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ANNUAL REPORT ON STRONG-MOTION EARTHQUAKE RECORDS
IN JAPANESE PORTS (1969)

by Hajime Tsuchida®,
Eiichi Kurata*®*, and
Katsuko Sudo®#*

Synopsis

In the major ports in Japan. the strong-motion earthquake and earthquake response
of structures have been observed for these nine years; and as of the end of 1969, more
than 520 records were accumulated and analysed in the Earthquake Resistant Structure
Laboratory. The observation network consisted of 57 strong-motion accelerographs; the
39 accelerographs were on the ground and the rest, on the structures. Two types of
accelerograph, the SMAC-B2 accelerograph and the ERS-A accelerograph were being used.
This paper presents all the records obtained in 1969, which are listed in the tables with
their maximum accelerations, being classified in accordance with earthquakes. The re-
produced accelerograms, digitized records, response spectra and Fourier spectra of the
ground acceleration records with maximum acceleration larzer than 50 gals, are included.

The records on the 1968 Tokachi-Oki earthquake and the three major aftershocks have
been published separately in similar style to the annual report.

i, Intreduction

The observation of the strong-motion earthquake in major ports was started in 1962
in Japan by the Earthquake Resistant Structure Laboratory of the Port and Harbour
Research Institute. The observation network was expanded year by year; and as of
December 1969, 57 accelerographs had been installed in 36 ports. Two types of acceler-
ograph were being used,namely the SMAC-B2 accelerograph and the ERS-A accelerograph.
The magnetic tape recorder was adopted for the ERS-A accelerograph which was develop-
ed by the Earthquake Resistant Structure Laboratory.

Until the end of 1969, more then 520 accelerograms had been obtained in the
network and collected in the Laboratory for preliminary processing and analyses which
would be explained later on. The records from 1963 to 19608 had been published in the
previous annual reports which had similar style to this one. §, 2, 3, 4) In 1968, there
occured an earthquake of large magnitude, the 1968 Tokachi-Oki earthquake; and large
number of aftershocks followed. The damage took place to buildings, roads, port
facilities and many other types of structure. The largest acceleration was recorded in
Hachinche 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, There-
fore, the authers published a report of similar style to the annual report, on the main
shock and the three major aftershocks at 19:39 on May 16, at 22:42 on June 12, and at
20:06 on September 21. 5)

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 earthquake observation has been perfectly proved.

# Chief, Earthquake Resistant Structure Laboratory
% Members, Earthquake Resistant Structure Laboratory
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The report consists of the Strong-Motion Earthquake Observation Results, repro-
duced accelerograms, digitized records, response spectra and Fourier spectra. All the
records in 1968 are listed in the Strong-Motion Earthquake Observation Results with
their maximum accelerations, except a few number of records whose earthquakes are not
known and whose maximum accelerations are less than 20 gals. The reproduced accelero-
grams, digitized records and the spectra are provided only on the ground acceleration
records of which maximum accelerations are larger than 50 gals. Those of the 1968
Tokachi-Oki earthquake and its three major aftershocks are not published in the series of
annual report, since those have been published separately.

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, Hokkaido Develop-

ment Agency of the Prime Minister’s Office;

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

The Harbour Bureaus of Tokyo and Osaka Municipal Governments.

2. Network and Instrument

(1) Network

The network of the Port and Harbour Research Institute were covering the coast-line
of Japan with 57 strong-motion accelerographs in 1969. The complete location of the
stations is shown in Fig. |, in which two new stations started in 1969 are included. The
accelerographs at the 45 stations out of the 57 stations were the SMAC-B2 accelerographs
and the rest, the ERS-A accelerographs. The details of both accelerographs can be seen in
the previous reports. 7, 8)

i  Kushiro-5 31 Nagoya-inae-§
2 Tomakomm-S 32 Inae-sanbashi-M
3 Murorun-§ 33 [nae-yaita-M
4 Otare-§ 34 ichi-j+8
5 Aomori-§ 35 aichi-sekitan-M
6 Hachinohe-S 36 Yokkaichi-dai2-M
7 Miyako-S 37 Wakayama-i-S
& OflunadoS 38 Wakayama-sumikin-S
9 Olunado-ho-§ 39 Csakasji-S
10 Shiogama-5 40  Osaka-chuo-3
11 Onzhama-S 41 Kobe-ji-5
12 Kashima-8 42 Kobe-dait-§
13 Chiba-S 43 Kobe-dui8-5
14 Shinagawa-S 44 Maya-dail-M
15 Shinugawa-M 45 Maya-dai2-M
16 K =i S-ko-M 46 Komatsujima-S
17 i-d i 5-chi-M 47 Kochi-S
18 48  Hiroshima-5
19 Yamashita-hen-S 49 Hososhima-S
&? \,._‘;5‘2552-,__gla 20 Yamashita-daic-S 50  Kagoshima-$
T 21 Yamashita-dai?-M 51  Sazkaiminato-$
22 Koken-S 52 Tsumpa-S
23 Koken-M 33 Kanazawa-§
24 Tagonoura-§ 54 Toyamu-§
® SMAC-Bz onground 25 Okitsu-S 55 Niigata-S
o SMAC-Bz on structurs 26 Shimizu-kojye-S 56 Sakala-S
A ERG-A on ground 27 Shimizu-sekitan-§ 57 Akita-S
& ERS~A  onstructure 28 Shimizo-gekitan-M
y 19 Kineura-§
lv} 30 Nagoyazokan-$

Fig, I Strong-Motion Earthquake Network of
Port and Harbour Research Institute
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(2) " Servicing

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

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

(3) Station

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

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

Each station in the network has its own abbriviated name which implies its location,
the type of its accelerograph and installation condition, on the ground or on the structure.
For instance, the station in Hachinohe Port is named Hachinohe-S in which Hachinohe is
the name of the place where the station is located and the capital letter § at the end of
the abbriviated name is showing that the accelerograph in the station is the SMAC-B2
accelerograph. If the ERS-A accelerograph is being used in a station, the name of the
place is followed by a capital letter M, As this naming is made to distinguish the stations
acculately in the network, it may be a little difficult for the people outside the network
to imagine the location from its name, especially for the people who does not understand
the Japanese language. The detailed publication on the network will help those people to
find the location as well as other necessary data of the station.6)

(4) Accelerograph

Two types of accelerographs are being used in the network, they are the SMAC-B2
accelerograph and the ERS-A accelerograph. The details of the accelerographs have been
reported in the separate publications. 7, 8)



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

(5) Foundation and Housing

All the accelerographs in the network are installed on simple shallow foundations
which were designed based upon the same idea. 1t was supposed that the shape and the
dimensions of a foundation on which a seismograph is installed affects to the earthquake
recoid obtained by it. However, as there was no convincing idea to design the most
suitable foundation, the foundations of almost same size and of same shape were selected
for all the accelerographs in the network. This makes it easier to compare accelerograms
of an earthquake recorded at several stations. As the most of the harbour structures have
shallow foundations and do not rest on bed rock, it was decided to make shallow
foundations for the accelerographs, as shown in Fig. 2. 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 found-
ations in the Hachinohe-S station and
the Niigata-S station are supported by
piles. The foundation is isolated from a
housing covering the instrument.

The most of the accelerographs are
covered with housings which were built
for the instruments. Some of the acceler-
ographs were installed in houses which
had been built for other purposes. The PLAR e
housing built for the instruments are
made of reinforced concrete or concrete
blocks; some are prefabricated houses. In
Photo 1, as an example, the housing of
the Otaru-S station is shown; that is
made of concrete blocks.
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Photo 1 Housing of Otaru-8 Station

3.  Accelerogram Processing

(1) Preliminary Processing

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

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

Then, the earthquake cosresponding 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. But a few of the accelerograms 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 correspinding earthquake. For the
accelerogram without the information, the earthquake is determined considering the
possible period of the recording and the earthquakes occurred in that peried, The deter-
mination or the check is made based on the information distributed by the Japan
Meteorological Agency (JMA) in the Ministry of Transport; that is “Preliminary Report
on Earthquake and Voleanic Activity (Jishin Kazan Gaikyo).” Some of the accelerograms
are impossible to determine their correspoiding earthquakes even in the Laboratory and
they are treated as earthquake unknown. It will be noted that the reliability of the earth-
quake determination for accelerograms of small acceleration is limited because of such
procedure.

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



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

(2) Earthquake Data

The earthquake data except the remarks in the table are based upon the Preliminary
Report on Earthquake and Volcanic Activity. 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 class in the earthquake data is showing the scale of the earthquake based on the
distance between the epicenter and the Furthest point where the shock is felt. The classifi-
cation criteria are shown in Table 1.

Table 1 Classification of Earthquakes (After Ref. 9)

Remarkable earthquake:

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

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

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

The distance is smaller than 100 km.

The magnitude in the earthquake data is determined using Tsuboi’s formula:
M=]og(A§‘,+ A';’:) + LTB3logd ~ 6,8 v (1)

where, M is the magnitude; Ay and A, are the maximum amplitudes of N- and E-compo-
nents in micron respectively; and 4 is the epicentral distance in km. Those ground ampli-
tudes are of seismometers with periods of about 5 seconds, and of waves shorter than 5
seconds. The magm_tude is the averaged value over magnitudes for every VAL AL
reported by the stations of IMA.

The intensity of the shock is estimated according to the scale as shown in Table 2.
Table 2. IMA Seismic Intensity Scale (After Ref. 9)

O:NO FEELING

Shocks too weak to cause human feelings and registered only by a
seismograph.

1:SLIGHT

Extremely feeble shocks only felt by persons at rest or by those who
are observant o an earthquakes.

— 10 —



2:WEAK
Shocks felt by most persons, slight shaking of doors and Japanese
latticed sliding doors (shoii).

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

4:5TRONG
Strong shaking of houses and buildings, overturning of unstable objects,
spilling of liquids out of vessels.

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

6:DISASTROUS

Demolition of houses by less than 30% in total number, landslips,
fissures in the ground etc.

7:VERY DISASTROUS

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

(3) Accelerograph Results

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

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

4. Reproduced Accelerogram

The reproduced accelerograms in this report are offsets of full size from the original
accelerograms. Therefore, 1 cm along the time axis corresponds to 1 second, and 1 cm of
amplitude to 1235 gais.

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

5. Digitized Record

The Earthquake Resistant Structure Laboratory intends to digitize all the accelero-
grams with maximum acceleration larger than 50 gals in the following procedure. As all of
the digitized records in this report were obtained on the SMAC-B2 accelerograph, the
procedure only for the accelerograms from the SMAC-B2 accelerograph will be described.

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



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

Photo 2 Accelerogram Digitizer

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

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

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

- 12 —



6. Preliminary Analyses

(1) Response Spectrum

The response spectra in the previous annual reports were caleulated from the
digitized records by a digital computer using the Runge-Kutta-Gill method to integrate
numerically the equation of motion of the oscillator. The response spectra in the present
report were calculated with a new procedure which is a step by step calculation of the
exact solution to the governing differential equation. 10) 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 oscillators of shorter periods, the small
time intervals are selected so that one cycle of the undamped free oscillation of the
oscillator is covered at least by 20 steps of the numerical calculation, to maintain the
neccessary accuracy. In these caleulation, 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 meaning-
less in the response calculation. Besides, the shorter record is more preferable from view
point of the calculation time. The length of the record in the authers’ calculation is
limited within about 35 seconds. On some long records, their beginning parts of small
acceleration are not used in the calculation so far as it is thought that the neglected parts
do not affect the resulis of the calculation. The length of the record used for the caleula-
tion and the length of the beginning part which is not used, are shown in the numericat
table as the time fength and the skipped length respectively.

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

(2) Fourier Spectrum

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

. 23 2
f(t):g_o + ;—’jl{am cos ;m Eor by 8N mmo— b e (2a)
1 .
a’n:-f-/rf(r)dr ...................................................................... {(2h)
z .
a,= rf.fon(T}cos IS (2¢)
2 27
bmi .ij(;'rf(r)Si“ :‘m Fol s U (2d)



in which f(t) is the periodic function; and T is the period. Although this series is, in
principle, applicable only to a periodic function and no earthquake is periodic, the
coefficients a, and b, are calculated on the most significant part of the records. The
resultant ¢, of the two coefficients are plotted in the figures which will appear in the

fater part of this report. The coefficient ¢, given by,
e =N /;,%x F D e e ((§)

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

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

The Fourier spectrum in this report have been provided temporarily to give engineers
the information to select the most appropriate record for their response calculation. In
the future routine analyses of the Laboratory, the Fourier spectra described previously,

will be replaced with more suitable spectra to represent ihe frequency characteristics of
the strong-motion earthquake record.
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STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 16:02 January 19, 1969
Location of Hypocenter
Epicentral Region NE Off Holkaido

Intensities

IV Kushiro, Hachinohe
IIT Aomcri, Ofunado

Latitude 44.6:N II Sakata, Muroran, Miyako
Longitude 144 ,0°E T Otaru, Tokyo, Akita
Depth 240 km

Class Remarkable

Magnitude

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration
Number (gal) Note
Abbreviated Name | \R9tallation
Condition NS EW uD
Aomori-§ on ground 8-433 8 6 3
Hachinche-8§ on ground 5-434 15 11 5
Muroran~§ on ground 5~438 5 3 2
Kushiro-§ on ground 5-439 26 33 12
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 03:04 January 20, 1969 Intensities
Location of Hypocenter T Hachinohe
Epicentral Region E 0ff Aomori Pref.
Latitude 41.2°N
L.ongitude 142.7°E
Depth 60 km
Class Moderate
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max. Acceleration Note
Number {gal)
i Installation
Abbreviated Mame Condition NS EW un
Hachinohe-§ on ground S-435 1 1 -




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

15:24 February 17, 1969

Location of Hypocenter

Epicentral Region

Latitude

Longitude

Depth
Class
Magnitude

GEf RKushiro
42 .8°N
144.9°E
40 km
Small felt area

Intensities
11 Kushiro
I Hiroo

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration
Number (gal) Note
Abbreviated Name Installation -
Condition NS EW uD
Kushiro-§ on ground 5-440 2 2 3
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE [ATA
Date and Time 05:39 March 13, 1969 Intensities
Location of Hypocenter I Chiba
Epicentral Region NE Part of Tokyo Bay I Yokchama
Latitude 35.7°N
Longitude 139.9°E
Depth 80 km
Class Small felt area
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record | Max, Acceleration Note
- Number (galy
Abbreviated Name Inst?ilatlon
Conditicn NS W ub
Keihin-ji-$§ on ground S-442 1 1 1
Yamashita-hen-§ on ground 5-443 3 3 1




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 00:54 March 17, 1969
Location of Hypocenter

Epicentral Reglon Off Miyagi Pref,

Intensitles

III Miyake, Ofunado
IT Hachinohe

Latitude 8. 4°N I Aomori, Sakata, Niigata, Onahama,
Longitude 142.8°E Kushiro
Depth 40 km
Class Remarkable
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record | Max. Acceleration Note
Abbreviated Name Installation Rumber (g21)
Condition NS EW uD
Hachinohe~S on ground S-444 3 4 1
Onahama~-§ on ground §-461 2 2 -
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 16:40 Maxch 21, 1969 Intensities
Location of Hypocenter III Tokushima
Epicentral Region SE Off Shikoku IT Muroto
Latitude 33.6°N I Kochi
Longitude 134.6°R
Depth 20 km
Class Small felt area
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record | Max, Acceleration Note
Number (gal)
bbreviated Name Installation
A Condltion N | EW | W
Komatsujima-5 on ground 5-445 7 7 3
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STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 04:26 April 1,
Location of Hypocenter

1969

Eplcentral Region Middle of Japan Sea

Intensities

ITI Tokyo, Onahama
IT Kushire, Ofunade

Latitude 38.7°N I Aomori, Mivako, Yokohama
Longitude 134.0°E

Depth 360 km
Class Remarkable
Magnitude ——
STRONG-MOTIOR ACCELEROGRAPH_RESULTS

Station Record | Max. Acceleration Note

b an Installation Number (gal)
Abbreviated Name Condition NS EW uD

Kashima-§ on ground S-446 4 4 1

Cnahama-53 on ground 8-462 11 9 -

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 21:57 April 9, 1969 Intensities

Location of Hypocenter IIT Tokyo

Epicentral Region Middle of Tochigi Pref. II Onahama, Ofunado

Latitude 36,8°N I Yokohama, Choshi

Longitude 140.0°E

Depth 100 km

Class Remarksble

Magnitude

STRONG-MOTION ACCELERQGRAPH RESULTS

Station Record | Max. Acceleration Note
Number (gal)
Abb iated Name Installation
revia &ME 1 condition NS EW Up

Keihin-ji-g on ground S-447 9 7 3

Yamashita-hen-8 | on ground 5-448 6 5 2

Shinagawa-8 on ground S~44G 17 12 3

Kashima-8 on ground S5-4350 il 8 2

Onahama-8 On ground 5-463 10 & -
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STRONG-MOTION EARTHGUAKE
EARTHQUAKE DATA

OBSERVATION RESULTS

Date and Time 16:19 April 21, 1969
Location of Hypocenter

Epicentral Region Hyuganada

Latitude 32.1°N

Longitude 132.2°g

Depth 20 km
Class Remarkable
Magnitude

Intensities
IV Nobeoka
III Kagoshima
IT Kochi
I Fukuoka

STRONG-MOTTON ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration Note
Abbreviated Name Installation umber {g22)
Condition NS EW UD
Kochi-$§ on ground §-451 8 6 3
Kageshima-3 on ground 5-4352 4 6 3
Hososhima-5 on ground 5-453 63 96 26

STRONG-MOTION EARTHQUAKE
EARTHQUAKE DATA

OBSERVATION RESULTS

Date and Time 17:11 April 22, 1969
Location of Hypocenter
Epicentral Region Far Off Sanrika

Latitude 39.9°8
Longitude 143.4°E
Depth 40 km
Class Remarkable
Magni tude

Intensities
I1I Miyako
IT Sakata, Ofunado, Hachinohe, Aomori
I Akita ’

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration
Note
. Number (gal)
Abb iated N Installation
reviated Name | . ndition NS EW (i)
Hachinohe~S on ground S~-454 3 5 3
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STRONG-MOTTON EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Drate and Time

07:45 May 3, 1969

Locatlon of Hypocenter

Epicentral Region

Off Iwate Pref,

intensities
I1T Morioka, Hachinohe
II Miyako, Aomownd

Latitude 40.1°N I Ofunado
Longitude 142 .5°E
Depth 40 km
Class Moderate
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record | Max. Acceleration Note
Number {(gal)
Abbreviated Name Installation
Condition R EW un
Ofunado-§ on ground 5-455 4 [ 3
Ofunado-bo~S on structure | §-458 4 16 2
Hachinche~5 On ground 5-467 5 3 2
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 03:53 May 13, 1969 Intensities
Locztion of Hypocenter III Tateyama
Epicentral Region HNear Izu-oshima Island IT Katsuura
Latitude 35.1°N I Tokyo, Yeckohama
Longitude 139.6°%
Depth 70 km
Class Local
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record Max., Acceleration Note
Abbreviated Name Installation Humbex gal)
Condition NS EW un
Yamashita-hen—8 | on ground 5-459 3 3 1




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

23:19 May 13, 1949

Location of Hypocenter

Epicentral Region

Kashima-nada

Latitude 36.4°8
Longitude 140.7°E
Depth 50 km
Class Remarkabie
Magnitude

Intensities
I1I Onahama, Choshi
II Fukushima
I Tokyo

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration
Number (gal) Note
Abbreviated Name Installation
Condition H] EW up
Kashima-$ on greound 5-460 | 14 25 &
Onahama-§ on ground S-464 | 10 7 -

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 10:56 May 15, 1969
Locatien of Hypocenter

Epicentral Region E Off Chiba Pref.

Latitude 35.0°N
Longitude 140.2°E
Depth 60 km
Class Remarkable
Magnitude

Intensities
ITI Oshima
IT Tokyo, Chiba, Yokohama
I Fukushima

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration N
ote
Number {gal)
Abb iated Name Installation
reviatec Tame | condition NS EW up
Keihin-ji-§ on ground 5-465 3 3 1
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STRONG-MOTION EARTHQUAKE OBSERVATIDN RESULTS

EARTHQUAKE DATA

Date and Time 23:22 May 20, 1969 Intensities
Location of Hypocenter I1I Hachinoche
Epicentral Region | Off Aomori Pref. I Aomori
Latitude 40.7°N
Longitude 142 .0°E
Depth 60 km
Class Small felt area
Magnitude

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record

Max, Acceleratlon

Note
b 1
Abbreviated Name Installation Humbex (gal)
Condition NS EW up
Hachinohe-5 on ground S-466 2 2 1

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 15:41 June 20, 1969
Location of Hypocenter
Epicentral Region Off Miyagi Pref

Latitude 38.5°%W
Longitude 142.2°F
Depth 60 km
Class Remarkable
Magnitude

Intensities
I1T Miyako, Ofunado
II Akita, Onahama
I Kushiro, Aomori, Sakata, Choshi,

STRONG-MOTION ACCELEROGRAPH RESULTS

Staticn Record

Max. Acceleration

q Note
Abbreviated Name Installation Kher gal) -
Condition NS EW D
Hachinohe-5 on ground 5-468 5 4 2
Shiogama-§ on ground 5-470 11 4 10
Ofunado-8 on ground S-471 4 7 3
Ofunado-bo=-$§ on structure{ $-472 24 66 12
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STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time

Location of Hypocenter

Epicentral Region

Latitude

Longitude

Depth
Class
Magnitude

E Off Aomori Pref

40.8°N
142 ,2°E
60 km

Remarkable

00:38 June 21, 1969

Intensities
IV Hachinohe
II1 Acmori, Miyako
IT Morioka
I Ofunado

STRONG-MOTION ACCELEROGRAPH RESULTS

Staticn Record | Max. Acceleration Note
Number (gal)
. Installation

Abbreviated Name | o i\ ion ¥ | EW | uD

Hachinohe-5 on ground 5-469 | 34 23 7

STRONG-MOTION £ARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 19:21 July 9, 1969 Intensities
Location of Hypocenter

Epicentral Region W Coast of Wakayama Preff,

Latitude 34.2°H

Longitude 135.0°E

Depth 10 km

Class Local
Magnitude

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration N
ote
Number (gal)
Abb {ated B Installation
reviated Rame 4 oondition NS EW up
Wakayama-3i-S con ground S5-520 3 22 8

-2 -




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 22:14 July 23, 1969 Intensities
Location of Hypocenter IIT Onahama
Epicentral Region (Qff Fukushima Pref, I1 Miyako, Chibka
Latitude 37.2°N I Tokyo, Ofunado, Hachinohe
Longltude 141.6°E
Depth 50 km
Class Remarkable
Magnitude
STRONG-MOTION ACCELERGCGRAPH RESULTS
Station Reccrd Max. Acceleration Note
sbbreviated Nane | [astallation |1UERET (ge)
Condition NS W up
Kashima-§ on ground 5-473 3 3 1
STROKG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 06:28 August 12, 1969 Intensities
Location of Hypocenter IV Kushiro
Epicentral Region E Off Hokkaide IIT Hachinohe, Aomori
Latitude 43.2°§ IT Muroran, Miyake, Ofunado
Longitude 149.5°E I Akita, Onahama, Tokyo
Depth 60 km
Class Remarkable o
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS
Station Record | Max, Acceleration Note
Abbreviated Name Inscallation Humber {82)
Condition NS EW up
Chibg—s on ground $-474 1 2 1
Kushiro-§ on ground 5-475 | 38 38 23
Yamashita-hen-$ | on ground S-476 3 2 1
Murcran-§ on ground 8-477 3 2 1
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STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time 20:54 August 17, 1969
Location of Hypocenter

Epicentral Reglon Off Tomakomai

Latitude 42.8°N
Longitude 141,5°%
Depth 130 km
Class Remarkable
Magnitude

Intensities
III Kushiro, Hachinohe
IT Tomakomai, Aomori, Miyako
1 Muroran, Otaru, Ofunado

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration .
Number {gal) Note
Abbreviated Name Installation
Conditicn NS EW ub
Kushiro-8 on ground S-478 3 2 2

STRONG-MOTION EARTHQUAKE QBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time
Location of Hypocenter

Epicentral Region Ivo-nada
Latitude 33.7°N
Longitude 131.8°E
Pepth 100 km
Class Moderate
Magnitude

09:24 september 7, 1969

Intensities
III Oita
II Hiroshima
I Kochi, Nobeoka

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record

Max. Acceleration

Note
J 1
bb . 4R Installation Number (gall
Abbreviate ame Condition NS w1 n
Kochi-§ on ground 5-481 3 5 0

—-29 —.




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHQUAKE DATA

Date and Time
Location of Hypocenter
Epicentral Region

14:15 September 9, 1969

Middle of Gifu Pref.

Intensities
V Mitake
1V Osaka, Nagova

Latitude 35,8°N 11T Tokyo,Toyama, Kobe, Yokkaichi,
Longitude 137.0°E Tsuruga

Depth Very shallow I1 Kanazawa, Shizucka, Onahama,
Class Remarkable Wakayama, Yokohama,Sakai
Magnitude I Matsuyama

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max. Acceleration N
ote
Number (gal)
Abbreviated Name Installation
Condition NS EW Up
Yokkaichi-8 on ground §-479 38 34 28
Kinuura-§ on ground S-480 33 43 -
Nagoya—-inae-§ on structure| S-482 29 48 23
Kanazawa-§ on ground 5-483 30 25 -
Osaka-ji-8 on ground 8~484 9 13 3
Kobe-ji-5§ on ground 5-485 20 19 4
Kobe-daib~$§ on structure | $S-486 33 29 8
Kobe-dai8~S on structure | S-487 18 18 9
Okitsu~§ on ground 5-488 10 14 3
Tagonoura~8 on ground §-491 - L4 9
Yamashita~hen-5| on ground 5-492 3 3 1
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Date and Time 03:41 Septewber 18, 1969 | Intensities
Location of Hypocenter IV Miyazaki
Epicentral Region  Near Yakushima 11I Kagoshima
Latitude 30.9°N 1T Nobeoka
Longitude 131.7°E I Fukuoka
Depth 40 km
Class Remarkable
Magnitude
STRONG-MOTION ACCELEROGRAPE RESULTS
Station Record | Max. Acceleration
Hote
Kumber (gal)
Abbreviated Name | LnStallation
v Condd tion NS EW uD
Kagoshima-8 on ground 3-489 21 31 18




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 03:51 September 18, 1969
Location of Hypocenter
Epicentral Region Mear Yakushima

Intensities
I1I Miyazaki
IT Kagoshima

Latitude 31.2°N I Yakushima
Longitude 131,3°E
Depth 20 km

Class Moderate

Magnitude

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration
Number {gal) Note
Abbreviated Name Instailation
Condition us EW 8]
Kagoshima-8 on ground §-49¢ 4 8 3

STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 10:14 October 18, 1969 Intensities

Location of Hypocenter

Epicentral Region

5 of Iwate Pref.

IV Morioka

I11 Hachinohe Miyako Ofunado

Latitude 39.3°N 11 Kushiro Acmori
Longitude 142,0°E I Akita Yokohama
Depth 80 km

Class Femarkable

Magnitude

STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record Max, Acceleration N
ote
Number {gal)
bl 48 Installation
Abbreviate ame Condition NS W un
Sakata-8 on ground 5496 7 3 1
Hachinche-§ on ground 5-498 9 10 3
Muroran-§ on ground 5-499 3 3 1




EARTHQUAKE DATA

STRONG-MOTION EARTHQUAKE

OBSERVATION RESULTS

Date and Time

21:29 October 19, 1969

Location of Hypocenter

Epicentral Region

Latitude

Longitude

Depth
Class
Magnitude

Off Akita Pref.
39.6°N
139.6°E
10 km
Moderate

EIntensities
III Sakata
IT Akita

I Ofunado

STRONG-MOTION AC

CELEROGRAPH RESULTS

Station

Record

Max. Acceleration

Note
Kumber (gal)
Installation
Abbreviated Name Condition NS BW D
Sakata-8 on ground §-497 4 10 2
Akita-S on ground 3-500 6 9 1
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS

EARTHGUAKE DATA
Date and Time 22:53 November 25, 1969 Intensities
Location of Hypocenter

Eplcentral Region Near Wakayama

Latitude 34,2°N

Longitude 135.2°E

Depth 10 km
Class Local
Magnitude
STRONG-MOTION ACCELEROGRAPH RESULTS

Station Record | Max. Acceleration Note
Number (gal)
Installaticn

Abbreviated Name Condition NS EW un
Wakayama-ji-§ on greund 5-522 8 10 3




STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA

Date and Time 22:32 Desember 18, 1959 Intensities
Location of Hypocenter I1I Hachinohe
Epicentral Regien NE Off lokkaido 11 Aomori
Latitude 45.8°N I Onahama
Longitude 143.5°E
Depth 320 km

Class Remarkable

Magnitude

STRONG-MOTION ACCELERDGRAPH RESULTS

Station Record | Max. Acceleration Note
Number (gal)
Installation
Abbreviated Name Condition NS o -
Muroran-S on ground §-514 2 1 1
STRONG-MOTION EARTHQUAKE OBSERVATION RESULTS
EARTHQUAKE DATA
Bate and Time Intensities
Location of Hypoccenter
Epicentral Region
Latitude
Longitude
Depth
Class
Magnitude
STRONG-MOTION ACCELERQGRAPH RESULTS
Statdion Record | Max. Acceleration
Number (gal) Note
Installation

Abbreviated Name | o\ 41 tion Ns | Ew | up
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RATIC OF MAX ABSOLUTE ACC.

RATIC OF MAX ABSOLUTE ACC.

T0 MAX GROUND ACC.

TG MAX GROUND ACC.
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MAX RELATIVE VELOCITY
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RESPONSE SPECTRUM

RECURD = SemébHo N~S 1969=04~21-16~19 HYUGL 1ADA
STATION = HOSOJIMA=S IMPUT SIGHAL = GBR.ACC,
SAMPLING INTERVAL = 0,0100{(SEC) CORRECTION = ZERNO,ARC
TIME LENGTH = 2 ,00D(SEC) 3SKIPPED LENGTH = 0. (SEC)
DAMPING COEFFLCIENT = 9.050 MAX, GROUND ACC.=  6&2,75(GAL)
PERIOD ACCELER ABSOLUT RELATIV RELATIVE RELATIVE
RATTO ACCELE, ACCELE, VELOCITY DISPLACE
{SEC) (GAL) (GAL) {KINE) (CH)
0.020 1,014 63,62 G0.43 0.250 00,0040
0.1uo 24077 130.33 88,53 1.692 D.0531
0.150 4,177 262,12 224,83 5,801 D.1434
0,200 24170 136.16 147,39 4,23p 0.137¢6
0.220 2.946 157,88 175,93 6.323 0.2488
0.%00 2.143 134,48 143,74 6,281 0a5041
0.400 14420 89,11 92,81 5,525 D+$598
0.450 1.888 118,49 105,62 6.797 06050
0.200 1.94n0 121.76 1041.41 7.899 D« 7684
0.2%0 24112 132,52 111,08 10,1383 1.,0111
G.600 241756 136 .54 117,85 12,828 142408
0.650 24097 131.57 127,26 12,021 144017
0.700 2,102 131,89 134,47 14,929 1.6295
0.750 24412 151,33 158,10 17,595 24,1465
0.800 2:044 28,29 55,93 5,687 2.0682
0.8bD 2-544 159.62 169-43 21-917 2!9078
a.%00 243863 148,34 - 171,24 22.761 83,0249
0.9%p 14580 99,16 189,19 16,774 242538
1.000 1,222 76.66 111,02 14,899 11,9305
1,100 D.0pé 38,04 92.91 9.521 11542
1,200 044890 30.12 82,31 8,165 140909
1.400 0467 29.28 74,06 9,791 11,4383
1.200 0,420 26,34 67,13 8,655 1.,4817
1,600 0.329 20,65 61,48 8,703 1,38195
1.700 U247 15.50 60,21 8.307 1,1133
1,800 De245 13,49 58,82 7,473 1.0847
1,900 U.164 10,30 60,79 6.607 09208
2,000 Je132 8,28 61.89 6,524 08158
2.200 DeL15 7.22 60,91 5,991 0.8608
2.400 0.087 5.43 61,89 5,296 0e7745
2,600 0,085 5,34 62,48 5,579 0.8998
2.800 GeD&ER 5,17 60,86 5,252 1.0064
3.000 0+081 5.07 59.89 5,587 1,148
3,200 W.D79 4,97 60,85 5.012 1.2675
3.400 9,077 4,82 62,52 5,906 11,8835
3.800 1.073 4,58 63440 5,598 1.6591
4,000 e 173 4,59 62,53 5,226 148526
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RESPONSE SRPECTRUM

RECUKD = 3-454 S 1969-04-21~16-19 HYUGANADA
STATLON = HOSUJTIMA-S INPUT SIGNAL = GR.ACC,
SAMPLING INTERVAL = 0.0100(SEC) CURRECTIUN = ZERO, ARC
TIss LENGYH = 28,000(5%:20) SKIFPPED LENGTH = g, (SEC)
DAMFLAG COEFFICIENT = 0,100 MAX.GROUND ACC.= 62,75(GAL)
PERIUD ACLELE ARSOLJT RELATIV RELATLIVE RELATIVE
RATIO ACCELE, ACCELE, VELOCITY DISPLAGE
{SEC) (GAL) {&AL) {KI E} {CH)
0,090 L.031 64,68 22,638 g.222 0.0041
0.140 Ls729 138,49 60.20 1,922 ND.0271
0.150 8,459 210,27 167.78 5,516 Dell74
e 200 L.Y01 119,31 120,87 d.72n0 0s117>
0.220 1.872 117.46 129,80 4,222 De1819
f.900 14377 3,99 101,86 4,633 02214
0.95g0 i.104 69,25 82,95 3,441 0+21p4
0.400 L.249 78,35 78,47 4,485 03126
D.%20 1.485 93,382 85,27 5,091 0:4743
0.200 1,935 96,35 79,43 6,812 D.6013
N.>20 1,008 100,91 81.99 7.637 0e7621
0.%uU0 Le042 103.02 85,49 9.820 0.9265
n.b%%0 1.688 105,74 ini,82 10.279 1.1148
0.70G0 1.73n 108,58 118,64 1p.924% 1.9208
n.750 1,724 108,17 126,98 . 11,844 15117
800 1.595 18007 127,63 12.207 1:5%1
0800 Lebgn 100.40 127 .57 14,9288 1,7974
G.900 i.944 YNeG3 121,49 14,446 1.,8172
0.920 1,174 73,64 107,65 12,512 11,6452
1.000 D967 601,65 0. 69 11,815 1.50n4
1,100 UsbQ1 37.74 BS,49 ?.505% 1.1257
14200 Dad76 29.87 78,22 B,492 1.0%81
1,300 04428 26,88 71.49 8,790 1.,1170
1.440 04408 25.60 68 31 8,664 1.,2199
1.200 D.867 23.01 63,035 7,827 1.2448
1.000 Dedg? 18,98 600D 7.852 1.1571
1.700 U237 14,86 59,85 7.022 1.0091
1.800 Uelg7 i2.39 59,99 7.16p 09299
1.9%u0 Js168 10.54 Bi.74 6,083 Ne8689
2.000 Us145 9.07 61,27 6,671 08186
2,200 Del15 7424 61.29 5.929 0.768%
2.440 UelI87 5.46 61.65 5,027 0.7305
2,000 De.D54 .25 61,81 5,423 0.8394
?2.800 0«082 5,14 61,19 54141 0.9421
3.000 G.U79 4,95 60.81 5,130 1.0676
3,200 0,076 4,77 61,23 5,490 1.1849
3.400 Usli74 4,66 62403 5.484 1:2942
3,000 GeU72 4,52 62,56 5,189 1.4027
3.800 0069 4,36 62,58 5,166 1.5445
4,000 0.07n 4,37 62,20 5.003 1,7273



HESPONSE SPECTRUM

RECURD 2 35.45% Ewld 1969=04~21=16~19 HYUGANADA
STATLON = HOSOJIMA=S INPUT SIGNAL = GR.ACC,
SAMPLING INTERYAL =~0,0000(SEC) CORRECTION = ARC,ERR,
TIME LENGTH = 23,000(SEC) SKIPPED LENGTH = @, {SEC)
DAMPING CUEFFICIENT = 0.050 MAX.GROUND ACC,= 98,12(GAL)
PERLUD ACCELE ABSOLUT RELATIV RELATIVE RELATIVE
RAFIO ACCELE, ACCELE, VELOGITY DISPLACE
{SEC) (GAL) {GAL) {KINE) {CH)
6,050 1.080 108.00 55,15 0,462 0.0065
0.100 1L.780 174,64 105,94 1,928 0s04%41
0.220 24559 2541 .,n¢9 228,01 9,123 08976
0.%00 1.459 143,12 163,85 7485 0.5256
L 2.014 197,58 206,74 10,846 0.6081
0400 2.231 218,89 251.10 15,835 0.8812
0.200 1.9248 188,43 214,53 12,793 1.1872
0.220 1.961 153,13 166,23 14,248 141673
0.%00 1,213 119.05 177.28 11,220 1.08p4
0.920 14148 109.68 164,60 11,996 141670
0.700 1.296 127.20 196,66 14,225 1,5677
Q./20 1e861 133,57 196.74 16,839 1,8934
0.3%00 L.298 127,34 168,92 19,265 2,0543
n.8%n 1.926 149,79 196,49 22,180 2:7215
0.900 1.497 146,89 206,70 22,133 2,9915
0s 920 1.295 127.07 195.79 20.198 2.8892
1.000 1.007 98,78 165,92 15,989 22,4824
1.1u0 0+658 64,52 149,54 13,4995 1.9653
1,200 Ued43 43,48 127,30 9,958 1.5740
1.600 D901 29.49 119,94 8,621 1,2495
1.4u00 0e243 2p.91 113,70 7.607 140242
1.200 1.166 16,30 112,16 7.876 0.9146
1.%00 0.136 13,31 109.49 7,235 0:8386
1.700 0.123 12.405 107 .96 6,895 0.8636
1.800 .16 10.45 108,05 7.123 6.8397
1.900 Del40 10,83 106,81 7,630 0.,9607
2.000 0e123 12.07 106,74 7,688 1.1878
2.200 0.105 i0.28 96,88 6.581 1,2119
2.400 g.074 7.30 99,02 5.498 140411
2,600 0,083 6,22 99,76 5.607 1.0811
3,000 0.051 4,96 98,54 5,638 1.0910
G200 Ue051 5.05 98,03 5.584 1.2634
R.4u0 D, G5L 5.00 97.99 5.981 1.4104
3.0%00 0:049 4,78 97 .95 5.267 15030
3,800 0048 4,44 98,03 4,984 1.5578
4.000 G145 4,45 98,10 4,473 1.6%985
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MESPONSE SPECTRUMN

RECORD = 5-454 Bl 1969-04~24-26~19 HYUGAYADA
STATLON = HOSUJTMARS INPUT SIGHAL = GR,ACG,
SAMPLING INTERVAL = 0,0100(SEC) CORRBECTION = ARG, cRR,
TIME LENGTH = 28,000 (SEC) SKIPPED LENGTH = (.  (SEC)
DAMPING CORFFLIQIENT = 0.100 MAX.GROUMU ACC.= 98.,12(GAL,
PERLDOD ALUCELE ABSOLUT RELLATIV RELATEVE RELATI vk
RATIG ACCELE, ACCELE, VELOCITY DISPLACE
{SEL) {GAL) (GAL) (KINE) (Cy
0.U50 1.u38 101,89 43,84 G.559 Js0064
n.100 1.529 150.03 82.44 1,230 0.0877
0.120 i.609 1%7.84 119.45 3,084 D.,0886
0.200 24037 199,91 164,88 5.286 Del997
0.220 1./45 171,26 147,63 5,034 0,20069
0.%00 L.982 135,60 153.60 6,947 0.9030
0,921 1e447 139,02 174.08 7.284 (s42018
0«%U0 Le027 149,87 180,80 10918 D.:5954¢
0.450 1.268 153,30 180.93 9,298 Na77r8
0.200 La239 1%41.03 176,3% 10.241 Na¥354
0”50 1.252 122,34 144,74 11.249 De9204
N.%00 D.9Y20 Y1125 150.90 9.607 N.7998
0620 Je%35 Y1.77 158.07 G.28d G+9914
0.700 1.004 9,46 164,02 10.764 1.1821
n.750 Ue¥79 96,08 106,60 13,110 1,9274
0.900 1.638 101 .80 144,67 14,904 1,614%
0.850 L.088 106,74 158,25 15,221 1e9N51
0.900 Dev9i 37.27 158,47 14,999 149336
N.%%0 N.816 BNnen4 159,28 i4 ,582 1.7746
1 000 u 670 6% 74 159 o1 16 u94 1 6070
1,300 0,490 48,10 140,25 10,229 1.4449
1.200 D877 37.00 127,22 B.B11 1.3079
1.900 U279 27 84 119.43 8,079 1.1279
1.400 0.207 20,34 114,42 7.201 0.9682
120l 0159 15.64 111.02 7.2038 08518
1.600 Del4n 1%.70 109,45 7.036 0.82n4
1.700 0,123 i2.07 107,90 6,913 0.8009
1,800 Da114 11.20 106.87 6,971 De8d810
1.%00 Usl44 11.18 105,51 7.096 0.9266
2.000 0.115 11.26 108,60 7.08n0 1.03516
2,200 0.100 9,84 100.49 6,37n 1.063¢
2.400 0.077 Te52 9Y.56 5,/92 0e9290
2.%00 0.063 .22 99,51 5.672 097722
2.500 0«07 5,97 99-15 5.664 1.0049
3.000 Ue054 5,25 98,63 5,557 1.0854
3.200 0.082 S,12 98,25 5,576 1.2011
34400 1.051 4,98 98.07 5,264 18107
3.6U0 0.049 4,76 98.02 5.067 143935
3,800 0.148 4,58 98,2 4,962 1.,4500
4,000 Jeisay 4,82 98,05 4,894 1:6246
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Fourier Spectrum
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S0LUTE ACC.

OF MAX-AB
TO MAX GROUND ACC.

RATIO

OF MAX AB3OLUTE ACC.

MAX GROUND ACC.

RAT!O

5-4860 N-5 ° H=0.05 & H

a.

3.0 0,5 1.0 1.5 2.0 2.5 3.0 3.5
UNDAMFED NATURAL PERIOD (SEC)

Response Spectra

o-480 E—-W ° H=0.05 & H=0,1
A

iy ¥ - E s ¥ 2

n.0  cs  hE hs T 20T E T Ty Y s
UNTIAMPED NATURAL PERIOD (820

Response Spectra
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MAX RELATIVE VELOCITY

MAX RELATIVE VELOCITY

(CM/SEC)

(CM/SEC)

Ln

20

5480

N-S ® H=0,05 * H=0.1

0.0 0 .0 1.5 2.0 2.5 3.0 3.5 <.
UNDAMFED NATURAL PERIOD (SEC)
Response Spectra
5-480 E-W © 4=0.05 * H=O0.1

7.0 1.5 2.0 2.5 3.0 35 a4
UNDAMPED NATURAL PERIOD (SEC)

Response Spectra
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MAX RELATIVE DISPLACEMENT

MAX RELATIVE DISPLACEMENT

(CM3

(CM)]

S5—48( N-5 o H=0.05 . H=0.i

~r
™)
™~
/,/\\r-*’”%‘:éw
- b N«dr—«-)"?ﬁi—wﬂ/é‘/&-ﬁ%ﬁw
0.0 ©.5 1.0 1.5 2.0 2.5 3.0 asT an
UNDAMPED NATURAL PERION [(3EC)
Response Spectra
5-480 E-W o H=0.05 . H=0.1
0_
3
= |
)
o~
[an ]

B 95 T s 5 2.5 R T RS 4o
UNDAMPED NATURAL PERIOD (SEC)

Response Spectra



RESPONSE SPECTRUM

RECORD = S-480 NeS 1969-09-09-14-15 GIFUKEN
STATION = KINUURA=S INPUT SIGNAL = GR,ACC,
SAMPLING INTERVAL = 0,0100(SEC) CORRFCTION = ARC.ERR.,
TIME LENGTH = 25,000{(SEC) SKIPPED 'ENGTH = 9.n00(SEC)
DAMPING COEFFICIENT = 0.050 MAY ,GROUND ACC.= 39,53(GAL)
PERIOD ACCELF ABSOLUYT RELATIV RELATIVE RELATIVE
RATIO ACCELE, ACCELE, VELOCITY DISPLACE
{SEC) (ALY (GALY {KINE) (CM)
n.05%n 1.076 42,53 12,413 N.122 D.0n27
n.100 2,183 86.31 74.15 1.272 0.0218
n.150 2.586 102.23 88,97 2.144 0.0586
0.200 2.130 B84.49 9%.89 2.759 D.0853
0.250 1.728 68.30 57,91 2.490 0s1n73
n.300 2,061 81.46 84.30 3.746 0.1843
8.350 2,756 108.96 98,53 5,848 0.3361
0.400 3,159 124,88 126.54 7.163 0+50n37
N.450 3.032 119,88 123,88 B.744 De6128
0,500 24992 118,28 126,36 9,215 0.7448
N.550 2,595 102.60 115,145 8.699 Ms7812
n.600 1,976 78.11 89,93 7.394 0.7088
n.650 24332 92.21 102,59 9,391 0.9823
0n.700 2.743 107.26 110.46 12.491 1.8244
n.750 2,527 99,88 116,15 12.701 1.4156
n,.,a00 2,121 83.64 145,40 12,309 1.3526
p0.850 1.836 72,59 98.79 104715 1.3191
0.900 1,515 59,89 B6,42 8.838 142198
0.950 14343 53.10 80.78 8.170 1.2n30
1.000 1.276 50.46 78.77 8,416 1,2680
4,100 14027 40.59 68,97 B,664 1,2343
1.200 0.82n 32.42 66,19 7.979 1,1728
1.300 04685 27.08 61.39 7.052 11,1465
1.400 D602 23.80 58,19 7.029 1.,1692
{.500 N,559 22,48 54,28 7.559 1,2710
1.600 04517 20,43 49.20 7.327 1.3198
1.700 D573 22 .65 45,81 6,885 1,6473
1.800 D542 21.44 45,90 6.289 1.7482
1.%00 0.448 17.70 46 .17 6,151 41,6121
2,000 D.375 14,84 43,44 5,902 14949
2,200 Ne277 10.94 47,52 5.956 1,3215
2.400 0250 9.87 48,26 4,982 1.4204
2,600 D249 8,64 45,78 4,599 1,4573
2,800 Nei79 7.10 43,82 4,534 1,3856
3.000 Del58 6.25 435,19 4,510 41,4092
3,200 D.155% 6,12 42,77 4,322 1.,5568
3,400 N.166 6,55 41,87 4,014 1,8816
3,600 0.178 7.02 40,67 3.691 22,2658
3,800 De188 7441, 39.68 3.962 26836
4,000 0,201 7.94 39,23 4,376 3.2021



RESPONSE SPECTRUM

RECORD = S-48p NeS 1969~00-09-14~15 GIFUKEN
STATION = KINUURAwS INPUT SIGNAL = GR,ACC.
SAMPLING INTERVAL = D.01L00(SEC) CORRFCTION = ARC,.ERR,
TIME LENGTH = 25,a00(SEC) SKIPPED I'ENGTH = $.n00(SEC)
DAMPING COEFFIGIENT = D.100 MAY ,GROUND ACC,= 39,53(GAL)
PERIOD ACCELE ABSOLUT RELATIV RELATIVE RELATIVE
RATIO ACCELE, ACCELE, VELOCITY DISPLACE
{SEC) (GAL) (GAL) {KINE) (CM)
0.n50 1,051 41,54 ?.22 0.107 f.onzé
0.100 1.785 70.55% 58,17 0.9%00 040178
0.150 1,842 72.83 56,95 1.405 0,0405
n.200 1,835 72.56 78,69 2.045 00730
0.300 1,577 62,36 60,96 2677 00,1395
N.350 14960 77.48 64,94 4,350 02376
0.400 2+207 B7.26 91.89 4,605 0,3483
0.450 24049 Bi.p2 81.82 5,714 0.4089
N.500 2+.194 B6.73 93.19 5.974 C.5390
0.550 2eln3d 83.15 95,16 6,032 06231
0.600 1.861 73.57 86,12 6.494 06566
N.650 1.871 73.95 83,27 7.786 07792
n.700 1.947 75.78 84,87 9,325 09233
0.750 1,740 68,77 85,68 9,257 0,9582
0.800 1.652 65,30 B87.46 9.455 1.0375
0.850 1:512 59,76 81,99 8.825 1.0674
0,950 1,203 47,56 78,31 7.545 1.,0552
t.000 1.096 43 .34 70.69 7.536 1.0630
1.100 0-856 3383 62,72 7.188 09990
1,200 0728 28,79 61,40 6,963 1.022%
1.300 D:629 24,87 58.37 6.558 1,0235
1,400 D544 21.49 55.85 6,442 1.,0455
1.500 . 0.457 18.07 52.32 6,642 0.9957
1.600 D.421 16.63 48,63 6,620 1.0450
1.700 N.398 15,73 45,09 6,386 1.1230
1.800 ND.385 15.23 42.83 6.038 1.213%
1,900 0+33%8 13.36 42,53 5.701 1:1784
2,000 Ded11 12.3p 41,72 5.438 1.14917
2.200 D.262 10.35 44,93 5.120 1.2n01
2.400 D«225 B.90 45,90 4.876 1.2370
2.600 0.208 8,21 44,90 4,553 1.3260
3.000 0+170 6.71 45.01 4,261 1.4261
3.200 Ns166 6,55 42,45 4,112 1.5861
3.400 D189 6,68 41,77 3,876 1.8279
3.600 0.173 6.85 41,01 3.586 2.1n32
3.800 D175 6,91 40.40 3.58¢9 Z2.8597
4,000 0,172 6.78 40,12 3.788 2,5753



RESPONSE SPECTRUM

RECORD = S~480 Eel 1969=06-09-14-15 GIFUKEN
STATION = KIRUURA=S INPUT SIGNAL = GR,ACC,
SAMPLING INTERVAL = p.D100(SEC) CORRECTION = ARGC,ERR,
TIME LENGTH = 25,000(SEC) SKIPPED 1 ENGTH = 9,n00{SEC)
DAMPING COEFFICIENT = 0,050 MAX,.GROUND ACC,= 60,83(GAL)
PERIOD ACCELE ABSOLUT RELATIV RELATIVE RELATIVE
RATIOD ACCELE, ACCELE, VELOCITY DISPLACE
{SEC) {GAL) (GAL?} {KINE) (CM)
n.050 1.128 68,58 14,97 N.148 0,0n43
fn.100 1.852 112.66 82,57 1,358 0.0286
n.150 2.1n2 127.84 89.74 2.198 0.0723
n.200 1.9n04 115,80 89,93 2,847 G.1175
n.250 2,510 152.70 139,33 4,748 De2406
0,300 2.022 123.02 116,41 4,951 0.27883
0.400 2¢%962 180.17 171.32 10.558 Q.7277
f.450 34329 202.50 203.29 14,945 1.0340
0.500 2,883 175,37 199,85 13,972 1.4n58
0.550 3.125 190.07 235,47 18,359 11,4493
0.600 3.080 187,34 225,96 17.963 41,6981
0.650 2,748 167,15 217.34 18,668 1.7773
0.700 2,267 137.88 198,04 16,598 1,6995
0.750 1481 90.07 138,22 13,049 11,2750
0.850 0848 51.5% 98,48 7.551 D.9375
0.900 0e746 45,36 105.50 8.028 0:9207
N.950 0e716 43,56 i01.96 9,115 D+9866
1.000 0,628 38.23 92.40 9,395 0.9600
1,100 0+540 32.86 76,97 B.470 0.9964
1.300 Ne382 23.22 69.71 6,873 0.9853
1.400 0375 22.84 67,49 6.057 1.1276
1,500 0.324 19.70 65,11 5,518 1.1118
1,600 D277 16.88 64 .22 5,609 1.0%04
1.700 0,239 14,51 63,12 5,457 1.0541
t.800 0.226 13.75 62.86 5,239 11,1186
1,900 0.243 14,81 63,44 5.152 41,3469
2.0n00 0«261 15.90 64,26 5,369 1.5988
2.200 0,272 16.55 64,52 6.377 2.0226
2.400 Ne211 12,85 62.22 7.309 1,8673
2,600 Del92 11.68 58.84 7.555 1.9936
2.800 0s212 12.92 56,55 7.099 2.5447
3.000 0e224 13,65 56,67 6.242 3.0905
3,200 0212 12.87 55,94 6,426 3,8183
3.400 N+233 14,18 54,79 6,936 4,1351
3.600 Ge241 14.63 55.69 7.191 4,7902
3.800 0.232 14,09 56,52 7.237 5,.1368
4.000 N.224 13,64 57.11 7.135 55,5000
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RESPONSE SPECTRUM

RECORD = S«48(Q Eal 1969m09=09«14~45 GIFUKEN
STATION = KINUURAeS INPUT SIGNAL = GR.ACC.
SAMPLING INTERVAL = 0,0400{SEC) CORRFCTION = ARC.ERR,
TIME LENGTH = 25,pn00(SEQ) SKIPPED I'ENGTH = 9.n00(SEC)
DAMPING COEFFIGCIENT = 0.100 MAX ,GROUND ACC.= 60,83 (GAL)
PERIOD ACCELE ABSOLUT RELATIV RELATIVE RELATTIVE
RATTO ACCELE, ACCELE, VELOCITY DISPLACE
{SEC) {GAL) (GAL) (KINE) (CM)
n.050 14116 67.91 12,77 0,142 0.0N43
N.100 1,382 B4.p7 58,89 0.928 00212
n.150 1,826 111,07 69,93 1.93¢ 0.0627
n.200 1,759 106.99 72.08 2,424 0+in77
N.250 1.905 115,85 99.01 3.277 0.1800
n,300 1,742 105.98 98,56 3.884 02376
n.350 1790 108,89 1038.58 4,997 0.3339
0.400 2.246 136,60 129,64 B.444 0.5436
D.450 24,423 147,35 156,16 10.998 0.7395
n.500 2.282 138,82 168,25 11,656 0.8618
n.550 2,434 148,06 177,74 13.782 1.1116
n.650 2,053 124,89 . 174,35 13.744 1.3030
0.700 1.720 104,65 165,58 12,449 1.,2575
n.,7%0 1.243 73.81 134,63 ip,392 1.0132
N.800 0.834 50.74 111,54 8,507 0.7883
0.950 D+610 37442 97.73 8,101 0.8059
1.000 04,566 34,44 91,53 B,264 0eB423
1.4100 0485 3n.40 79.20 7.782 0.8873
1.200 0400 24,33 71.26 6,902 0D.8461
1.300 D338 20+56 67,66 6,432 0.66114
1.400 D505 18.57 66,69 5.959 D«%0801
+,500 D.252 15.36 66.04 5,572 0.8349
1,600 0:+230 14,01 85,47 5.54p 0.8942
1,700 Ds222 13447 64,70 5.455 D.9674
1.800 04218 13.24 64,32 5,369 1.0579
1.900 0.247 13,20 64,33 5,384 1.1678
2,000 D«218 13.25 64,48 5,538 1.2923
2,200 D206 12.52 64,11 6.15% 1.5134
2,400 0173 10.53 62,36 6,731 1,5175
2.600 Qel75 10.64 59,99 6,897 1.7543
2,800 D+184 11.21 57.73 6.609 2.,0915
3.000 0s192 11,66 56,25 6,054 2,5916
3.200 0,189 11.52 55,53 6.014 2.9078
3.400 0.198 12.03% 55,40 6,437 3,4695
3.600 D200 12.48 55,64 6,683 3.9457
3.800 0:198 12.04 . 56,06 6,777 4,3559
4,000 Oelc4 11.79 56,52 6,756 4,6997
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