

- 21 =

JMA: Japan Meteorological Agency, Ministry of Transport




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATAD

Date
Time

Location of Hypocenter

Latitude 41,99N

Longitude 142.8°E

Depth 40 km
Class Remarkable
Magnitude 6.9

September 21, 1968
20:006

Epicentral Region Urakawa-oki

Intensities V

 AY
I

I

Remarks

Urakawa

Aomori, Hachinohe
Kushiro, Tomakomai, Otaru
Muroran, Miyako

Ofunado, Sakata

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration?)
Number (gal) Note
Abbreviated Name | giStallation NS Ew | uD
Otaru-S on ground S-403 7 8 3
Muroran-S on ground §-399 46 40 19
Aomori-S on ground S-400 21 25 14
Hachinohe-S on ground S-401 36 29 11
Onahama-8 on ground 5-409 - - -
Akita-S on ground S-398 2 3 2
1} The earthquake data except the remarks are based upon “Earthquake and Volcanic

2)

Activity Report” published by JMA.

As some of the accelerographs are installed in parallel with the structures, their
components named NS are not directed to the due north direction.
IMA: Japan Msteorological Agency, Ministry of Transport
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