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Preface
Undoubted recent-development in economical phase of Japan has brought
the big construction to the govermmental investiment for public facilities.

Meanwhile, Japan is located in the circum-Pacific seismic zone and is
not actually to be able to fade away from one of the countries subjected to
the severest earthquake effects which mostly induce a great amount of incre-
ment of costs for the construection.

Conventional criteria so~called seismic coefficient method for earth-
quake resistant design is completely rational for ordinary size structures,
in practical meanings, but not considerably for big-size structures.
Therefore, reasonable criteria should be basically established for them and
the application shall economy in expenditure.

For the purpose of the establishment, the Public Works Research Insti-
tute has contributed remarkably in the field survey on strong motion
observation, and. the research in evaluation of dynamic characteristics
getting through field tests and analyses for the strong motlon record and
struetural response during earthquakes.

In this note, the recent research shall be introduced as follows

classified into six items,

. I. Survey on damages caused by earthquakes,
II. Observation and utilization of strong motions,
ITT, Laboratory tests,
IV. Field tests on structures and foundation grounds,
V. Criteria on evaluation of resistibility and response analyses of
structures subjected to earthquakes and
- VI. Crlterla on earthquake resistant design.

In this decade, the research tends to clarlfy, confirm and refine the

" design.criteria for such structures related to the soeial investiment, for

instance long-span and deep~foundation suspension bridges and prefabricated
tube tunnels. MNeanwhile, the stability of natural slopes of the land is
congidered in the research related to preservation of the mature.

These excellent reports introduced herein are convinced of carrying
invaluable information on Barthquake Engineering.

~July 28, 1969

Barthquake Resistant Structure Section
Public Works Research Institute
Ministry of Construction

12-52 Anagawa-4, Chibashi, JAPAN
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I. Examinations of the damages due to the earthquakes
I-1 Bxaminations of the T, Takata Civil Engineering Infor- Jan. 1959
damages of bridges Y. Tezuks mation Vol.1l, No.1lO

I-2

due to earthquakes

With regard to the bridges on the Tenryu River, the damages due to
the pist earthquakes arc examined. ’

About the damages Public Works Civil Engineering Infor- June, - 1960
due to the tidal Research mation Vol.2, No.6

wave of the Chilean Inst.

earthquake

Reports of the -  +the same as Civil Engineering Infor- Deéc. 1960
examinations about  the above mgtion Vol.2, No.l2

the tidal wave of
the Chilean earth-
gquake i

There explains about the damages over the every places of the side
of the Pacific Ocean of Japan due to the tidal wave accompanied with the
earthquake of Chili in South America, May 23, 1960.

: Ag the damage of the structures, the damages are seenbin the leveé
or the revetment. They had a experience of the damages due to the tidal
waves in pgst, so made the most of these precious experiences.

Iﬁ addition to the examiﬁations of these damages, this report
represents the transformation of the tidal wave and the countermeasure
for the tidal wave.

Examinations Public Works Report of P.W.R.I., Dec. 1962
into Damages and Research Vol.11l3

Behaviors of Public Inst.

Works in Hyuganada

Earthquake .

Februvary 27th 1961

There explains about the damages due to Hyuganada earthquake on Feb.
27, 1961. Though this Hyuganada earthquake had a big seismic coefficient,
the damages were unexpectedly slight. This shows the result of the
development of the earthquake resistant method. But a little damages
were to be seen in the structures such as the subgrade or the banking
etc,, about which it has been said that it is necessary fto establish
the earthquake resistant consideration. ’

The mountainous M. Wutari Civil Engineering Infor- Nov. 196}
region's fall due K., Miyajima mation Vol.3, No,1ll

to north-Mino I. Izuni

earthquake

There explains the fall of the mountainous region due to north-~Mino
earthquake.




-5

The reconmnaissances are done in Uchinami river line in Kuzuryugawa
river system, Ushikubi river line in Tedorigawa river systen and Ojiro
river line in Shogawa river system.

The reconnaissances represent that the new fall occurs on the steep
ascent and the big scale fall occurs on the unstable accumulated sand in
0ld fall region.

Report of the Y. Tada ¢ivil Bngineering Infor- . Oct. 1962
examination about M. Matsuno mation Vol.4, No.lO

the damages due to K. Yamamure

Tohoku earthquakes(l) E. Kuribayashi

Report of the ‘ Civil Engineering Infor- Dec. 1962
examinations about mation Vol.3, No.ll

the damages due to
Tohoku earthquakes(II)

There explans about the damages due to Tohoku earthquake on April
30, 1962.

The damages of the public structures are examined about next three
items, bridges, roads and pavéments, levees and river-structures., In the
case of the bridges, on the Ego bridge the anchor-bolts at the support
were cut and the shoes werée waved and Kinko bridge is damaged partially.
But most of other bridges were damsged 1little. In the case of the road,
but for the prefectural highway near the seismic center, most roads were
not damaged so greatly that it might be necessary to block the road. In
the case of the river structures, there existed such damages as the

" orack of the levee body, the slope sliding accompanied with it, the

1-6

sinking of the levee banking and the damages of the rivetments, retain-
ing walls and sluices caused by the motion and the deformation of the
Tevee. In addition to these the damages due to the fall at the mountain-
ous region or the sliding were not occurred.,

Prompt Report of - Public Works Civil Engineering Infor- ~ July ‘1964

the examination Research ~mation Vol.6, No.7

about Niigata Inst. ‘

earthquake : ’

Report of .the - Public Works Report of P.W.R.TI.- June 1965
examination about Research Vol.125 : -

Niigata earth- Inst.

‘quake : g

There explains aboﬁt the daﬁages due ‘to Niigafé earthquake on June
16, 1964,

The prompt report is the result of the field invesfigation for a
week. )

The report is consisted of six chapters; chapter 1, introduction,
chapter 2, Wiigata earthquake and the character of the ground, chapter 3,
damages concerned with the river, chapter 4,.damages concerned with the
road and the tunnel, chapter 5, damages concerned with the bridges,
chapter 6, damages concerned with the sewerage.

-4 -
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1-8

The damages reached %o Akita prefecture, Yamagata prefecture and
Niigata prefecture and especially coastal regions were greatly damaged
by the tidal wave. The national roads and the railways running by the
coast line were damaged more. And the levees were sinked or broken here
and there, but the most of the bridges but for in Niigata city were not

damaged.

The character of the Niigata earthquake is the sand flow phenomenon.
Reinforced concrete buildings with shallow foundation were inclined and
the basic grounds were changed and so the basic piles of the abutments
or the piers were damaged.

As the acceleration of the ground was 160 gal, so the: structures
with deep foundation or the structures on the well designed foundations
and the good ground were damaged a iittle. ‘

Data of the exami- T. Takata

nations about T. Okubo

Niigata earthquake E. Kuribayashi
T, Iwasaki

No.l examinations of the vibratory ‘ Oct. 1964
character by the actual
measurement on Showa big
bridge

No.2 examinations by the preseript e Feb. 1965
of the esrthquake-resistance - : :
of the above bridge

No.? examinations of the earthquake E © PFeb. 1965
response of the above bridge .

No.4 examinations of the sarthquake Feb. 1965
response of the Yachiyo bridge

Base Ground M. Fukuoka Journal of Research . 1965

. Disasters due to : : PW.R,I, Vol,11

Barthquake

Several damages upon structures are caused by weakening and movement
of a base ground during an earthquake time. A loose, saturated sand
becomes soft by liquefaction. Bearing capacity of base ground decreases
accordingly. A sand layer composed of a liguefied sand is about 7 to

10m deep below a ground surface, and the surface layer on the liquefied
sand layer moves horizontally.

This report gives some examples of damages caused by a base ground

" disaster during an earthquake time.

I-9 Avout Niigata B, Kuribayashi Road, March 1966 Yar. 1966

earthquake

EJuly 16, 1964)
mainly about the
damages on bridges)

- s




I-10

I-11

Damages due to T. Okubo 8th Japan Road Comhmittee Oct, 1965
earthquakes and the E, Kuribayashi
T

results of the . Iwasaki

dynamic analysis of

Showa big bridge _ :

Damages due to 7. Okubo Science and Technology Mar. 1966
earthquakes and the. E. Kuribayashi Agency

dynamic analysis T, Iwasaki

The cause of the drop of Showa big bridge due to Niigata earthquake
is reasoned by the result of the field tests and the analysis. And it
concluded that at the ground having the possibilities to be damaged under
earthquake it is necessary to make the improved guide that regulates the
deformation, indicates the connection between the every parts of the
bridges to be good, in the case of the piers with pile-type recommends
the parallel pile type and shows the earthquake resistaent design that is
consistant between upper and lower structures.

Damages on the £ill Earthquake- Bulletin of P.W.R.I., Oct. 1966
type structures due resistant Vol.27 ‘
* to earthquakes Research
Section

I-12

1-13

Arranging the references and the data of the examinations about
the damages due to earthquakes of so-called fill type structures like
the levee, the earth dam and rock-fill dam, etc, there represents: the
examples of the damages on 37 structurées caused by 20 earthquakes.

Landslip caused by T. Fujita Civil_Engineering Infor- May 1967
Mz tsushiro earth— mation Vol.9, .No.5 o
quake .

There explains about the 1nfluence of the Matsushlro earthquake over
the landslip region. .

Prompt Reports of  Public Works Civil Engineering Infor- Ang, 1968

the examinations Research mation Vol.10, No.8
about Off Tokachi Inst.
earthquake

There explains about the damages in mainly Aomori prefecture and
Iwate prefecture, Akita prefecture and Hokkaido Development Bureau
caused by Off Tokachi earthquake on May 16, 1968,

As the eiamples of the damages of the structures caused by -the

earthquake, the school building of Hakodate College is mentioned. The

building was constructed by a comparatively new construction technlque,
s0 it is necessary to investigate the caution. :

In both cases, road or river, it is commonly said that thé,damages
of the banking on the saturated soil are remarkable.

P
P2
.

oy
Nowss?




I-14 Report of the Public Works Japan-America wind- and July 1968

eXaminations of Off Research earthquake resistance

Tokachi earthquake Inst. speciality section

in 1968

Damages caused by E, Kuribayashi Road, Nov. 1968 Nov. 1968
Off Tokachi

sarthquake in 1968

II. Observation of Strong-motion Earthquake and Application of its Results

II-1 Report of strong- Data of
motion earthquake P.W.R.I.
records due to
Matsushiro earth~
quake

Report No.1  FB. Kuribayashi, T. Iwasaki ~ No.163  Apr, 1966
Report No.2 B. Kuribayashi, T, Iwasaki No.194 = July 1966
Report No.3 B, Kuribayashi, T. Iwasaki No.254 Mar. 1967

Public Works Research Institute, Ministry of Construction and Kanto
regional construction bureau set three strong motion accelerometers on
Otiai bridge in Wakaho cho, Kamitakai gun, Nagano prefecture and in
Nagano city, and observed strong-motion earthquake due to Matsushiro
earthquake from December, 1965. These data suggest main strong-motion
earthquake records which were recorded from December, 1965 to December,

- 1966, :

Report No.l ,...from December 8, 1965 %o February 28, 1966
Report No.2 ....from March 1, 1966 to June 22, 1966
Report No.3 ,,,,from June 25, 1966 to December 5,_1966

Total times of earthguake which were recorded by these strong motion
accelerometers are 409.
A) 327 data on piers of Ochiai bridge. B) 203 data on the ground of

" Waksho cho; river bed near Ochiai bridge. C) 97 data on the ground of
Negeno city. These total data are 627. These records contain 27 -data of
which moximum accelerations are more than 100 gal, and cbntain 6 data of
which maximum accelerations are more than 200 gal. From- these records,

" yith earthquakes we presented the relation between the maximum accele-
ration of each elemental direction and its period, and sought period-
frequency curve which have comparatively large acceleration. Por the
sake of detailed analysis for earthquake response, We represented main
Matsushiro- earthquake, 96 elements, in digital, and {tried linear
response spectral analysis and non-linear respounse spectral analysis

~using these digital quantities as input. From these analysis, it was
proved that the non-linear characteristics appeared fairly clear.in
earthquake response of Ochiai bridge. In considering non-linear
characteristics in response analysis, the response acceleration and the
restoring force of return fairly decrease and the effect of damping
becomes small, but the response deflection increases a little.




IT-2 Results of strong- E. Kuribayashi, Civil Engineering Infor- Oct. 1966
motion Barthquake T. Iwasaki mation Vol.8, No.l0
Observations of . :
Matsushiro earth-
guakes for Road
Bridge

Generality of Matsushiro earthquake and a few characteristics of
strong-motion accelerographs from December 8, 1965 to June 24, 1966
were reported,

II-% Results of strong- B, Kuribayéshi, Japan Society of Civil Oct. 1967

motion Earthquake T, Iwasaki Engineers, 9th meeting of
Matsughiro earth- Earthquake Engineering
quakes on Ochiai bridge JSCE
II-4 Earthquake ' 5. Takeshita, Civil Engineering Infor- May 1967 7}
Observation of Y. Sasaki mation Vol.9, No.5 ~
enbankment for
Matsushiro
earthquakes

‘

In order to investigate behaviors of embankment in earthquakés, we
set seilsmometers; Accelerometer of Carlson type, on the embankment of
~ Chikuma river, and reported observed results.

II-5 Primary report Strﬁcture ‘ Data of P.W.R.I. No.263 Mar., 1967
of investigation Section
of ground motions P.W.R.T,

in Japan; Matsushiro
- earthquake records
of Susobana dam

Susobana dam which was multi-purpose dam in Nagano prefécture was
feared with intensification of Matsushiro earthquake in construction.
By the result of committee of three membérs; Development Section, River
Bureau, Ministry of Construction, Enterprise Bureau, Nagano prefecture,
and Public Works Research Institute, Ministry of Construction, at
February, 1966, we watched change of earthquakes, and continued the
construction. Then we set strong motion accelerometers on base rock
near the constructing point of dam, and observed the msgnitude of earth-
quake acceleration at the dam. Since the start of the observation at
Susobana dam, we obtained records, regardless of size, of 47 times from
May 27 to October 26, 1966.

=
Nt

11-6 Records of strong-  earthquake Data of P.W.R.I. ~ Dec, 1966
motion earthquakes = Tresistant No.217
for Public structure
-structure 1966 section
P.W.R.I.

These records were observed from 1962 to December, 1966 by strong
motion accelerometers which were set on public structures or on ground
near them, Setting points of strong motion accelerometers ars 36 as of

_ 8- . 1
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II-8
I1-9

III1.

ITI=-1

II1-2

ITI-3.

III-4

October, 1966. Setting points of electro magnetic seismometer are 21 as
of October, 1966. Observed earthquake records are 201 data, and 73 data
of these records are presented in this paper.

Recordsof strong-motion  earthquake resistant Data of Feb. 1968
Barthquakes for public structure section P,W.R.I.
structure 1967 P.W.R.I. No.341

These records were observed from January to December, 1967 by
strong motion accelerometers which were set on public .structures or on
ground near them, Setting points of strong motion accelerometers are
59 as of February, 1968. Setting points of electro magnetic seismo~
meter are 22 as.of February, 1968, The number of the earthquake records
contained in this paper is 88 data which were observed by strong motion
accelerometers and 5 data which were by electro magnetic seisnmometers.

Records of strong-motion Esrthquake resistant Data of May 1969
Earthquakes for public structure section P.VW.R.I.

structure 1968 P, W.R.I. No.430

Observed earthquake E. Kuribayashi, Ath WCEE Jan. 1969
responses of bridge T. Twasaki

Model expefiments

A report of the vibra- Structure section  Report of the‘

tion test of Tyuo-Road P.W.R.I. ' Trusted Bxperi-

elevated bridge by a @nent‘(P.W.R.I.) ‘

model. Report No.l Mar, 1961
Report No.2 ’ Mar, 1962

The result of the geological survey on the objeetive point, the
similarity of model, material test, trial production of model and the
experimental method are reported. I+t is suggested that the elevated
bridge on the ground having the greater stiffness is superior as the
earthquake resistant structure.

An earthquake proofiné Struecture section Report of the Feb. 1962
experiment by a model P.W.R.I, Trusted Experi-

of.a pc rahmen . v , (ment (P.W.RsI,)

elevated bridge '

On the vibrational ~  B. Kuribayashi = Miy 1962

fracture by the model of
a pc rahmen elevated

bridge
An earthquake proofing E. Xuribayashi Civil Engineer- Feb, 1963
experiment by the model K, Takada ~ ing Information
of a pc rahmen K. Kimura Vol.5, No.2
elevated bridge (Ig
(11 u : Civil Engineer- Mar. 1963

ing Information
Vol.5, N003
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The outline about the result of an earthquake proofing experiment by
the model of a pc Rahmen elevated bridge which is constructed by Tokyo
Expressway Public Corporation are reported.

This experiment was performed in order to investigate the state of the
longitudinal vibrational fracture and vibrational characteristics of a Re
and pc mixed structural rahmén abutment (designed seismic coefficient 0.3,
height under the girder 5m), which is constructed as a hinge-

supporting point of four continuous pc girder (total length 100m) .

There are two models. The one is consisted of pc and Re which are
similar to the constitution of prototype bridge and its scale is
1/3.75. (this result is reported in (I).) Another is consisted of the
syn%he;ig resin (Rigolac) and its scale is 1/20.(This result is reported
in (II). .

In the former, we primarily investigated the progressing state of the
vibrational fracture and following it, the variation of vibrational
characteristic and in the latter, we primarily investigated the
primitive stress distribution not arriving to failure.

Vibration Test with A, Kuribayashi Data of No.182 May 1966
Full lodel of Super Y. Oyamada P.W.R.I. No.183 May 1966
Structure of suspension S, Wakabayashi No.28% May 1966
Bridge H. Takayasu No.%26 Mar.1968

T. Nagai

In these papers, verified experiments with full model of super st~
ructure of three~spanned suspension bridge from a part of the earthguake
resistant. investigation of Honshu-Shikoku Bridge are reported.

No.182 The report of the model design _—

0.18%5 The report of the result of the static loading test
(deflection of girder) '

No.283 The principal vibration property test of main tower

No.326 An examination about the law of similarity of the model.

The earthguake response of the main tower

earthquake wave Flcentro N -~ S
Kushiro = ¥ =S, E -V
Niigata N-5,B-VW

The earth pressure and T. Iseda Civil Engineering Jun. 1967
acceleration on the H. Yamashita Information
retaining wall in Vol.9, Yo.6

Matsushiro Barthquakes swum

The behavior of the structure accepting the earth pressure
experimentally investigated. We constructed three experimental
retaining walls around Ochiai bridge (height 1.5m width 2.0m), and
equipped them accelerographs and earth pressure meters, and observed in
ordinary time and in earthquake time.
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IIT-7 An investigation of the T. Iwasaki Data of P.W.R.I. Oct. 1966

indoor experiment about } No.202
the increasing water

pressure of the under

water caisson in

vibration

An experiment about the T, Iwasaki Civil Engineering -  Feb. 1968
virtual mass of the T, Mimaki Information ‘
underwater columned _ Vol.10, No.2

structure in vibration

When we consider the under water structure in the deep depthof water,
of the channel connected bridge, we must consider the inereasing load
(the dynamic water pressure) by the changing of the water pressure as -
one load in earthguake time. .

It is said that the mass effect of water on the model must be
considered in the dynamic analysis of. the earthquake response about
these structure.

In this experiment, we calculated the dynamic water pressure and
sought for the virtual mass of the columned structures of which sections
(primarily rectangular sections) are expected as the under water struct-
tures of Honshu~Shikoku connected bridge.

IV, Vibration Tests on Prototype Bridges

V-1 Repofts on investiga- Structure Section Report of the Mar., 1959
tions of Dokai bridge P.W,R.I. Trusted Exami-
o R : nation

P.W.R.I.

Static and dynamic tests by loading car were tried for super—
structure, and phenomena of vibration by disturbing machine were measured,
Tor foundations ground,standard penetrated tests were tried.

IV-2 Reports on vibrative Structure Section Report of the Mar., 1961
. experiments of Suruga P.JW.R.I. . Trusted Exami-
big bridge piers : - nation
' : P, V.R.I.

Dynamic'broperties of piers consisting of preumatic caisson found-
ations of ellipse type and behaviors of foundations ground were measured.

IV~3 Reports on vibrative Structure Section Report of the  Mar, 1961
experiments - of S P,W.R.I, Trusted Exami- :
Kurashikigawa~bridge. C nation
piers . P.V.R.I.

Vibration properties or piers which were built on Benoto piles in
ground of silty clay in Mizushima region, Okayama prefecture were sought,
and it was reported that damping tendency was larggvparticularly.
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IV-4

IV-5

Iv-6

Iv-7

V-8

V-9

Tokyo Expressway Structure Section Report of the Mar. 1961
Public Corporation P,W.R.I. Trusted Exami-

Reports on vibrative nation

experiments of high- P.W.R.I.

level bridges

In earthquake-proof design of high level bridge, vibration
properties of longitudinal direction of piers are thought important. We
give piers amplitude for getting datum regard damping in vibration
properties, For that we tried vibration experiments using especially big
disturbing machine.

Reports on vibrative Structure Section  EReport of the Mar. 1962
experiments of Aglgawa P.W.R.I. © ' Trusted Exami-
bridge piers nation

P.W.R.I.

This bridge is located in area of weak ground in Osaka. In design,
various devices to treatments for settlement of ground are contained.
But we think that many problems are contained yet regard earthquake-—
proof design. In experiments, we measured vibration properties of
bridge which was built on especially big well foundations.

Reports and data about = Structure Section Report of the Mar, 1963
vibrative experiments of - P.W.R.T. ‘Trusted Bxami- Feb., 1963
Shyonai Shinkawa brldge nation

piers P, W.R.T,

This bridge is built on steel pipe piles as foundations and the super
structure is steel plate girder bridge of hinged type.. Experiments were
tried to seek vibration properties of one of this brlage piers.

Reports and date (1), Structure Sectlon Report of the . Mar., 1963
(1I1) about vibrative P.W.R.I. Trusted Exami- Feb, 1963
experiments of ITkadagawa o nation

bridge S : : _ PW.R.I.

Experiments were tried to seek horizontal resistance of diagonal
piles.as foundations and of middle 1ocatedlpiers. According: to results,
it was reported that horizontal resistance is very small.

Reports on the stress Structure Section Report of the Mar. 1963
test of Wakato bridge P.W.R.I. : Trusted Exami-

nation

P.W.R. I.

In order to check earthquake~proof propertles of long span suspension
bridge, to know vibration properties of real bridge is necessary, This
vibration experiments were tried to seek principal vibration, damping
coefficient and vibration wave vhich provided peoperties.

Vibrative tests of - E.‘Kuribayashi - Data -of P.W.R.I. Mar, 196(
Shintenryugava bridge T. Ivasaki No.149
piers
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Iv-10

IV—il

Iv-12

Iv-13

By vibration experiments of pier of pile foundations and of pier of
caisson foundations, it is reported that prevailed resonance does not
oceur.

Vibrative tests of E. Kuribayashi, Data of P.W.R.I. Mar. 1966
Shin Katsushika bridge T. Iwasaki No,.150
Earthquake-proof experi- T. Takata, Tth meeting of Oct. 1964
ments of Shin Katsushika ¥, Kuribayashi Barthquake
bridee T. Iwasaki Engineering
- J.S.C.E.

Vibrative tests of T. Okubo, 8th Japan Road . Oct. 1965
Shin Katsushika bridge E. Kuribayashi, Committee

T, Iwasaki

By vibration tests of this bridge after super structure was built,
Resonance period, damping constance and ground coefficient were sought,
and simple calculation method for principal period of caisson type
bridge was suggested. )

Loading tests of Hirai T. Okubo, Data of P.W.R.I. Mar. 1966
bridge piers E. Kuribayashi, No.151
T. Iwasaki

Results of primary analysis of static horizontal loading tests and
of dynamic vibration experiments are reported for Hirai bridge {Tokyo to).

Reports on vibrative . Okubo Data of P.W.R.I. Mar. 1966
expsriments about the . E. Kuribayashi ¥o.152 :
sub-gtructure of bridge T. Iwasaki '

These are collections of vibrative experiments of bridge performed
in Public Works Research Institute from 1958 to 1965 and of results of
experiments about sub structure. 8 : : '

Vibrative tests of Torii T. Iwasaki Data of P.W.R.I. TFeb. 1968
big bridge Y, Oyamada - No., 342

By results of vibrative tests .of piers which were built on well
foundations, properties of principal vibration for their foundations
were made clear, furthermore dynamic ground coefficient (K—value and

. Young's modulus-(E) near the ground were sought..

IV-14

Data of P.W.R.I. Mar. 1968

Reports on vibrative Twasaki,

tests of Sokozawa Wakabayashi, No.346

bridge piers Nagai, Moriyama v

Vibrative experiments of T. Okubo Road ~ May, 1968
high piers by rocket T, Iwasaki i

We tried tests of making the free vibration by using the thrust of
small rocket as new method, together with traditional disturbing machine,
By these tests, we obtained useful data,which were insufficient up to
this time, about vibrative properties of steel framed reinforced concrete
high piers. :
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V. Barthquake Resistance of structures and Earthquake Response Analysis
V-1 Barthquake Resistance T, Takata Civil Engineering Jan. 1960
of the structures like : Information
tower and the bridges Vol.2, No.l
In general speaking, the eserthquake resistance of structures must be
examined next three oscillation appearance, that is, rocking, forced
vibrations and elastic characteristic vibrations., It is the stiffness of
the basic ground that has a most important effect on the rocking;
recently in the method of earthquake~resistant design it always becomes
to be conceptionally considered, but it is lacking in the mathematical
bagis. ' : :
This report represents the influence of rocking on the earthquake
proof, that is to say, if the stiffness of the basic ground is
considered, taking such a example as Arashiyama bridge, P.C.bridge by
Dywidag method, it is explained what sort of influence rocking may
have on the earthquake-resistant of the structures like tower and the
bridges that are apt to rock.
V-2 Report of the examina- Structure Report of the Mar. 1960
tion about the standard Section Trusted BExami-
of the damage on the nation
Tenryugawa bridge's piers
(using vibration exami-
nation)
Prom the results of the vibration examinations about the super and
sub«~ structures of  the old Tenryugawa bridge and the state of the
damage in this region its degree of the earthquake-proof is obtained.
V-3 Examinations of the : T. Takata Proc. of 15th annual Mar. 1960
stability of the damaged E. Kuribayashi meeting of JSCE
-piers by the vibration :
‘examinations
There explain the result of the examination about the standard of
the damage on the sub~ structures of old Tenryugawa bridge and how to cal-
culate the natural periods of the sub- structures of.if.
V-4 Examinations about the T. Takata Civil Bagineering Avg. 1960
standard of the damage T, Miura - Information
on-the piers of ’ E. Kuribayashi Vol.2, No.8

Tenryugaws bridge

Most of-.the piers of 014 Tenryugawa bridge had big cracks caused by
the earthquakes in past and moreover they sank irregularly and the river
bed fall near the footing caused the lack of the depth of the founda-
tion; so it seemed to be very dangerous state.” In 1959, at a Chubu
Chiken's request Public Works Research Institute examined mainly the
stability of the bridge under earthquake. There mentions roughly about
the way and the result of the examination and considers about the side
basic coefficient of the ground and the side deformation of the piers
under earthquake.

- 14 -
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Study about the vibratory 5. Yokota Report of P.W.R.I. Apr. 1961
character and its earth~- T. Takata

quake-proof of the P.C. Y. Tezuka

bridge by Dywidag method

The dynamic examination was done about Arashiyama bridge, that is the
first P.C. bridge by Dywidag method in Japan, and the horizontal vibratory
character was obtained theoretically using the rcsults of the past exami-
nations; so there represents the tendency of the earthquake-proof of the
P.C. bridges by Dywidag method.

The elements that concern this earthquake-proof is very complicate
from a point of structure, but the influence of the support stiffness of
the ground is very great., Also it proves that it is more important to
‘examine the earthquake-proof for transverse rather than for longitudinal.

Earthquake—groof of

E. Kuribayashi . Civil Engineering  May 1961
piers (x

Information
Vol.3, No.5

There explains the general character of damages due to earthquakes of
the bridges and the vibratory consideration to the phenomenon of the
structures under earthquake. In conclusion, it is-said ‘that the point of
the improvement on the present earthquake-proof design method, that is
seismic coefficient design method, is not the problem of the resonance,
but from the view of economy and accuracy is the problem of the transient

vibration; also it is said that for this reason the observation of strong
motion of the bridge and grounds under natural earthquake is seriously
necessary. : ‘ :

Earthquake-proof of piers E. Kuribayashi Civil Bngineering Jan. 1962
' Information - ‘
Vol.4, No.l

Showing the examples of the damages of the bridges due to earthquakes
there explains the faults of the bridges concerned with the earthquake-
proof structures and also explains the progress of the improvement. -
Simultaneously the direction of the practicalization of the data obtained
by the observation of strong motion and the present condition of the
earthquake-proof design are also refered- to.

Vibratory character of T. Okubo Proc. of 16th May 1961
the piers of the pile E, Kuribayashi annual meeting of -
foundation i JSCE

It is reported that from the resulits of the vibratory experiments
about the four piers of pile foundation abnormaly great damping
modulus may be obtained under certain circumstances of the soil of the
ground. . . : i

V-9 Elasticity and damping B, Kuribayashi Proc. of National Nov. 1962

of the pile foundation of Symposium of
the bridge under earth- Earthquake Engineer-
quake. ' . ' ing :
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V-13

V-15

From the results of the experiments about seven pile foundations
structures, the relation among the dynamic stsbility, the imaginary mass
and the damping modulus is obtained.

An Investigation on T. Takata Report of P.W.R.I. Mar. 1965
Vibrational Behaviors T. Kurihara Vol.128
and Aseismicity of . T, Kunihiro

Multi-spans Dywidag-
type P.C. Bridge...The
Case of Amakusa
Connecting 4th Highway
Bridge

Amakusa connecting way 4th bridge has three spans and the main span
is 146m, it iz P.C, bridge by Dywidag method. Taking horizontal seismic
coefficient 0.15 and virtical seismic coefficient 0.1, it is carefully
designed. But, as this bridge has a long span and is multi-span
bridge and is one of the cantilever bridge, so there was some anxiety
for the transverse vibrations. So it is examined how it will behave
under horizontal transverse earthquakes and the earthquake-proof is
examined.

In conclusion, it is known that in the case of the long span bridge
like this the dynamic condition have remarkable influence on the mein
girder, so the application of old static seismic coefficient method
is dangerous; that in the case of multi-span the mutual intervention
betwecn near main girders will made the bending moment to the main
girder great. And it seems that in the case of the long span bridges
like this the duration of the earthquake has more influence rather than
the each wave shape of the earthquake.

Vibration Test with - A;‘Kuribayashi Data of No.182 May 1966

Pull Model of Super Y. Oyamada P.W.R.I. No.183 May 1966

Structure of Suspension 8. Wakabayashi No.283 May 1966

Bridge H. Takayasu No.326 - Mar. 1968
T, Nagai :

Report of especial . Public Works Report of special - Jun. 1967

study of the - Research study

Matsushiro ‘ Inst.

earthquake swum

The Matsushiro group earthquakes, that originated:in Aug..3, 1965,
has a very shallow depth of seismic centre and though the scale of éach
earthquake is little, partially there occurs very violent earthquake
motions. :

On the other hand, in addition to the landslide zone of Chausu.
mountainous region, there occurs new landslides. Also public structures
were damaged greatly; the levee axial crack of 300m long arose in
Chikumagawa levee around Matsushiro town.

Public Works Research Institute takes the study about the Matsushiro

earthquake swum as the special study in 1966 and makes every effort %o
develop synthetically the cxaminations and the studies in every direction.
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V-16 Data for vibratory T, Iwasaki Data of P.W.R.I. Oct. 1967

conditions and earth~ T, Mimaki No.301
quake responses of -the :
actual structures

It is expected that the sub-striuctures of the long bridge for

channel connection will be enormous scale and the behavior under

V17

. V-18

v-19

earthquake is little known. In the tentative plan of design of the pro—
posed Honshu-Shikoku bridges the sub-structure of long span suspension
bridge, caisson foundation, is nearly a great siructures from the point
of the scale, the shape and the sisze.

. Many examinations and studies about the earthquake—proof design of
the structures are done and they will be good data for judging the
vibratory character of the great caisson.

In this data, from these published references,the data about
vibratory character of actual structures and the dynamic behavior under
earthquake and the result of the prime analysis are showed.

Universality and examples BE. Kuribayashi Proc. of 23th annual. Oct, 1968
of application of non- T, Iwvasaki meeting of JSCE
linear response analysis

An estimation of vibratory B. Kuribeyashi Proc. of 23th annual Cct. 1968

damping of bridges T. Ivasaki meeting of JSCE
Report of examination of E. Kuribayashi Data of P.W.R.I. " Mar. 1969
the closing levee at T, Iwasaki - No.442

Ariske sea ‘
chapter 6 Earthquake- v
proof of the closing levee

This is the report about the earthquake-proof of the closing
levee picked up from the studies to settle the engineering problems
accompanied with closing Ariake sea. ' .

 The examinations of the past earthquakes that had the influence on
Ariakekal region, the usual tremor examination to obtein the vibratory
character of the basic ground at the estimated building place of the
closing levee and the observation of the actual earthquake motion in the
neighbourhood of the estimated huilding place were done.

Using the model of the deepest levee body at the Oyano-llne, two—
dimensions and the scale of one to two, bhundreds, the vibraiory experi-
ments were done and the earthquake-proof stability of the levee body was
examined. :

As the examinations of the deformation of the levee body under
earthquake -the dynamic examinations with the average response gpectrum
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VI. EBEarthquake Resistant Design Method

Vi-1l

Vi-2

Vi-3

VI-4

An investigation about T, Takata Data of P.W.R.I. Sep. 1964
the earthquake load T. Okubo No.296
{earthquake load of B. Kuribayashi

suspension bridge)(No.l)

This explains the basic data of Report of P.W.R.I. (No.128), in’detaill
This was arranged for the data of the proposed Honshu-Shikoku bridges
investigator conference in Oct. 5, 6, 1964. :

An investigation about T, Takata Data of P.W.R.I. Oct. 1964
the earthquake load - T. Okubo No.58
(earthquake load of B. Kuribayashi

suspension bridge)(No.Z)

In the past data (Memorandum of P.W.R.I. No,296) the average spectrum
of seismological response was obtained based on the idea "the average of
parabola." But taking this way, it usually becomes the value that
represents the abnormally great singular point. So, in this data, the
average response spectrum that represents the all points is obtained after
having "the parabola of the average value,"

Using this response spectrum, when the horizontal seismic coefficient
is 20 per cent of a gravity, the summary design seismic coefficients of
every part of a suspension bridge was .obtained by supporsing a model of
a suspension bridge or refering to the examples of suspension bridges in
many countries that characteristic number of ascillations was known.

Ths seismic coefficient method considering the dynamic response in
a suspension bridge, that is called modified seismic methed considering
the dynamic response, was proposed, and afterward became a basis of the
earthquake resistant design of the proposed Honshu-Shikoku bridges.

The design seismic T, Takata Proc, of 1lth Nov. 1964
coefficient of a long T, Okubo meeting of bridge
bridge B. Kuribayashi  and structural

enginecring

The design seismic coefficient of the suspension bridge of the
proposed Honshu-Shikoku bridges is obtadned by using the seismological
response curve and characteristic oscillation character of a suspension
bridge.

Studies on Earthquake T, Takata Report of P.W.R.I. Oct. 1965

Resistant Design of No.128
Bridges :

Part I -~ Barthquake
Response Section, 1964 -

From the record of many strong earthquake observed in Japan, that
includes six earthguakes and twenty-eight components of acceleration
from 1956, to 1964, June, the seismological response spectrum was
obtained, especially considering the applicability to the structural
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VI-5
3 G
VI-7
O
4
VI-8

having a long period like é long bridge the seismological response
spectrum corresponding the characteristic period from 0.1 sec to 20 sec
is proposed.

The calculation of Bridge Section Data of P.W.R.I. May 1965
gtress of a.super No.31 -
structure of a suspension

bridge due to the earth-

quake load
The same as the above Bridge Section Data of P.W.R.I. Jan. 1966
(revision 1) : No.135 o

There explains the influence of the earthquake load and the lower
structure over the stress calculation of the super structure of the
suspension bridge under earthquake.

Method of calculation T. Okubo Data of P.W.R.I. May 1965
of the earthquake load E. Kuribayashi .
and ground reaction of
the sub structure of a
guspension bridge '

There explains the method of the calculation of the earthquake load
and the ground reaction corresponding to it of the sub structure of a

 suspension bridge that represents the non-linear behavior.

Barthquake load of B. Kuribayashi Data of P.W.R.I. Feb. 1966
the lower structure of T, TIwasaki No.142
a suspension bridge

In the fore data, some basic consideration about the general
tendency of the deformation character, the earthquake load and the ground
reaction of the caisson that has relatively shallow foundation was done.
But the practical application to the caisson showed that in the gquasi-
linear elastic statc there exists not a little difference between the
dynamic deformation and the deformation calculated by a static
equation using the load obtained under dynamic consideration. The
difference is caused by the approximation that the quasi~linear elastic
state is assumed to be the linear elastic state. So, in this data, in
order to dissolve the inconsistence, the earthquake load is obtained
considering the incident energy of an earthquake. Also the consider-
ation about the deformation character of a relatively deep caisson was
done and some equations were obtained.

The design seismic B. Kuribayashi Proc. of 2lst May 1966
coefficient of the annual meeting JSCE
suspension bridge itself

considering the dynamic

response

The design seismic coefficient considering the elasiic responses
of the super- and sub-structure of a suspension bridge is been
proposing
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Vi- 9

Vi-10

VI-11

VIi-12

An outline of the
examination of the
Hon~-Shi connecting
bridge

E. Kuribayashi
T, Iwasaki
Y. Oyamada

A report of the technical JSCE
examination of the Hon-
Shi connecting bridge

Specification for earth- Government of

quake resistant design Japan Inter-

.of the Bosphorus biridge national
Engineering
Consultants
Association

Studies on Earthquake BE. Kuribayashi
Resistant Desigh of

Bridges Part I1
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