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ANNUAL REPORT ON STRONG-MOTION EARTHQUAKE RECORDS
IN JAPANESE PORTS (1981)

Eiichi KURATA*
Setsuo NODA®*

Synopsis

In the major ports in Japan, the strong-motion earthquake and the earthquake response
of structures have been observed for 20 years; and as of December 1981, 1963 accelerograms
were accumulated and analysed in the Earthquake Resistant Structures Laboratory. The
observation network consisted of 77 strong-motion accelerographs; the 57 accelerographs
were on the ground, the 2 accelerographs were in the ground and the rest on the structures.
Two types of accelerographs, the SMAC-B2 accelerograph and the ERS accelerograph are being
used. This report presents all the records obtained in 1981, which are listed in the tables with
their maximum accelerations, being classified in accordance with earthquakes. The accele-
rograms of ground motions with maximum accelerations exceeding 20 Gals are reproduced in
form of computer plots. For the ground acceleration records with maximum accelerations
greater than 50 Gals, digitized records, response spectra, and integrated velocities and dis-
placements are presented.

i. Introduction

The observation of the strong-motion earthquake in major ports was started in 1962 in
Japan by the Earthquake Resistant Structures Laboratory of the Port and Harbour Research
Institute, The observation network was expanded year by year; and as of December 1981,
77 accelerographs had been installed in 51 ports. Two types of accelerographs were being
used, namely the SMAC-B2 accelerograph and the ERS accelerograph.

Until the end of 1981, 1963 accelerograms had been obtained in the network; 1457
accelerograms were obtained in the SMAC-B2 accelerographs and 506 accelerograms, in the
ERS accelerographs. They were collected in the Laboratory for preliminary processing and
analyses which would be explained later on. The records from 1963 to 1975 had been pub-
lished in the preceding annual reports which had similar format to the present one.! ~*1)

In 1968, there occured an earthquake of large magnitude, the 1968 Tokachi-Oki
Eathquake, and large number of aftershocks followed. The damage took place to buildings,
roads, port facilities and many other types of structures. The largest acceleration was recorded
at Hachinohe Port, which was 259 Gals. Because of the large magnitude of the earthquake
and the damage to structures, the records were of great interest and importance. Therefore,
the authors published a report of similar format to the annual report.'®) Digitized data of
vertical components were not included in those reports; however, the data were reported
separately.’ 2/ In the annual report for the records of 1976 and 1977, a new data processing
procedure was introduced, and accelerations after instrument correction, integrated velocities

* Member of Earthquake Resistant Structures Laboratory, Structures Division
## Chief of Earthquake Resistant Structures Laboratory, Structures Division
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and displacements, and response specira calculated with the instrument corrected accelerations
were included.'®) In 1978, Japan was hit by two great earthquakes, the 1978 Izu-Oshima-
Kinkai Earthquake (Magnitude 7.0) in January and the 1978 Miyagi-Ken-Oki Earthquake
(Magnitude 7.4) in June. Records of these earthquakes are compiled respectively into two
special reports by the new data processing of similar format to the annual report.!?.'®?
Damages to port structures by the 1978 Miyagi-ken-Oki Earthquake were reported in the
report?8) separately.

The records and the results of the preliminary analyses in those reports have been used
very effectively for analyses of the earthquake damage, for analyses of earthquake response
of structures and also for designing large piers; and the usefulness of the strong-motion earth-
quake observation has been perfectly proved.?

The present 1eport consists of the Strong-Motion Earthquake Observation Results,
reproduced accelerograms, digitized records, reponse spectra, Fourier spectra, and integrated
velocities and displacements. All the records in 1981 are listed in the Strong-Motion Earthquake
Observation Results with their maximum accelerations. The computer plots of digitized records
are prepared for the ground acceleration records with maximum accelerations exceeding 20
Gals and the digitized records and the spectra are provided on records exceeding 50 Gals.

Following organizations are being cooperated with the Port and Harbour Research
Institute in the strong-motion earthquake observation:

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

The Regional Bureaus for Port Construction of the Ministry of Transport;

The Port and Harbour Division, Hokkaido Development Bureau of the Hokkaido

Development Agency;

The Okinawa General Office of the Okinawa Development Agency;

The Harbour Sections of Iwate, Shizuoka, and Miyazaki Prefectural Governments; and

The Harbour Bureaus of Tokyo and Osaka Municipal Governments.

2. Network and Instruments

(1) Network

The network of the Port and Harbour Research Institute was covering the coast-line of
Japan with 77 strong motion accelerographs in 1981; the location of ports where the accelero-
graphs are installed, are shown in Fig. 1. The numbers attached to the ports in Fig. 1 are
corresponding to the numbers in Table 1. In Table 1, being classified in accordance with the
ports, the stations are listed with the type of accelerograph, the installation condition, and
the reference number. The reference number is showing the number of the Technical Note
of the Port and Harbour Research Institute in which the site condition of each station is
described.! °~23}

The accelerographs at the 52 stations out of the 77 stations were the SMAC-B2 ac-
celerographs and the rest, the ERS accelerographs.

(2) Servicing

The installation and the servicing of the instruments have been made by the port
construction offices of the previously described organizations under the direction of the Earth-
quake Resistant Structures Laboratory. It is directed that the instrument should be checked at
least twice a month and after an earthquake larger than the intensity II as soon as possible.
The accelerogram is sent carefully to the Earthquake Resistant Structures Laboratory by post

_6m
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Fig. 1 Location of ports where the accelerographs are installed.
(The numbers to each port are corresponding to the numbers in Table 1)
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Table 1 List of Strong-Motion Earthquake Stations of the
Port and Harbour Research Institute

Name of Kame of

port port
Hanasaki Hanasaki-M
Kushiro Kushirg~3
Tokachi Tokachi-M
Tomakomai Tomakomai-$
Muroran Muroran-3
Otaru dtaru-§
Hakodate Hakodate-M
Aomori Aomori-S
Hachinohe Hachinohe-§
Hiyako Miyako-S
Kamaishi Kamaishi-M

Kamaishi-MB

Ofunato Ofunato-bochi-S

Ofunato-bo-$S
Ofunato-mound-M

Shiogama Shiogama-kojyo-$

Sendai Sendai-M
Sendai-MB

Onahama Onahama-ji-$

Kashima Kashima-zokan-S

Chiba Chiba-§

Tokyo Shinagawa-S

Shinagawa-M

Kawasaki Kawasaki-dai 5-ko-M
Kawasaki-dai 5-chi-M

Yokohama Keihin-ji-§
Yamashita-hen-$
Yamashita-hen-#

Yamashita-dai 6-5
Yamashita-~dat 7-M

Yokosuka Koken-§
Koken-M
Tagonoura Tagonoura-S$
Shimizu Shimizu-kojyo-S
Okitsu-$

Shimizu-miho-$

Shimizu-sekitan-M

Omaezaki Omaezaki-M
Kinuura Kinuura-ji-s
Nagoya Nagoya-zokan-5

Nagoya-inae-S
Inae~sanbashi-M
Inae-yaita-M

Yokkaichi Yokkaichi-chitose-S
Yokkaichi-sekitan-M

Type of
accelerograph

ERS-C
SMAC-BZ
ERS-C
SMAC-BZ
SMAC-B2
SMAC-B2
ERS-C
SMAC-B2
SMAC-BZ
SMAC-BZ
ERS-C
ERS-D
SMAC-BZ
SMAC-B2
ERS-C
SMAC-B2
ERS-C
ERS-D
SMAC-BZ
SMAC-B2
SMAC-B2
SMAC-BZ
ERS-A
ERS-B
ERS-B
SMAC-B2
SMAC-B2
ERS-C
SMAC-BZ
ERS-B
SMAC-BZ
ERS-B
SMAC-BZ
SMAC-BZ
SMAC-BZ
SMAC-B2
ERS-B
ERS-C
SMAC-B2
SMAC-B2
SMAC-B2
ERS-B
ERS-B
SMAC-B2
ERS-B

Installation
condition

on
on
on
on
on
on
on
on
an
on
on
on
on
on
on
on
on
in
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

ground
ground
ground
ground
ground
ground
ground
ground
ground
ground
ground
around
ground
structure
structure
ground
around
ground
ground
ground
ground
ground
structure
ground
ground
ground
ground
ground
structure
structure
ground
ground
ground
ground
groune
ground
ground
ground
ground
ground
structure
structure
structure
ground
structure

Ref . Ho.**

298

34

298
107
34,107
107
298
107,156
34,107
34,107
351
351
34,107
34,107

34,107,156
351
351
34,351
156
107
34,107
34,107
34

34

34

34

298

34

34

34

34

107
34,156
34,156
298

34

351
107,298
34,156
34

34

34

107

34

(to be continued)



(Table 1, continued)

No. of Name of Name of Type of Installation £ No.**
port* port part accelerograph  condition et. o,

Yokkaichi-dai 2-M ERS-B on structure 34

28 Wakayama Wakayama-S SMAC-B2 on ground 298
Wakayama-ganpeki-S SMAC-B2 on structure 156

29 Osaka Osaka-ji-S SMAC-B2 an ground 34
Osaka-chuo-S SMAC-B2 on structure 34

30 Amagasaki Amagasaki-S SMAC-B2 on ground 156

31 Kobe Kobe-ji-§ SMAC-B2 on ground KE:|
Kebe-dai 6-S SMAC-82 on structure 34
Kobe-dat 8-S SMAC-B2 on structure 34
Maya-M ERS-C on ground 298
Maya-dai 1-M ERS-B on structure 34
Maya-dai 2-M ERS-B on structure 34

32 Komatsujima Komatsujima-S SMAC-B2 on ground 107

o 33 Kochi Kochi-ji-$S SHAC-B2 on ground 34,298

34 Matsuyama Matsuyama-5 SMAC-B2 on ground 156

35 RHiroshima Hiroshima-$ SMAC-B2 on ground 34

36 Oita Gita-S SMAC-B2Z on ground 156

37 Hososhima Hososhima-S SMAC-B2 on ground 34

38 Miyazaki Miyazaki-M ERS-C on ground 298

39 Shibushi Shibushi-S SMAC-B2 on ground

40 Kagoshima Kagoshima-S SMAC-B2 on ground 34

41 Minamata Minamata-M ERS-C on ground 351

42 Sakaiminato Sakaiminato-ji-§ SMAC-B2 on ground 34

43 Tsuruga Tsuruga-3 SMAC-B2 on ground 34

44 Kanazawa Kanazawa-$ SMAC-B2 on ground 107

45 Toyama Toyama-$S SMAC-82 on ground 34

46 Niigata Niigata-ji-S SMAC-B2 on around 34,298

a7 Sakata Sakata-§ SMAC-B2 on ground 34

48 Akita Akita-$ SMAC-B2 on ground 34

49 Naha Naha-zokan-5 SMAC-B2 on ground 298

50 Hirara Hirara-S SMAC-B2 on ground 298

51 Ishigaki Ishigaki-$ SMAC-B2 on ground 298

* The numbers correspond to those in Fig. 1.
wE

The numbers correspond to those of the Technical Note of the Port and Harbour

Research Institute, in which the site condition of the station is given.



or in hand, without any treatment or reading in. the station, to eliminate possible danger to
damage the accelerogram by unaccustomed persons to handie it. :

The Earthquake Resistant Structures Laboratory has been offering every year a training
course of about 4 days to the presons who take care of the accelerographs at the stations,
During the course, the trainees are instructed proper procedure to maintain the instruments
and to handle the accelerograms, by the experts from the manufacturing companies of the
accelerographs. They also attend introductory lectures to the earthquake engineering by the
instructors inside and outside of the Institute.

(3) Stations

In the network, there are three kinds of stations; the first is to record acceleration of the
ground surface, the second to record acceleration in the ground, and the third 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 to the 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 quay-walls or
plers parallel each other, and that it is desirable to record components of the ground accelera-
tion in parallel and perpendicular to the axes of the structures, At the stations recording
structural response and the accompanying stations recording the ground acceleration, the
instruments are installed parallel to the structures whose earthquake response is needed.
Because two horizontal components of the accelerographs are always named NS and EW,
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 abbreviated 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 abbre-
viated name is showing that the accelerograph in the station is the SMAC-B2 accelerograph,
It the ERS accelerograph is being used in a station, the name of the place is followed by a
capital letter M. As this naming is made to distinguish the stations accurately 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.

(4)  Accelerographs

i) SMAC-B2 Accelerograph

The SMAC-B2 accelerograph was developed by the Committee for the Standard Strong
Motion Accelerograph. It is a three component mechanical accelerograph which leaves records
on a rolled waxed paper. The specifications, inside view and theoretical frequency character-
istics are shown in Table 2 and Figs. 2 and 3 respectively.

In the network of the Port and Harbour Research Institute the SMAC-B2 accelerograph
is practically one of the standard accelerographs; it is because at the earlier time of the



observation the SMAC-B2 accelerograph was
one of the most latest models and suitable
for the observation condition in port areas.
After the SMAC-B2 accelerograph, several
types of accelerograph were developed by
the Committee. However, it is inconvenient
to use many types of accelerograph in a
network from view point of instrument
characteristics and rmaintenance; and the
number of the SMAC-B2 accelerograph in
the network continued to increase.

The triggering levels of the accelero-
graphs 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 construc-
tion work or cargo transportation. Excep-
tionally a few number of the accelerographs
located beside roads carrying very heavy
traffic are triggered at 11 Gals.

F1g2 Inside view of the SMAC-BQ accelero-
graph

Table 2 Specifications of the SMAC-B2 accelerograph

Component

Natural period

Sensitivity

Damping

Damping mechanism

Maximum recording acceleration
Recording speed

Recording medium

Driving mechanism for recorder
Recording duration

Recording capacity

Starter

Period of starter pendulum
Starter threshold

Auxiliary starter

Time marking

Power supply

Size

Net weight

2 horizontal and 1 vertical
0.14 s,

12.5 Gal/mm

Critical

Air piston

500 Gal

10 mm/s,

Waxed paper

Hand-wound spring motor

3 min.

5 earthquakes/roll

Electric contact made by vertical motion
03s.

5 Gal

Mechanicai, works at 100 gal
1s.

4 dry cells

54 x 54 x 37 inem

100 kg

NI]__
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i)  ERS Accelerograph

The ERS accelerograph was developed by the Earthquake Resistant Structures Laborato-
ry. In the network the SMAC-B2 accelerograph is very widely used. However, there are some
places where the SMAC-B2 accelerograph is not coavenient to be installed, especially on
structures. For instance, if the earthquake response of a pier is going to measured with the
SMAC-B2 accelerograph, a house for the instrument will be constructed on the pier where
many motor trucks and cargo handling equipments are working, It is almost always difficult
to find a place on a port structures for the house. Then, it is considered that transducers and
a recorder are separately installed in a member of a pier and in a house which is located in
the vicinity of the transducers but not disturbing the cargo handling work.

The ERS accelerograph consists of transducers of moving coil type and a recorder
including power supply. Originally magnetic tape data recorders were used; this type of ac-
celerograph is cafled the ERS-A accelerograph. After some period of operation the magnetic
tape data recorders had been replaced by electro magnetic oscillographs except one at the
Shinagawa-M station. The model with an electro magnetic oscillogaph was named as the ERS-B
accelerograph.

Recently a new model of similar type, the ERS-C accelerograph, had been developed
and accelerographs of this type have been installed at two stations in the network. While the
ERS-B accelerograph records accelerations in two horizontal components, the ERS-C accelero-
graph does acceleration of vertical component as well as accelerations of two horizontal ones.

In the ERS-B/C accelerograph the transducers are almost directly connected with
galvanometers in the electro magnetic oscillograph; between them there exists only resistor
circuits to adjust sensitivity and impedance matching. Non electronic amplifier is used to
attain maximum reliability of the instrument, The overall sensitivity is more than 1 mm per
Gal and it is easily adjusted by changing resistors of the circuit. Therefore the ERS-B/C
accelerograph has advantage to start the observation in its maximum sensitivity and after
obtaining some records to readjust the sensitivity into the appropriate one for the strong-
motion accelerograph. It will enable for researchers to obtain the record of sufficient amplitude
to analyze although the real acceleration amplitude is rather small and to start analyses from
earlier stage of the observation.

The specifications of the ERS-B accelerograph are listed in Table 3, the transducer and
the recorder are shown in Fig. 4 and 5. The corresponding information on the ERS-C accelero-



graph is given in Table 4 and Figs. 7 and 8. The frequency characteristics are shown in Fig. 6.

The triggering levels of the ERS accelerographs are similar to those of the SMAC-B2
accelerographs,

Fig. 4 Transducers of the ERS-A/B Fig. 5 Recorder of the ERS-B accelero-
accelerograph graph

Table 3 Specifications of the ERS-B accelerograph

Transducer
Type Moving coil type
Component 2 horizontal
Natural period 0.5s.
Damping factor 17
Damping mechanism Electro-magnetic
Capacity 250 Gal
Coil impedance 320 ohm
Sensitivity about 2 mv/gal (circuit open)
Water tightness over 200 kgfcm®
Recorder
Type Electro magnetic oscillograph
Natural frequency of galvanometer 100 Hz
Sensitivity 166 mm/mA
Recording paper 92 mm (width) x 30 m (length)
(visible without processing)
Paper speed 2 cm/s,
Time mark 0.1s.
Power supply
Rechargeable battery, charged automatically when it is necessary.
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Table 4 Specifications of the ERS-C (D) accelerograph

Transducer
Type
Component
Natural frequency
Damping factor
Damping mechanism
Capacity
Water tightness

Recorder

Type
Natural frequency of galvanometer
Recording paper

Paper speed
Time mark

Sensitivity (overall)
Power supply

Moving coil type

2 horizontal and 1 vertical
3Hz(5Hz)

17 (10)

Electro-magnetic

500 Gat

over 20 kgfem?

Electro magnetic oscillograph
270 Hz

198 mm (width) x 30 m (length)
(visible without processing)

4 cmy/fs.

0.1s,

2 Gal/mm

Rechargeable battery, charged automatically when it is hecessary,

Fig. 7 Transducers of the ERS-C
accele€tograph




graph

(5) Foundation and House

All the SMAC-B2 accelerographs in the network are installed on simple shallow founda-
tions which were designed based upon the same idea. Tt 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 convineing idea to design the most suitable
foundation, the foundations of almost same size and of same shape were selected for all the
aceelerographs 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 accelero-
graphs, as shown in Fig. 10. The hollow space under the foundation was made to make the
bulk density of the foundation equal to that of the soil, so that the disturbance to the records
due to the foundation is eliminated.

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 Hachinohe-S station and the Niigata-S station are supported by piles.
The foundation is isolated from a house covering the instrument. _

In the network only two ERS-B accelerographs are installed on ground, and the standard
foundation for this accelerograph has not been established. The shapes of the two foundations
are shown in the. separate reports.!®-2%:21) Shape and size of a standard foundation for
transducers of the ERS-C accelerograph are illustrated in Fig. 11.

The most of the accelerographs are covered with houses which were built for the ins-
truments. Some of the accelerographs were installed in houses which had been built for other
purposes. The house built for the instruments are made of reinforced concrete or concrete
blocks; some are prefabricated houses. In Fig. 12 as an example, the house of the Onahama-ji-S
station is shown.
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3. Accelerogram Processing

(1} Preliminary Processing

The accelerograms collected at the Earthquake Resistant Structures Laboratory will be
listed in the table “Strong-Motion Earthquake Observation Results” through the following
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 S, and that from the ERS accelerograph, with a capital letter M.

Then, the earthquake corresponding to the accelerogram is confirmed or determined.
Most of the accelerograms are sent from the stations with information on the earthquake for
which the accelerograms have been obtained. A few of the accelerograms, however, 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 earthquake. 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 Seismological Bulletin of the J apan Meteorological Agency. As at the time of com-
pilation of the annual report the Seismological Bulletins on the earthquakes in later months
in a year are not available because of time lag of the publication after earthquakes, the
preliminary reports (Jishin Kazan Gaikyo published by the Japan Meteorological Agency) are
used to check the records in those months. Some of the accelerograms are impossible to deter-
mine their corresponding earthquakes even in the Laboratory and they are ireated as earth-
quake unknown. It will be noted that the reliability of the earthquake determination for
accelerograms of small acceleration is imited because of such procedure.

In the SMAC-B2 accelerograph, the recording is made on waxed paper which has dark .
red background. The recording by scratching the waxed paper with a stylus leaves the semi-
translucent trace on the paper. As the waxed paper is not stable against scratchings, the
original accelerogram is not appropriate to be used for the digitization. The photographic
contact print is made from the original accelerogram on a special photographic sheet. The
base of the sheet is made of mylar film and very stable against temperature change, humidity,
and mechanical distortion.

The sizes of the sheet are 55 cm in length and 30 cm in width, If the significant portion
of the record is longer than 30 ~ 45 cm, the copy will be made on two sheets or more ;and
a portion of about 10 cm of the record at the end of a sheet is overlappedly appearing in
the successive sheet. After the processing, the copy has black traces and semi-translucent
background. They are in very good contrast for the digitization.

The record from the ERS-B accelerograph is only chemically stabilized before being
used for analysis.

From the stabilized original record or the photographic copy, the maximum accelerations
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-line setting may cause
a little difference between the maximum accelerations read with the magnifying 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 are compiled every two months and sent to all the stations.



The copy of the accelerogram is also sent with the necessary directions on the maintenance
of the instrument to the station where the accelerogram was obtained. The Strong-Motion
Earthquake Observation Results are included in the later part of this report.

(2) EBarthquake Data

The earthquake data except the remarks in the Strong-Motion Earthquake Observation
Results are based upon the Seismological Bulletin of the Japan Meteorological Agency. Because
of the reason explained previously regarding the checking of earthquakes, the data on earth-
quakes in November and December are based upon the preliminary reports. Some of the
remarks come from different sources.

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

The magnitude in the earthquake data is determined using Tsuboi’s formula:

M=210g (AN +A7 ) + LT3 10 A~ 083w ooonnnse e (1)

where, M is the magnitude. 4ps and Ag are the maximum amplitudes of N- and E-components
in micron respectively, and A is the epicentral distance in km. Those ground amplitudes are
of seismometers with periods of about 5 seconds, and of waves shorter than 5 seconds, The
magnitude is the averaged value over magnitudes for every VA?n + A2 reported by the
stations of IMA.

The intensity of the shock is estimated according to the scale as shown in Table 5.
Table 5 JMA Seismic Intensity Scale (After Ref. 26)

0: NO FEELING

Shocks too weak to cause human feelings and registered only by a seismograph.
I SLIGHT
Extremely feeble shocks only felt by persons at rest or by those who are obsery-
ant to an earthquake.
II: WEAK
Shocks felt by most persons, slight shaking of doors and Japanese latticed sliding
doors (shoji).
Hi: RATHER STRONG
Slight shaking of houses and buildings, rattling of doors and Japanese latticed
sliding doors (shoji), swinging of hanging objects like electric lamps, moving of
liquids in vessels.
IV: STRONG
Strong shaking of houses and buildings, overturning of unstable objects, spilling
of liquids out of vessels.
V: VERY STRONG
Cracks in the walls, overturning of gravestones, stone lanterns, etc., damage to
chimneys and mud-and-plaster warehouses.
VI: DISASTROUS
Demolition of houses by less than 30% in total number, landslips, fissures in the
ground, ete.
Vil: 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 maximum
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 maximum
accelerations is larger than-20 Gals; then it is listed in the table, but the earthquake data can
not be given, B S

4. Digitization

(1) Digitizers

Two strong-motion éécéléiograin' diéiﬁiéré are being used in the Port and Harbour
Research Institute; one is for digitization of records by the SMAC-B2 accelerograph and the
other for digitization of records by the ERS-B, C, D accelerograph,

a. Digitizer for records by the SMAC-B2 accelerograph

The digitizer being used for the accelerograms obtained by the SMAC-B2 accelerograph
is a semiautomatic instrument with perforated paper tape output. The view and the specifi-
cations of the digitizer are shown in Fig, 13 and Table 6 respectively,

Table 6 Specifications of digitizer for records by the SMAC-B2 accelerograph

Digitizer Table
Sizes of table to accommodate 750 mm (X} x 660 mm (Y)
accelerogram
Effective area 430 mm (X) x 300 mm (Y)
Magnifying glass 5X, with 4 cross mark and illumination
Translation of magnifying glass
Y-axis manual by rotating a wheel
X-axis automatic, after perforating value in paper

tape punch at intervals of 0.1 mm
Analog to Digital Converter and Control

Resolution (overall) 1000 counts per a millimeter
Indjcation
Y-axis sign and 4 digits
X-axis 4 digits
Paper Tape Punch
Paper tape International 8 unit specification
Code JIS code

m_.lgﬁ




Fig. 13 Digitizer for records by the SMAC-B2 accelerograph

The digitizer works in the following way. On the digitizer table there is a magnifying
glass which can be translated along the Y-axis by rotating a small wheel near the glass. A
potentiometer is connected to the wheel, and the electric analog output corresponding to the
position of the magnifying glass is available from the potentiometer, The magnifying glass has
a cross mark and a lamp to illuminate the accelerogram within its range. The operator places
the cross mark on the trace and pilishes a push-switch; then the analog output from the
potentiometer is converted, by the analog to digital converter, into a digital value which
will be perforated on the paper tape. The digital value is also displayed on the panel of the
housing of the electronic circuits. After the conversion from analog to digital, the magnifying
glass is automatically shifted along the X-axis by 0.1 mm. The code to perforate the value is
the JIS code.

b. Digitizer for records by the ERS-B, C, D accelerograph

The records obtained by the ERS-B, C, D accelerograph are processed by an on-line
oscillogram digitizer. The digitizer is connected to a hybrid computer which is combination
of a digital and an analog computers. The digitizer and the computer are photographed in
Fig. 14 and 15.

The records is placed on the table and an operator traces waves in the records with
cursor of the digitizer. The travels of the cursor along X- and Y-axis are digitally counted
and at each 0.1 mm increment or decrement of travel along the X-axis, the location counts
of the cursor are transferred into memories of the computer. After tracing the necessary
segment of the record, digitized values in the memories are processed by appropriate programs.
According to the direction given to the computer through the I/O typewriter, output of the
digitized records in the memories is available in forms of printed list, magnetic tape, perforated
paper tape and analog reproduction.



Fig, 15 Hybrid computer controlling the digitizer



(2) Digitization

The digitization procedure described here is applied for records obtained since 1976,

[ Decision of Digitization Length|
| '
Division -into Short Sections
SMAC-B2 . 30-45sec .
ERS-B . 35sec
ERS -C L 17.5 sec

Measurement of -Average
Recording Speed

SeHiné [

[Initiglization of Y Coordinate |

Next trace exist?
. Ye

No
ext section exist?

= Correction

Fig. 16 Digitization procedure

i)  Digitization of a record by the SMAC-B2 accelerograph

A recore by the SMAC-B2 accelerograph consists of following traces;
Recorded accelerations
Fixed traces
Timing marks
Arc traces
Free vibration traces for calibration of the characteristic periods and damping
factors of the accelerograph
The fixed traces are recorded by the pens fixed to the accelerograph frame. The timing
marks are pulses at intervals of one second. The arc traces are recorded manually with the
recording pens supported by pivots when the paper drive mechanism is stopped. They show
offset of the pens from the normal position where the pens are parallel to the direction of



paper driving.

Traces to be digitized are the recorded accelerations, the fixed traces, and the arc traces.
Digitized fixed traces and digitized arc traces are used for the standard data processing
described later, The timing marks are used only to obtain the average recording speed because
fluctuation of the timing marks are estimated as small as the digital unit of the digitizer
(0.1 mm) according to the results of the tests of the SMAC-R2 accelerographs.**) The average
error in the time marking is expected to be less than 1 % and the fluctuation is less than 0.5 %
according to the results of the tests of the SMAC-B2 accelerographs. %) In order to obtain
the average paper speed, length of intervals of 30 pulses is measured by the digitizer for a
record by the ERS-B, C, D accelerograph,

A record is digitized from the starting point of recording. Portion of the record to be
digitized is determined so as to include discernible acceleration on the paper. This determina-
tion is done by observation of a record to be digitized. The portion of the record to be
digitized is divided into some sections because of the limitation of effective area of the digitizer
table. Length of each section is about 30 cm to 45 cm which is almost equivalent to 30
second to 45 seconds. Digitization unit in the amplitude is 0.008 mm which is equivalent to
0.1 Gal. Contact prints are made for each section as described previously.

Digitization procedure is summarised as follows.

(a) Setting of the copy: A copy of a record to be digitized is fixed with the magnets on
the table of the digitizer. The table is rotated by an adjusting screw so that the fixed trace
on the copy is parallel to X axis of the digitizer. Two points on the fixed trace located on the
both ends of the section are used for this adjustment: ¥ coordinate value of the two points
are made to coincide with each other.

(b} Initialization of ¥ coordinate: Y coordinate is arbitrarily initialized in the digitization
procedure because “Sectional Base-Line Location™ described later is to be applied in the
standard data processing. ¥ coordinate of a first point to be digitized is usually set to be zero.
(¢) Tracing: The traces are digitized by an operator in the way described in the preceding
section. Three accelerations, two fixed traces, and three are traces are digitized at intervals of
0.1 mm along X axis. The intervals are almost equivalent to 0.001 s. Accelerations are,
however, recorded in a cylindrical coordinate system so that the digitized amplitude values
are not corresponding to equal time intervals.

(d) Recording of Digitized Data: Data punched on a paper tape are recorded in a magnetic
tape with such data as record number, component, statjon, date and time of the earthquake,
time intervals, etc.

ify  Digitization of a record by the ERS-B, C, D accelerograph

A record by the ERS-B, C, D accelerograph consists of recorded accelerations, fixed traces,
and timing marks. The Fixed traces are recorded by light beams reflected from fixed mirrors
attached to the oscillograph frame. They are parallel lines at intervals of 2 mm drawn in the
whole breadth of the recording paper. The recorded accelerations and one of the fixed traces
located in the center of the oscillogram are digitized.

Portion of the record to be digitized is divided into some sections because of limitation
of the effective area of the digitizer table. Length of each section is about 70 cm, which
corresponds to about 35 seconds on a record by the ERS-B accelerograph and about 17.5
seconds on a record by the ERS-C/D accelerograph.

Procedure of setting of a record by the ERS-B, C, D accelerograph and the initialization
of ¥ coordinate is similar to that for a record by the SMAC-B2 accelerograph. The record is
digitized by an operator in the way described in the preceding section. The accelerations are



degitized at intervals of 0.1 mm, which corresponds to 0.005 s. on a record by the ERS-B
accelerograph and about 0.0025 s. on a record by the ERS-C/D accelerograph. The fixed trace
is digitized at intervals of about 5 cm, which corresponds to 2.5 seconds on a record by the
ERS-B accelerograph and 1.25 seconds on a record by the ERS-C/D accelerograph; then the
digitized data are obtained by linear interpolation at intervals of 0.1 mm. The digital unit in
the amplitude is 0.1 mm, which corresponds to about 0.1 Gal on a record by the ERS-B
accelerograph and about 0.2 Gal or about 1.0 Gal on a record by the ERS-C/D accelerograph,
In the case of the ERS-C/D accelerograph, sensitivities of the galvanometers are calibrated for
cach recording with calibration currents before resetting paper drive.

Timing marks are used only to measure the average recording speed of the record by
the ERS-C/D accelerograph because fluctuation of the timing marks is expected as small as the
digital unit of the digitizer (0.1 mm) according to the results of the tests of the ERS-C/D
accelerographs. 24) They are pulses of intervals of 0.1 second generated by a crystal timer. In
case of a record by the ERS-B accelerograph, timing marks are not used because accuracy of
the timer depends on that of the frequency of the power supply which consists of batteries
and a DC-AC inverter.

(3) Standard Data Processing

| Fixed Trace Subtraction |

|Sectional Base—line Location |

SMAC-B2 ERS-B/C

[Linearization of Coordinate|

Correction for Start Up Smoothing

of Recording Paper Drive

| Equally Spacing]
At=0.01{sec)

Original Acceleration

Fig. 17 Procedures of standard data processing



The procedure for the standard data processing described here is applied for records
obtained since 1976, although the correction for start up of recording paper drive of the
BMAC-B2 accelerograph was slightly modified for the improvement after the preceding annual
report had been published. For the detailed description, see a separate report.z-q) The accelera-
tion processed through the standard data processing will be called *“Original Acceleration”.
The original acceleration is showed in a figure and listed on a table. Data numbers of junctions
of sections for digitalization are listed also on the table, if any (See Table 7).

Standard date processing for a record by the SMAC-B2 accelerograph is performed under
following procedures.

1. Fixed Trace Subtraction
2. Sectional Base-line Location
3. Linearization of Coordinate
4. Correction for Start up of Recording Paper Drive
5. Equally Spacing
Standard data processing for a record by the ERS-B, C, D accelerograph is performed
under following procedures.
1. Fixed Trace Subtraction
2. Sectional Base-line Location
3. Smoothing
4. Equally Spacing
Each correction procedure is described briefly as follows.
iy  Fixed Trace Subtraction

This correction is applied in order to eliminate the following errors.
Errors caused by the transverse motion of recording paper in the drive mechanism of
the accelerograph
Systematic errors caused by an imperfect mechanical transverse mechanism of the
digitizer cross-hair system
Errors of sectional rotation of the record on the table of the digitizer at the setting
The systematic errors of the digitizer cross-hair system were found to be negligible
according to the tests with a straight line made of a stretched steel wire and a stretched gut.
Digitized fixed traces are smoothed by a weighted running average scheme before sub-
tracted from the accelerogram. The wieght function is defined by

w(:):{\/g‘expi-aﬂ] i |t >t

0 otherwiss 1T ()]
where
a={ %)2
o=~ af5 =07 s}
At both ends of a section for digitization, « in the equation (2) is redefined by
=S S (3)

where S is distance from the end of a section.

This weighted running average corresponds to a low pass filter of the cut off frequency
of about 0.5 Hz.

The smoothed fixed traces are subtracted from the accelerogram. In the case of a record
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by the SMAC-B2 accelerograph, subtraction is made as follows ;
An upper trace is corrected with an upper fixed trace.
A lower trace is corrected with a lower fixed trace.
A center trace is corrected with an average of an upper fixed trace and lower one,

In the case of a record by the ERS-B, C, D aécelerograph, one fixed trace is subtracted
from all the components of accelerogram.

i)  Sectional Base-line Location

As described previously, base-line is arbitrarily inserted for each section by the initializa-
tion of ¥ coordinate. Sectional translation brings mainly low frequency errors into the
accelerogram and produces an unnatural response of a low cut filter for integration around a
point of junction of digitized sections.

Base-line is located so as to make an ideal average of acceleration over almost infinite
length zero. On the scctional base-line location, the authors assume that low frequency
components up to about 1/7, where T is minimum length of sections, is almost none if
calculation of spectrurn is done over the infinite length for the accelerogram which have been
corrected by the fixed trace subtraction and which have an ideal true baseine for each
section. Based on the detailed study of the baseline location in the frequency space, the
base-line is located sectionally so as to make a weighted average of each sectional acceleration
zero. The weight function is difined by

uft)= \/g? exp [ =B ] 4

Where § = 20/T7, and T (s.) is length of each section.

The expected error of the location is almost proportional to the quantities of low
frequency components up to about 1/7 (Hz).

Because the authors do not have enough space to describe the detailed study, the authors
introduce an example calculation to illustrate the difference between the proposed base-line
location and the base-line location of least square fit scheme for each section. A sine wave
generated by a computer of 100 Gals, 5 Hz, 5000 data with time intervals of 0.01 sec is
divided into two sections; one section is the first 2510 data and the other is the last 2490
data, which are looked upon as a sectionally digitized accelerogram. Sectional base-lines are
located by the two methods. Displacements are calculated from the two accelerations by the
fixed filter method described later and a portion of the results including the junction of two
sections are shown in Fig. 18(a} and (b) respectively. (10.1 sec is the junction in these figures.)
These figures indicate that the proposed base-line location is much better in this case because
true displacement is a sine wave.

Time {sec}

Fig. 18(a) Integrated displacement from the acceleration with
sectionally located base-line by a least square fit scheme
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Fig. 18(b) Integrated displacement from the acceleration with
sectionally located base-lines by the proposed method

iif} Linearization of Coordinate

This correction is applied to a record by the SMAC-B2 accelerograph to obtain a
corrected X coordinate of each datum. Y coordinate of the pivot of the recording pen is
calculated from the digitized arc trace.

Let # (mm) denote the radius of the arc (length of the arm of the recording pen), » (mm)
denote Y coordinate of a point whose X coordinate is to be corrected, ¢ (mm) denote Y
coordinate of the center of the arc (the pivot of the pen) and e (mm) denote error of X
cordinate of the point to be corrected then we have

S (P = @2 e (5)

Although the arc trace is digitized with arbitrarily determined base-ine, the linearization
of coordinate is uniformly performed because (¥ — ) in the equation remains constant for any
base-line. @ (mm) in the equation will be set to be zero if arc traces are accidentally not drawn

or length of the arc trace is short (if maximum difference of X coordinates of the arc trace
is less than 0.5 mm.)

Fig. 19 Linearization of coordinate

iv)  Correction for start up of recording paper drive

The variation of recording paper speed of the SMAC-B2 accelerograph is represented by
the following equation which is based on the tests made by the authors.



Paper Speed
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Fig. 20 Variable recording speed on start

1
v=[1—3;(:~t0)2] v i 0y

if

v = Vg

Where; v

to <t

: paper speed at time t (cm/s.)

up of recording paper drive

Ya : paper speed after reaching constant speed (cm/s.)

1 :time after triggering (s.)

ty : constant (s.)
b :constant (s.)

If 7o and b are given, the correction for the start up of recording paper drive is simple problem.

For the correction of the digitized records in the preceding annual report, £p = 2.0s.
and b = 2.0 5. were used. After the annual report had been published, it was found that more
appropriate correction would be possible with a slight modification of #, value. For the
correction of the most of the digitized records in this report, ¢, = 1.9 s. was used.

v)  Smoothing

Smoothing is applied to a record by the ERS-B, C, D accelerograph. A record by the ERS-
B, C, D accelerograph is digitized at intervals of 0.1 mm which corresponds to about 0.005 s.
on a record by the ERS-B accelerograph and
corresponds to about 0.0025 s, on a record
by the ERS-C/D accelerograph. Frequency
components higher than about 50 Hz are
eliminated because there are almost no

significant components of seismic accelera-
tion over 50 Hz for the most of the record
of ground according to the records obtained
by the ERS-B, C, D accelerograph so far.

Amplification
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Fig. 21 Filter for the smoothing
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The weight function is defined by

fo + 11 ifr=0
alt)= 2 cos (2nfo£) — cos (2nf, ) ] F0<izl< ... .. (%)
](;1 Rk (@nt)y? otherwise

where  fo =45 (Hz) and /) = 55 (Hz)

The filer corresponding to this weighted running average is approximately expressed as
follows. (Errors of the approximation is less than 0.3%)

1 if1fl<f

H-11 it fo <IFI<fi....(9)
G(f) = fi—Jfo

0 iF1f1> £y

where fy = 45 (Hz) and f; = 55 (Hz)

v}  Equally Spacing

Data are equally spaced at intervals of 0.01 s. by means of linear interpolation.

A record by the SMAC-B2 accelerograph is digitized at intervals of 0.1 mm and is
processed through the linearization of coordinate. The date processed through the linearization
of coordinate are unequally spaced date, whose intervals of data are longer than 0.01s. on
portions of accelerogram where absolute value of acceleration decreases and intervals of data
are shorter than 0.01 s. else where.

A record by the ERS-B, C, D accelerograph is digitized at intervals of 0.1 mm, which
corresponds to about 0.005s. on a record by the ERS-B accelerograph and about 0.0025 s.
on a record by the ERS-C/D accelerograph. There is no possibility of aliasing by the equally
spacing at intervals of 0.01 sec because their high frequency components over 50 Hz are
eliminated by the smoothing. High density of sampling at digitization enables us to separate
high frequency components which are possibly contaminated by digitization errors and assures
us much accuracy of the interpolation.

5. Preliminary Analyses

The Standard procedures of preliminary analyses described here is applied for records
obtained since 1976. For the detailed description, see separate reports.2* %) The standard
procedures of preliminary analyses consist of filtering for instrument correctjon, filtering for
correction of low or high frequency components, integration, calculation of response spectra
and Fourier spectra (Fig. 22).

(1) The Method of Correction and Integration

Instrument correction, filtering, integration is applied in frequency space. FFT is applied
for the accelerogram which is extended with a section of zero outside the digitized portion in
order to avoid link effect. The length of section of zero /, (s.) is determined so as to meet
the following condition.

L>max [B-7,1000 oo (10)
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Fig. 22 Procedures of Preliminary Analyses




where T (s.} is the minimum length of sections made by the division of an accelerogram for
the digitization. This condition is based on the examination of impulse responses of the high
pass filters for integration to be described later. Length of the section of zero L is decided
50 as to make calculation time of FFT short as much as possible in the given memory size of
the given computer.

i) The Filter for Instrument Correction and the Supplementary Filter

(a) Filters for a Record by the SMAC-B2 Accelerograph
The filter for instrument correction A ¢ f) is defined by

As(ﬁ=1—(L)2+2hs(L) (1
Is s
where f; = 1/0.14 (Hz) and 4= 1.0

The supplementary filter Bg(f) is defined by

1
Bsff“{ E1+(|As(f)lw1)exp{

where f = 10 (Hz)

The supplementary filter is designed to suppress high frequency digitization noise and at
the same time preserve high frequency components of an accelerogram in order to lessen an
abnormal response of the filter to discontinuities at both ends of digitized portion of the
accelerogram.

H,(i_fl_:_fe__)i}; LIS
20 | Ag(f)1 otherwise

40~
1.5 B
[
e
£ E
3 =
= E
& osk <
k=
00 | | - § 0_01 1 | 1 ] |
0 10 20 30 4C 50 o} 10 20 30 40 50
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Fig. 23 The Supplementary Filter for a Fig. 24 Combined frequency characteristics

record by the SMAC-B2 accelero- of the filter for instrument correc-

graph tion and the supplementary filter
for records by the SMAC-B2
accelerograph



(b}  Filters for a Record by the ERS-B, C, D Accelerograph
The filter for the instrument correction 4 E(f) is defined by

Ag(f)=Ap(f) - Aglf)
i f
A =l+— (==Y

Aol =1-CLy vang (L
fo fe
where for a record by the ERS-B accelerograph
fo =2.0 (Hz), iy = 17, fz = 100 (Hz) and ke = 0.7
and for a record by the ERS-C accelerograph
Tp=3.0(Hz), by = 17, fz = 250 (Hz) and 4 = 0.7

1/Ap(f} is frequency characteristics of the pick up of the accelerograph and 1/4 (7} is
those of the galvanometer.
The supplementary filter Bgff) is defined by

- 1/14p () fifl<fpp

Br(f) { i otherwise Tttt tieeeseeeaa. (14)
where Ap(f) is the filter for the instrument correction of the pick up and fp, is the characteristic
frequency of the instrument defined above for each type of accelerograph. The supplementary
filter is designed to suppress low frequency digitazation erross.
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Fig. 25 The Combined Filter of Instrument Correction and Supplementary
Filtering for a Record by the ERS-B, C, D Accelerograph

iiy SMAC-B2 Equivalent Filter

Frequency characteristics of SMAC-B2 accelerograph are different from that of ERS-B, C,
D accelerograph. In order to make it easy to compare the accelerograms by these different
types of accelerographs each other, a filter difined in the following equation is applied for a
record by the ERS-B, C, D accelerograph.



1
S = (15)
fy I
1 “(f—S) +2hS(fS )i

where fg=1/0.14 (Hz)and hg = 1.0

The filter has the same frequency characteristics as those of the SMAC-B2 accelerograph.
The filter is applied for the acceleration processed through the filter for instrument correction
and the supplementary filter. Acceleration processed through this filter will be called “SMAC-
B2 Equivalent Acceleration”. This acceleration can be compared with the original acceleration
by the SMAC-B2 accelerograph.

iii) The High Pass Filters for Integration

Processed through the preliminary correction procedure, a digitized accelerogram is
expected to have only such errors as random digitization errors and errors of sectional base-line
location. Errors of sectional base-line location affect mainly to frequency components lower
than about 1/7 where T is length of a section of an accelerogram devided for digitization.

As a result of the examination of random digitization errors, frequency characteristics of
SN ratio caleulated for each frequency are found to be similar to those of digitized accelera-
tion. In other words, ratio of digitized acceleration to digitization errors calculated for each
frequency is large if the comresponding frequency components of the digitized acceleration is
large. For the frequency components higher than about 1/T, the result of the examination of
digitization errors may remain valid. The result implies that SN ratio of a frequency component
varies with the frequency characteristics of accelerogram to be digitized.

The cut-off frequency of a high pass filter for integration of a digitized aceelerogram
should be varied in accordance with frequency characteristics of an accelerogram from such
a point of view that SN ratio should be kept higher than some constant level for every
frequency component and at the same time the physically real signals should be preserved as
much as possible. On the other hand, cut-off frequency of the filter should be kept constant
for any accelerograms from such a point of view that the preserved real seismic signals should
be filtered out by the same filter for the purpose of comparison between two or more velocities
or displacements even if integrated errors are more or less included in them.

In order to satisfy a wide range of applications of the strong-motion records from the
various view points, the authors proposed two methods of correction of an accelerogram to

obtain velocities and displacements; one is a method with a fixed filter and another is 2 method
with a variable filter.

(a) Fixed Filter
This filter is defined by

1 1
Hiffl e ———— e (16)

(f“)2 2}:( \/1+( Ly

where f, = 1/6 (Hz), h = 0.552 and f, = 0.1 (Hz)

This filter is designed to make it easy to compare the integrated displacement with
records obtained by the one magnification strong-motion seismometer (T =6s.and h =



0.552) deployed by the Japan Meteorological Agency of Ministry of Transport,
Cut-off frequency (3 dB down) of this filter is 0.154 Hz,

Seismometer
of JM.A
EO_“(t=€:'a5e£:=_i'1__=_£:).55‘lll 2 (High—Paoss Fiiter)
L \\ ‘\l/(Z:rf), (Double Integral ) 3 .
fe=005 (High-Pass Filter }
08 4i- 1‘”(2?”2 (Double Integral)
g 5 y
< 06 2 3t \
'.“?El »_:‘f fe =00
.;Er 04 qg- 2F ”,"‘\\\
02 Ly f‘=9;|__\\\
! ///’ ™
9055 01 G2 03 0.4 05 00 or 0z cis 04 0.5
Frequency (Hz) Frequency (Hz)
Fig. 26 Combined Frequency Character- Fig. 27 Combined Frequency Character-
istics of the Fixed Filter and istics of the Variable Filter and
Double Integral Double Integral
(b) Variable Filter
This filter is defined by
f
Hatf =11 -exp{-(—«-f | L an
fc
The parameter f¢ in the equation varies so as to make o equal to £, where o is defined by
1 oo
O =)W XD P 1 -exp{‘(fo}l“ CLL-H(f)1Pdf (18)

where M is length of whole digitized portion’
T is a minimum length of a section of accelerogram
" X(f) is Fourier Transform of the original acceleration
and £ is the value listed below;
£=0.5 (Gal) for a record by the SMAC-B2 accelerograph
E =0.05p (Gal) for a record by the ERS-B/C accelerograph
where p (Gal/mm) is the sensitivity of ERS-B/C accelero-
_ graph.
Cut-off frequency (3 dB down) of this filter is 1.36 f .
Decision procedure of fi- is simply illustrated in Fig. 28. fe is fundamentally determined
5o as to filter out some constant amount of low frequency components of an accelerogram
higher than about 1/T. The greater low frequency components of an accelerogram are, the
lower f should Be. Because the greater low frequency components of an accelerogram are,
the higher SN ratio of these components are. Low frequency components lower than about 1 ir
are eliminated for the decision procedure of f> because they are possible to be contaminated
by the errors at sectional base-line location and the relation between the SNV ratio and the
quantity of a frequency component of an accelerogram is afraid no longer remaining valid.
This decision procedure of f is, however, a compromise between such a view point as



to keep SN ratio over some constant level for
every frequency component and such a view
point as to keep f~ to be a constant. The reason
why we proposed such a compromised method
is that the compromise makes decision pro-
cedure of f- more stable against possible
fluctuation of the relation between quantity of
a frequency component of an accelerogram
and the SN ratio. The relation may, to some
extent, depend on frequency characteristics of
an accelerogram to be digitized, digitized length
of an accelerogram non-stationarity of an
accelerogram, etc. and the relation itself if valid
only in a stochastic sense.

The reason why the authors proposed a
fixed low pass supplementary filter instead of
a variable one for a record by the SMAC-B2
accelerograph was that the possible fluctuation
of the relation is expected to be greater for high
frequency components. 0

Slope of both of the high pass filters
proposed here are disigned to be mild in order

to lessen an artificial predominant frequency  Fig. 28 Simplified illustration of decision
component around the cut-off frequency. procedure of f~

Power Spectrum of
an Accelerogram

f(F
o /T te {Frequency)

Power Spectrum of
an Acceierogram

f {Frequency)

(2) Corrected Acceleration, SMAC-B2 Equivalent Acceleration, Integrated Velocities and
Integrated Displacement

A portion of first one second of the original acceleration of the SMAC-B2 accelerograph
is omitted for the instrument correction and the integration because even a slight difference of
start up of recording paper drive between SMAC-B2 accelerographs and even a small difference
of selection of starting point of digitization may sensitively affect accuracy of the portion of
first short section processed through the correction of start up of the recording paper drive. In
the case of the original acceleration of the ERS-B, C, D accelerograph, no data is omitted. These
accelerations are processed by the methods of correction and integration described previously.
The calculated results are shown in figures and their maximum values are listed in a table.

“Corrected acceleration” denotes acceleration processed through the variable filter,
“SMAC-B2 equivalent acceleration” denotes acceleration obtained by the SMAC-B2 equivalent
filter. Integrated velocities and displacements are calculated with the fixed filter and the
variable filter. The parameter f- of the variable filter is also shown on the figures and the table.

The corrected acceleration of the different types of accelerographs can not necessarily be
compared with each other freely because the difference of the supplementary filters produces
difference mainly on the high frequency components over 10 Hz of the filtered accelerations.
Instead of comparison of the corrected accelerations, “SMAC-B2 equivalent acceleration” can
be freely compared with the original acceleration of the SMAC-B2 accelerograph except for the
low frequency components lower than about 0.1 Hz.



(3) Response Spectra

Response spectra are calculated for the corrected acceleration, which is an acceleration
processed through the variable filter as described previously,

The response spectra in the previous annual reports before 1968 were calculated from
the digitized records by a digital computer using the Runge-Kuta-Gill method to integrate
numerically the equation of motion of the oscillator. The response spectra in the present
report were calculated with a step by step calculation of the exact solution to the governing
differential equation.*” No significant difference was seen in the results calculated by the
both methods, according to the trial calculations.

The time interval of each step of the calculation is 0.01 second for the oscillators of
natural periods longer than 0.2 second. For the osciliators 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 calculation to maintain the necessary aceuracy.
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 spectrum, entire length of the record is not necessary; the last
part of the record after the maximum response have appeared is practically meaningless in
the response calculation. Besides, the shorter record is more preferable from view point of the
calculation time. 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 calculation 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.

Response spectra of the period longer than about /fc is influenced by the high pass
filter (1.36/f¢ is the period of 3 dB down of the filter.); i.e., calculated response spectra is
true if real seismic signals do not exist on the period longer than about 1/f¢ and calculated
response spectra are smaller than the true value if real seismic signals do exist. In the case of
the corrected acceleration by the SMAC-B2 accelerograph, response spectra of the period
shorter than about 0.1 sec is also influenced by the low pass filter, Users of the response specira
should be careful about these characteristics of the response spectra calculated for the corrected
acceleration and difference between the response spectra for the corrected acceleration and
those for the uncorrected acceleration which had been calculated so far.

(4) Fourier Spectrum

The Fourier spectrum was not included in the preceding annual report. In this report,
however, the Fourier spectrum is newly included. Although the velocity response spectrum is
approximately equivalent with the Fourier spectrum, the response spectrum curve in this
report is a plot against period in a linear scale and it is not suitable for showing the frequency
characteristics of a record in a short period range. Therefore, it is convenient for the purpose
if the Fourier spectrum is plotted against frequency. That is the major reason that the Fourier
spectrum is decided to the included in this report.

Whole length of the record is used for the calculation of the Fourier spectra presented in
this report, which are directly obtained at the filtering process with the variable filter, The
spectra are then smoothed with the parzen window of 1 Hz band width.



6. Summary of Observation

Since 1962, 1963 records were obtained in the network of the Port and Harbour
Research Institute, and most of the important records were analysed by the authors. In Table 8,
a statistical summary of the observation is given. In the table, record numbers of accelerograms
of which the digitized records and the spectra have been published are shown. The number in
the parentheses behind each record number is showing the number of the Technical Note of the
Port and Harbour Research Institute in which thy digitized record appeared.

Table B8 Statistical summary of the obtain records

Total Number of Humber of
Station nunber :::gf:; 56 [ecards X pecords which have been digitized (Ref.No.*)
records gals in max. gals in max.

Hanasaki-M 18 8 3 M-106{No.287) ,H-262 (No,338) ,M-496(No.426)

Kushira-§ 45 it [ $-98({%N0.62),5-239(N0.98),5-635(N0.136),5-674
(¥o.160},5-733({No.181),5-741{No.181)

Tokachi-H 40 11 7 M-125(N0.287) ,M-145(No. 287 ) ,M-247 (No.338) ,M-260
{t0.338) ,M-340(No.338) ,M~341(No.374) ,M-439(No. 4 26)

Tomakemai-S 19 3 2 $-877(No.202},5-1418(No 426 )

Muroran~S 41 8 3 5-234(No.80},5-241 (No.80),5-399(No.80) ,5-1425
{No. 426)

Otaru-3 6 [t} 0

Hakodate-M 31 6 1 H-357(No.374) .

Aomori-5 31 16 3 $-235(No.80),5-264(No.80),5-304 (Ko .80) ,S-400
(No.80),5-670({Ho.160)

Hachinohe-$ 104 13 4 $-252(No.B0),5-310{t0.80),5-401 (Ha.30),5-669
{Mo.160),5-1202{No,319},5-1453(No. 426} .

Miyako-$ 25 § N $-236(No.80),5-271{H0.80),5-312(No.B0) ,5-273 .
{No.98),5-420{N0.98),5-537(No.116),5-1204(Na.319),
5-1104(No.338},5-1317(No.338)

Kamaishi-M [ 0 0

Kamaishi-HB [ D 0

Ofunato-bochi-$ 20 4 6§ $-554(N0.116),5-786{No.181),5$-1022{No.2587),5-1210
(M0.319),5~1120{H0.338)

QOfunato-bo-~5 55 12 10

Shiogama-kojyo-S 57 2 3 $~782{Ho.181),5-1118{No0.338),5-1201 {N0.3183)

Sendai-M 13 3 Q

Sendai-HB 13 ¢ Q

Onahama-Jji-S 2 1 1 5-1330(No.338)

Kashime-zokan-$ 49 5 1 $-1397(Ro.374}

Chiba-5 40 5 1 $-1378(No.374)

Shinagawa-§ k]| 10 2 5-192(Nv.64},5-380(No.98) ,5-1394{N0.374)

Shinagawa-M 1 1 0

Kawasaki~daiS-chi-M 40 5 1 M-186 (No.317) M~406(Mo.374)

Kawasaki-dai5-ko-M 40 1 2 M-410(No. 374

Keihin-ji-5 76 8 1 $-1390(No.374)

Yamashita~hen-S 93 12 4 5-412{%0.98) ,5-658(Na,160),5-1058(No.317),5-1189
(%0.319),5-1362(No.374),5-1386(No.374)

Yamashita-hen-M 64 3 1 #-403{No.374)

Yamashita-dai6-$ 76 12 7 $-1365{#0.374),5-1382 (Ro.374)

Yamashita-dai7-M 30 2 ] M-413{No.374)

Keken-$ 20 3 0 S-1046({No.317)

Keken-H a4 4 0

Tagonoura-3$ 58 7 0

Okitsu-§ 20 4 0 $-1071{H0.317)

Shimizu-kojyo-S 17 3 3 S-1063{N0.317)

Shimizu-miho-$ 15 3 1 S-1066{N0.317)

Shimizu-~sekitan-1 14 3 1

Omaezaki-M 8 0 0

Kinuara-ji=-5 4 4] 0

Hagoya-zokan-5 18 4 17 §-1{H0.55) ,5-20(No.55),5-578{No.136)

Hagoya-inae-S n 3 0 .

Inae-sanbashi-M 7 2 0

Inae-~yaita-M 9 4 0

Yokkaichi-chitose-S 4 1 1 §-577(No.136)

Yokkaichi-daj2-M 5 0 o

Yokkaichi-sekitan-N 16 2 0

Wakayama-5 12 5 3 $-945(No.236) ,$-1028{No0.287)

Hakayama-ganpeki-s 5 1 0

Osaka-ji-S 7 ¢ 0

Osaka-chug-5 5 1 4]

Amagasaki-$ a 0 4]

Kobe-ji-s 8 3 4

Kobe-dat6-5 7 1 o]

Kobe-daig-$ 10 0 0

Kobe-maya-H 3 0 0

!
w
o0

!



Total Number of Number of
he rds ex- d - : .
m"gf T :::ging 20 Eggggn; ES Records which have been digitized (Ref.No.*)

records gals in max. gals in max.

Statien

Kobewmaya-dail-H 7 3 1

Kobe-maya-daiz-M 3 ] 0

Komatsujima~3 5 1 1]

Kochi-ji-$ 4 1 v}

Hatsuyama-S 14 2 i §-1303(No.338)

Hirashima-$ 7 3 3 S-364(No. 98) S-1306(No. 338)

Oita-5 7 z 1 5-924{Ho.2

Hosashima-$ 42 10 [ 5-273(No. 93) 5-453(No. 100) 5-544(No.116},5-545
(No.%16),5- 1231(No 3138

Miyazaki-M 2 i 1 H-228(Ho.338)

Shibushi-$

Kagoshima-S 21 3 8

Minamata-H 1 0 ¢

Sakaiminato-ji-S 2 L] Q

Tsuruga-S 16 1 0

Kanazawa-$ 4 ] ¢

Toyama-$ 1 0 0

Hiigata-ji-S 2 1 0 $-1203(Ro.319)

Sakata-§ 22 5 0

Akita-5 20 4 1 5-635(K0.160),5-1266{No.319)

Naha-zokan-$ 0 i} 0

Hirara-S 1 0 0

Ishigaki-S 2 1 4}

Ofunato-S 21 3 2 5—140(No.54),S-ZBZ(NO.QB} 5-367(No.98)

Shiogama-$ 19 1 0 5-138(No

Kashima-3 3z 9 3 5-196(Ho. 64) $-612(N0.136},5-647{No.136)

Kashima-ji-§ 28 2 3 ? ??gogo 181) 5-813{No. 202) 5-845({No.202),5-882
No

Shimizu-sekitan-$ 10 4 2

Kinuura-$ 8 q 2 S-166(No.64)

Hakayama-ji-3 12 4 3 ? IBTBqI()) ,64),5-265{N0.98},5-266(No.98),5-788
No.1

Wakayama-sumikin-S

Kochi-$ 21 3 1 §-211(No.98)

Sakaiminato-$ 0 0 ]

Hiigata-S 12 ] 0

Naha-$§ 0 0 0

Onahama-$ 66 9 4 $-111(No.62),5-1043{N0.287},5-1191 {Ho.317)

Yokkaichi-ji-S 5 2 0

Although the annual report is compiled with careful preparation, sometimes, important
additional information or error is found on the record presented in the previous report. Such
information should be notified systematically all the persons who have possibility to utilize the
record. From the view point of certainty of systematic distribution and filing, the best way is
that the information is included in the annual report of the earliest publication after the infor-
mation has found. In the annual report such information is presented in the appendix.

e 3G
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STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

: 05:45 January 5, 1981 Intensities
Locqt1on of Hypocenter I1iI. Nagoya
Epicentral Region [se Bay Region I. Gifu
Latitude 35.08°N
Longitude 136,78¢°F
Depth 10 Km
Class
Magnitude 4.1
STRONG-MOTION ACCELEROGRAPH RESULTS
Stati
a:1o: S 1 Record Max. Acceleration (gal)
: : nstallation| Epicentra Number
Abbreviated Name | "¢\ dition | Distance(km) NS EW uo
Nagoya-inae-§ on structure 10 $-1405 4 15 3

STRONG-MOTION EARTHQUAKE DBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

03:17 January 19, 1981

Intensities
Location of Hypocenter IV, Sendai,Morioka,Mivako
Epicentral Region E off Mid-Tohoku ITI. Ofunato,Hachinohe,Ishinomaki,
Latitude 38.60°N Akita,Sakata,Fukushima,
Longitude 142.97°F Onahama ,Utsunomiya,Ichinoseki
Depth 0 Km II. Tokyo,Urakawa,Yokohama
Ctass I. Mito,Niigata,Mishima,Kushiro,
Magnitude 7.0 Fukui ,Nemuro,Wajima,Muroran
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Instailation| Epicentral Number
Abbreviated Name | “c  4ition | Distancelkm) NS EW uD
Kashima-zokan-S | on ground 369 S-1407 4 4 1
Ofunato-bochi-5 | on ground 147 5-1408 6 9 4
Ofunato-bo-$ on structure 147 5-1409 13 38 8
Sakata-S on ground 304 5-1410 14 13 5
Hachinohe-S on ground 276 5-1414 13 6 3
Shiogama-Kojye-S | on ground 197 5-1415 13 13 3
Sendai-M an ground 199 M- 433 16 9 5
Sendai-MB in ground 199 M- 434 7 4 3
Kamaishi-M on ground 148 M- 435 1 10 17
Kamaishi-MB in ground 148 M- 436 18 6 9
Ofunato-mound-M | on structure 123 M- 437 24 37 25
(To be continued)




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Pate and Time 10:14 January 19, 1981
Location of Hypocenter

Epicentral Region E off N Honshu
Latitude 38.60¢°N

Longitude 143 .08¢E

Depth 0 Km
Class
Magnitude &0

Intensities

I%.
.

Morioka,Sakata
Ofunato,Ishinomaki,Miyako,
Onahama ,Fukushima,Sendai,
Aomori ,Hakodate,lida,
Shirakawa

STRONG-MOTION ACCELEROGRAPH RESULTS

Station

Record Max. Acceleration (gal)

: Installation| Epicentral Number
Abbreviated Name Condition Distance(km) NS EW uD
Ofunato-bo-5 an structure 135 5-1411 3 10 1
Ofunato-bochi-S | on ground 135 S-1412 1 1 1
Shiogama-Kojyo-S | on ground 190 5-1416 23 20 15
Ofunato-mound-M | on structure 135 M- 438 3 7 3

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

04:34 January 23, 1981

Location of Hypocenter

Epicentral Region

E off K Honshu

Intensities

ITI. Fukushima,Shirakawa
1T, Ofunato,Ishinomaki,Moricka,

Latitude . 38.23°N Onahama ,Mita,Sendai
Lengitude 143.05¢°F I. Akita,Kofu,Sakata,Hachinohe,
Depth 0 Km Tateyama,Utsunomiya,Kushiro,
CIas§ iida,Kumagaya,Yokohama,
Magnitude 6.6 Yamagata
STRONG-MOTION ACCELEROGRAPH RESULTS .
Sta:1on 1 fecord Max. Acceleration {gal)
. nstallation| Epicentral Number
Abbreviated Name | “coniivion | D%stance(kn) NS EW uD
Shiogama-Kojyo-S| on ground 153 5-1417 - - m——
Ofunato-bochi-S | on ground 129 5-1422 19 3N 8
Ofunato-bo-5 on structure 129 5-1421 5 13 1
Sendai-M on ground 155 M- 440 6 7 4
Sendai-MB in ground 155 M- 441 2 3 1
Ofunato-mound-M | on structure 129 M- 448 9 8 8
Aomori-S on ground 33 S-1427 4 4 1




STRONG-MOTION EARTHQUAKE OBSERV
EARTHQUAKE DATA

ATION RESULTS

Date and Time 13:58 January 23, 193]
Location of Hypocenter
Epicentral Region S coast of Hokkaido
42.42°N

Latitude
Longitude 142,20°E
Depth 130 Km
Class
Magnitude 7.1

Intensities

V. Urakawa

Iv. Obihiro,Morioka,Kushiro,
Hachinohe,Acmori,Otary,
Muroran Mutsu, Iwamizawa,
Hiroo, Tomakomai
Hakodate ,Nemuro,Sapporo,Mori,
Ofunato,Onahama,Sendai,

I11.

STRONG-MOTION ACCELEROGRAPH RESULTS

1

Sta:IOZ H - o Recgrd Max. Acceleration (gal)
. nstallation| Epicentra Number

Abbreviated Name | “coniition | Distance(kn) NS EW b
Sakata-S on ground 447 $-1413 8 8 -
Tomakomai-$ on ground 50 S-1418 161 115 20

Ofunato-bo-$ on structure 391 S-1423 1 1 1

Ofunato-bochi-5 |on greund 390 S-1424 8 6 3

Muroran-$ on ground 103 $-1425 130 155 44

Tokachi-M on ground 95 M- 439 96 127 54

Sendai-M on ground 480 M- 442 8 8 4

Sendai-MB in ground 480 M- 443 Z 3 1

Hakodate-M on ground 145 M- 444 33 4] 19

Hanasaki-M on ground 290 M- 445 11 1¢ 5

Kamaishi-M on ground 360 M- 446 14 13 13

Kamaishi-MB in ground 360 M- 447 g 7 8

To be continued

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time  13:58 January 23, 198
Location of Hypocenter

Intensities
Fukaura,Miyako,Hirosaki

Epicentral Region 5 coast of Hokkaido IT. Tokyo,Esashi,Choshi,Abashiri,

Latitude 42.,42°N Asahikawa,Ishinomaki,Monbetsu

Longi tude 142,20°E Mito,Chiba,Miyakejima

Depth 130 Km I. Akita,Sakata,Yamagata,Ajiro,
Class Oshima,Tateyama, Yokohama,
Magnitude 7.1 Maebashi ,Hachijojima,Kumagava
STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceteration (gal)
. Installation| Epicentral Number

Abbreviated Name Condition Distance{km) NS EW up
Gfunato-mound-M | on structure 391 M- 449 28 25 21
Kashima-zokan-$ | on ground 743 S-142¢ 3 3 1
Hachinohe-$ on ground 225 $-1419 24 19 12
Aomori-S on ground 219 5-1428 36 32 15
Miyako-$ on ground 320 §-1426 28 24 10




STRONG-MOT ION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 12:47 January 28, 1981
Location of Hypocenter

Intensities

Iv.

Epicentral Region

Northern Kanto

I1I.

Utsuncmiya
Kumagaya ,Shirakawa,Chichibu

l.atitude 36.17°N II. Tokyo,Chiba,Maebashi,Onahama,
Longitude 139.850°F Yokohama ,Fukushima,Choshi
Depth 60 Km I. Ajiro,0shima,Sendai,kofu,
Class Tateyama

Magnitude 5.0

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration (gal)
: Installation| Epicentral Number

Abbreviated Name Condition Distance{km) KS EW uD
Kashima-zokan-S | on ground 85 S-1429 5 5 1
Onahama-ji-$ on ground 129 S-1430 15 20 5
Yamashita-hen-M | on ground 74 M- 450 2 2 1
Yamashita-dai 7-M on structure 74 M- 454 1 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 21:16 January 31, 1981 Intensities

Location of Hypocenter II. Chiba

Epicentral Region Tokyo Bay Region L

Latitude 35.60°N - IO

Longitude 140.08° E

Depth 80 Km

Class

Magnitude 4.0
STRONG-MOTION ACCELERQGRAPH RESULTS

Station = Record Max. Acceleration (gal)
. Installation | Epicentral Humber

Abbreviated Name Condition Distance({km) NS EW uD
Kawasaki-dai b on structura 31 M- 452 10 -

~ko-M
Kawasaki-dai 5 on ground 31 M- 453 5 7

-chi-M
Yamashita-dai 7-Mjon structure 36 M- 455 1 1
Yamashita-hen-M jon ground 36 M- 451 4 4 1




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

08:23 February 22, 1981 Intensities
Location of Hypocenter III. Mito
Epigentral Region E coast of Kanto I1. Onahama,Utsunomiya,Shirakawa
Latqyude 36.45¢N I. Tokyo,Maebashi,Choshi,
Longitude 140.68°E Kumagaya,Chichiby
Depth 50 Km
CTass
Magnitude 4.7

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration (gal}
. Installation| Epicentral Number
Abbreviated Name | “coiitton | Distance(km) NS EW uo
Kashima-zokan-S | on ground 71 5-1431 5 4 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

04:16 March 12, 1981

Location of Hypocenter

Epicentral Region

Southern Kanto

Intensities

IT. Tokyo,Mito,Choshi,Xakioka,
Ajiro,Utsunomiya,Chiba,Nikko

Latitude 35.909°N I. Kumagaya,Maebashi,Shirakawa,
Longitude 140.27 < Chichibu
Depth 60 Km
Class
Magnitude 4.7
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration {gal)
. Installation | Epicentral Number
Abbreviated Name | "o iition | Distance(km) NS EW uD
Yamashita-hen-M [on ground 46 M- 458 7 11 2




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 20:08 March 12, 1981 Intensities
Location of Hypocenter 1I. Muroran
Epicentral Region SW Hokkaido Region
Latitude 42 .33°N
Longitude 140.92°E
Depth 0 Km
Class
Magnitude 3.0
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Installation! Epicentral Number -
Abbreviated Name | "~ 0y Son Distance(km) NS EW uD
Muroran-5S on ground 37 5-1432 3 3 ]
STRONG-HMOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 17:00 March 22, 1981 Intensities
Location of Hypocenter ITI. Shizuoka
Epicentral Region Southern Chubu IT. Kofu,Kawaguchiko
Latitude 35,320°N I. Ajiro,Iida,lrozaki
Longitude 138.32°F
Depth 30 Km
Class
Magnitude 4.4
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
: Installation | Epicentral Numbar
Abbreviated Name Condition Distance(xm} NS EW ub
Shimizu-sekitan-M¥| on structure 64 M- 456 9 7 —---
Cmaezaki-M on ground 100 M- 457 3 3 1
Okitsu~§ on ground 60 5-1433 1 1 1




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 12:04 April 13, 1981
-Location of Hypocenter
Epicentral Region E off S Tohoku

Latitude 37.27°N
Lengitude 142.,35°€
Depth 30 Km
Class
Magnitude 5.7

Intensities

ITI. Fukushima

IT. Tokyo,Mito,Maebashi,Kumagaya,
Utsunomiya,Sendai,Shirakawa,
Onahama

I. Chiba,Choshi,Yokohama,Kofu,

Morioka,Sakata,Tateyama,
Ofunato,Ishinomaki,Karuizawa

STRONG-MOTION ACCELEROGRAPH RESULTS

Sta:1on T - 1 Record Max. Acceleration (gal)
: nstaliation| Epicentra Number

Abbreviated Name | "o iition | Distance(kn) NS EW up

Kashima-zokan-S |on ground 219 S-1434 1 1 1

Yamashita-dai 7-M on structure 320 M- 460 2 1 -
Yamashita-hen-M |on ground 320 M- 459 2 2 1

STRONG~MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 05:30 April 27, 1981
Location of Hypocenter

Epicentral Region Ise Bay Region

Intensities

II. Nara,Tsu,Yokkaichi
I. Kagoya,Gifu,Ueno,Ajiro

Latitude 34,85 N

l.ongitude 136.90 F

Depth 40 Km

Class

Magnitude £.4
STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration {gal)
: Installation | Epicentral Number

Abbreviated Name | “co/iition | Distance(km) NS EW uD

Kinuura-ji-S on ground 4 $-1435 3 3 1




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

03:30 May 23, 1981
Location of Hypocenter
Epicentral Region E off § Tohoku

Intensities
II. Fukushima,Utsunomiya,
Shirakawa

Latitude 37.07°N I. Onahama,Sendai,0funato,
Longitude 141.68°E Morigka,Ishinomaki,Mito,
Depth 50 Km Chashi
Class
Magnitude 5.3
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
: Installation| Epicentral Number
Abbreviated Name | “c iition | Distance(km) NS EW uo
Sendai-M on ground 134 M- 461 6 8 2
Sendai-MB in ground 134 M- 462 2 2 1
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 19:33 June 4, 1981 Intensities
Location of Hypocenter
Epicentral Region Tokyo Bay Region I. Yokohama
Latitude 34.97°N
Longitude 139.72°E
Depth 63 Km
Class
Magnitude 3.9
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Installation| Epicentral Number
Abbreviated Name Condition Distance(km) NS E up
Yamashita-hen-M |on ground a9 M- 463 2 2 1
Katasakiudai 5 on structure 107 M- 464 5 m——
~ko-M
Kawasaki-dai 5 on ground 107 M- 465 10 8
~chi-M

—52




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 02:59 June 13, 1981
Location of Hypocenter

Epicentral Region
Latitude

S coast of Kii Pen

34.22 N

Longitude 135.13
Depth 10 Km
Class
Magnitude 3.3

Intensities
I1. Wakayama

STRONG-MOTION ACCELEROGRAPH RESULTS

Station

I = - ] Record Max. Acceleration {gal)
. nstaltation{ Epicentra Number

Abbreviated Name | “coriition | Distance(km) NS EW up

Wakayama-$ on ground 9 S-1448 2 2 2

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 19:12 June 25, 1981 Intensities
Location of Hypocenter L I. Ueno
Epicentral Region Chubu-Kinki Border :
Latitude 35.300°N
Longitude 136.42°L
Depth 20 Km
Class
Magnitude 3.3
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Installation| Epicentral Number
Abbreviated Name | " iition | bistance (km) NS EW uD
Yamashita-hen-M |on ground 298 M- 466 7 5 2
Yamashita-dai 7-M|on structure 298 M- 467 1 1
Kawasaki-dai 5 on structure 307 M- 468 18 ———
~ko-M
Kawasaki-dai 5 on ground 307 M- 469 9 17

~-chi-M




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 15:34 July 1, 1981
Location of Hypocenter

Intensities
11. Hachinohe ,Mutsu

Epicentral Region E off N Tohoku Ii. Aomori,Urakawa,Miyake
Latitude 41.45N 1. Hiroo,morioka,Mito,Kushiro,
Longitude 142.10E Mori,Hakodate
Depth 60 Km
Class
Magnitude 5.3
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Installation| Epicentral Number
Abbreviated Name Condition Distance{km) NS EW up
Hachinohe-$ on ground nz S-1436 4 4 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

0:46 July 17,

tocation of Hypocenter

Epicentral Region

1981

Intensities

I1I.

Matsuyama,0ita,Uwajima

% W Setonaikai Region IT. Yamaguchi,Fukuyama
Latitude 33.38°N I. Nobeoka,Kochi,Hamads,
Longitude 132.22¢E Miyazaki,Sumoto
Depth 60 Kn

Class
Magnitude 5 g
STRONG-MOTION ACCELEROGRAPH RESULTS

Sta:1on ] Record Max. Acceleration (gal}

. nstallation| Epicentral Number

Abbreviated Name Condition Distance{km) NS EW ub
Matsuyama=-S on ground 61 S-1437 14 g 4
Gita-S on ground 53 $-1439 9 6 3




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 02:00 July 29, 1981
Location of Hypocenter
Epicentral Region SW Hokkaido Region

Intensities

II. Urakawa,Hachinohe ,Miyako
I. Aecmori,Morioka,Sakata,Hiroo

Latitude 41.6308
Longitude 140,23
Depth 190 Km
Class
Magnitude 5.6
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
R Installation| Epicentral Number
Abbreviated Name Condition Distance(km) NS EW F[s]
Hachinohe-$ on ground 167 S-1438 3 4 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Pate and Time 16:56 August 7, 1981 Intensities
Location of Hypocenter I. Mite,Choshi,Shirakawa
Epicentral Region £ off Kanto
Latitude 36.43<N
Longitude 141.08°F
Depth 40 Km
Class
Magnitude 4.5
STRONG~MOTION ACCELERQGRAPH RESULTS
Statien Record Max. Acceleration (gal)
: Installation! Epicentral Number
Abbreviated Name | “co divion | Distance(km) NS EW uD
Kashima-zokan-S |on ground 49 5-1440 5 3 1

—5b




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 12:18 August 8, 1981
Location of Hypocenter

Epicentral Region s off Hokkaido

Intensities

111, Hirgo
IT. Obihiro,Urakawa,Hachinohe

Latitude 47 .380N I. Kushiro,Nemuro,Morioka
Longitude 143.78°F
Depth 100 Km
Class
Magnitude 5.2
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
- Installation | Epicentral Number
Abbreviated Name | “coloiiion | Distance(kn) NS £W up
Tokachi-M on ground 67 M- 470 26 26 16

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

18:05 August 14, 1981

Intensities

Location of Hypocenter
Epicentral Region Tokyo Bay Region

I. Tokyo,Yokchama,Chiba

Latitude 35.53°)
Longitude 139.87°F
Depth 60 Km
Class
Magnitude 4.2

STRONG-MOTION ACCELEROGRAPH RESULTS

Station

Record Max. Acceleration {gai}
. Installation{ Epicentral Number
Abbreviated Name | “co iiiion | Distance kn) NS EW uD
Yamashita-hen-M | on ground 20 M- 477 2 3 1
Kawasaki-dai 5 on structure 30 M- 480 4 10
~chi-M
Kawasaki-dai 5 on ground 30 M- 482 25 -

-ko-M




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 11:54 August 15, 1981
l.ocation of Hypocenter

Intensities

Epicentral Region

$ coast of Chubu

Latitude 34.80°N
Longitude 138.05°F
Depth 40 Km
Class
Magnitude 4.8

III. Shizuoka
I1. Hamamatsu,Iida,Ajiro
I. Tekyo,Kofu,Nagoya,Mishima,
Kawaguchiko,Omaezaki,Oshima

STRONG-MOTION ACCELEROGRAPH RESULTS

5
St311°: T : 1 Record Max. Acceleration (gal)
. nstallation| Epicentra Number
Abbreviated Name | “c/ iition | Distance (km) NS EW uD
Shimizu-sekitan-M on structure 42 M- 471 23 8 —-——
Omaezaki-M on around 25 M- 472 15 11 6

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time  23:08 August 18, 1981
Location of Hypocenter

Epicentral Region Southern Chubu

Intensities
III. Nagoya,lida
II. Shizucka,Tsu,Kofu,Hikone,

Latitude 35.28°N Mishima,A}iivro,Kawaguchiko

Longitude 137.58°F 1. Gifu,Kumagaya,Yokohama,Kyoto,

Depth 50 Km Tateyama ,Hamamatsu,Takayama,
C]asg Osaka,Omaezaki, Tsuruqga,
Magnitude 5.0 Maebashi,Irozaki.Nara
STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration {gal)
; Installation| Epicentral Number

Abbreviated Name | “c ) 4ivion | Distance(km) NS EW uo
Okitsu-S on ground 89 S-1441 1 1 1
Nagoya-inae-3§ on structure 71 S-1442 3 4 1
Kinuura-ji-S on ground 75 $-1443 1 - 1
Inae-yaita-M on ground 71 M- 473 2 3
Shimizu-sekitan-M on structure 89 M- 474 4 3
Omaezaki-M on ground 96 M- 475 4 4 2
Yamashita-hen-M [on ground 188 M- 476 7 6 3
Yamashita-dai 7-M| on structure 188 M- 478 1 1
Kawasaki-dai 5 an ground 197 M- 479 i2 14

~chi-M

Kawasaki-dai 5 on structure 197 M- 481 17 wan

~ko-H




STRONG-MOTION EARTHQUAKE GBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 18:24 September 2, 1981 Intensities

Location of Hypocenter IV. Choshi

Epicentral Region E off Kanto ITI. Mite,Tokyo,Fukushima

Ltatitude 35.80°N IT. Tateyama,Utsunomiya,Onahama,

Longitude 141.13¢E Yokohama ,Katsuura

Depth 40 Km I. Chiba,Maebashi,Kumagaya,
Class Iida,Shirakawa

Magnitude 5.8
STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration (gal)
. Installation| Epicentral Number

Abbreviated Name | "o qstion | Distance(km) NS EW U
Kashima-zokan-S |on ground 40 5-1445 40 23 8
Chiba-5 on ground 100 S-1444 7 8 1
Yamashita-hen-M lon ground 135 M- 487 3 3 1
Yamashita-dai 7-Mlon structure 135 M- 489 1 1
Kawasaki-dai 5 on ground 126 M- 497 16 -

-ko-M

Kawasaki-dai 5 on structure 126 M- 492 16 17

-chi-M

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

14.:35 September 3, 1981

Intensities
IR

Nemuro

Location of Hypocenter
Epicentral Region EE

off Hokkaido

I1T. Ichinoseki,Xushiro

Latitude 3.47°N
Longitude 146.82 °E
Depth 30 Knm
Class

Magnitude 6.5

II. Hiroo,Urakawa,Morioka,

I.

Hachinohe ,0funato,Abashiri
Sakata,Mito,Utsunomiya,
Asahikawa,0bihiro,Aomori,
Onahama ,Hakodate ,Tokyo,Akita

STRONG-MOTION ACCELEROGRAPH RESULTS

Station

. - Record Max. Acceleration (gal)
. nstatlation| Epicentral Number

Abbreviated Name | “coiition | Distance(kn) NS EW uD
Hanasaki-M on around 106 M- 483 33 29 16
Kushiro-$ on ground 210 $-1446 13 13 13




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 04:39 September 4, 1981 Intensities
Location of Hypocenter II. Choshi,Tokyo
Epicentral Region E off Kante I. Utsunowiya,Kofu,Tateyama,
Latitude 35.28°N Fukushima,Akita,Oshima,Chiba,
Longitude 141.00°E Onahama ,Maebashi
Depth 40 Km
Class
Magnitude 5.4
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration {gal)
: Installation| Epicentral Number
Abbreviated Name | “coriition | Distance(kn) NS EN up
Yamashita-hen-M on ground 125 M- 488 3 3 1
Yamashita-daj 7-M| on structure 125 M- 490 1 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time
Location of Hypoc
Epicentral Regio

23:51 September 12, 1981
enter

Intensities
ITI. Kushiro,Hachinohe,Obihiro

C T Southern Hokkaido I1. Hiroo,Iwamizawa,Urakawa,
Latitude 42.68°N Morioka
Longitude 143.30°F I. Aomori,Nemuro,Tomakomai,
Depth 130 ¥m Miyako,0funato
Class
Hagnitude 5.5
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Instaliation| Epicentratl Number
Abbreviated Name | "o 4siSon | Distance(km) NS EW uD
Tokachi-M on ground 37 M- 484 21 23 15




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 10:20 September 13, 1981| Intensities
Loecation of Hypocenter ITI. Mito,Choshi
Epicentral Region E off Kanto I1. Utsunomiya,Tokyo,Shirakawa
Latitude 36.12°N 1. Maebashi,Fukushima,Onahama
Longitude 141.15°E
Depth a0 Xm
Class
Magnitude 5.0

STRONG-MOTION ACCELEROGRAPH RESULTS

Station

Record Max, Acceleration (gal)
: Installation| Epicentral Number
Abbreviated Name | "o iition | Distance(kn) NS EW uo
Kashima-zokan-S |on ground 43 S-1447 3 3 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 01:35 October 12, 1981 Intensities
Location of Hypocenter . II. Moricka,0funato,Miyako
Epicentral Region Miyagiken-Qki Ishinomaki
Latitude 38.10°N I. Sendai
Longitude 142.02°E
Depth 40 Km
Class
Hagnitude (Jishin Kazan Gaikyo)
STRONG-MOTION ACCELERDGRAPH RESULTS
Sta:1on - Record Max. Acceleration {gal)
. nstallation| Epicentral Number
Abbreviated Name | “coiieion | 01¢tance;kn) NS EW up
Sendai-M on ground 100 M- 485 10 3 3
Sendai-MB in ground 100 M- 486 4 4 2




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

Epicentral Region

Location of Hypocenter

10:48 October 15, 1981

Iwateken-Oki

Latitude

Longitude

Depth
Class
Magnitude

40.05°N
142.05°E
40 Km

(Jishin Kazan

Gaikyo)

Intensities

ITI. Ofunato,Miyako,Hachinohe,
Morioka,Aomori

II. Kushiro,Sendai,Ichinoseki

I. Hiroo,Ishinomaki,Fukushima,

Urakawa ,Nemuro,0Obihire,
Hakodate,Shirakawa,Sakata,
Rumoi,Yokohama

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration (gal)
: Installation| Epicentral Number
Abbreviated Name | " iision | Distance(km) NS EW uD
Aomori-S on ground 138 5-1449 13 6 4
Hachinohe-3S on ground 75 5-1450 6 6 3
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 13:34 November 6, 1881 Intensities

Location of Hypocenter ITI. Ishinomaki
Epicentral Region Miyagiken-Oki IT. Morioka,Fukushima,0funata,
Latitude 38.00°N Miyako,Sendai
Longitude 141.08°F I. Mito,Utsunomiya,Shirakawa
Bepth 40 Km

Class

Magnitude (Jishin Kazan Gaikyo)

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration (gal)
. Installation| Epicentral Number

Abbreviated Name | “c/ i tion | Distance(km) NS £W UD
Sendai M on ground 52 M- 493 21 10 6
Sendai-MB in ground 52 M- 494 6 5 3




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

Location of Hypocenter
Epicentral Region Hyuganada

07:51 November 19, 198)

Intensities .
IT. Miyazaki,Aburatsu

II. Oita,Hitoyoshi,Nobeoka

Latitude 371.13°N I. Kumamoto,Kagoshima
Longitude 132.03°F
Depth 40 Km
Class
Magnitude {Jishin Kazan Gaikvo)
STRONG-MOTION ACCELEROGRAPH RESHLTS
Station Record Max. Acceleration (gal)
: Installation| Epicentral Number
Abbreviated Name | “condition | Distance (km) NS EM uo
Hesoshima-S on ground 90 5-1451 2 Z 1
STRONG-MOTION EARTHQUAKE OBSERVATICMN RESULTS
EARTHQUAKE DATA
Date and Time 19:17 November 23, 1981 | Intensities
Location of Hypocenter IV. Nemuro
Epicentral Region SE of Hokkaido ITT. Kushiro
Latitude 43.02°N IT. Akita .
Longitude 146.05°E I. Hiroo,Morioka,Obihirao,
Bepth 40 Km Urakawa ,Monbetsu,0Ofunato,
Class o Hakodate,Hachinghe
Magnitude 6.3 (Jishin Kazan Gaikyo)
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration (gal)
. Instaltation | Epicentral Number
Abbreviated Name Condition Distance(km) NS EW uo
Hanasaki-M on ground 60 M- 496 57 47 21




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 20:51 November 25, 198]
Location of Hypocenter

Epicentrai Region Hikodate-Fukin

Intensities
iI. Hakedate

Latitude 4113 N
Long'itude 140.'}3OE
Depth 40 Km
C]asg ’
‘Magnitude {Jishin Kazan Gaikyo)
STRONG-MOTION ACCELEROGRAPH RESULTS
Sta:ton Record Hax. Acceleration {gal)
; nstallation| Epicentral Number
Abbreviated Name Condition Distance(km) NS EW up
Hakodate-M on ground 480 M- 495 14 16 9
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 09:27 November 30, 1981 | Intensities
Location of Hypocenter II1. Utsunomi
: p . . . ya
Epicentral Region Ibaragiken-Nanseibu : PR
Lati?ude 36 029N 11. ?;Eig,thosht,M1to,Kumagaya,
Eong;tude 133.15°E I. Yokohama,Maebashi,Shirakawa,
C]ggs 60 Km Tateyama,Ajiro
Magnitude (Jishin Kazan Gaikyo)
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration {gal)
. Installation| Epicentral Number
Avbreviated Name | “c o iition | Distance(km) NS £u uD
Yamashita-hen-M |on ground 75 M- 504 4 5 2
Kawasaki-dai 5 oh structure 08 M- 505 6 —
~ko-M
Kawasaki-dai b on ground 68 M- 506 4 7
~-chi-M




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

15:25 December 2, 1981

Location of Hypocenter

Epicentral Region E off N Tohoku

Intensities

IV. Miyako,Urakawa,0Ofunato,
Morioka,Hachinohe ,Mutsu

Latitude 40.13°N I1I. Iwamizawa,Kushiro,Hakodate

Longitude 142.05°E I1. Esashi,Ishinomaki,Tomakomai,

Depth 40 Km Nemuro,Sapporo,Muroran
Class 1. Yokochama,Onahama,Otaru,Akita,
Magnitude 6.6 (Jishin Kazan Gaikyo) Rumoi ,Fukaura,Sendai
STRONG-MOTION ACCELEROGRAPH RESULTS

station Record Max. Acceleration {gal)
. Installation{ Epicentral Number

Abbreviated Name | “c o ition | Distance(km) NS EW uD
Hakodate-M on qround 17 M- 497 26 45 N
Sendai-MB in around 301 M- 498 10 8 5
Sendai-M on around 301 M- 499 6 4 2
Tokachi-M on oround 185 M- 500 7 6 3
Ofunato-mound-M | on structure 206 M- 501 16 13 16
Kamaishi-M on around 173 M- 502 14 16 12
Kamaishi-MB in around 173 M- 503 g 7 6
Aomori-S on ground 125 5-1452 20 19 7
Hachinohe-5 on ground 75 5-7453 53 42 17
Muroran-S on ground 202 $-1454 11 15 2
Gfunato-bo-S on structure 206 5-1455 9 13 4
Ofunato-bochi-5 {on around 205 5-1456 9 6 1

STRONG-MOTION EARTHQUAXE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

16:32 December 28, 1981

Location of Hypocenter

Intensities

EIT. Wakayama

Epicentral Region |akayamashi-Fukin I. Sumoto

Latitude 34.03°N

Longitude 135.03°F

Depth 10 Km

Clas§
Magnitude (Jishin Kazan Gikyo}
STRONG-MOTION ACCELEROGRAPH RESULTS

Station = Record Max. Acceleration (gal)
. Installation| Epicentral Number

Abbreviated Name | "o iision™ | pistance (kn) NS EW uD
Wakayama-$S on ground 7 S-1457 13 19 4




RECORD NUMBER 5-1418

STATION TOMAKOMAL-S
EARTHQUAKE DATA

RAREREIRTARINRREEL R kkihidhhhkhhkRhkhdiokkit

FARERRRETL kR BRE R hddid

DATA AND TIME 13:58 JANUARY 23, 1981
LOCATION OF HYPOCENTER

EPICENTRAL REGION S COAST OF HOKKAIDD

LATITUBE 42.42°N

LONGITUDE 142.20°E

DEPTH 130 KM
MAGNITUDE 7.1

COMPONENT
SOBE  EOSN  DOWN

PARAMETER OF THE YARIABLE FILTER

FC (HZ) 0.096 0.157 0.243
MAXIMUM ACCELERATION (GAL)

ORIGINAL 161.2 114.5 18.5

SMAC-B2 EQUIVALENT

CORRECTED 167. 169. 25.1
MAXIMUM VELOCITY (CM/SEC.)

FIXED FILTER 15.2 10.4 2.13

VARIABLE FILTER 14.4 8.6 1.67
MAXTMUM DISPLACEMENT {CM)

FIXED FILTER 3.15 2.87 6.914

VARIABLE FILTER 3.38 1.79 0.374
Remarks

The SMAC-B2 accelerograph was triggered by the auxiliary starter
to Teave the record S-1418. Normally, the SMAC-B2 accelerograph

is triggered by the starter of which threshold level 8 or t0gals.
The threshold level of the auxiliary starter is 100 gals.

Because that the recording paper started when the acceleration was
high, the traces of the SO8E and EQBN components are not suffie-
iently clear for the digitization in their beginning. Then, the
fist 56 data for the SO8E components and the Fist 25 data for the
EQ8BN components were substituted with dummy values in the time
history figures and the digitized records.
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RECORD NUMBER 5-1425

STATION MURORAN-S

EARTHQUAKE DATA

.........................................................
AKﬂwnnA‘KAAatnAKKKAannxxnAanwanxnnﬁxﬁaﬁxnxnnaxﬂﬁnaxLAKK}\AAH‘AK?':X

DATE AND TIME 13:58 JANUARY 23, 1981
LOCATION OF HYPOCENTER
EPICENTRAL REGION S COAST OF HOKKAIDO
LATITUDE 42.42°N
LONGITUDE 142.20°E
DEPTH 130 KM
MAGNITUDE 7.1

***'k'k*'k*******'k*******'k'k'k***-k'k'k'k'k‘k**‘k'k*'k'k‘k**********************

COMPONENT
NORTH WEST DOWN

PARAMETER OF THE VARIABLE FILTER
FC (HZ) 0.217 0.317 (.290
MAXTIMUM ACCELERATION (GAL)

ORIGINAL 129.5 155.3 441

SMAC-B2 EQUIVALENT

CORRECTED 156. 236, 71.2
MAXIMUM VELOCITY (CM/SEC.)

FIXED FILTER 15.6 9.68 3.91

VARIABLE FILTER 13.4 8.74 3.00
MAXIMUM DISPLACEMENT (CM)

FIXED FILTER 3.58 1.50 1.78

VARIABLE FILTER 2.54 1.17 0.544



SONDI3S-FWT L
62 02 Gl

‘002~

=V
1002~
P W A V.7 1. b A A Aonn Ak st e -
Y BN <:c<.¢<\,:<4<<icc. A o 0
wpg %
17002~
A 1Y WSS —
._ ‘Ge

S-NEHOHNA

Sy l-5

HLIYON

ST199-NDT LUE 3300y



SUNDJIS-TWIL
Gy oy 5E G

T L F

s, " Aoty Ad it .YV Y
e r N 0l v AN A AN A v L 4

154M

NMBO

r v v Ll s v A

HLHGN

S-NUHDHAW  SZpT1-S

‘00g~

‘0ae

‘00z~

‘00¢

‘0oe-

‘002

STES-NAT LEH 3500



SONDJIS-NHTL

e ‘57 ‘uz 51 a1 g 0
£ L ‘ : _ _ : £-
P WV un > > nD
— f/\(. < < ]
(ZUL1Z0=04) AL AN
e
N ™ : 0
AV < e |
wiL4 axid "
S~
e e . \1\/7<<fkﬂ»\/:b?ﬂﬁ@&(ﬁIMKMQJ\H</Jer — 0
(ZWiZG=14 4304 dEsies O
.QN
O, Paay A A >}>D? VAN e e, 0
T el ({’ﬁ({ C% .¢{<‘
1 4
WA gaxld K
1002~
ETRET T
1°051-
- . PO - . S . B WO P W s . V. | b>>» }_b:ﬁ_?:bb?g LW - ., Prpe A aniand 0 - 03
Ly saﬁ.ie<¢<<éizd;<€é:.5_\é - ' _
| .
THN13TH0 %l

S-NUHOUNW  HIYON  SZF1-5

“AS/HI-ALTI0T3A HJ-INIW3IZYT4510

SMHI-NSTLIBY31320Y



SONDIAS ~JWT L

‘55 05 Sy or 23 0e
r T T T H T .Mn
0
4
Ig
(24212 'G=T04 s Y3134 3I90149A
-
o
.. -y
Y3114 0314
151~
a 9
Togy
(ZHL1Z '0=744.431704 T1BETHUA
‘0z~
Q9
W34 gaxrs %
17002
—— A D A, .G
CETRE TR
1051~
- e 0
wyiolgg | O9F

S-NodOdnW

HLYON Sy 1-S

"JI5/WI-RL1I0TI3A W= INSFWIIENAS 1T

STIEI-NG T L3I



SONQIAS~IWIL

Ui Q

R ARAVARR AR W A WAk
[ZMLi€'0=04) Y3114 378YIgHA
VAR AN 53) N -
A v
/ N8 Y
431714 0314
” AL, ,<r:. ;lLf. )/.\\._E\/e \)C,\f §<._> <,<¢3.}> #ﬁ\_ﬁ_:? oy e - e g, ™y - Sy

AN Sl 33;3%5 ___;l? _f,,

a

PN

5,

v

iy Ui éﬁ g

S-NBHUMNKW

TENTGTH0

1S3IM - G2y -5

‘0l
‘00e-

ace

‘a0e-

‘0oz

EG/HI-ALTIRTI3A W3- INFWZIH14S10

SHI-NOTiy4314308



SONDJAS- W11

04 ‘v Oy ‘o 08
T T T T g
N D
(7418 G=04) HAINS Tigkiger 0
.
R————— ‘0
e 4
UL 03T 4
.y
e - g A g ey - g
(ZHLIE'0=74) W3LTT2 3188ILdA O
101-
- el <, (d\(\f\f.m_
gad gxas O
1008 -
K
0ao3egy  O0F
1 00z-
At )
Nl O

S-NBHOHNW 1SdM Sevl-§

W= INZHIMWIS10

“JES/H3-AL13673A

STIHI-NDIIBHYATH00



SONRIIS-IAWTL

X He ‘ue 51 ol g '
D“nl H T d T T T 9 0-
AN AN A Y. o0, ﬁ\/// S Py .
o NS i G { /\I\ 7 ] 0

(ZMO0BZ '0=04) WAL TR © O

-

/s(})l//)\\\n// >< —in
1.

31774 J3X14

831714 G3XI14

(041335402

THNTDIHE

S-NBdUHNA NMDO  SZv1-S

WI-LNZW3I674510

“13S/WI-EL1I073A

$TH-NGL 1By 3300



SONDIIS-3WT L

‘g ‘G Gr 58 08
; _ ; _ . 9°1-
9
. g
{ZHOBZ "0=74 ) Y3LTT4 37341 HA
L
— 0
.
W34 O34
Tee
P 'y . {\(l/ o \D
(ZY062 ‘0=14 ) YALM(4 YlAWiEHA ¢
-
e, -O
dey
W34 0TS
- 08-
. ) . . 0
ETRE T R
105~
-y -y A . . nm
R TICI
S-NHHOYNKW NMDO GZ2¥1-8

13S/KWI-41120734 W= ANIWADY IS

SHI-NGT 1b6HI1330Y



MUROREN-S

{ 1/FC = 4.61 sec.)

5-1425 NORTE

- T T
+m3 T T
+rd + ) el
Lo +. 1o
o
\\ \\\\\
=
i } t } + S w } + [ } } } } i
G ‘v L Z 1 ‘0 0Or 0c 2 01 0 0l 2 "q v Z 0
308 UNNEYD XeW 0: L "3EG/HD) (W)

DY 44N70SHY XoW J0 GIigd LLI207THA SATLIETEY XuW ANTWEIET14510 IATLETIY XEW



MURJREN-5

WEST

LN
QN |

—14

(S8

( 1/FC = 3.15 sec.)

0 UNNGYUD Xbk G
Y AINT0SEY X 0 Glibd

vOAG/WD
LLIDGFA JATLETIS Xuk

- <t
- ny T3
1 i T3
S w S !\\l\l.\Jl
1.,n_.\ .ﬁqﬂ\lli\v
ol T
mamen T Il
s L e ;i!.ll[.l.llfi
' ; Ty A t I o
kN e i LU G 0t k]

(W3
INGWING TS AT LE 1Y XK




MURORAN-S

{ 1/FC = 3.45 sec.)

5-1425 DOWN

r <
T )
™ T
s
<
g 1 } ot t + ¥ t = } + 4
< 4 L ‘0 CSi 21 ‘& 9 ¢ TS <1 80 90 €0 00

G ONNOYS XEW 01
Y JINTIYSEY XoW A0 O1LbY

L "33G/WT !
ALT2GTIA JALLEEY XoW

{H1)
INIWITETIS 1T JATLYTEY XUW

3

UNDRMPED NATURSL PERMOD (SFC.)



(W23 LN3WIIVIHETE 3ALIYISE =

CWO) S6°GEL =

o e L4791 L4%
FEELL 2993 77?7
BGEE 91 k)
2988 L7 2 0z
ZoETE oYy 91 A
FRETE 24> S 44 ) L9
[-IEl A T&™%T 008
[ns. oy gE %1 ooEr
689 122 G G
GHTTE 7ITEE &5
F A AN A G L1 LULE
GECL (YA A 3=
Fayr L K23 A kA
oy g 0&°%1 gy
wiZE 2611 &
10172 FA- 221 ¥ g8y
Te6B'T vt £ 6y
L9971 £Z e 0°o&
sy "3 &r 0L 72°0%
| A 26701 =AY
£%1°% £2°01 LA
£&60°1 1£°0% 0-0%
L3 Ly¥0T S Ee
jJalu iy gL+0T 87
8660 26" 07 £ 8L
1060 &0° 1Y £ gL
4870 132 1 Z 88
Zye 0 &5°TT &°Gh
41970 AR 21 %03
ELLD 513 7 GQIT
FLL D Sy Z1 2991
PA4* <0 %1 Q"B61
e 0 £S5 ¥1 S HZ
TLLTD £°% L9LT
08RG 0 YETT LULLT
29C°0 A e+ L°9HE
FA T witG L RZE
¥Z1 0 LSty LTELE
45070 LE"Z 1°8Le
131 2 0 RUEST
au fal-] vy
08Z°0 = ONIdWYJ
S—-NYEQYNK =

SOy 6% 81
YTy FE°BT
FAYAS 4 LT 6T
2y L4610
LGH°Y 1oz
&RT°S Ga"al
0is"s 6781
1829 75781
£94 9 66797
BGTS /Z°8T
16"y &7 8T
5Lt L4793
e g 'n PLHE
oRZ-g 28 LT
480°¢ (170 4
FLLE Yy LY
YELTE 7 et
0o&*1 CCUEL
i oAl
LTt S8
00L& A T
TFECT P A
TE%°T L1ET
9REC T ja20A
FA: LA Zney
o2 A7 Rk 41
GYE"Y LT eT
Z&w 1 67791
1250 ¥ et
- 20z
FA: %4702
HEFTT £ e
SL5°T fA TR A
[ 20 Al 4 L6°GE
£046°0 Getat
?IC 0 ¥9 0%
£&T°0 FaA-
20> 2 0 ] FI°L
Qa0Q Qb
Zi0t0 FLt0
ad AH
a0rc =

NOILYLS

i (3AS/KD) ALTIOBA INLLYIEAE = AY D)

Lzl
1451
®'&l
B LY
[WRgetos
&7 5T
£°os
S &
Y
F Ly

2 4
L2
L7EY
LY
agg i
7°EG
5" o6%
7Y
G EY
G ZY

0°cs
8¢9
£°ZL
7 8L
R
16
£t
ITEYT
L
&7 65T

[= g A
FAA- YA
Gt LeE
004
e 13y
S"6LE
L0462
ZTUEL
?TERL
¥t BEHL

v

SNEdWYQ

“30¥ ONMOHD " XYW

£h& Y RL AT F <t kLS 13- ¥ LY
FA AL L4 L4l £L9°5 ¥Z 02 -5l
ey k-7 ¥ 7 6% G 1o 897
BEY G L3052 0tal 2994 G40 %t&1
BEL"G 0 g ¥ ud T2 £Z°8 26T
L8579 61 2T B 4T 49 L cLree LTEE
A A L e £9E cto*g £E*ZE a0y
g2 L R 2 Gy 16w FAA £ &' 8y
SLEw g3 L 2°8g QL6 2L78T TUL9
Lo a: [V N4 Ea A BOG* S 8 LS FANSA
£04°5 L& B 95 2987 - A BULY
D19y QL 63 015 kA k{ir~A 19
LET Yy Lb6LY &°0% AL Y a0 7 8%
LIL°E g9 271G 731- R LL7BT A 4%
615°E 84797 6" %% 0w e &R £°65
QL e Gl ?'?a 106 e 691 19
£ZL°2 oR sl Zteq leE LG LY &89
(42 527Gt G &Yy a6 2 28 S 3 ] 865
LH¥G°T ?6°Z1 1*£% &9 1 eer Gy
AT 1328 21 £40% kAT |30 31 G 8L
6T £0°£1 qiG YLETY 498 7705
Tha*l QL cHT £ L9291 Ly G 1UEL
86971 0oyl F°uw [uj-1- 00 =tal=14 616
FEFT SL EE £°06 oG8t s7° 71 £ 107
FEL"T jue i 47 L8 191 st at £ 06
[aFA S yet LT &*EQT 18671 11°0Z 241
Fe7°1 28" AT G LET SZT T &4 T LT&LT
L6 Y £L°1e 5381 £¥6 2 S8°6Z LA
=TT 4 A B3 L76TT LIE"C gL L= 41
&0 2 [£] S A £r142 £get &E°ZE LTLEE
<50 ¥ 62 RTETE qB& Z ZZTLE 8 g0y
29671 EZTIE " SBL oL Lyt LE £ ey
SL0°Z LETHE 7715 8Z% " TR 0% 6°86G
9902 &6°98 g LI 2461°C L= CUEED
R4 1 L1 E2 £ 2oy LLE7E [ A XA £°Z20%9
84670 L&t 2% 1898 £89°0 BL ST LTIy
LEE D 20t 1rENE &4L°0 gz ST
720 L4901 B Gy &7C°0 FETLT TTyh9
6ET "0 FRL £°06G 161°0 &L 01 ST ¥SL
2100 gL'0 & 4687 A Julgs] 2.0 -4
ad fat-] Ldd oy AH oy
050°0 = 9NIdWY{ SZ0°0 = ONIdWva
(2383 Oo°0 = H1DON3T d3ddINMS

NOT123HY0D

{335)00:06°0

"0V "D = TIYNDIS

WNYLI345 38NOSSAY

= JYAHIINT SNITGWYS
HLIHON = LN3NOJWCD

“20% HLNTI0SEY = WY

8Lb6°S
byZ 9
£59°G
B&E"G
iyt L
48048
691711
2FLET
295 ET
SLLTE

GeL 1Y
68676
£L679
0% "4
Ty Y
Lt
igs
<EEL
[Aab A
LT

i<
05572
GaLTe
L E
S07" 1
oar-z
128G
oog 4
[A=tA0
oY% E

&BYE
BTG
4992
T YEETL
§98°1
B¥Li°D
LD
L0
by 8
23100

ad

{2383 GQGTH3d

902
*g"0Z
sQT0Z
&g 0T
£L°HZ
2 30 FA
15768
293¢
L0°3¢
Z&67IE

£9° 98
TLEE
LL"HT
8L°DE
£671T
[} 1A
GL"GZ
Y& a1
gE* Gl
FE*TY

G4 9%
eyt Ll
TELT
€ LL
£6*91
13200 T4
QR LYy
Sy
60° 9L
SE*TY

z0'0%
L3 4L
wZ LYy
#5083
10°8¢
1541
B Y
w408
a0 22
k4200 1

al-]

A
A
<ULy
-0y}
g 8g
&t e
<95
P L
2°Z6
Q26

et
60T
108
<09
089
0°Zs
LYY
g°LL
¥ 09
&4

¥ o

ST
L7911
BLLY
0*sé

LY
L8
®”iey
L2?eg
S 96y

&°a6a
474501
£°Z1L
¥ EFLE
1818
L 8dy
£'95L
2rL88Y
A YA 4
7392

vY

‘0 = ONIGHYa

(235> 00°0%

= H3Ad

oa*¥
0R° g
02t
0%t
1A
oo
ogz
a9tz
ay*Z
ag-g

a0tz
ol ]
0873
aL-t
oz°r
[al=pg
Gy 1
5y ¥
L) 4
U2

oa*t
G40
05°0
sg'0
ag g
SL°0
0L°o
59°0
a7°0
5670

0% 0
s%°0
0%°0
SED
0 0
e& 0
gz o
10
Q1 °0
c0*0

H3d

= HIHNIT JWIL
RS~EI-£2-10-1841 = TIWIL @GNV Jiva

SE¥1-8 =

QyoDaN



(W3 LNIKAOYIHSTId 3NILYIEH = GY (I38/7W0)Y ALTOOZA 3ATLIVI3H = AH (¥S> 00V 3ALNTI0S8Y = vY (2357 00%T¥HEd = ¥3d

[A A ¥L'6 £'e gyl =5 A -1 z'g BhY 266 Ty L2 D& 6 It LA 4 £% 4 g a0
97" et & &g [sTA A b LG 1 7 A 2 1 94 Sy SLy LG4 1 24 b1 Al = ) 1% [21: 0N
gzstt Z25° L 26 &9G°1 =1: - 29 ZLGE <8 6 128 keI LL 6 34 £5671 L] L%y 09'g
64671 £0°01 £'03% - +0°01 T4 0oLt Z0°0t zt9 (VA 1 [Auhg 3] 65 Q6?1 #0°0% LG o%=c
491 201 Z° 3 has B ZZ 01 o°g SI&" T 21 70% LtL - ka1 T4 BLE™T &0°0 9L RN
FILY get0t FAraAt £z0tZ Lo e} L& Grite <01 26 ete 2507 |- -] gve-c 8% "0V &6 oo*E
waLt T ¥ 0T ¥'C¥ [t A &4°0% o'zZ1 LA A 9601 LA L8¥°Z 8607 LTI 11-% A g0 1 GrZr getz
£98°1 g ar b 44 DEZ¥"Z [l 1 641 £re wZUEL 291 1807 33 ] 291 LYY 44T iy [t
SUs°1T L0t 93 6167 821t [ -3 2007E 2911 20 ¥ZE L £L°11 B2z &08'E = A 19z 0y
16271 cgT ot -} [ i A g4°"Z% g "2 11N 122 A [ - A BEZ" Y 0L %% L4yE bI% G LTS b &4 [aFaA
&8L° T 1407 G'ed ELLE ER %3 LA A 2469 E #2991 g8t 16Z°s b6 LY &°15 Wiy g A A ?£9 ootz
ELT a&6°at 4782 j2v P 017493 T 0K 2ig "t £6°9% grey F08°S Bh° 6 L] F8G"6 cLtic g %07 (¢ 301
onLt1 28°01 2 62 LTS ¥LUEY g°ze H2CE T#*GT Y ey &ER &TT LY 0765 L L LA 68 Qety
R A 20°T1 1°8Z 232 =Rr L4759y LUGE 0EtE £2°91 (D e d gie'e 28743 g'Es F90°G FATRE T4 269 0L
6T 011 EA 2 LO% < 8151 &'8L EELE Ly LY S8y F59°C y0" 43 7795 LIy 29°12 ? 869 093
16T 901 & yE 586 E £8" 41 agy [ 10N jar A 78 fA-S A frioh 3 ] ¥°19 FF9L £57 62 P a5y
11873 Bb"S ?TLE BaG" T =t 2 244 274G THECE 98 91 189 Fye L 19°61 LLL kAA A 4 ka4 688 a%°3
2a¥ "1 LY7H 1Ty cEZ e 92 01 'EG =T Py ET P59 SR L or-it 2L LaL* &Z 6T 0°0%% [} 31
1 T 706 F A At <011 L (A2 X A A 24 [9]n} 2 L 4T A S L16E 95T 7796 0T e
£80°1 kA FAN &4 807" % clter '8y oL T 8?51 g 8 4 A &9 LT £ 9L AN 4 g1 Lz 7 ZSh ar"e
TE670 L4 TgYy LA T an-et G 6y SO¥° T S7 et 1 95 [AL A BETET ?eT [R4 A0A QL LT g &b a0t
£v¥e i AN nreg &9E° 1 £1°ET 274 65% "1 ILHY 0% &BG ¥ BE"ST 7767 ige’ < T 61 22T &40
98 0 4678 6% 0773 TR 0G4 E6L°T cu"9T | B LW 120 et BY 6T & £0% 0L E S8 6T 47081 06°0
IR0 £9°2 S %9 GéHrtl w41 7GR G0 < £Z°61 8 TIF ans < &% LY LT 9982 L1ZE 4LTLST s8'0
£rg o ete & LT £9E£"% 51T <" 68 L8 T 11 ] et | A [S50 41 g 9ey O%&°2 [n]- =t £'181 ng e

RL°0 TL'w &89 RO L FAYRE £ al &EE°T ?6°27 LULR 2L T L et v hE sFTTL 1oroe [1 -1 SL°0
QLetn ELe L°B8% &ER*D y2 1Y YL g15°1 114 %1 8w anz-*t T2 %% &° 76 £898°1 oGt 41 FA 411 QL0
&6G° 1 169 1L YER°0 FLTT Z°0w L4670 Gz ey & 16 L0T°T ZE°¥T ?"E0T gt L4528 18 TA <90
£17°0 ?6"h LUe8 Z8L°0 BE°TE L°0& £60° 7 TG 8 17913 ey kA & ot FAA SRy £TySY 0770
ai2°0 28 071 S 70T 14670 w0 &1 £TIer 131001 & LT & 95T 0L 3 741 @ ZZT Z00°¢ TLER B T6E &0

L6270 ka AR’ [0 4 9 felh S 4 &5°91 ¥°88T1 GBS rree A 45 w0&" T 0778 4730% |ZG" LA TTGYIL 0s"0
6529 £&E°LT g°05T [A={n by e LY £°1te 6971 £L44E ?°L8Z 66" 1T £z &°6LE SHQTE o Z¥ ?ELS a¥'o
BEE0 £L°LT L7047 Ly6 0 yg Yyl g ifc o011 481 2 LBE LFA S58° 1 0°"gLLe [314 A 06" £ 4°aLs o%*0
98s°0 0z°1t LTI 20&6°0 L2561 5888 FATAN £yr92 < ¥y L5671 SIS & 6TT7 SBE Y FLBL ST%I4t SETD
j2:4 0] 901 8 96Z L28°0 (a1 A% | -1-% &90°1 £46°22 Ly LBT°T &9 e L7589y SEG"L ootEe Fol o A GE*C
L0¥°0 ZE"S F G8L Ly6"G 1311 7GhE 15470 &Lt 6T ¥ 08% G680 fAC A ?°Fe5 [ XA BO" 4 g Lc0t  SZ2°0
RIL0 [-TA 4 [Agas gy &L°ET T TaY 10470 LLTTE 0" &89 0E&6°0 kacaE-T L4 -] T&Y°Z L3"BL 7 R&YE O0L°0
610 L&Y [ Qs i QL LTgLYy #RZ°0 CLrs g8 10s 213 3 n] 16723 &"g55 oes g £1°02 &° LR G0
72070 89 < oy g0 "0 LETY (SR 2 L1170 weTG SUEey €210 ¥ Q A 114 DEZ*D L0 3 & 206 o0
230°0 F79°0 FUI9E 210°0 &9°0 L =T Fi10°0 &40 AT 1070 SE°0 50 [w>adn R ] G511 L°61C s0°0

oy fal:] vy ad fal-] v ad Hd vy ey 4t \ad h12-] Al vy ¥3d
BSZ 0 = DNIJWYa 001 "0 = DNIZHYQA 0530 = DNIdHY] SZG'0 = ONIdiYa ‘0 = ONIdWvd
€035 Qo0 = HLDN3T 83ddINS 338> 00°0% = HL9NIT 3WTL
{¥D) &17YRE = 20V ONNOHO™ XWH (235)0010°0 = TWAHILNT DNITdWYS BE-CF-EE-T0-1R6F = JWIL ONY 31vWQ
S—NYHOHNW = NOILVLS = NOTLDIHHOG) *20% "HD = TIYNDIS 183M = LN3INCdWOD GCHI-8 = GY0IAY

WM L3345 ASKOdS3Y



(WD) LINBWAIYTESIA IATLIVIIE = a4 (DdS/UD) ALIDCT3A 3AILIVITY = Ad CIWEa "30¥ 3LNTesay = YWY (3353 Q0TY3d = HAd

18470 SLTE LR %3670 g E &< 08G*7T Aty gz 21T oz y -3 78T [AN EAS Qc*y
BeLD sB'L n°% 75680 i&6°fC o*e BB 0 &L ez Ltye D Llah 7z 120t Tty g Z 0g*g
£64°0 6L £ty uge 0 Q6L A LR 0 g L P2 2540 &9t ¥tz L5820 R kA 09t
LbLt 0 L0 % Loy £6%°0 &0y Pt 11670 k-3 Z°E 25670 78°n R HRTT &Y < 0¥t
z0e'n 6T 15 550 Ly 4 GE0*L ety L &0 1 fASR. 4 £y BLZT 8Ty &y (25N
10etn CE" Y S5 Z66°0 L3 & % 94511 nty ig 89c*1 £&6° % ?'s o941 g0°s w9 oot
La6L°0 Tty a9 A1 6% G L3 T FAURSS 09 LT T LIS 9 98" FL°s k- og* "z
14470 [3)"0a 9 0% 0z s [ 291 1 gete &9 ?zEe"1 Gl 4 L TILCL GL Y 0ot A A
L] 18Ty n-4 5907 £9's gL et T Ze"9 L) £9L°Y ce"? A L4992 St L £'8T 0%z
L9G°0 LE" Y 9 e ¥s0T T S6°S &g =13 et g3l SFL™E LB°9 L 4 Li%°Z 40" g Z:0Z pzt2
7850 S0y 01 880 9y L7 6 FRIL &S UL L1e1 56 0"t oha* T L™ L°61 boz
#6G*0 ETE G113 06870 &4ty &°01 0T"1 BB Y E°ZT [-3- T oS 4T LX-5 A 1205 LT 863
£6570 L F V3 <98 0 oy 911 20t - g1 681" T 40*s EAS 21 Ze% T 859 81 oetl
LGS0 e L 1T ¥64°0 G+ 0T 980 oy 1Ty 110Gt T T2ty L°ET oos"% £et7 4L GL"Y
%60 A & 6LLT0 107% &1 16470 &0 5z LZ670 REE g4 SL57Y KL jal agtr
2640 og g 2°ZT 789 0 -2 Wit 39 % 6481 1LY LG} ZEIT LTS 0Dz PLLT o&"g L 5 4 GG}
L a ] [AAS 0~ £3 [FTA] 07 F 11 £55°0 75y 13 E&L 0 LBy G*27 oA £6°Q " Gd a7 T
FeE£°0 el T ooy -0 17 €707 LYy%°0 LLTT ? 0 LT3 v ] 18°f FAnds GRL°D 0" ¥ ka1 ac-ty
LEET0 e LT £yet0 £5°E %071 jaEA- ] 0% £ EA Lyt Z6TE I°ET iBg o 6" £°%L az*t
-] iZ°g -3 N1 £RE D) QLE 1 24 9y 0 &&°E k-1 Q&% "0 ki 193 19e°0 igTe £°8T ar-t
#¥<"0 Zi'E 0°s1 eta (428N BT LA AsH £y S Rl 0y¥? g 1120 it = FRY" T ivTe L85 001

L5279 k' 09 BEEL0 e al™ e'al A i FLy S 0Z £465°0 bty Q52 ?1L°0 81°G £°1E 670
2720 GA'E &° 91 &40 ZETE FAN A jale ] Ry &Ze 2£2°0 &% &0 ¥v°1 aL*11 1L 0&°0
SYZ°0 ant¢ LTLY L5820 FIE T2 ulah Sy vy L EZ [A5-0g] &0y £ ozo°t YLt L LGS &80
GEZn EA RS ?'87 ¥EE*D ooty 032 FRE"0 Pty 0% 2%°0 YT £ eg £99°0 a? L Z'ES 0g°0
Ulctagi] Lite 0'ag Al 0] A 2 =3 T4 19%°0 244 £ 8L 9% 0 171 1 LEE £44°0 LEL forAY LD
F0Z°0Q Sitg sz geg0 0% L& £ES°0 Bb"Y gl 3 4 LZL7°0 YL 2 es £EYT oL=2y ka-t27 0470
#ac 0 2] O 4 8 9L ceetn 0Z°% S e o8y o TS 1°aYy 66G°0 G2 9 095 46670 876 £°£s %70
£Ze’ o 23 S 4 £eer 2680 1% 3°0% 870 R FTES G920 Lt LY &LZET R el L°8%1 090
T e St 6E 1L 0z % 1y Zi%t0 £8y 1°%S 7160 SL "% 249 s78'0 Tt £ 0Lt &S0

4620 £9°58 L £8L°0 gr°S &2 1325 ] (e ?°87 Fi70 8" 7 8L LELTD [A- D] "9t 0g*0
eZ 0 gty PR £9%°0 BLL £ 88 4390 L9°4 01zt SEL*0 /911 Ley1 FZGT £9°cl 0oz s%*°0
58270 01*s Gt ZL 160 £6°% L0RY AT ] LA 481 ¥16°0 2641 & 6T e T L 2 A eLe 0%°a
Lesn B0° & 7 LR B&% "0 FA- A - £°%9% 1940 19721 LA LA azo*t £ 8T -4 #LbTT 124071 [ GE"0
66170 8L R -1 153 999 -4 4’ L0 1e8 899t REY 0 86 & 261 2£8°0 9etLl G 9L [1i200)
£E3 0 a4 £°Z6 %810 26" JAVALY £6TT0 L&'G &Ly et £g*L 7951 &86°0 TatH1 MR o sZ°0
18070 A A oG8 [-TA R &g 8 4627 ?L3°0 gt g FELT LT G 820" L (1Rt £92°0 &L°0Z 6" E69 az'0
By0*C Q&1 G &b FL070 16 98T SGTT0 ¥0° ¥ 07LBE SET 0 SE°S B ENT L0 LT -1 Si°0
#2090 [ b 1ULb ueTn 053 A 41 G¥0"0 B0°Z FA 411 gos07a QLT CoLGT 800 LTS & BEL aito
s0D0 22 0 S He j={ala ] <E°0 FAN A SO0 et 2 98 %000 [A 3] S es g00°0 LG S 61l s0*0

ad Ad vy ad fat:) LA iz ny vy ad [al-] vy a8 A vy ¥3d
GGZ°0 = QNIdWwa 01 "9 = 9NIdWYa 0s0°0 = ONIGHWYQ ST0™0 = DNIdWY] "G = DNIdJWVQ
(235y 00°C = H1BN3T 034dIMS (335> 00°0% = HLBNHT BWTL
{(¥B) 6T°TL = DDV ONNOHD* X9l (23530010°0 = TIYAHILNI SNITJdUWYS BA-£1-EZ-T0-18&61 = 3WIL OGNV F1V0
S—NYHOHNM = NCILVYiS = NOTL1D3HHOD "0V "HD = TWNDIS NMOQ = LIN3INOdWOD SZ%1-5 = QUOO3y

HNYLIFdS IENOJEIY



FOURIER SPECTRUM-GALS FOURIER SPECTRUM-GRLS

FOURIER SPECTRUM-GALS

5-1425 NORTh  MURORAN-S

c-

= TSK=0. 00
TU5=45, 50
BAND=1 hZ

10, 15, 20,

[
g

FREQUENCY-hZ
5-1425 HWEST MURORBN-S

By TSK=0. (0
TUS=45, 00
BAND=1 hZ

n. & 10 5. 20.

FREQUENCT-HZ

- S5-1425 DOWN MURORAN-S

°T TSK=0. 00
TUS=45. 50
BAND=] hi

n, g, 0. 15, B
FREQUENCY-HZ



RECORD NUMBER M- 439

STATION TOKACHI-M

EARTHQUAKE DATA

********k*******************************************************

DATE AND TIME 13:58 JANUARY 23, 1981
LOCATION OF HYPOCENTER
EPICENTRAL REGION S COAST OF HOKKAIDO
LATITUDE 42 .42°N
LONGITUDE 142.20°E
DEPTH 130 KM
MAGNITUDE 7.1

***************************k************************************

COMPONENT
NORTH EAST Up

PARAMETER OF THE VARIABLE FILTER

FC (HZ) 0.180 0.217 0.231
MAXIMUM ACCELERATION (GAL}

ORIGINAL 95.6 127.4 53.5

SMAC-BZ EQUIVALENT 62.6 98.3 30.9

CORRECTED 95.1 131, 53.8
MAXIMUM VELOCITY {CM/SEC.}

FIXED FILTER 6.61 6.15 2.59

VARIABLE FILTER 4,38 5.59 1.88
MAXIMUM DISPLACEMENT (CM)

FIXED FILTER 3.43 1.96 1.98

VARIABLE FILTER 1.60 0.864 0.436
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RECORD NUMBER M- 496

STATION HANASAKT-M

EARTHQUAKE DATA

FREkkhhkhkkkkkhkikkhhhbhbhhhhhhhhdhrdhrdhddhhdhddhtodddd kkkk kkddf s

DATE AND TIME 19:17 NOVEMBER 23, 1981

LOCATION OF HYPOCENTER

EPICENTRAL REGION SE OFF HOKKAIDO

LATITUDE 43.,02°N

LONGITUDE 146.05°E

DEPTH 40 KM
MAGNITUDE 6.3

e o L L T R T T v o

COMPONENT
NORTH  EAST up

PARAMETER OF THE VARIABLE FILTER

FC (HZ) 0.301 0.325  0.350
MAXIMUM ACCELERATION (GAL)

ORIGINAL 56.5 46.5 20.7

SMAC-BZ EQUIVALENT 24.0 29.8 12.5

CORRECTED 53.7 45.4 20.7
MAXIMUM VELOCITY (CM/SEC.)

FIXED FILTER 2.51 3.25 2.03

VARIABLE FILTER 2.09 2.40 1.20
MAXIMUM DISPLACEMENT (CM)

FIXED FILTER 1.26 1.35 1.02

VARIABLE FILTER 0.522  0.369  0.252
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RECORD NUMBER : 5-1453

STATION HACHINOHE-S

EARTHQUAKE DATA

***********************************************************#****

DATE AND TIME 15:25 DECEMBER 02, 1981

LOCATION OF HYPOCENTER

EPICENTRAL REGION E OFF N TOHOKU

LATITUDE 40.13°N

LONGITUDE 142.05°E

DEPTH 4G KM
MAGNITUDE 6.6

****************************************************************

COMPONENT
SOUTH WEST DOWN

PARAMETER OF THE VARIABLE FILTER

FC (MZ) 0.484 0.397 0.545
MAXIMUM ACCELERATION (GAL)

ORIGINAL 52.8 42.3 16.8

SMAC-B2 EQUIVALENT

CORRECTED 70.9 64.2 36.4
MAXIMUM VELOCITY (CM/SEC.)

FIXED FILTER 5.99 4.94 2.04

VARIABLE FILTER 5.4 4.55 1.41
MAXIMUM DISPLACEMENT (CM)

FIXED FILTER 2.01 1.59 1.34

VARIABLE FILTER 0.620 0.615 0.195
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