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On the Vibrational
Characteristics
of the Ground
Using the Vibrating Machine
By SOji YOSHIKAWA,
Michiyasu SHIMA,Noritoshi GoTo
Kojiro IRIKURAand Junpei AKAMATSU
Annuals,DisasterPreventionResearch Institute, Kyoto University,
No. 11A, March, 1968,pp. 165-177(in Japanese).
Abstract
In the investigation of the characteristics of the ground, the dynamic characteristics, such as the vibrational spectrum, are more important than the physical
properties of the geological structures (i.e., velocities, densities, rigidities, viscosities,
etc.) discussed through seismic prospecting. Theoretically, these are explained
by the multiple reflection of an infinite harmonic wave in the surface layers.
Practically, the period distribution curves of the micro tremors and the spectrum
of the earthquakes are discussed. Although there are some technical difficulties
in setting the base, the vibrating machine is very convenient for studying the natural
frequencies of the geological structure, because the vibrating force and direction
are known.
In this study the vibration characteristics of the ground were investigated with
the vibrating machine, applying the horizontal periodic force to the ground surface.
The sinusoidal SH waves mostly polarized in the direction of the force were generated,
but were weaker than the calculated values considering the dynamic ground
compliance in the lower cycle. From the observed amplitude spectra of velocity
for a constant force, it is said that the vibrational mode depends mostly on the
geological structure in the direction of the force, and that with increasing both
horizontal and vertical distance the peaks of spectrum become clearer, and much
more resemble each other.
Although the waves generated spread spherically, the spectra observed at the
distant points in both vertical and horizontal direction coincided well around the
frequency range of the fundamental mode with those of the S-parts of the earthquakes
and with the theoretical spectrum of the SH-multiple reflections calculated for the
structure model determined by seismic prospecting. The phase velocities were
dispersive, and explained by Love waves of the fundamental mode.
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Experimental

Study on the Vibrational

Characteristics

of Ground

By Soli YOSHIKAWA,
Michiyasu SHIMAand Kojiro IRIKURA
Proceeding IV World Conference Earthquake
January,

Engineering,

1969, pp. A2 (in English).
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3
The Characteristics
of Vibrations
Produced by SH Type
Torque in a Multi-Layered
Elastic Ground ( 1 )
By Michiyasu SHIMAand Kojiro IRIKURA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968, pp. 193-201 (in Japanese).
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The Characteristics
of Vibrations Produced by SH Type Torque
in a Multi-Layered
Elastic Ground ( 2 )
By Michiyasu SHIMAand Kojiro IRIKURA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12A, March, 1967, pp. 1-10 (in Japanese).
Abstract
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The Vibrational

Characteristics
of the Ground
Region of Matsushiro
( II )

in the

By SOji YOSHIKAWA,
Michiyasu SHIMAand Kojiro IRIKURA
Annuals,DisasterPreventionResearch Institute,KyotoUniversity,
No. 11A,March, 1968,pp. 179-192(in Japanese).
Abstract
Comparative observations of earthquake motions were carried out at the surface
and underground at several points in the region of Matsushiro during a week in
January, 1967. At each observation point, the ground structure was measured
by P and S waves' prospecting and boring, and seismographs whose natural period
is 1/3 sec., were set on the ground surface and in the boreholes at a depth of 10 meters.
The spectra of earthquake motions at the surface and underground are related to
the function H((o)exp(yo(co)),where the wave type is the same. It is a transfer function determined only by the parameters such as the thickness, the elastic constants
and the viscosity coefficients of the layers between the two observation points.
In this paper, H(w) and cp(o) are obtained by calculating the ratios and
differences of both amplitude and phase spectra between the observation points at
the ground surface and underground.
In the frequency range of 1-10 cps, these
values show fairly good agreement with the theoretical spectral curve which is
calculated from the geological structure clarified by S waves' prospecting and the
spectral form is shown to be theoretically due to the layered structure.
We must comment on the following before leading to the above results. We
could not measure the solid viscosity in this observation, and so we used 106C.G.S.
which was reasonable as the viscosity of sandy clay. When the geology is complicated i.e., the surface and the boundary layer are inclined or the layer boundary
is uncertain, the theoretical curve corresponding to the geological structure is very
difficult to obtain and hence the complicated layered structure is replaced by the
equivalent parallel layers and then the theoretical curve is obtained. For this
purpose, the phase spectrum at the underground observation point was first obtained,
the main discontinuous layers are assumed and then proper equivalent layers are
obtained.
The method of investigating the vibrational characteristics of the ground considering both amplitude and phase spectra is conceived to be necessary when the
geological structure is complicated.

6
An Investigation
of the Vibrational
Characteristics
in the Region of Ebino and Yoshimatsu

of the Ground
(I)

By SOji YOSHIKAWA,
Michiyasu SHIMA,Noritoshi GOTO,
Kojiro IRIKURAand Junpei AKAMATSU
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 33-46(in Japanese).
Abstract
As the data of the aseismic plan of a city, we must know not only the structure
of the near surface layers but also the depth of the bed, where the spectra of earthquake motion are almost equal. It is important to discuss how much effect deep
geological structure has on the vibrational characteristics of the ground during an
earthquake.
In this paper, we consider the following as the condition of the bed. In the
range of a certain extent (i.e., roughly the Ebino region within a radius of 5 km
from the Kyomachi district), subsurface geological structure below a given depth
may be regarded as being practically uniform, although the near surface layers
are considerably different. As the main part of near-earthquakes are considered
as the S wave, the structure obtained by using the S waves' velocity with depth are
very small, compared with that in the shallower layer. The amplitude spectrum
of an earthquake motion incident to the bed is equal in the whole range. However
we must pay attention to the azimuth of the radiation pattern from the earthquake
source.
The observation of earthquakes and seismic prospecting were carried out in the
area damaged by the Ebino Earthquakes in March, 1968. Thus according to the
above-mentioned, the method to estimate the vibrational characteristics of the
ground and earthquake motions at the bed layer were investigated. The spectra
of incident waves to the bed layer were computed on the basis of those at the surface
by use of inverse filters. The inverse filters were respectively estimated on the
basis of actually measured S waves' distribution and assumed depth of the bed
layer. The incident waves were computed by use of simultaneously observed
seismograms at more than tow places, 0.1-2.0 km apart from each other. In
order that the amplitude spectra of incident waves coincide at those observation
points, the geological structure in respect to S waves and the basic layer must be
appropriately assumed. This procedure was carried out by computer program.

7
Velocity

Measurement
of Shear Wave by Using
Clamped Borehole Geophone

By Choro KITSUNEZAKI
and Noritoshi GOTO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969, pp. 191-204(in
Japanese).
Abstract
It is significant to know the shear wave velocities and attenuation constants of
near surface layers from the point of view of engineering seismology and engineering
geology.
Shear wave logging was carried out in August 1968 in Sapporo as one of the
collective experiments of the Seismic Exploration Group of Japan. The theme
of the authors is the accurate measurement of the distribution of shear wave velocity
and attenuation constant, and the identification of these parameters with the soil
conditions. In this paper, as the first step of analysis, the problems on the identification of the shear wave and its velocity distribution are discussed.
The shear wave was observed by the clamped geophone designed specially by
one of the authors, Kitsunezaki, of which details have been reported in his earlier
paper. Striking against a wooden plate fixed on the ground surface near the top
of the borehole by a hammer served as the wave source. By the above arrangements,
the shear wave propagating in a vertical direction was observed at every position
where the geophone was clamped.
The wave feature on the records obtained by this method is very beautiful and
its characteristics are rational in the following two factors; particle motion, and
relation of the response between the usual velocity pick-up and the pressure pick-up.
The shear wave velocity shows distinct character in its relation to the kind of
the materials, namely, sand and clay. The velocity is higher in sand than in clay,
and the velocity in the respective media increases with depth.
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An Exploration

Project

with the Borehole

Seismograph

By SOji YOSHIKAWA,
Michiyasu SHIMA,Noritoshi GOTO
and JUllpei AKAMATSU
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 155-164(inJapanese).
Abstract
The practical methods for seismic exploration with P waves and S waves
especially designed for engineering purposes were examined in a field experiment
in the geological survey area for the construction of a power plant in Ehime Prefecture.
Determination of the geological structure and elastic constants of rock layers
is often required for designs in civil engineering. Seismic prospecting is applied
to explore the structural features and to measure the physical properties of rocks
in a wide and deep range. One of the available methods for such purposes is
measurement in the adit. But experiments in the adit are generally attended with
trouble about velocity lowering in the wall caused by the weathering effect and
trouble with the instruments because of moisture.
In order to avoid these troubles, the field work was performed on the ground
surface instead of in the adit and the measurements in the borehole were made with
three component installations of geophones clamped on the wall of the borehole
cased in a pipe of vinyl resin.
The borehole geophone which is equipped with the brake mechanism of an
automobile is attached in the borehole at an arbitrary depth by oil pressure.
Field experiments are carried out on the following:
(1) P wave logging; small explosion shots were detonated at the surface to
measure the velocity distribution of the P wave along the hole with the acoustic
logging tool.
(2) S wave logging; plate hammering shots were hit at the mouth of the
measuring hole and the borehole geophone was moved from one depth to the next
depth and reset to measure the velocity distribution of the SH wave along the hole.
(3) Fan shooting; from the small explosion shots at several depths in the
distant shot holes, the ray-paths of the P wave and S wave were calculated and
reasonable velocity profiles were constructed.
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YOSHIKAWA and Kiyoshi

Earthquake
Nism

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12A, March, 1969, pp. 47-56 (in Japanese).
Abstract

On the 21st of July, 1968, an earthquake swarm including the destructive
earthquake, whose magnitude is 6.1, began to occur near the borderland between
Miyazaki and Kagoshima prefecture.
In the past, similar earthquake swarms often attacked this area, and in some
cases some volcanoes in the Kirishima Volcanic Belt successively erupted following
it. Therefore, the recent earthquake swarm awoke our volcanological interest very
much.
We carried out a multipartite seismometric observation over a small area from
1st to 7th of March for the investigation of the nature of this earthquake swarm.
The result of our investigation can be summarized as follows:
1) The epicenters of the observed earthquakes distribute to form a belt
extending east and west between Yoshimatsu and Kyomachi.
2) The push-pull distribution of P-wave shows clear regularity for the
azimuth. Considering this fact in connection with the data concerning the initial
motion of the earthquakes at various observatories belong J. M. A., it may be
possible to draw the nodal line near the north and south direction.
3) The area closing the observed hypocenters is smaller than that expected
from the empirical formula of Utsu and Seki in the case of an earthquake whose
magnitude is 6.1.
4) The coefficient of Ishimoto-Iida's empirical formula is as follows:
m=2.02±0.19
m=1.80±0.24

(Feb. 29-Mar. 24),
(Mar. 25-May 31).
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On the Activity

of the Kirishima

Volcanic

Belt

By Keizo YOSHIKAWA
Annuals,DisasterPreventionResearch Institute, Kyoto University,
No. 12A,March, 1969,pp. 5 - 18 (in Japanese).
Abstract
There are nine active volcanoes in the Kirishima Volcanic Belt, which extends
from the Kirishima volcano group in the southern part of Kyushu to the volcano
islands in the East China Sea.
From investigations of ancient and modern records of the eruptions of these
active volcanoes, the following facts have been discovered:
1) Each active volcano seems not to have any periodicity of eruption, so far
as we can judge from the records kept in hand.
2) It seems that there is a certain relation among the activities of volcanoes.
To take a typical example, Takachiho-mine, Kuchino-erabu, Sakurajima, Nakanoshima and Suwanosejima successively erupted in 1913-14.
3) The shallow earthquakes less than 10 km deep which occurred near the
active volcanoes seem to have some relation with volcano activity, and are often
observed as fore-runners of large scale eruptions. The deep earthquakes in the
mantle which occurred somtimes in this volcanic belt may be connected with the
generation of magma.
It seems that various recent kinds of abnormal phenomena in this volcanic
belt are quite similar to those of 1913 14, when volcanic activities were mostly
energetic. Therefore, a consolidated observation network must be prepared for
predicting volcanic disasters.
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On the Earthquake
Swarm in the Ata Caldera District on August,
1967; and a Note on the Relation Between the Linear Dimension
of the Aftershock Region and the Difference in Magnitude
Between the Mainshock and the Largest Aftershock
By Kiyoshi Nism
Annuals,DisasterPreventionReserchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 97-109(inJapanese).
Abstract
An earthquake swarm occurred in the Ata Caldera district, 5-8 August 1967.
This earthquake swarm was observed by the routine seismic observation net of Kyoto
University and the Kagoshima Local Meteorological Observatory at Sakurajima.
Analyzing these data the following results were obtained.
Among these earthquakes the seismic magnitude of the largest one is estimated
to be 3.9.
Applying the tripatite method to the differences of S-P time at three stations,
the epicentral region of this earthquake swarm is estimated to be around Chiringashima and westward. This region is considered to be the rim of the caldera.
The coefficient of Ishimoto- Iida's empirical formula is 1.5. This value is
smaller than the ordinary value of 1.81.9, and shows that the nature of this
earthquake swarm is different from a volcanic shallow earthquake originating near
the crater or an explosion earthquake, but on acount of the small amount of data,
further detailed disccusion is fruitless.
The ratio of maximum amplitude of the S wave part to that of the P wave
is not the same throughout the earthquake sequence, but is varied conspicuously
when the initial motions of the P wave change from "push" to "pull", or "pull" to
"push" . Assuming a quadrant type forcal mechanism, this fact may be explained
by making the nodal line across the observation station at Sakurajima.
The linear dimension of the forcal region estimated from the S-P time interval
is 6 Km, and this value is larger than the expected value from T. Utsu's empirical
formula. This difference may be attributed to the difference of nature between
aftershock and earthquake swarm.
Analyzing other seismological data in reference to this problem, if we take the
difference in magnitude between the mainshock and the largest aftershock as an
index of the degree of earthquake swarm, the next tendency is found that, as the
earthquake sequence partakes of the nature of an earthquake swarm, the linear
dimension of the forcal region becomes large in comparison with the largest seismic
magnitude in the sequence. And the linear dimension of forcal region is expressed
by the following formula;
log D = 0.28 Mo 0.22 M,, — 1.54,
where D is the linear dimension of the forcal region in km, and Mo, M, are the
seismic magnitude of the mainshock and the largest aftershock respectively. This
formula may be more effective for an earthquake swarm, and earthquake sequence
that has a large difference of magnitude between the mainshock and the largest
aftershock.
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ETO and Kiyoshi

Volcano
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968, pp. 133-140 (in Japanese).
Abstract

Kuchi-no-Erabujima is an active volcano, which belongs to the Kirishima
Volcanic belt in Southern Kyushu. Owing to its geographical position, and other
reasons, there were scarcely any historical descriptions of the volcanic eruptions of
this island till the explosion of 1841. When a fairly explosive eruption occurred in
1933, a geological survey was carried out by Dr. F.Honma. But a geophsical survey
had not been done.
To obtain fundamental geophysical data on this active volcano island, the
first seismic observation and geomagnetic survey were carried out over about three
weeks in Aug. 1966.
On the 22nd of Nov. 1966, a volcanic eruption took place at the top of Shindake
in this island. Then, the same observation and survey were repeated from Nov.
to Dec.1966, in order to examine the variation of geomagnetic anomaly and of the
seismicities before and after the eruption. The geomagnetic vertical force was
measured at 36 points with a Schmidt type magnetmeter, whose sensitivity was kept
at about 30/div. during the measuring period. Seismic observation, that is continuous seismic observation with smoked paper recording and high sensitive tripatite
net observation with data-recorder, were also carried out. The displacement
magnification of these systems are about 5 x 10', and 10' respectively.
The main results are as follows;
1. A significant difference between the results of the first and the second
geomagnetic surveys could not be found at all measured points except near the
crater. And near the crater, there were a great deal of newly deposited volcanic
ejecta, so it is reasonable to suppose that the difference in the measuring results is
caused by newly deposited surface materials.
2. During first seismic observation, none of the B type volcanic earthquakes
and 25 non-volcanic earthquakes were observed. During second observation, on
the other hand 336 volcanic and 20 non-volcanic earthquakes were observed. With
an attenuation of maximum amplitude, and analysis of tripatite net observation,
the epicenters of these volcanic earthquakes are concluded to be around Shindake
crater.
From the apparent velocity of the first arrival P wave, the forcal depth of the
south of the crater, seemed to be deep. This may be concerned with the N to NE
direction in which the volcanic ejecta were mainly ejected.
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On the Earthquake

Activity

in the Deeper

Zone of Sakurajima

By Keizo YOSHIKAWA
and Kiyoshi Nism
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 57-66(inJapanese).
Abstract
Since the early hours of the 29th of May, 1968, a great many felt earthquakes
have occurred in Sakurajima volcano.
In Sakurajima volcano, some felt earthquakes had occurred since the explosion
of the Minamidake crater on 13th of Oct., 1955. Most of them, however, were small
in magnitude and occurred sporadically in the southern region of Sakurajima volcano.
The earthquakes at this time are different from such sporadic and small ones, and
similar to the earthquake swarm at the time of the great eruption in 1914. So, precise
seismometric observations using the data-recorder and other instruments were carried out at Harutayama observatory and Kurokami branch observatory in
Sakurajima simultaneously. The time accuracy of data obtained largely depends
on the sharpness of the onset of the earthquakes and most of them are about 1/20—,
1/100 sec..
The results of the investigation of these earthquakes can be summarized as
follows:
1) Supposing that the underground structure is homogeneous and having an
average velocity of 2 km/sec. or 3 km/sec. for the P wave, the epicenters of these
earthquakes are estimated to be distributed from the center to the east part of
Sakurajima and 2-15 km deep.
2) The push-pull distribution of the initial P wave of these earthquakes does
not prove any regularity. But it is not certain whether this distribution is an
apparent one caused by irregularity of the crustal structure or not.
3) The cofficient of Ishimoto-Iida's empirical formula, m is 1.8. This value
also indicates that this earthquake swarm originated at a deeper zone of volcano.
4) Since the occurrence of the earthquake swarm, the surface phenomena
of the volcano, that is volcanic explosion or vocanic smoke, have not shown any
conspicuous change, and not so many shallow zone earthquakes near the active
crater have occurred either.
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Seismological

Observation

at Showa Station,

Antarctica

By Katsutada KAMINUMA,
Tsuneo ETO, MitSUOYOSHIDA
AntarcticRecord, The National ScienceMuseum,No. 33,
December,1968,pp. 66-70(inJapanese).
Abstract
The seismological observation at Syowa Station was begun in 1959 by the 3rd
party of JARE (Japanese Antarctic Research Expedition) using a HES seismograph
of Z component. In 1961, adding HES seismographs of two horizontal components,
seismological observation at Showa Station was carried out with a three component
seismograph.
Since 1966, the observations have been continued by JARE, using HES
seismographs of three components. The period of the pendulum is 1.0 sec and
that of the galvanometer is also about 1.0 sec.
In 1967, a three component long-period seismograph was installed at Showa
Station. The period of the pendulum was 15.0 sec and that of the galvanometer
was about 1.0 sec. Using an amplifier between the pendulum and the galvanometer, we get the same characteristics of amplitude and phase as the long-period
seismograph operated by the USCGS. But there were many troubles in the system,
and we could not get satisfactory data. In 1968, the long-period seismographs
were operated without an amplifier. There are many problems in operating longperiod seismographs in Antarctica.
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Volcanic

Micro-Earthquakes

and Micro-Tremors

at Mt. Aso ( I )

By Shigetomo KIKUCHIand Mikio SAKO
Bulletinof the Volcanological
SocietyofJapan, Vol. 13,
August,1968,pp. 84-94(in Japanese).
Abstract
A borehole of which the depth is about 30 m was dug at a point 950 m SW
of the first crater of Nakadake, Aso Volcano, in 1965. Small pick-ups were set
at the bottom of the borehole and the observation of volcanic micro-earthquakes
was carried out relieving the disturbances of volcanic micro-tremors.
It was found that long period volcanic micro-tremors (1st and 2nd kind microtremor) also originated from micro-earthquakes.
When the focal depth of
micro-earthquakes is shallow, well developed long period micro-tremors can not
be observed.
The observation of 2nd kind micro-tremors was carried out in a region wide
enough to investigate the relation between micro-tremors and micro-earthquakes,
and the mechanism of the latter. It is likely that the wave forms of the 2nd kind
micro-tremors appear in phase with one another around the epicentre.
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Some Seismometric
Results from Artificial
Caldera of Aso Volcano

Shots in the

By Kosuke KAMOand Shigetomo Kmucm
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. I IA, March, 1968,pp. 111-119(inJapanese).
Abstract
Difficulties arising from the lack of data about underground structures often
delay the seismological studies on a volcano.
Seismic exploration was carried out by means of the refraction method in the
vicinity of the crater of Nakadake, Aso Volcano, in 1958. But this was a small
scale exploration compared with the structures of the volcano. Consequently, we
were eager for a large scale exploration.
Three dynamite explosions were fired in the caldera of Aso Volcano in 1967.
One was for construction work in the caldera and the other for quarrying on the
inside margin of the calderarim. Their seismic effects were observed with the
routine net, spanned in the Aso area, and the tripartite net at the Aso Volcanological
Laboratory, for volcanic-earthquakes.
In the case of Tochinoki Shot, the observation of the seismic refraction profile along the line from the shot point to the eastern
tip over the central cones was carried out. The travel-times of seismic waves, the
particle motion of the ground surface and the anomalous deflection of the seismic
ray in the caldera are discussed.
The results obtained are as follows: (1) compared with the apparent velocity
(3.2 km/sec) obtained from the 10 km seismic refraction profile in the caldera, the
value of 17/.----4.8 km/sec is obtained from the 8 km span in the somma region; (2)
the orbital motion of waves caused by artificial explosion is examined and the SH
phase is clearly seen; (3) no anomalous deflection of seismic waves is observed at the
Volc. Lab. in the case of artificial explosions fired within the caldera and these
phenomena favour Sassa's theory that anomalous deflection of seismic waves occurs
at the caldera-rim; (4) the value of P-wave velocity, 2.8 km/sec, which has been
conventionally used for that of the upper layer in the caldera is firmly examined
in these analysis.
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The Nature

of Volcanic Earthquakes
Observed
after an Eruption

before

and

By Tatsuhiko WADA, Kosuke KAMO,Hiroyasu ONO
and Yasuaki SUDO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity.
No, 11A,March, 1968,pp. 121-130(inJapanese).
Abstract
During the recent active period of the Volcano Aso, of which the main eruption
happened on October 31, 1965, a precise seismometric net was set around the crater
and the observation of a swarm of volcanic earthquakes correlating immediately
with the volcanic activity. Therefore the variation of the area occupied by the foci
with the increasing and decreasing of the activity is examined to find a clue to the
problem of forecasting volcanic eruption. On the other hand, the source mechanism
of volcanic earthquakes is discussed by examining the sign (push or pull) of the initial
phase of each earthquake.
The main results are as follows : (1) The foci are
concentrated in a small region northeast of the crater before the main eruption and
are gradually scattered in a wider region and transferred somewhat southwards of
the crater after the main eruption and in the later stage. The depths are found
between 500 and 1000 meters. (2) On the main eruption, the fragments of rocks
or lava are thrown into the southwestern part from the crater pit, and on the other
hand, the region occupied by the foci of the volcanic earthquakes is located northeast
of the crater pit. This relation enables us to imagine that the region occupied by
the foci could be the uppermost magma reservoir or the store-room of volcanic
energy. (3) The foci of the earthquakes which occured immediately before the
main eruption occupy the volume surrounded by 500 x 500 x 500 meters and then
the strain energy which can be stored in the volume amounted to 10'8 ergs. On
the other hand, the eruption energy estimated from the mass of the ejected materials
and the maximum distance from the crater pit to the place where an ejected
fragment was found, amounted to 10" ergs. The coincidence of both values gives us
a clue for forecasting the degree of eruption. (4) The existence of a characteristic
earthquake of rarefaction type, that is, all first phases around the epicenter are
indicated by "pull", is found and these earthquakes are frequently found in the
earlier stage or before the main eruption but scarecely in the later stage or after the
main eruption. The fact infers that the eruption of the volcano is not simply of
the explosive type.
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On Seismic

Waves Generated

by Small Explosions

(

)

By Akira KUBOTERA
and Yutaka OHTA
SpecialContributions,GeophysicalInstitute,KyotoUniversity,
No. 7, 1967,pp. 169-179(in English).
Abstract
Field experiments on seismic wave generation by means of explosions have been
carried out by the Exploration Group of Japan and have clarified that four different
types of wave groups (I, II, III and IV) generally appeared. Except for wave
group II satisfactory conclusions have been reached by many authors. In the
previous paper the characteristics of wave group II have been mainly investigated
and a proposal in connection with the generation mechanism of this wave group
has been made saying that the waves having the longest wave length in this group
must be a kind of surface wave similar to the normal mode waves in the liquid-liquid
layers. The present paper is one of the continuations of the subject.
At first computation and comparison of amplitudes, velocities of normal mode
waves in the liquid layers to the observation have been performed and it was
ascertained that the characteristics of the main part of wave group II have many
points of similarity to the normal mode waves in the liquid medium.
When the Poisson's ratios of the experimental fields are nearly equal to 0.5
the observed seismic records may seem to be divided into two, that is, P- and Szones before and after the head part of the critically refracted SV waves.
Secondly, through the computations of the amplitudes of the converted waves
at the interface it was proved that in the P-zone the converted SV waves have
negligible small amplitudes compared with the P waves in the medium of which
Poisson's ratio is almost 0.5. Thus in the P-zone the circumstances resemble the
liquid conditions. The surface waves under consideration can be looked upon
as the normal mode waves mentioned above. While, in the S-zone both P and SV
waves coexist. The surface waves in this zone (wave groups III and IV) belong
to the usual elastic waves in solids.
In connection with the propagation phenomena of the seismic waves the
medium, especially in the physical condition that the Poisson's ratio is near to 0.5,
can have two different properties, such as fluidity and elasticity.
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Seismic Observation
in the Shimabara
Peninsula
—On the Activity of Volcano Unzen—
By Akira KUBOTERAand Shigetomo KIKUCHI
SpecialContributions,GeophysicalInstitute,KyotoUniversity,
No. 7, 1967,pp. 161-168(inJapanese).
Abstract
In November 1966, observation of micro-earthquakes was carried out in the
Shimabara Peninsula in the western part of Kyushu for investigating seismic activity
beneath Volcano Unzen when it is considered to be in a period of quiescence. An
earthquake swarm which is presumably of volcanic origin occurred in the same
district over three days in July 1966. During our observational period an earthquake
sequence just happened to be well observed although its source proved to be quite
unexpectedly located. They were the aftershocks of a felt earthquake on November
12, 1966. However, no seismic activity was detected from beneath the volcano
during two weeks observation, so far as the power of resolution of the present observational system goes.
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Seismic

Waves Generated by Small Explosions, with Special
Reference to Characteristics
of Wave Group II
By Akira KUBOTERA
and Yutaka OHTA
ZISIN, Ser.2, Vol. 2 No. 3, 1968,pp. 97-108(inJapanese).
Abstract

The problem related to seismic waves generated by small dynamite explosions
has been investigated, based upon the experiment carried out by the Exoloration
Group of Japan at Shirane City, Niigata Pref. in 1965.
There are four different types of wave groups, namely, wave groups I, II, III
and IV. On wave groups III and IV, comparative investigations have been made
from both theoretical and experimental viewpoints by several authors. Consequently, in the present paper, the characteristics of wave groups I and II have mainly
been treated.
Wave group I is concluded to be composed of various kinds of converted waves
generated at the interfaces beneath the surface. While, in wave group II, three
different kinds of waves are found; a kind of surface wave having the longest wave
length, a wavelet of direct P waves and refracted SV waves. Among these the first
one, corresponding to the main part of this wave group, is the most interesting.
In order to clarify the mechanism of development of this type of waves, the
observed data have been compared with the computed results of amplitudes and
velocities (phase- and group-) of the normal mode waves in the liquid layers, and
it is asceratined that they have many points of similarity to the normal mode waves
in the liquid medium.
When the Poisson's ratios of the experimental fields are nearly equal to 0.5
the observed seismic records may seem to be divided into two, that is, P-and S-zones
before and after the head part of the critically refracted SV waves.
Through the computations of the amplitudes of the converted waves at the
interfaces it was proved that in the P-zone the converted SV waves have a negligibly
small amplitude compared with the P waves in the medium of which the Poisson's
ratio is almost 0.5. Thus in the P-zone the circumstances resemble the liquid
conditions. The surface waves under consideration can be looked upon as the
normal mode waves mentinoed above. While, in the S-zone both P and SV waves
coexist. The surface waves (wave groups III and IV) in this zone belong to the
usual elastic waves in a solid.
In connection with the propagation phenomena of the seismic waves, the
medium, especially in the physical condition that the Poisson's ratio is near to 0.5,
can have two different properties, such as fluidity and elasticity.
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An Example

of Love Waves Generated

by Small Explosions

By Yutaka OHTA and Akira KUBOTERA
ZISIN, Ser. 2, Vol. 21, No. 3, 1968,pp. 109-120(inJapanese).
Abstract
A wave group which is most attractive in the transversal component and is
dispersed has been observed on the occasion of the experiment of seismic waves
generated by small-sized simple explosions using three-component seismometers.
For the purpose of ascertaining that this type of wave group is a kind of Love
wave, the following investigations were made; i) whether SH waves are produced
simultaneously or not, ii) the comparison of the observed dispersion curve to the
calculated, iii) generation characteristics of the waves in question, with special
attention to the differences of shot depths and of charge amounts, and iv) the
coherence of the other surface waves.
Finally, remarks on the excitation mechanism of the Love waves by means of
the explosions are added.
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Journal of Geophysical Research, Vol. 73, No. 6,
March, 15, 1968, pp. 2009-2025 (in English).
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Q Distribution

for Long-Period

P Waves in the Mantle

By Takeshi Mixumo and Tuneto KURITA
Journal of Physicsof the Earth, Vol. 16, No. 1, 1968,
pp. 11-29 (in English).
Abstract
The Q; depth relation in the earth's mantle has been estimated for long-period
P waves from two deep-focus and three intermediate earthquakes. The amplitude
spectrums of the first P waves from 114 seismograms at recording stations in the
distance range between 15 and 103 degrees, have been corrected for the crustal structure and the instrument and used to measure the effects of attenuation over the
whole mantle. Probable Q models are presented on the basis of the spectral
amplitude ratios between these stations. The low Q between 120 and 280 in the
upper mantle shows a rapid increase at depths around 900 km to several thousands
or greater in the lower mantle, and there is an apparent drop of Q near the base of
the mantle. The frequency dependence of the spectral ratios against epicentral
distance over about 80 degrees differs for the deep-focus and intermediate earthquakes, suggesting the possible diffraction effects due to the core.
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By Takeshi

the

Analysis

of the

MIKUMO and Ichiro

Earth

Tides

NAKAGAWA

Journal of Physics of the Earth, Vol. 16, No. 2, 1968,
pp. 87-95. (in English).
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By Kazuo

the

Local

Observation
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Underground

OIKE and

Structure

Takeshi

Mmumo

ZISIN, Ser. 2, Vol. 21, 1968, pp. 54-66 (in Japanese).
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Focal Mechanism of Earthquakes
on Island
in the Southwest Pacific Region

Arcs

By Kazuo MIND,Toshiyuki ONOGUCHI
and Takeshi MIKumo
Bulletinof the DisasterPreventionResearchInstitute, Kyoto University,
Vol. 18, Part 2, No. 139,December,1968,pp. 78-96(in English).
Abstract
The focal mechanisms of 33 earthquakes that occurred along island arcs from
New Guinea to the Fiji Islands have been determined from the long-period seismograms of the World-Wide Standardized Seismograph Network and some other
observations. The observed first motions of P waves show a quadrantal distribution
for most of the earthquakes. The solutions for some earthquakes are also supported
by the source amplitudes of P waves, which have been corrected for the effects of
propagation and instrument. The polarization angles of S waves for several
earthquakes suggest the double-couple type mechanism.
The axes of the maximum pressures inferred from a number of the solutions are
oriented almost perpendicularly to the trend of the island arcs in some cases, but
nearly parallel in other cases. The plunge of the pressure axis for most of intermediate and deep earthquakes appears to be parallel to the dip of the spatial
distribution of foci.
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Continuous

Observation
by Strain Seismographs
of Variable Capacitance Type

and Tiltmeters

By Kazuo OIKE, Makoto Kotzumt and Norio HIRANO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 145-154(in Japanese).
Abstract
From the theoretical point of view it is clear that a comparatively large strain
step will remain in the near field of the focal region after the occurrence of an
earthquake. To observe this strain step quantitatively with high reliability,
observational instruments must have the mechanical strength and the high sensitivity for long period waves. It can not be expected that the present tiltmeters
and extensometers will satisfy these conditions, so strain seismographs and tiltmeters
of variable capacitance type were developed. They can also be used for the purpose
by observing longer period seismic waves than those observed by usual long period
seismographs.
The strain seismographs were set up at Kamitakara station and the trace
amplitude of 1mm on its record coresponds to the strain of 1 x 10-" for seismic
strain. During about one year, various types of seismic strain waves have been
recorded. They are shown in four photographs and give some suggestions for the
study of focal mechanism. For instance, these observed wave forms are in good
accordance with the theoretical ones calculated from dislocation theory. Tow or
more earthquakes which occurred in the same region and have neary the same
magnitude were observed by the same instruments. The difference of these observed
wave forms suggests the difference of the focal mechanism because the siesmic path
has the same effect on them.
The tiltmeters which have been newly designed are constructed using a simple
vertical pendulum with a short natural period (0.5 sec) and a variable capacitance
type transducer. Because of the short period of the pendulum, the disturbances
caused by the long period surface waves of distant shocks are negligible. The
pendulum is suspended by a leaf spring 60mm long and 0.1mm thick, so the
instruments are very strong for the acceleration of short period seismic waves.
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Anomalous

Changes of the Ground Tilts and Strains before
after the Occurrence of the Ica Earthquake
on June 7, 1966, in Peru

and

By Yutaka TANAKAand Tokio ICHINOHE(KYOTO)
Ernesto DEZA M. and Alberto A. GIESECKEM. (PERU)
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 19-31(inJapanese).
Abstract
The international cooperative observation of the crustal movements related
to the seismic activities in the Ica region commenced at four observation stations
at the end of 1965. In each station two components of tiltmeter and extensometer
were set, and continuous observations have been carried on in good conditions.
On June 7th, 1966, an earthquake of around magnitude 6 occurred off the coast
of Ica, accompanying a foreshock and a large number of aftershocks. The
aftershock area was much wider than that expected from the magnitude of the main
shock, moreover, the difference in magnitude between the main shock and the
largest aftershock was small.
As is estimated from the activity of the series of earthquakes, it seems that the
presumed fracture region caused by these earthquakes spread widely over the inland
area from the origin of the main shock located on the continental shelf of the Pacific
Ocean. The epicentral distances of the main shock to each observation station,
Zamaca, Saramarca and Guadalupe were about 40, 100 and 110 kms respectively,
however, it may be said, considering the wide seismic area, that Zamaca is situated
in the center of the fracture region, and that Guadalupe and Saramarca are near
its circumference.
At that time the observations had not yet attained stable conditions, especially
on the extensometers, nevertheless, anomalous ground tilts had been observed at
the three observation stations, except at the farthest station, Condor, for a few
months before the occurrence of the series of earthquakes. Characteristic changes
of ground strains, extending in the E W component and contracting in the N - S
component, also began 20 days before the occurrence of the main shock, at Zamaca,
only where extensometric observation had attained perfection, and those changes
continued until the termination of aftershock activities.
The vectors of the anomalous ground tilts at all the stations had the same
direction as the strike of the faults, but modes of anomalous changes of ground tilts
observed at Guadalupe and Saramarca were similar to each other and different
from that at Zamaca. It seems that the differences of the mode are caused by the
geotectonic structure at the seat of the observation station.
Further, it should be noticed that the anomalous tilting preceded the anomalous
strains at Zamaca, and it may be suggested that accumulated energy in the crust
is first consumed with block movements or deformation of the ground surface and the
concentrated in the focal region, in the case of a mosaic structure as expected from
the faulting system in the Zamaca region.
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Continuous

Observation
of Crustal Deformations
Optical Method of Multiple Reflection
Preliminary
Report

by the

By Yutaka TANAKA
Annuals,DisasterPreventionPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 35-52(inJapanese).
Abstract
The present paper is divided into tow parts, in the first half the optical method
of multiple reflection and its application to continuous observation of crustal
deformations will be pesented :
Micro changes of an arbitrary angle are recorded continuously by means of
multiple optical reflection between two mirrors or a fixed mirror and mercury
surface set nearly parallel. Using this method, changes of horizontal angles between
two base lines can be recorded continuously and when two sets of this instrument are
settled properly, the direction of the principal axes of the ground strains can easily
be found. Moreover, when using the vector tiltmeter of this type, the vector
diagram of the ground tilts can also be recorded directly.
In the later half, directional changes of the ground tilts and that of the principal
axes of the ground strains related to earthquakes are illustrated by examples, and
the meaning of directional changes and the utility of continuous observation of
changes of horizontal angles on the ground are mentioned.
Observation results by means of tiltmeters suggest that crustal deformations
related to earthquakes seems to have four stages; i) accumulation of strain-energy,
ii) concentration of strain, iii) beginning of fracture (energy release), iv) sudden
change (main shock) and termination of energy release (aftershock). Following
each stage, the direction of principal strain) may change significantly.
Changes of horizontal angles (shearing strain) calculated from the observation
results by the three components of extensometer at the Yura station also show the
large anomalous changes at the time of occurrence of the Shirahama-oki Earthquake,
however, the directional changes of the principal axis were not so clear at the time,
because the large amount of secular changes caused by the progressive deformation
of observation room or instrumental drift regulated the apparent direction of the
principal axes of the ground strains.
To make clear the relation between crustal deformation and earthquake mechanism, the instruments above mentioned must be effective, taking into consideration
that the calculated directions of maximum strain and tilt should have some error,
especially when each component of the extensometers and tiltmeters has a different
type of drift.
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Observation
Kamitakara

of the Tilting Movement
of the
Crustal
Movement
Observatory

By Tokio Ichinohe,

Susumu Tominaga

Ground
at the
(1st Report)

and Masaaki

Kato

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968,pp. 59-64 (in Japanese).
Abstract
Observational
results on the ground tilt and strain at the Kamitakara
crustal
Movement Observatory are reported.
For the tilting movement of the ground,
two kinds of tiltmeters were used, one being of the horizontal pendulum type and the
other of the water-tube type. For the strain of the ground, silica-tube extensometers were used. The setting directions and sensitivities of these instruments are
as follows:

Instrument

Symbol Direction oPreVpoadnSensitivity

Super-invartiltmetersof horizontal PTN
pendulumtype
PTw
Water-tube tiltmeters

Silica-tubeextensometers

N-S
E-W

WTp N45°E-545°W
WTp S45°E-N45°W
E1
E2
E3

N45°E-S45°W
S45°E-N45°W
N-S

50 sec
35 sec

0.005"/mm
O. 01"/mm

30 m
30m

0.007"/p
0.007"/P

28 m
28 m
28m

5 x 10-9/mm
5 x 10-9/mm
5 x 10-9/mm

Observation periods reported in this paper are as follows:
Horizontal pendulum tiltmeters : Jun. 11, 1966—Nov. 29, 1967
Water-tube tiltmeters:
Dec. 15, 1966--Nov. 30, 1967
Silica-tube extensometers:
Nov. 15, 1966---Nov. 29, 1967
Observational results with the two kinds of tiltmeters did not always coincide
with each other. For the causes of this discrepancy, the following are considered:
(1) difference in aging of the two kinds of tiltmeters,
(2) deformation of the concrete blocks on which the tiltmeters are set,
(3) non-uniform deformation of the observation gallery,
(4) real variety of the ground tilt dependent on the observing position.
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Observation
Kamitakara

of the Tilting Movement of the Ground at the
Crustal Movement Observatory
(2nd Report)

By Tokio ICHINOHE,SUSUMUTOMINAGA
and Masaaki KATO
Annuals,DisasterPreventionResearchInstitute,Kyoto University,
No. 12A,March, 1969,pp. 137-143(inJapanese).
Abstract
The observations of the ground tilt and ground strain have been carried out
for about two years since the end of 1966 at the underground gallery of the
Kamitakara Crustal Movement Observatory. After the 1st report, some additional
instruments were set in this gallery. The instruments being in operation at present
are as follows:
Symbol
PTN,
WTp,
E,,
ST
CTI,
SSI,
LSI,

Instrument

PTE
WTR
E,,
E3
CT,
SS,,
LS2,

SS3
LS,

Super-invartiltmetersof horizontalpendulumtype
Water-tubetiltmeters
Silica-tubeextensometers
Tiltmeter for secular ground tilt
Tiltmetersof a variable capacitance type
Strain seismographsof a variable capacitancetype
Long period seismographs

In this paper, observational results by the use of the horizontal pendulum
tiltmeters, water-tube tiltmeters and silica-tube extensometers are reported.
As already reported in the 1st report, there were seen again some discrepancies
between the observational results with the two kinds of tiltmeters. The annual
change of ground tilt was observed with both kinds of tiltmeters, and the ground
tilt observed with the horizontal pendulum tiltmeters appeared larger than that
observed with the water-tube tiltmeters.
In the 1st report, it was reported that for the causes of discrepancies between
observational results with the both tiltmeters four factors were considered. According to the subsequent observation, the first factor, namely the aging of the
instrument, doesn't appear to be the main cause.
On the records with the extensometers, the effects of precipitation and thawing
of snow were found as the elongation of the ground in the three directions, and the
effect of precipitation appeared not to be dependent on the total amount of
precipitation but on its intensity.
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Crustal

Movements Related to the Seismic Activity
in a Restricted Area ( 2 )
—Relation between the Seismic Activity in the Eastern
Part of the Tokai District and the Crustal Movements
Observed at the Izunagaoka Station—
By Yutaka TANAKA,Masaaki KATOand Yoshiro ITo
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 9-22(inJapanese).
Abstract
The present paper is a general report on a continuous observation for crustal
movements at the Izunagaoka Station, Shizuoka Prefecture, by means of tiltmeters
and extensometers for the period from July 1960 to December 1964. The observation was interrupted by the construction of the flood control channel for the river
Kano near the station from 1965 to 1967 and then it was reopened on January of
1968.
The observation room is situated in a little shallower adit of quarry at a depth
of 25m from the ground surface, so annual variation in tilts and strains amount to
2 second of arc and 10-6 of strain in double amplitude respectively, but observation
is not affected by precipitation.
The seismic activities in the Izu Peninsula and its vicinity were comparatively
lower during the period of observation. Two groups of earthquakes, however,
occurred within 30km of the observation station in the period from May to August
1961 and from August to October 1962, and in both cases anomalous ground tilts
appeared and having good similarity on the mode of crustal movements as the
ground tilts about 1 second of arc toward north-east, and reversed its direction just
before the occurrence of the first earthquake of a group, then recovered its preceding
motion after the last earthquake. The direction of north-east in the Izu Peninsula
coincides with that of tilting movements in the period from 1925 to 1931 obtained
from the results of levelling, moreover, just before and after the occurrence of the
first earthquake of each group peculiar micro changes were found on all components
of tiltmeters and extensometers.
On the other hand, considering the existence of the annual variation and effects
of atmospheric pressure, further observation is necessary to get a more accurate
conclusion about the relation between the mode of crustal movements in the Izu
Peninsula and seismic activity in the eastern part of the Tokai District.
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Crustal

Movements Related to the Seismic Activity
in a Restricted Area ( 3 )
—Relation between the Seismic Activity in the Eastern
Part of the San'in District and the Crustal Movements
Observed at the Tottori-Momodani
Station—
By Yutaka TANAKA,Makoto Koizumi and Junichiro MIYAKOSHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 23-34(inJapanese).
Abstract
A continuous observation of crustal movements by means of tiltemters and
extensometer was made at the Tottori-Momodani observation station during the
period from 1958 to 1962. The observation room was one of the adits of the
Momodani Copper Mine and was situated at a depth of 90m under the ground
surface, so the observation was not affected by meteorological changes. Besides,
progressive deformation of the adit by rock pressure was not so large, thus there was
nothing to complain about observational conditions, but unfortunately the station
was closed because the mine was abandoned in 1962.
During the period of observation seismic activities were comparatively low in
the San'in District, however, abnormally great changes appeared in tiltgrams,
especially in the N-S component, from the beginning of 1960 to June. Their real
causes are inexplicable; however, the following explanations could be mentioned.
During the half-year minor earthquakes occurred around Tottori city and the
anomalous changes of ground tilts began just before the occurrence of the first
earthquake of this series and continued to the termination of the seismic activity of
the series. The epicentral distances of the first and the last earthquake were 20km
and 5km from the station respectively. As the results of observation, the ground
inclined about 10 seconds of arc towards the north during the half-year.
In the middle of 1961, a series of smaller earthquakes was generated again
around Tottori city over a two-month period; it was not so active as the former,
however similar modes of tilting movements were also recognized and the ground
tilted about 1 second of arc towards the north-west at that time.
As compared with the seismic energy-release, the amounts of these anomalous
tilts were far in excess. Considering, however, the earthquake characteristics in
in the inner zone of the southwestern part of Japan, crustal movements accompanied
by major earthquakes in the past and results of geodetic survey in this region, it may
be suggested that the mean rate of the ground tilts increased stepwisely accompanying small earthquakes on a peak of gradual crustal movements in a long term.
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Crustal
—Relation

Movements Related to the Seismic Activity
in a Restricted Area ( 4 )
between the Seismic Activity in the Northwestern

Part of the Chu-bu District and the Crustal
ved at the Ogoya Station—

Movements

Obser-

By Yutaka TANAKA,Masaaki KATOand Makoto Koizumi
Annuals,DisasterPreventionResearchInstitute,Kyoto University,
No. 12A,March, 1969,pp. 155-170(inJapanese).
Abstract
Tiltmetric observation at the Ogoya station, an adit of the Ogoya Copper Mine
in the northwestern part of central Japan, was commenced in July 1948, just after
the occurrence of the Fukui Earthquake, and continued 20 years since then. The
results of the long term observation support the following view.
The mean rate of the secular tilting motions of the ground at Ogoya changed
in the middle of 1958 coincidentally with the alternation of sequence of shallow
earthquakes which occurred in the northwestern part of the Chu-bu District. The
earthquakes of the preceding sequence were generated in the zone of the NeodaniFukui faulting system and had the occurrence-mechanism of quadrant type, having
a nearly vertical null-vector. On the other hand, the earthquakes of the following
sequence had that of cone type or quadrant type with null-vector inclined to the
earth's surface and their generating area spread over the Hida-Kitamino province
from the former zone. Naturally, the states of earthquake energy-release in these
region changed at the same time. It seems that such a seismo-tectonic phenomenon
had happened once in 1900 in the same region, examining the distribution of
epicenters during the period from 1885 to 1910.
The most remarkable changes in the mean rate of the ground tilts appear in
the direction of N25°W-S25°E. This direction is almost the same as that of the
compressional axis of shallow earthquakes and the minimum principal axis of ground
strains calculated from the results of retriangulation in the region. Further, these
seismo-tectonical axes seem to coincide with the compressional axis presumed from
the geological and morphological evidences in the Ogoya region and also in the
District.
Besides, it is conceivable that the peculiar mode of ground tilts related to the
individual earthquake appears principally in this direction and varies according
to the alternation of earthquake sequences.
These modes of crustal movements at Ogoya are essentially similar to those
at Makimine and at Hosokura, related to the seismic activities in the sea area of
Hyu-ganada and Sanriku-oki respectively, however, the period of alternation of
earthquake sequences in the Chabu District may be longer than those in both sea
areas,
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Recent

Problems

on

By Shinichi

Landslide

Research

YAMAGUCHI

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 21-24 (in Japanese).
Abstract

The All Japan Landslide Prevention Association is organized by the prefectures
which are troubled by landslides.
Recently, this Association collected the Problems by the enquete method which
are requested to be settled in each prefecture.
In this paper, this author classifies and interpretes these problems.
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Model Experiment

of the Internal

Strain

Meter

By Shinichi YAMAGUCHI,
Yuji TAKADA,Atsuo TAKEUCHI
and Toshifumi KONISHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 713-727(in Japanese).
Abstract
Recently, the internal strain meter has become a very popular apparatus for
landslide investigation.
Many landslides have been clarified by this apparatus.
But the relation between the real flexion of the pipe inserted into a moving
mass and the accumulated strain graph observed by this apparatus was little
discussed.
Accordingly, by making an apparatus which controls the flexion of the pipe
to a desired figure, we compared the accumulated strain graph made by the
internal strain meter with the real figure of the pipe.
As a result of the experiment, detailed information could be obtained on the
interior movement mechanism of the landslide mass.
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On the Specific Upheaval Phenomenon
at the Tip Part
of the Landslide Area ( 1 )
By Shinichi YAMAGUCHI,
Atsuo TAKEUCHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 687-712(inJapanese).
Abstract
An upheaval phenomenon at the tip part of a landslide is not so rare. But
the upheaval at the opposite side of the river which runs at the tip part of landslide
seems to suggest the factor of cause of the landslide.
Accordingly, for the purpose of clarifying the phenomenon, this study was
carried out.
First an electric survey was carried out at some landslide areas which had a
specific upheaval phenomenon.
As the result of the investigation, the following facts were revealed:
(1) The difference of the apparent resistivity between the upheaval area and
the non-upheaval area was caused by the occurence time of the upheaval
phenomenon.
(2) The difference of the apparent resistivity between the upheaval area and
the non-upheaval area was caused by the geological factor.
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A Geophysical

Study of Landslides

(Mechanism

of Landslides)

By Yuji TAKADA
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Volume18,Part 2, No. 138,December,1968,pp. 59-77(in English).
Abstract
The present writer conducted a number of surveys to clarify the state of underground soil movement using the internal strain meter. Its fruitful results have
yielded the following classification of all landslides as far as those of the Tertiary
type are concerned; (A) Slide of Fluid Type, (B) Layer Slide Type, (C) Protruding
Slide of an Intermediate Layer and (D) Multi-slide Layers.
It has been confirmed by a number of his experimental studies that these four
types can be distinguished to a certain extent by the accumulated strain curves.
It has also been made clear that we can examine, when the diurnal variation
chart of the extent of strains can be additionally prepared, whether compression from
the upper part is prominent or whether pulling from the lower part is prominent
at the critical time when the slide movement begins to spread.
It has been so far reported that, as far as the slide surface survey is concerned,
the depth of the slide surface varies with seasonal variations.
However, it has been made clear that, once the concept of a sliding layer is
introduced, even if several slide surfaces exist in one slide layer, these slide surfaces
can still be included in the category of one and the same mechanism.
Nevertheless, the two different slide surfaces-an upper layer (12 meters deep)
and another lower layer (30 meters deep) -can't be attributable to one and the same
mechanism. Contrarily they comprise rather duplicated slide layers and it has
been found that a large scale landslide takes piece in the lower one of such duplicated
slide layers. Furthermore, it has been confirmed by the soil compressinn meter
and the internal strain meters that these two slide layers do not always move in the
same direction.
It has also been found that the internal strain meters are adequate enough to
determine the extent and the state of the soil mass movement, but the joint use of
the soil compression meter serves to acquire a better knowledge of the minute state
or the nature of the soil mass movement.
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(Application

A Geophysical Study of Landslides
of the Electrical Resistivity Survey to Landslides)
By Yuji Takada

Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Volume18, Part 2, No. 137,December,1968,pp. 37-58(in English).
Abstract
The present writer has been conducting surveys in various areas utilising the
avantages of the electrical resistivity method to the fullest extent, such as (1) the
low cost of survey expense, (2) achievement of
in the shortest possible period
of time and (3) finding, though roughly, the geological underground structure, and
as a result I could gain first-hand knowledge about the use and limitation of the
electrical resistivity method.
As to the underground geological structure survey by vertical exploration, the
depth for down to any bed rock was likely to be measured somewhat deeper than the
actual depth, but I could roughly find the general nature of the underground structure similar to that which actually existed. Consequently, if the underground
geological structure can be examined by the electrical resistivity method, we can
than foretell and plan in advance where and how deep boring will be required.
As to the slide surface, it has been brought to light that slide movement in the
area of the Tertiary formation is caused within the range of resistivity values of
0.8-5.2 kg-cm. However it must be understood in this case that it is not one single
slide layer that moves when a landslide takes place, but that any other part or parts
within one slide surface can move under any predisposing conditions.
In this way, whenever any landslide study is to be prusued, the electrical
resistivity survey should by all means be conducted prior to all other kinds of surveys
or researches, excepting topographical and geological surveys.
The next step is to make analyses on the basis of a variety of researches, such
as vertical exploration, horizontal exploration (the method of the same electrode
span), in order to examine or determine the continuity of the underground geological
structure, the depth of a slide layer and the distribution map of the low apparent
resistivity values. Then it will not only become possible by going through such
procedures to select the most adequate location where varied kinds of measuring
instruments for the geophysical survey are to be installed on the basis of the analytical
results thus obtained, but at the same time such analyses will enable us to plan efficient landslide preventive works on the basis of the reasonable supposition of
abundant underground water in any area in which the landslide movement is active
or the low apparent resistivity values are concentrated.
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A Preliminary

Report on the Shattered Zone Type Landslides
in the Crystalline
Schist Area
By Takahiko Furuya

Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 729-739(inJapanease).
Abstract
The writer has carried out topographical mapping work of shattered zone type
landslides by means of the topographical map of Kawaguchi (1:50,000) and the
geological map of sheet 42 Kochi.•
The inspected areas which belong to the central range of mountains in Shikoku
are put into several groups by the antecedent valleys, (the Yoshino, the Iya and
Matsuo). The antecedent valleys crossing the thick beds of psammitic schist form
spectacular gorges there. The mountain relidf ranges no less than 1290 meters in
height. The topography of low relief similar to erosion surface in quality is preserved
at the summit of the mountains. The geology consists chiefly of the Sambagawa
metamorphic rocks and weakly metamorphosed rock of the Upper Paleozoic
formations which belong to the northern zone of the Chichibu belt.
The metamorphic rocks are divided into the following formations in decending
order; Minawa, Koboke, Kawaguchi and Oboke formations. The Minawa
formation is alternated mainly from pelitic, basic and siliceous schist layers, where
a psammitic schist layer is often observed inserted. The Koboke formation is
largely composed of a psammitic schist layer, where inserted are pelitic, basic, and
siliceous schist layers. The Kawaguchi formation is of psammitic, pelitic, basic,
and siliceous schist layers. The pelitic schist layers surpass the others in amount.
The Oboke formation is chiefly of a psammitic schist layer with very little pelitic
and psephitic schist layers.
Most of the landslide areas are located in the crystalline schist of the Minawa,
Koboke and Kawaguchi formations. Landslides occure more ofted at 500 meters
and 800 meters above sea level and the erosional flat surface lies at the height.
Landslide areas are not seen in the V-shaped, steep slopes on the thick beds of the
pasmmitic schist of the Oboke and Koboke formations.
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The Character
of Landslides along the Mid-Stream
Yoshino and the Down-Stream of the Iya

of the

By Takahiko Furuya
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 729-739(inJapanease).
Abstract
The writer has investigated the landslides along the Iya and the Yoshino, where
landslides very often break out. The rivers elonging to the central range of
mountains in Shikoku are among the antecedent valleys which run north and south
across the structural trend of the metamorphic rocks. All valleys have steep slopes,
forming a "V-shaped cross-section". The topography of low relief has been preserved at the summit of the mountains. The methods uned are the 'field work of gellogy
and geomorphology', 'strength test of rock by the Schmidt Test Hammer,' and
`judgement of landslide topography by an aerial photograph .' The results of the
investigaton are :
The geology of the surveyed areas consists of the Minawa, Koboke, Kawaguchi,
Oboke formations, which are made up of metamorphic rocks, (such as psephitic,
pasmmitic, pelitic, basic, siliceousschists and what not), and of weakly metamorphosed rocks; what is called Mikabu green rock of the Paleozoic formations. The
formations ore raughly grouped as pelitic, pasmmitic and basic schist for convenience's sake. The classified metamorphic rock ranges from 140 to 660 kg/cmi in
Cylinder Compressive Strength. Psammitic schist shows the strongest reaction
among the metamorphic rocks, basic schist the second strengest, and pelitic schist
less strong than the above-mentioned metamorphic rocks.
There are usually rapids formed around the boundary of the rock beds at the
mid-stream of the Yoshino, and on the minor fault lines are tiny subsequent rivers.
More landslides occur at the pelitic schist area, while fewer at the psammitic schist
area, and the former has lower gradient slopes than the latter.
In the sediments of the landslide areas largely with a thin detrital layer, there
may exist colluvial deposits and an erosional surface.
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On Piece of Information
about Landslides along the
Mid-Stream of the Yoshino and the Iya
By Takahiko Furuya
Journal of the LandslideSocietyofJapan, No. 13, August,
1968,pp. 11-13(inJapanease).
Abstract
The Iya and the Yoshino are notorious for their landslides. The writer has
walked around for a survey along the mid-streams of the rivers and got some
knowledge of the landslides there.
This information is summarized as follows:
1) The geology of the landslide areas consists of the Oboke, Koboke and
Kawaguchi formations belonging to the Sambagawa metamorphic belts.
The formations are lithologically speaking, though roughly, classified into
two groups—pelitic and psammitic schist. Bsammitic schist, on the other hand,
is more blocky and massive than pelitic schist.
2) There are more frequent landslides in the pelitic schist area, while fewer
in the pasmmitic schist area, which is likely to cause a rock fall.
3) The surface water and ground water of the pelitic schist area have
higher electric conductivity than those of the psammitic schist area, and have a
touch of alkalinity in them.
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An Anaylsis of the Measured Apparent Resistivity
Curve Using a Digital Computer
By Tadao Mine and Yukinobu Baba
Jisuberi,Vol. 4, No. 3, April, 1968,pp. 28-32(inJapanese).
Abstract
Many methods of analysis of the measured apparent resistivity curve have been
already proposed. However, those methods are short of practical use because of
their theoretical defects.
This paper deals with an improved method of analysis of the measured apparent
resistivity curve. In this method, partial resistivities and thicknesses for a layered
earth are obtained from the assumed parameters (resistivities, thicknesses and layer
number) of the theoretical apparent resistivity curve, the shape of which exactly
agrees with that of the measured apparent resistivity curve. For developing this
method, the caluclation of the theoretical apparent resistivity curve for an arbitrarily layered earth is discussed. Then, it is described that a good agreement between
the theoretical and measured apparent resistivity curve is obtained by considering
the qualitative characteristics of the theoretical apparent resistivity curve and the
interpreter's experience. Furthermore, the practical reliability of this method is
confirmed by the comparison with results of boring. Also, it is expressed that the
resistivity method offers allinclusive data, containing results of boring, standard
interpenetration test and others.
In comparison with the usual methods, this method has the following merits :
(1) By considering the whole range of the measured apparent resistivity curve,
the dispersion of the measured values of apparent resistivities can be corrected.
(2) This analysis is made to have the same accuracy over a range from the
surface layer to the bottom layer.
(3) The validity of an assumed layered structure can be examined. In
other words, it can be checked whether the layered earth is composed of the assumed
horizontal structure or not.
On the other hand, the difficulties in this method are as follows:
(1) There are no quantitative laws, which prescribe a good agreement
between the theoretical and measured apparent resistivity curve.
(2) A considerable time is necessary for the calculation of the theoretical
apparent resistivity curve.
In particular, (1) is the fundamental point in this method. However, an
experienced interpreter can obtain good agreement between the theoretical and
measured apparent resistivity curve by repeating some oberations, even if the
measured apparent resistivity curve is considerably complicated in shape.
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On the Change in the Salinity Distribution
and Bottom Topography
after the Closing of the Mouth of Kojima Bay
By Setsuo OKUDA
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Vol. 18,Part 1, No. 132,July, 1968,pp. 35-48(in English).
Abstract
The artificial construction of estuarine reservoirs affects the salinity distribution, flow pattern and micro-topography in the water, and it is necessary for the
effective utilization of water to investigate the change in salinity distribution and
bottom topography in these reservoirs.
As an example of the surveys of estuarine reservoirs, many observations have
been carried on in Lake Kojima and the adjacent sea over the ten years after the
closing of the estuarine mouth.
Dominant factors controlling the exchange of fresh and salt waters are as follows:
(1) fresh water inflow, (2)capacity of the lake, (3)turbulent mixing, (4)intrusion
of salt into the lake, (5) bottom topography, (6) effect of Coriolis force, and the
effects of these factors are described on the basis of observations in Lake Kojima.
Under simple assumptions, a formula on the decrease rate of mean salinity was
derived and the results from the formula show good agreement with observed data.
Salinity distributions in various periods and regions are shown with reference
to the density stratification and diffusion phenomena.
For the study of the salt balance in the lake, the salt intrusion rate in various
forms was estimated quantitatively.
The salt intruding into the lake through the dyke and gates, and the salt
inflowing from polder land around the lake and from the bottom soil are the main
causes of the high salinity of the lower layer of the lake.
But owing to the density stratification, fresh water can be pumped up from the
upper layer to prevent high salinity damage for irrigation.
A change in the bottom topography obtained from depth soundings in the lake
and the adjacent sea is so small that the direct effect of closing can not be verified
at the present stage except in the region near the closing dyke.
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A Geochemical Study of Ground Waters in the Matsushiro
Part 2. Chemical Composition
of Ground Waters

Area

By Yasushi KITANO,Ryuma YOSHIOKA,
Setsuo OKUDA
and Kazuo OKUNISHI
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Vol. 18, Part I, May, 1968,pp. 49-58(in English).
Abstract
The Matsushiro swarm earthquakes occurred in and around the Matsushiro
town area of Nagano Prefecture in August 1965. It seems possible that a change
in the conditions under the ground area can be expected through a change in the
chemical composition of the ground waters. Knowledge of conditions under the
ground is both useful and important for understanding the mechanism of the occurrence of the Matsushiro swarm earthquakes.
For the investigation of hydrochemical features in this area, the authors
measured the change with time in the chemical composition of ground waters.
That is, from September 1966 to February 1968, ground water samples were taken
monthly and the chemical composition was determined. Temperature and pH
values were measured in the field and chemical constituents such as Nat, Ca',
Mg", Cl-, HCO3 and 5042- were determined in the laboratory.
It was observed that :
(1) The total spring discharge is about 3 times the precipitation.
(2) The temperature of the ground waters increased in spite of the decrease
in the atmospheric temperature.
(3) The concentrations of Ca" and Cl- increased most remarkably with time
among dissolved ions.
(4) The concentrations of Na`, Mg" and HCO3- increased proportionally
with the increasing comcentrations of Ca" and Cl-.
(5) The concentration of SO42- increased only a little in spite of the
increasing concentrations of Ca" and C14-.
These results make it possible to say the following: the bulk of ground waters
in the Matsushiro area is derived from a source deep under the ground which is not
directly influenced by precipitation and surface water; saline waters of calcium
chloride type gush out with the active swarm earthquakes, and the concentrations
of calcium and chloride ions in the gushing ground waters increase with the activity
of the swarm earthquakes.
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Geomorphological
Character of Landslides
(Part 1 )
—Landslides Resulting from Heavy Rains at
Kansai and Uetsu Districts in 1967—
By SetSUOOKUDA,SatOSUYANASEand Koji YOKOYAMA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 657-667(inJapanese).
Abstract
Airphoto analysis and field survey were carried out for the study of the geomorphological character of landslides resulting from heavy rains in the Rokko mountain
range (near Kobe city) and Tsubeta districts (in Niigata Pref.) in 1967.
In the Rokko mountain range, the distribution of more than two thousands
landslides was studied with reference to hyetographs, and the comparison of the
distribution pattern in the Futatabi valley between new (1967 July) and old (1938
July, 1961 June) landslides was carried on.
Relations between the number of landslides, stream segments and relief in the
unit area were studied and the results show the effect of geological conditions on the
occurence of landslides. The relation between landslide density and the bifurcation
ratio of stream was also investigated, but a general tendency could not be discovered.
In the Tsubeta district, boulder distributions after a strong mud flow were
surveyed by the use of photographs taken from a radio-controlled model airplane
and the effectiveness of this method was found out for the field survey.
Size distribution of large boulders calculated from the above mentioned photos
confirms a uniform piling up of boulders over a wide area at the lower valleys and
fans.
The cross section of the broken dam in the upper valley and the large distance
of boulder movement (for example a concrete block 10m x 2m x 4m flowed down
a distance of 800m) have shown the extraordinarily large force acting in the midst
of mud flow.
In the form of landslides along mountain slopes, similar patterns were found
between the Futatabi valley in Rokko and the Tsubeta valley, because of similar
geological conditions (strongly weathered granite).
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The Dynamic Theory of the Deformation
of a Granular
Solid Fully Saturated with a Liquid
By Yoshiaki Fuicuo
Bulletinof the DisasterPreventionResearchInstitute, KyotoUniversity,
Vol. 18, Part 4, No. 146, March, 1969,pp. 1-14(in English).
Abstract
Recently in soil mechanics, much attention has been paid to the correspondence
of soil deformation caused by a vibrating agency in connection with the effective
performance of engineering construction or safe protection from heavy damage
such as an earthquake. For these requirements, the theory of consolidation may
be improved and made into a dynamic one. M.A.Biot (1960) and M.Mikasa (1963)
published useful theories of consolidation but treated a quasi-static problem. The
author derived in this paper the dynamic theory of the deformation of a granular
solid saturated with a liquid, assuming that the liquid filling up the pore space is a
Newtonian viscous fluid and the skeleton constituted by solid particles is a linear
visco-elastic solid. The theory consists of three fundamental equations, that is,
the equation of motion for pore liquid and solid skeleton and the equation of connuity between the particles and the liquid.
Secondarily, a formal method is
considered for solving the fundamental equations in a case where the liquid and
particles are incompressible in the gravitational field and we have the respective
equations of the dilatation ®, rotation D in the solid sheleton and of Darcy's
velocity U and the piezometric head
of pore liquid, that is,
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porosity and permeability of the skeleton and 2 and 991 are the operations with
respect to the partial differentiation
of time defined from the linear visco-elastic
property of solid skeleton.
Finally, it was found that these respective equations
obtained by a quasi-static treatment are accepted as the theory of three dimensional
consolidation including Terzaghi's well known equation as a special case and are
also recognized as the basic equations of motion of confined ground water in a
visco-elastic aquifer
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An example was shown for the motion of confined ground water caused by the tidal
oscillation of sea water.
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 169-176 (in Japanese).
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On the Deformation
of Frozen Soil Due to
Uniaxial Compression
By Yoshiaki FuKuo, Tetsuji KATOand Koichi KITAOKA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 669-674(inJapanese).
Abstract
This is a report of experimental research on the compressional creep of silty
clay. Soil blocks with a moisture content of 57.3%---58.2% were sampled at a depth
of 6m under the ground surface of the alluvial layer in Osaka City.
These blocks were moulded undisturbedly into cylindrical forms 5 cm in dia.
and 9cm in height, and were then immersed in the brine tank kept at constant
temperature —10°C during a week to be frozed. The uniaxial compressional apparatus was set in a cooling box in which air temperature was uniformly controlled
at —10°C ± 0.5°C, and was equipped with a double lever device for compressing
at heavy load in the axial direction of a test piece. The strains on a piece in the
axial and radial directions were measured with differential transformers with an
accuracy of ± 0.002mm at —10°C during a long term under various constant loads.
The Stress-strain diagram obtained from the results of the experiment showed
that the strain in the axial direction was proportional to the compressive stress at
each instant of time for a load smaller than 18 kg/cm', and each rapidly with time for
a load larger than 24 kg/cm2. Then, the time function of creep was decided by
calculating the time variation per unit load. The result of the calculation was
shown in the Fig. 1. From this diagram it was found that the time function of
creep was represented by the sum of the term proportional to the logarithm of the
time and the term proportional to the time.
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Fig. 1 Time function of compressional creep of frozen silty clay at —10°C,
Ji represents the plastic flow with constant speed 3.9 x 10-5%/kg• cm-'• hr.
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On the Studies

of Internal

Waves in Lake Biwa ( I )

By Seiichi KANARI
Annuals,DisasterPreventionResearchInstitute,Kyoto University,
No. 11B,March, 1968,pp. 179-189(inJapanese).
Abstract
The vertical distributions of the vertical velocity components of the internal
waves in Lake Biwa were estimated from temperature variation in layers at 4m
intervals, obtained from a 24 hour observation carried out at the center of the
north-basin on 10-11,May,1967. It was assumed that the water temperature was
conserved during the observation and that there were no horizontal general flows.
As the result of the above estimation, the maximum amplitude of water temperature
variation appeared in the 24m layer, whereas the maximum amplitude of variation
of the vertical velocity component appeared in the layer at about 48m.
The variations of the vertical velocity were analyzed by an Analog method
(Power Spectrum Analyzer) with a loop period of 1.0 second and with 10 c.p.s.
filter band width. From this analysis of the analog method, the vertical distribution
of the amplitudes and phases of the vertical velocity were dicided by means of the
overlapping-mean filter which has a reduction factor of

sin(1—A)xx
(1—sinrcx
(1—p,)7zx'T'

x =

0.43

The results were compared with eigen solutions of the three layer model basin
based on the simple perturbation
equations

with

de
the following

boundary

= 0, (i = 1, 2, 3)
conditions:-

J47(0) = 0, 147,(h1)= W2(h1), W2(h2)= W3(h2), W3(h3)= 0
In the numerical calculation of eigen solutions, the interfaces of the three layers
were set at 15m and 25m respectively, and it was assumed that the stability para-

meter
N,(=—
g)t
p dz akesconstant
butdifferent
values
ineach
layer.
From
the time average of the data obtained by hourly observation of the vertical
distribution of water temperature, the values of the stability parameter were as
follows:-

N1= 10', N2 = 2 x 10-2, N3 = 8 x 10' (1/sec.)
It seems that the vertical distribution of the amplitude and phase of the
oscillation of the seven hour period corresponds to the second mode solution of the
three layer model. For this mode, the ratio of the horizontal wave number and
angular frequency (K/ 0)) is 0.125, which corresponds to the 8th mode oscillation
in the sense of the horizontal distribution of waves if there were transversal oscillations only.

=
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On the Studies of Internal Waves in Lake Biwa ( II )
— On the Instrumented
Neutrally-Buoyant
Float —
By Seiichi KANARI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 669-680(in Japanese).
Abstract
An instrumented neutrally-buoyant float was constructed, which can measure
directly the vertical displacement of water induced as a result of internal wave
motions. The float is the same as Swallow's neutral float in so far as the principle
of pursuing an isopycno-layer is concerned, but our float has a great difference;
the float is connected with a survey ship through an acoustic link which is ejected
from the float itself, and carries the signals of the depth of the float and of the water
temperature at that depth. The difference is just in the point that the depth and
temperature measurements are performed by the float itself.
Water temperature and depth are transformed to A.C.signals whose frequencies vary according to water temperature and depth respectively, through a
thermister and a pressure transducer contained in each subcarrier oscillator.
These signals are mixed, and then the frequency of the main carrier signal which
has a center frequency at 43 Kc, is modulated by the mixed signal. After amplification of the power, the modulated main carrier signal is transmitted away through
an ejector to a receiving transducer, and demodulated through a specially-designed
FM-Receiver.
The electronic assembly is capsulated in an Aluminum cylinder of 50 cm long
and 12 cm dia.
In order to attain neutral buoyancy, the float has four sub-floats which are
made of a spherical Aluminum shell of 17 cm dia.
The characteristics of the responses of motion of the float, which is balanced
in the state of neutralbuoyancyat
a thermocline, were evaluated in the form of

F,n(d
zde
,N)
where

bF and

temperature,

tw are the displacement
COis an angular

frequency

of the float and water
of internal

wave

respectively,

motions

0 is water

and N is a stability

parameter.
The amplitude
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motion
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Hydrological

Studies on a Small Mountainous

Drainage

Basin ( I )

By Kazuo OKUNISHI
and Takako NATSUKAWA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 89-101(inJapanese).
Abstract
As a part of the IHD project beeing carried out in the Lake Biwa area, it was
intended to investigate the geophysical interactions between the hydrological cycle
and the geomorphological processes in a small mountainous drainage basin under
different geomorphological conditions. At first, a continuous observation was
carried out concerning the yield of water, dissolved matter, and sediment from an
experimental basin in the weathered granite region of the Daido River area from
the summer to the autumn of 1967. The area of the experimental basin is 2.21 ha,
one third of which is covered with bare sandy slopes with gullies.
It was found that the runoff water from the basin involved small amounts of
Ca" Mg", and HCO3- ions in spite of the heavy weathering of the bed rock. From
this fact it is suggested that the chemical weathering processes are less significant
than the mechanical ones. The hydrograph was separated into those of the three
components, i.e. the surface runoff, the subsurface runoff; and the base flow, according to the recession characteristics of the hydrograph and the time change of the
content of dissolved silica in the runoff water. The base flow with good durability
is attributable to the storage of water in the sand deposits in the tributary valleys,
not to the ground water under the mountain slope, because the base flow component
and the surface runoff component of runoff water differ little in their water quality.
Soil conservation practice had been carried out in the autumn of 1966, and
little sand was supplied from the bare mountain slopes to the stream. The bed
load material deposited in a small reservoir at the gauging station was attributable
to the re-erosion of the sand deposits in the tributary valleys which had been supplied from the gullies on the bare mountain slopes. The quantity of the bed load
material was consistent with what was predicted by Einstein's bed load function
applied to the stream near the gauging station except in the case of heavy shower.
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In Situ Measurement
of the Free Energy of Soil Moisture
by Small Hygrometers
( Part 1 )
By Kazuo OKUNISHI
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Vol. 17,Part 3, No. 142,February, 1969,pp.17-27(in English).
Abstract
The study of the mechanism of the unsaturated flow of the soil moisture under
field conditions, needs a knowledge of the distribution of the force field under which
the soil moisture moves, and the force field is well described by the distribution of
the 'free energy' of soil moisture.
However precise measurement of the free energy of the soil moisture was
possible only in a laboratory experiment. In this paper a small magnetite hygrometer (called 'humisensor') was examined to see the applicability of it to the in situ
measurement of the free energy of soil moisture under field conditions.
The humisensor is of a small size and does not interfere with the natural
movement of the soil moisture. Its chemical and mechanical stability enable it to
endure field conditions over a long term. Its nominal accuracy is 2% R.H. at the
humidity range of 30-95% R.H.
For the measurement of the free energy of the soil moisture, it is desired to
measure the relative humidity precisely at the humidity range near saturation.
The laboratory experiment carried out to examine the time response and the
hysteresis error of the humisensor showed that its accuracy is about 1% R.H. in the
humidity range from 85-100% R.H. when sufficient time is taken for the measurement. The examination under field conditions showed that the humisensor can
be used over a long term without a change of the calibration curve.
The comparison in the performance between the humisensor thus examined
and that of the other sensors for the in situ measurement of the free energy of the
soil moisture showed that the humisensor can be used with advantage in the range
of free energy from pF 4 to pF 6.
The results of the field measurement using the humisensor provided some
interesting information about the daily varivtion of the free energy of the soil
moisture at a depth of a few centimeters below the ground surface.
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Numerical

Analyses

of Landslide

Flow

By Kazuo OKUNISHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 65-75(in Japanese).
Abstract
By means of aerophotographic analysis, it has become possible to describe the
velocity of the landslide flow at so many points of the ground surface that the data
can be practically regarded as two dimensional ones. It was intended to establish
a method for deriving the distribution of some physical quantities concerning the
microscopic characteristics of the rheological flow of landslides from the aerophotographic data and other terrestrial data concerning the vertical distribution of the
landslide flow. Concerning the rheological property of the moving soil mass, the
volume change, the components of the strain tensor, and the components of the
vector representing the rotation were derived by the differential operation of the
original data which are described by Lagrange's method.
A numerical example was given for the landslide at Kamenose, Osaka Prefecture. The volume change of the soil mass calculated from the aerophotographic
and terrestrial data revealed the regions of expansion and compression though the
two dimensional expansion (or contraction) calculated using only the aerophotographic data gave no consistent image of the volume change. The distribution of
the strain tensor which was given only for the horizontal plane revealed the existence
of a heavily sheared zone along one side of the landslide flow. The distribution
of the vector of rotation around the vertical axis showed that this zone was formed
by the simple shear along the vertical slip plane.
From this example it can be concluded that this method of analyses of landslide
flow can give the rheological properties of landslides in sounder forms than the usual
method based only on terrestrial observations, but that two dimensional analyses
based only on aerophotographic data have a significant defect because it does not
account for the vertical distribution of the landslide flow.
The accuracy of the analyses, the method of expanding them to three dimensional ones, and the possibility of estimating the stress distribution from the strain
distribution were also discussed.
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Bulletin of the Disaster Prevention Research Institute, Kyoto University,
Vol. 18, Part 2, No. 136, December, 1968, pp. 23-36 (in English).
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Study on Relation between the Local Earthquakes
and the Minute
Ground Deformation
at Wakayama
(Part 6)
By Torao TANAKA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 221-228(inJapanese).
Abstract
Results from the data obtained by means of tiltmeters of the horizontal pendulum
type and extensometers of the double bow-string type at the Oura and Akibasan
stations in Wakayama City are presented and discussed with particular emphasis
on the secular and annual changes. A gradual northwestward inclination of the
ground is seen at the Oura station and a similar tendency is also discernible at
Akibasan. The rate of the secular inclination is about 0.7"/year and comparatively
small against the large annual change and meteorological disturbances. It is shown
that the annual changes observed are due to the thermal deformation of the ground
by the temperature change on the surface and that their wave lengths and mode
are nearly equal to those of the daily changes, depending mainly on the local
topography near the stations. Drift that might be caused by the initial disturbance
on the instrument and its surroundings lasted for several years on the record at
Akibasan, which suggests that every discretion is required as to the interpretation
of secular changes from tiltmetric and extensometric results. From a concurrent
observation using of two tiltmeters of the horizontal pendulum type, it is ascertained
that tiltmeters of this type may be used for observations of secular tilting motions
with certain qualifications.
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Study on the Relation between Local Earthquakes
and Minute
Ground Deformation
Part 4, On Spectral Structures
of
the Tiltgrams
Observed at Akibasan, Wakayama City
By Torao TANAKA
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Vol. 17, Part 3, No. 126, March, 1968,pp. 7-20 (in English).
Abstract
The spectral structures of the tiltgram observed by tiltemters of the horizontal
pendulum type at the Akibasan station in Wakayama City are discussed, especially
in connection with meteorological changes. The tiltgrams and the data of the
atmospheric pressure, temperature, intensity of the precipitation and of the sea
level at Wakayama Harbour are used and their Fourier spectra are calculated. The
duration of the analysis is one year from July 31, 15h OOm,1960 to July 31, 14h OOm,
1961 (UT). It is shown that the change of a periodic range from 1 to 33 days on
the ground tilt at the station is scarcely influenced by the changes of the atmospheric
temperature, pressure, its time derivative and loading of the sea water in the
neighbouring sea. It is also shown that the effect of the precipitation on the ground
tilt is on the contrary very remarkable and that the ground tilt caused by an impulsive precipitation is approximately represented as atexp(-$t) with equal values
of ig for both tilting components of the E-W and N-S directions. It is noted that
the disturbing ground tilt due to precipitation can be estimated by convolving the
impulse response and the intensity of the precipitation, and one example of the
comparison of the calculated ground tilt with the observed one is shown. The corrected spectra for the disturbances are given, in which several predominant
oscillatory tilting motions are observable; they are of the periods of 29.8, 25.2, 20.3,
17.7, 15.2 and 9.4 days in the E-W component, and 32.1, 29.8, 25.2, 21.4, 19.8,
15.2, 11.1, 9.4 and 7.5 days in the N-S component. Those of the periods of 15.2,
11.1 and 9.4 in the latter component are especially conspicuous. However, some
ambiguity remains in the results due to the simplified assumptions, and not only
should the method used be further investigated but more observational data must
be employed to clarify the general aspects of the long period tilting motions of the
ground and bring their origins to light.
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On the Observation
of the Crustal Deformation
Observatory
(Preliminary
Report)

at Amagase

By Michio TAKADA,Kensuke ONOUE,Toshio KOBAYASHI
and Masaru YAMADA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 213-220(inJapanese).
Abstract
For the purpose of studying crustal deformation, doing research on the relation
between crustal deformation and earthquake occurrence and finding out some clues
for earthquake prediction, the Amagase Crustal Movement Observatory was
established in April, 1967. This Observatory is situated at 135° 50'E and 34°
52'N, Uji City, Kyoto Prefecture. The observing gallery is an adapted abandoned
race tunnel of the old Shizugawa Hydraulic Power Station of the Kansai Electric
Power Co., Ltd. and a cross-section of this gallery is horseshoe-shaped and about
6.06 m in width and in height, respectively. The observation room is a part of the
gallery divided by partition walls made from concrete blocks and is not much
affected by the open-air temperature.
The geology of this region is composed
mainly of black clayslates and partly of sandstones, chert and schalstein, which
are subject to the Paleozoic period.
In this observation room, six Super-Invar-Bar Extensometers (6 component),
a Super-Invar-Bar Extensometer, a Super-Invar-Wire Extensometer (Salsa type),
four Tiltmeters with horizontal pendulum of Zällner suspension type and two
Tiltmeters of water-tube type were set up in May, 1967. Observations of groundstrain and ground-tilt using these various instruments have been carried out since
then.
These observational facts are shown chiefly because the observation time was
not long enough for any conclusions to be reached about the various problems.
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Study on the River Bed Variation

of the River Fuji

By Kazuo ASHIDA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 311-326(inJapanese).
Abstract
The river Fuji near Mt. Fuji is a typical alluvial stream carrying a large amount
of sediment discharge and with much river bed variation. Observations on the
variation of the river bed and on the main stream course after flooding have been
conducted since 1918 to the present time (1967). Also, the grain-size distribution
of the sediment along the river course and below the river bed were examined.
This paper described the various analyses for the above data, including
spectral analysis, and revealed some interesting characteristics concerning sediment
distribution, the variation of the river bed and the main stream course. The main
results were as follows:
A good correlation was found between the mean diameter of the sediment and
the shear velocity along the river course. But the relation was disturbed by the
sediment from torrents into the main river, which showed that these torrents had a
large effect on the grain-size distribution.
River bed variations were composed of three scale components: dunes, bars,
and the larger scale configuration. The scale of dunes is less than the river breadth,
as large amplitude, which has an important effect on bank protection. Bars are
due to the meander and the length (a half of meander length) is about 3-4 times
the river breadth. The larger scale component may be due to the variation of the
river geomorphology.
The variation of the main river course is rather random, but the mean value
with relation to time reveals a periodic variation along the river course with a wave
length corresponding to the bars.
The standard deviation from the mean value of the main river course which is
a measure of river stabilization is rather large, but the value decreases at the place
where the mean value deviates largely from the river center.
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 437-447 (in Japanese).
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Some Observations

on the Sedimentation

in the River Daido

By Kazuo ASHIDA,Yoshio MURAMOTO,
Yuichiro TANAKA
and Kiyoshi SHIOIRI
Annuals,DisasterPreventionResearchInstitute,Kyoto University,
No. 11B,March, 1968,pp. 267-289(inJapanese).
Abstract
The paper describes some results of observations in the River Daido which are
now being carried out in order to investigate the behavior of the natural stream
channels, especially the flow structure, sediment transport and riverbed variation.
The River Daido is a typical alluvial stream carried a large amount of sediment
load, since the main part of the geological structure in its mountainous catchment
consists of much weathered granite. The area of its drainage basin is 189.7 km2
and the mean gradient of the total plain course is about 4 x 10-' The maximum
flow rate in flood seasons, according to recent records, is about 103m3/s and the
amount of sediment transport is estimated at 105m3/year.
The authors intended to measure the dimensions of bed scour by two types of
simple devices. One was a 2.7 m-long iron rail with a movable ring of 15cm in
diameter and the other a 1m-deep pole of 10 cm square tiles 5 mm in thickness.
Both devices were set in six sections of the straight reach at intervals of 20m and
alternatively at eight points in a section to compare their efficiency of measurement.
For the curved reach, the former type devices were set in five sections at intervals
of 100m. Unfortunately, the results were not successful, and defects in these devices
were pointed out.
The measurement of the bed load transportation is very diffcult in natural
streams. In the River Daido, most of the bed load carried into the main river Seta
was deposited at the confluence, and therefore the rate of bed load transportation
could be obtained by measuring the total volume of the sediment deposited. The
observed values were compared with the calculated ones by various formulae for
bed load transportation.
Furthermore, the water-stage hydrograph and the celerity of flood peak in
some flood seasons were examined.

62

Studies

on

Sedimentation

By Yoshio

in

Curved

Open

MURAMOTO, Tadahiko

and Tomotsuka

Channels

SAKAMOTO

YOSHIMURA

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11B, March, 1968, pp. 291-310 (in Japanese).
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Studies

on Sedimentation

in Curved

Open Channels

(2 )

By Yoshio MURAMOTO
and Tomotsuka YOSHIMURA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1969,pp. 411-425(in Japanese).
Abstract
The process of the progression of local scour along the outside wall of a curved
reach is divided into three stages. The first stage is characterized by the generation
of local scour near the end section of the curved reach and the propagation of the
scour region upstream. At the second stage, the scour region has a nearly uniform
depth along the greater part of the outside wall and progresses at a uniform rate.
At the third stage, several number of scour holes appear along the outside wall and
reach the final depth. The situation of the scour holes is closely related to the
behaviour of dunes or bars, and the migration of the holes is observed at the lower
part of a curved reach in the case of large values of flow intensity and channel radius.
The process of scour at the first and the second stage can be explained by the
distribution of shear stress and the characteristics of secondary currents in curved
channels with a rigid flat bed, which was discussed in the previous paper. This
paper describes an analytical approach for the third progressive stage of scour and
the experimental consideration of flow pattern near the scour holes and the behaviour
of dunes in curved channels.
At the progressive stage, the greater part of the flow rate concentrates near the
outside wall, and the variation of bed profile along the outside wall with time is
correlated to that of the longitudinal profile of the scour front. Considering these
facts, we propose a one-dimensional analysis of the sedimentation near the outside
wall, which is averaged over the stream width between the outside wall and the
lateral front of scour and describes the longitudinal variation of bed profile with
time along the outside wall of a curved reach. The results of an approximate
calculation based on the theory and some assumptions support the experimental
results of bed profile at the upper part of a curved reach.
However, the fundamental equations derived in the analysis include two unknown factors. One is related to the characteristics of flow pattern and sediment
near the hole, and the other is the variation of the longitudinal profiles of the scour
front with time. In order to clarify these problems, we conducted the measurement
of flow direction and velocity near the bed corresponding to each stage of scour and
observation on the behaviour of dunes in four kinds of 180° curved flumes. From
the results of flow measurement, the convergency and the divergency of flow near
the scour hole and the radial distributions of flow direction and longitudinal velocity
are discussed. As for the characteristics of dunes, the configuration and the
distribution of length of dunes, the position of point bars and the migration velocity
of dunes are examined.
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Abstract
The appearance of sand waves is not an incidental occurrence but an inevitable
consequence of flow over a movable bed. Therefore, the properties of sand waves
must bear certain functional relationships to the flow parameters defining the
phenomenon. It is well known experimentally that the height of snad waves has
an intimate relation with relative roughness. As the first step of the investigation
of the resistance law in a movable bed channel with a free surface, it is the object
of this paper to find the functional relationship with the height of sand waves and
flow parameters.
The author considers that the flow in a channel with a very wide rectangular
section is in a steady state and that sand waves on the bed are in the equilibrium state
and that the bed waves propagate without deformation. Assuming that the profile
of bed is sinusoidal and using the equations of motion and continuity for the fluid
and sediments with the small amplitude approximation, we can obtaine the following relation :H _
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where F is the Froude number, h is the depth of flow, L is the mean length of sand
waves and a is the experimental
constant.
The values calculated by the above equation are compared with experimental
data which are obtained from measurements in both laboratory flumes and rivers
with good agreement.
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Abstract
In this paper, the authors studied the statistical structure of the configuration
on a movable bed in lower flow regime. The authors have considered that the bed
configuration should have a close connection with the turbulent structure of channel
flow. Therefore, most of the considerations were devoted to clarifying the above
point. Experiments were conducted in two channels which were different in width,
in order to clarify the effect of the channel dimension on the bed configuration.
The spectra of the bed configuration along a longitudinal line obtained at
various stages of time showed interesting characteristics as follows :
(1) The bed configuration is composed of various components which may
correspond to the turbulent structure.
(2) One of the components consists of the alternating bars which may
correspond to the horizontal turbulent field. It has been pointed out that the
largest scale of the horizontal turbulent field is about 10 times the width. The
length of the alternating bar is about 2-10 times the width B, and the eminent
length is 4 B. This fact shows that the alternating bar corresponds to the
horizontal turbulent field.
(3) The other components consists of the dunes which may correspond to
the vertical turbulent field. The range of length of the dunes spreads to about 10
times the depth h, and the statistical structure composes some "inertia subrange"
in time and space, which has a smilarity independent of external conditions.
(4) The length of dunes accompanied with surface water wave, which occurs
when Froude number is nearly 1, is about 4-5 h.
(5) Another bed configuration is longitudinal streakings, the interval of
which is 2 h.
In the latter half of this paper, the results of the turbulence measured in the
channels with fixed bed and movable bed are shown, which reveal that the occurence
and growth of bed configurations have a close connection with turbulent structure.

67

On

the

Probability

of Water-Shortage

System

with

in

a River

a Reservoir

By Masashi

NAGAO

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 10B, March, 1967, pp. 115-129 (in Japanese).
Abstract

In Japan, the customary design of water-utilization has been mainly conceived
on the basis of a certain period, for example one water year, in which riverflow
reached the minimum or secondary minimum. However , since the state of watershortage in the natural condition does not accurately correspond to that in the social
condition due to the seasonal change of water-demand and reservoir capacity
available for water-utilization, the reasonable design must be prepared for the possibility of water-shortage under consideration such a social condition.
This study aims to clarify the occurrence porbability of water-shortage by
means of the mathematical application of the stochastic inventory model when the
water-supply is carried through a reservoir with seasonal change of water-demand
and reservoir capacity.
First, in adopting this model, the necessary method of transformation of the
inflow series into random variables is shown under consideration of their seasonal
variation. The seasonal randomization is done by using the prediction theory due
to the linear combination of past inflow data. Then, the stationary distribution
of water stored in the reservoir is deduced by using the theory of a simple Markov
process of the time series of stored water. The deduction is made in the following
two cases; one which is illustrated by the fixed reservoir capacity and demanded
release of water in a year, and the other by the seasonal variation of reservoir
capacity and demanded release.
Next, on the basis of the obtained stationary distribution of stored water, the
stochastic treatment to estimate the probability of water-shortage at any time in the
year and to clarify the relation between such probability and the duration time is
considered, and the necessary mathematical expressions are shown at certain seasons
of the year. Lastly, computational procedure applying this theory to the Yanagase
Multi-purpose Reservoir is tried and the availability of this approach is shown.
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On the Basin Characteristics
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By Yasuo ISHIHARA,Masashi NAGAOand Shigeki KOBATAKE
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No. 11B,March, 1968,pp. 103-114(inJapanese).
Abstract
In order to observe the hydrological phenomena with respect to the runoff
process and the water balance in a small mountainous watershed, the experimental
basin was arranged in 1966 in the River Ara, a tributary of the River Yasu which
flows into Lake Biwa. This area belongs to the moderate hydrological region in
Japan, where mean annual precipitation is 1600mm. The whole experimental
basin is a fan-shaped basin, being 0.84km2 in area, and in it there is a rectangularshaped basin, 0.18km2 in area.
The characteristics of vegetation, geology, hydrogeology, geomorphology and
so on in the basin were examined in relation to the runoff process or the field of
motion of rain-water. The basin is densely covered with needle and broad-leaved
trees and weeds grow thick for the most part. Therefore, a fairly good amount of
rain-water may be intercepted and the roughness coefficient may be fairly high
when overland flow appears over the slope. The upper stratum is made from
well-graded sand, 0.2-0.4mm in 10% grain size by weight and 1-2mm in 50%, which
results from weathering the bed rock of granite, and its average depth is between
1-2m. The water-hold capacity of this stratum, which means the maximum storage
capacity for runoff, is about 170mm in height.
The geomorphological characteristics are classified into two large parts :characteristics of slope and characteristics of channel. The characteristics of slope
are analysed from the viewpoint of the mean length and inclination of the slope.
The mean value of inclination and length of the slope is calculated by two methods;
the strict method and the usual method. The strict method is as follows: for the
mean length of slope, points are chosen at a certain interval along the inside line
slightly apart from the divided line of a drainage by Horton's order analysis and the
average value of the length of the most inclined line through the point is calculated.
For the mean value of inclination, the average of the value of inclination along that
line is calculated. The usual method is as follows: for the mean length of slope,
the half area of a basin is divided by the channel length. For the mean value
of inclination, a grid is drawn on the topographical map of a basin and the average
value of inclination in grid points is calculated. From the results of these two
methods, it is found that there is little difference between the two methods for the
mean value of inclination but much difference between the two methods for the
mean length of slope except for the case of the rectangular-shaped drainage. The
characteristics of the channel are analysed with respect to the number, length, inclination and drainage area of each order. It is found that the topographical
features follow the laws of bifurcation of streams, length of streams of each order and
area of sub-basin of each order very well. Further, it is considered that this
experimental basin belongs to the prime period of geographical age from the
observation of the hypsometric curve.
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Abstract
In order to elucidate the runoff process, a precise grasp of the various phenomena
appearing in the process is necessary. From this standpoint, detailed observations
of the phenomena have been started in the experimental basin in the River Ara,
a tributary of the River Yasu which flows into Lake Biwa. On the observation of
hydrological phenomena occuring from hour to hour in the basin, the accordance
of the time, at which the observation is carried out, is required between each
observed element. The new measuring equipment for syncronized records was
used for this purpose. The equipment for rainfall measurement is composed of
a tipping-bucket type of rain gauge and a potentiometer.
An electric pulse
generated at the rain gauge rotates the potentiometer through electric magnet,
lever and gear, and the voltage varied with the rotation of the potentiometer is
recorded on an electronic recorder. The equipment for water stage measurement
is composed of a float type of water gauge and a potentiometer. The pulley connected with a float rotates the potentiometer directly and the voltage is recorded
on the same recorder. The measuring equipment for the flow, through or on the
surface layer, is composed of a catchment device made from tin-plate sheet which
is inserted into the surface layer in about 10 cm of depth, a tipping-bucket type rain
gauge which measures the amount of water gathered by the catchment device, and
a potentiometer. This is recorded on the same recorder, likewise the case of rainfall.
In addition to the above observed element, water conductivity and temperatures
are simultaneously recorded. The mechanism of urnoff during the initial period
of rainfall was analysed on the basis of the results observed by using this new
measuring equipment. As soon as rain begins to fall, the very small increment of
discharge in a stream channel is observed, which seems to be caused by channel
precipitation. The surface flow, that is, the flow through or on the surface layer
composed of fallen leaves and organic matter, appears when the total amount of
rainfall reaches 2-3mm in height, and prominently when rainfall intensity is above
2 mm/hr. If the rainfall intensity is above 2 mm/hr, the outflow intensity of this
observed surface flow is proportional to the rainfall intensity. Moreover, for this
surface flow, Darcy's law is applicable. On the assumption that the dominant
runoff component during the initial period is the surface flow, the hydrograph is
calculated by method of characteristics. This calculated hydrograph shows fairly
good accordance with the observed hydrograph.
But after a certain time, 4-5
hours, an appreciable difference between both hydrograph appears for the ordinary
rainfall, and the difference becomes abruptly large for heavy rainfall. The former
difference seems to be caused by the rainwater running into the stream channel
directly after infiltration. The latter difference seems to be caused by the change
of the interception mechanism, the change of the mechanism of runoff like the occurrence of overland flow and the decrease of the infiltration rate.
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In Japan, since the storage capacity of reservoirs is relatively small and the
variation of rainfall amount over a short period is very great, it is essential to
establish an operation for flow-control in a river system corresponding to the runoff
variation during the short period. This study aims at the analysis of the stochastic
and seasonal characteristics of time series of runoff amounts in order to obtain useful
statistic information. The results obtained are as follows:
(1) As for the periodicity of one year there is a great variety among the
regions. That is, by the correlograms of daily runoff series at several stations
having various climates, it is possible to classify them into three representative
regions as follows: (a) The region where the periodicity of one year is remarkably
discerned. This is in the northern part of Japan which has few heavy storm rainfalls
and a relatively long snow-melt season. (b) The region where the periodicity of
one year is not discerned. This is in the southern part which has much heavy
storm rainfalls in rainy and typhoon seasons and little snow-fall. (c) The intermediate region is in the central and inland part and has a transitional climate.
(2) Even in the region in which the periodicity of one year is not discerned,
the periodicity of a year can be found out significantly by taking a suitable time
span for sampling.
(3) By analyzing the, so-called, moving stochastic parameters of such a time
span with respect to the daily runoff series, it is found that there are seasons and
regions in which the auto-regressive process is suitable or not, as the case may be.
(4) Practically, the seasonal division of the runoff series in a year is possible
by the time-point in which the time series obtained by striking the moving average
with the arithmetic mean of a year crosses the time series obtained by striking the
moving average during the above mentioned suitable time span.
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Abstract
The geometrical structure of the channel distribution in a river basin is a basic
characteristic for the mathematical analysis of flood runoff as intensive hydrological
phenomena and for the quantitative evaluation of long range variations in configuration of a river basin and runoff pattern in physical geography.
This study treats of the stochastic process of the formation of channel distribution
in a river basin under the action of external agency through the mathematical analysis
of a model obtained in terms of the concept of stream orders in quantitative
geomorphology, the theory of geometrical network and the probabilitistic approach.
The mathematical analysis discloses the probabilitistic characteristics of
geometrical quantities composing the channel distribution, and it is concluded that
the channel distribution converges to the following three statistical laws under the
stochastic equilibrium condition.
The statistical laws obtained by the mathematical analysis are:
(1) 1/4 law; this law corresponds to the law of bifurcation deduced
empirically in the field of quantitative geomorphology, and gives it a theoretical
proof. This law means that the following relation is expected in a river basin.
N.,,/ N. = 1/4
where N. indicates the number of u-th order streams.
(2) 1/2 law; this law means that the following relation is expected in a river
basin.
N(;C.)/N. = (1/2)i,
(u=2, 3, ..., k)
where N(;C.) indicates the number of u-th order streams having i confluent points
formed by (u-1)-th order streams, and k indicates the trunk number.
(3) 3/4 law ; this law means that the following relation is expected in a river
basin.
vNu/Nu = 3/4(1/4)v-u-1,
(v=u+1, u+2,
k)
where vNuindicates the number of u-th order streams joinning v-th order streams.
These three laws above-mentioned were used in the quantitative analysis of
the river channel in the upper baisn(about 1300km2) of the River Yura near Kyoto,
with results of good conformity between the actual geomorphological features and
the stochastic process of formation.
The present approach will be a real contribution to the theoretical procedure
in quantitative geomorphology and will play an importhat role in macroscopic
water problems,
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Abstract
Future perspectives in water problems in Japan will be more complicated and
more multi-form. This state will have a serious influence on the growth of the
national economy. Hydrological science and technology are not, however, sufficiently well organized to provide favourable solutions.
In 1964, the Science Council of Japan organized the Joint Committee for Water
Problems, in response to urgent water problems. This committee was reformed
as the Special Committee for Water Problesm in 1966. The main tasks are to
organize water research in Japan and to give substantial advice on the various
activities in IHD projects to the Japanese National Committee of UNESCO.
Participating in professional activities of the Committee, as one of the organizers
and reviewing past water research made, the author will criticize water problems
in Japan and show some problems in civil engineering which will be further solved
in the following :
1. The flood control schemes and the river improvement works conventionally
designed and made must be changed to secure high efficiency in evaluation of the
works. In reality, multi-purpose projects in water resource engineering, low-stage
channel course improvement works in flood control, and so on will be introduced.
2. High development in socio-economic activities will make more demands
on water use. Therefore, water supply augmentation, its conservation and water
quality management will become serious.
3. The conservation of water in agriculture must be also secured in connection
with other uses.
4. The recreational use of water must be considered, which will be directly
related with the augumentation and conservation of water supply.
Successful realizations of these schemes will be possible through strong activity
to study water science in the troposphere. Sincere desires to establish the Research
Institute for Water Science at various universities among scientists and engineers
in water problems will be a true reflection of such motivations.
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Abstract
It is indispensable to clarify the mechanism of a long range runoff system for
the development of water resources. The system is essentially a stochastic one,
for the analysis and synthesis, it is necessary to disclose not only the deterministic
characteristics but also statistical laws contained in the transition system from
precipitation to river discharge. From this point of view, this paper proposes
methods of the analysis and synthesis of a long range runoff system based on the
concepts and techniques of Information theory.
First, a "Statistical Unit Hydrograph Method" is proposed using Wiener's
Filtering Theory after verifying the stationality of the daily precipitation series and
making time-invariant and linearization the system. The methods of the procedure
of input and output are following; (1) The period is divided seasonally and the
precipitation series (input) is separated from the excess component over the saturated
water content of the surface or not, and the river discharge series (output) is separated
from the excess component over the maximum value of the sub-surface runoff or
not, respectively. (2) Further, to improve the accuracy of the daily river discharge prediction, the variation of the soil moisture content of the surface layer is
considered in the rainy season and the factors related to snow-melt are conditions in
snow-melt season.
Second, in order to clarify the interior statistical mechanism of the system, a
calculating method of the transition probabilities among the runoff states which
consist of surface, sub-surface and ground water runoff states is proposed, based on
the assumption that the Entropy defined by Shannon becomes maximum. The
Entropy is characterized by the transition times among the runoff states depending
on rainfall intensity.
The results of these stochastic procedures applying to the Yura River Basin
are following; the Statistical Unit Hydrograph Method was effective to construct
the statistical prediction of long range runoff system quantitatively. Next, it was
proved that the assumption of maximum Entropy exists in the system and the transition probabilities among the runoff states could be estimated statistically. As a
general description of the conclusion, if these two approaches are synthesized, it may
be possible to composed a systematic method for the analysis and synthesis of a long
range runoff system.
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Abstract
The structure and behaviour of saturated sandy soil deposits on which vibratory
forces or impact forces act have been investigated by many researchers in the field
of earthquake engineering and soil mechanics.
In this paper, especially, the properties of pore water pressure in saturated sand
deposits subjected to a continuous vibratory force are investigated theoretically and
experimentally.
First, the authors have derived equations of the viscous flow of compressible
fluids through porous media from a macroscopic point of view, under the following
assumptions; 1) the porous media are completely saturated, 2) the settling of the
sand grains is restricted to vertical direction, 3) the pore water pressure may be
separated into the so-called dynamic pore water pressure (o-,) and dynamic excess
pore water pressure (0-2).
Then, the properties of the two pore water pressures, especially, the process
of dissipation of the excess pore water pressure after liquefaction, are explained by
means of numerical computation.
At this point, we may conclude the following results; 1) the behaviour of 01
and 0-2is affected by the geometrical shape and the physical characteristics of the
sand deposits, which are affected remarkably by the value of the permeability
coefficient, 2) the dissipation process of 02 is closely related to the liquefaction of
the sand layer. On the basis of these results, the factors which affect the value of
pore water pressure and its profile of distribution are examined.
Then, a few experiments are performed. The purpose is to examine the solution derived theoretically, the scale effect of a sand container, the mutual relation
between pore water pressure and several quantities of vibratory force such as
frequency, amplitude, acceleration, the time variation of the pore water pressure
and the effects of the physical characteristics of sand.
Considering the problem on the basis of experimental results, we may draw
several interesting conclusions, but must wait for more detailed experiments in order
to grasp it quantitatively.
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Abstract
Finite amplitude standing wave theories, including progressive ones using the
perturbation method, have been developed by many researchers. Since, in general,
these solutions are approximate ones, there considered to exist a limiting condition
for the application of finite amplitude wave theories. In this study, therefore, in
order to investigate the limiting conditions for the applications of these theories
the errors for two non-linear boundary conditions at the free surface, such as the
kinematic condition prescribing the particle motion at the free surface and the
dynamic condition which described the pressure at the free surface to be constant
accoroding to Bernoulli's theorem, by the various approximate solutions of finite
amplitude standing wave theories, are numerically computed for various kinds of
wave characteristics expressed by dimensionless parameters, and evaluated according
to Dean's criterion. Then, by comparing the errors in each theory, graphs expressing the decreasing regions of the errors for two boundary conditions at the free surface
are provided. In addition, the same investigation using Stokes' wave theory by
Skjelbreia is carried out in order to discuss the problem in connection with the
limiting conditions both for application of finite amplitude standing wave theories
and for Stokes' wave theory, which is one of the finite amplitude progressive wave
theories.
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Abstract
In the first report, it was described that there exist limiting conditions for the
application of finite amplitude wave theories derived by the use of the perturbation
method. Nevertheless, it was not possible to find out the limiting conditions for
application simply by comparing the relative magnitude of the errors for the boundary conditions according to the criterion described in the first report. In order to
investigate the validity of these theories and to clarify the regions of the limiting
conditions for application, the theoretical results should be verified by experiments.
In this paper, therefore, some experiments on finite amplitude standing waves, including incident progressive waves upon the sea wall, were carried out within the
range of 6 TVglh 18 in which T is the wave period, h the depth of water and g
the acceleration of gravity and it was verified that solutions of the various orders
for finite amplitude standing wave theories have validity within a certain range of
h/H corresponding to the orders where H is the amplitude of standing waves, by
comparing the theoretical results with the experimental ones for the wave pressure
distributions along the wall and the wave pressures at a point on the wall at wave
crest and wave trough, the wave crest heights above the still water level and the time
variations of water level and pressure on the wall. A diagram of the limiting
conditions for application of finite amplitude standing wave theories is proposed
within the range of the experiments. It was found that each theory agrees well
with the experimental results within a certain range of TVglh and h/H, by comparing the theoretical results obtained by Stokes' wave theory by Skjelbreia and the
cnoidal wave theory by Laitone with the experimental ones obtained in the case of
experiments on standing waves for wave crest heights, wave velocities and time
variations of incident progressive waves. However, a diagram of the limiting
conditions for the application of progressive waves was not provided because of the
insufficiency of the experimental data.
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Abstract
In order to establish the mechanics of sand transport in both water streams
and air flows, the mechanism of saltation of a single sand particle should be
considered. After some considerations on the equation of motion of an accelerating
spherical particle in a fluid, an approach to establish the mechanics of saltation
of a single sand particle in streams is described. With regard to the rolling motion
of a sand particle, both the equations of motion for the sliding motion and those for
the rolling one are established by applying the drag forces and friction force to them
but neglecting the uplift force as defined by Yalin and the Basset term in virtual
mass forces, and by comparing them with the results of experiment. Transition
from the rolling motion to saltation is analyzed on the basis of the conservation law
of angular momentum of a sand particle through the collision of the rolling particle
with a bed particle. In addition, the distribution of the rolling distance to saltation
can be considered theoretically as a Poisson process. It was concluded that the
theoretical results of the rolling velocity of a sand particle, the rolling distance and
its distribution characteristics are in good agreement with the experimental ones.
Furthermore, a theory of the first saltation of a sand particle after the collision
of a rolling sand particle with a bed particle, is established, based on the equation
of motion for saltation motion by applying only the drag forces to it. The relation
between the saltation hight and distance of a sand particle and the flow intensity,
and their distribution characteristics are theoretically derived in connection with
the rolling characters of the sand particle described above. The theoretical results
of the saltation height of a sand particle and the distribution charactersitics are in
good agreement with the experimental ones. Successive saltation of the particle
can also be analyzed theoretically by the same manner.
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March 1969, pp. 491-502 (in Japanese).
Abstract
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Some Observations

on the Sand Drift

at Ogata

Coast

By Hideaki NODAand Teruo SHIBANO
Annuals,DisasterPreventionResearchInstitute, KyotoUniversity,
No. 11B,March, 1968,pp. 429-445(in Mapanese).
Abstract
Field investigations were conducted to find the characteristics of the nearshore
bottom configuration and sand drift off the Ogata Coast. Some of the resulting
data are discussed in this paper.
At the Ogata Observatory, located at 37°13'N, 138°19'E, there is a pier
extending in the direction NNW, the total length being 314.5 m, the water depth
at the end about 7 m, and a tower located at a depth of 25 m and 2.5 km from the
pier in the direction NW. In order to map feature nearshore, a new program of
surveying the bottom topography was established and a survey of the profiles of the
bottom topography along the pier was made on January 17-20,1967 and measurements were also made on July 20-25, 1967 on the Ogata Coast by echo sounding
methods. In addition, some grain size studies were made. Data are presented
in this paper.
The survey showed that crescentic type bars, known as rhythmic bar patterns, are
found in the surf zone. The relation between wave action and topographic response,
as shown by the development and movement of such bars has not yet been clarified
but a short consideration of this problem is then followed with plans for future study.
In order to find the characteristics and volume of the suspended sediment, its
concentration was measured by observation from the pier. The samples were used
to estimate the diffusivity of sediment due to wave action and to compare the
characteristics of bottom sediment with that of the suspended sediment. In addition, the concentration of the suspended sediment measured with sampling bottles
was compared with the volume obtained by the bamboo sampler.
The following conclusions are derived from the results of the measurements :
1) The median diameter of the suspended sediment (about 0.2 mm) is smaller
than that of the bottom sediment (1-2 mm).
2) The value of the diffusion constant obtained from the estimate is of the
order of 102 cm2/sec.
3) The sample volume shown by the bamboo sampler is approximately in
proportion to the concentration of the suspended sediment.
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An Experimental
Study on Mass Transport
Layer Under Standing Waves

in Boundary

By Hideaki NODA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 555-568(inJapanese).
Abstract
This paper deals with the experimental study of the mass transport in the
boundary layer developed on smooth and rough bottoms by standing waves in
shallow water of uniform depth.
Measurements by means of dye tracer show that the observed mass transport
velocity profiles in the laminar boundary layer are in good agreement with the
theoretical prediction. However, for high waves, the observed mass transport
velocity U on a smooth bottom is less than that predicted by the laminar theory as
the bottom boundary layer becomes turbulent. These results indicate that at the
inception of turbulence there is a break from the laminar theory in which U is
proportional to H' (H: wave height) and that the bottom boundary layers are
turbulent at a high Reynolds number defined by the water particle velocity near the
bottom and the boundary layer thickness more than 160, which is a critical one.
In addition, the drift velocity profile on a rough bottom is discussed on the basis
of the experimental results.
The main results obtained from the experiments on the rough bottom are
summarized as follows:
1) Observed mass transport velocities are greater than those predicted by
the laminar theory in a smooth bottom, but the direction of mass transport is in
agreement with the theoretical prediction except in the vicinity of the bottom.
2) In the case of the rough bottoms, the measured velocity profiles of the
mass transport gradually reduce in the upper layer.
3) It has not yet been made clear whether the direction of mass transport in
the lower layer is contrary to that of the upper one or not, because of the dispersed
dye streaks.
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A Study on Mass Transport
in Boundary
Layers in Standing Waves
By Hideaki NODA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 411-427(inJapanese)and
Proceedingsof the 15th Conferenceon CoastalEngineeringin Japan,
December,1968,pp. 24-29(inJapanese).
Abstract
This paper deals with the mass transport in the boundary layers developed
on smooth and horizontal bottoms by standing waves in shallow water. The
depositional behaviour of sediment is an important factor in the control of shoaling
in harbor basins and the maintenance of the harbor function for navigation. The
considerations developed in this paper began with some of the problems of a fishery
harbor being filled up by drifting sands.
In the previous paper, of which the abstract was described in the Bulletin, Vol.
16, Part 4, March, 1967, it has been shown that sand bars are formed at definite
locations in a harbor basin, and that the standing waves induced in the harbor basin
play an important role in the formation of these bars. In order to find the mechanism
of such bar formation, an attempt has been made to study the fluid motion in the
boundary layers developed on smooth bottoms in the case of standing waves in
shallow water of uniform depth, especially the velocity profile and the mass transport
velocity in the boundary layers.
In a theoretical approach, the basic equations of laminar boundary layers are
applied to solving the oscillatory motion in the boundary layers caused by the
standing waves. The mass transport velocities are derived on the basis of solutions
of the second approximation which describe the flow velocity near the bottom.
Experimental measurements in standing waves of mass transport velocity in the
bottom boundary layer were carried out using dye-streak and solid-particle methods.
The experimental data are compared with the theoretical prediction.
The following conclusions are derived from these results :
1) The mass transport in a laminar boundary layer is in agreement with
the theoretical value and the direction of the mass transport in the upper layer
is contrary to that of the lower one.
2) In any discussion of bar formation, the above result is important, since the
direction of sediment movement may be determined by the ratio of sediment
diameter to boundary layer thickness.
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A Study on Generation

and Development

of Hydraulic

Bore

By Hiroji NAKAGAWA,
Shigehisa NAKAMURA
and Yoshiomi ICHIHASHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 543-553(in Japanese).
Abstract
Experiments of the behaviour of the unsteady flow caused by a dam breaking
were conducted in order to examine the applicability of analytical methods to dam
breaking problems and to find the transitional process of hydraulic bore with the
variation of the ratio of the upstream initial depth to the downstream one. Dam
breaking was simulated by rapidly pulling up a vertical gate installed in a uniform
rectangular channel (0.5 m wide, 0.5 m high, and 30 m long). Observation of
the bores was carried out by cameras with automatic winding-up and a cinecamera
for 16 mm film (Elmo). The time change of the water level at specific locations
was picked up by pressure gauges of an electric resistance type, and indicated by
recorders of an automatic balancing type.
It was shown that there were four patterns of hydraulic bores distinguished by
the initial relative depth: (a) profile given by Ritter's dam break function and
Dressler's flow profile, (b) moving hydraulic jump, (c) unstable state of undular
bore and (d) stable state of undular bore. Flow profiles computed numerically by
use of Stoker's characteristics method for unsteady flow showed fairly good agreement with the experimental results for each initial condition.
Celerity of bore front and height of bore were also studied in relation to Stoker's
theory. Good aregement between them obtained from theory and observation was
found in the downstream reach sufficiently far from the dam. The discrepancy
shown in the neighbourhood of the dam should be caused by the vertical motion
of water particles and the non linear effect.
Lastly, the stability of the undular bore was investigated.
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By Shigehisa

with
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Currents

NAKAMURA

Journal of Civil Engineering for Fisheries, Vol. 5,
No. 1, 1968, pp. 47-53 (in Japanese).
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On Currents

with Storm Surges in Rivers
Canals in Osaka City

and

By Shigehisa NAKAMURA
Journal of the OceanographicalSocietyofJapan, Vol. 24, No. 5,
October,1968,pp. 234-241(inJapanese).
Abstract
Storm surges in rivers and canals in Osaka City has been studied by use of a
hydraulic model (vertical scale 1/100, horozontal 1/500). It was assured that the
peaks of past storm surges were able to be reproduced in the model. In this paper,
continuous model study of currents associated with a design storm surge is introduced
for canals in the model for the cases (1) befor and (2) after construction of storm
surge prevention gates.
The two-dimensional distribution of the maximum current velocity in cases of
the five types of planned storm surge is studied experimentally.
The relations
between the maximum current velocity and storm surge duration in canals are found,
even near river mouths, to be different from the relation in the river mouths. From
these results a form of Usmax=aTn is obtained for a certain canal, where a and n
are constants determined from water depth, width of canal and the neighbouring
boundary conditions. At the location of the gates, a remarkable trend is found in
the value of n, that is, in the case before construction of the gate n is equal to unity
and after construction of the gate n is nearly equal to zero . At the other location,
the value of n takes a value between zero and unity , especially at the river mouths,
n= —3/4.
Estimation of seiche in each canals is tried.
Refering to these experimental results and analyses , it is found that the canals
in Osaka City, especially the canals neighbouring river mouths , effectively play a
part in preventing water piling up because of storm surge.
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On
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By Shigehisa
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with
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Experiment

NAKAMURA

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 645-655 (in Japanese).
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Precise

Determination
of the Solitary Wave of Extreme
Hight on Water of a Uniform Depth

By Hikoji YAMADA,GOZOKIMURAand Junichi OKABE
Reportsof the ResearchInstitutefor AppliedMechanics,Kyushu
University,Vol. 16, No. 52, 1968,pp. 15-32.(in English).
Abstract
The solitary wave which can be produced upon the surface of water of a uniform
depth is not only the limit attained when the wave length of the surface waves grows
indefinitely, but it constitutes an idealized case by means of its numerical values,
and those of arbitrary long waves can be derived approximately, as is reported in
another paper (see the following abstract). Because of this reason we have given
in this paper factors characteristic of the solitary wave of extreme height, including
the wave profile and the distribution of the surface velocity in some detail. The
theory of calculation is the one reported previously, and is a generalization of the
well-known theory of Levi-Civita. All the flow region, which keeps the wave at
rest, is transformed onto a unit circle domain and a holomorphic function characteristic of the solitary wave has been determined in it, on the unit circle the function
satisfying the boundary conditions which correspond to the surface conditions of the
flow. Numerical values are determined iteratively by means of an electronic computer. As a whole, miscellaneous numerical values already published by various
authors are verified. For example, it is established that the ratios of wave velocity
vs. tidal wave velocity and wave height vs. mean depth are 1.2854 and 0.8262
respectively, both of which are supposed to be correct to the 4th decimal places.
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On the Highest

Water

of Permanent

Type

By Hikoji YAMADA
and Tadahiko SHIOTANI
Bulletinof the DisasterPreventionResearchInstitute, Kyoto University,
Vol. 18, Part 2, No. 135,1968,pp. 1-22.(in English).
Abstract
The highest gravity waves of permanent type on a water surface of uniform
depth are treated hydrodynamically and calculated numerically for the 16 values
of LID, ranging from zero to 09, L being the length of the waves and D the mean
depth of the water. This calculation, being the solution of a non-linear problem
in an at first undefined region, is not simple and we can not pursue an analytical
procedure to the end. At a certain point in the process we carried over the solution
to a numerical treatment, and a large series of numerical computations, almost
all of them managed by an electronic computer, has been put into a consistent scheme
of the characteristic numbers, which is the result aimed at concerning the waves
of extreme height.
First we transform the water region of one wave length onto a unit circle and a
holomorplic function is determined in it, this function describing the flow field
completely. This is an extension of the method of Levi-Civita. The singularity
of the function at the wave crest is covered by a certain simple function. The
remaining part is calculated numerically, first on the circumference of the unit circle
by an iteration procedure, and then on the inner values by Schwarz-Poisson's
formula using this circumferential value. This function is almost independent of
the value of LID when LID, 10, and this property much simplified our labor of
calculation. The characteristic values are tabulated and a representative wave
form is shown graphically. The so-called breaking index curve is also shown in
a figure, this curve coinciding well with the experimental one, due to Bretschneider.
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Experimental

Studies on Bottom Friction near the Transitional
Region under Oscillatory Wave Motion
By Yuichi IWAGAKIand Huoxiong CHEN

Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 355-374(inJapanese).
Abstract
Information about bottom friction under oscillatory wave motion is required
to understand various phenomena in shallow water, such as wave transformation
and sediment movement. The purpose of this paper is to discover experimentally
the mechanism of bottom friction near the transitional region from laminar to
turbulent boundary layer under periodic gravity waves. The experimental investigation was made by means of the direct measurement of instantaneous shear
stresses acting both on smooth and rough bottoms. The experimental results were
compared with both the linearized theory on the laminar boundary layer growth
and the theory on the bottom friction in a turbulent oscillatory flow established by
Kajiura. The results are summarized as follows :
(1) In the case of a smooth bottom, the experimental values of the friction
coefficient agree well with those of the linearized theory for the range of the laminar
boundary layer at a low wave Reynolds number. However, the experimental values
are approximately 20% larger than the theoretical ones when the wave Reynolds
number is higher than (4-6) x 10', which means the data are near the transitional
region.
(2) In the case of a rough bottom, which is made of sand of 1.05mm in mean
diameter fixed by lacquer, the experimental values are approximately 20% larger
than the theoretical ones for the laminar boundary layer and the tendency of plot
is different from Kajiura's theory for turbulent flow on a rough bottom , when the
wave Reynolds number is higher than (8-10) x 103
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Experimental

Study of Wave Pressure Acting on an
Arch Gate (Second Report)

By Yuichi IWAGAKI,Saichi TAMAI,Masao INOUE
and Masahiro YOSHIKAWA
Annuals,DisasterPreventionResearchInstitute, KyotoUniversity,
No. 11B,March, 1968,pp. 375-394(inJapanese).
Abstract
In the first report, the experimental results on the horizontal and vertical
distributions of maximum wave pressure acting on the model of an arch gate were
presented and it was pointed out that the mechanism of water surface oscillation
in front of the arch gate has to be understood in order to solve the wave pressure
acting on such a gate.
In this paper, from this point of view, the relations between the characteristics
of the water surface oscillation in front of the gate and those of incident waves are
described, based on the experimental results. Distributions of the water surface
oscillation along the arch gate have been measured by a 16 mm cine-camera. The
waves used in these experiments were both uniform and short crested waves with
phase angles of 90° and 180°. The characteristics of the incident waves were 0.6,
0.8, 1.0, 1.2, 1.4 and 1.6 sec in period and from 2 to 12 cm in height.
The main results obtained are summarized as follows :
1) Nodes and anti-nodes apper alternately along the arch gate. The antinode appears at the center of the gate in the cases of longer uniform waves than one
second period and the node in most cases of short crested waves.
2) The theoretical solution of water surface oscillation for a fan-shaped
harbor by Goda has been applied to explain the mode of oscillation in front of the
arch gate, but the result was not satisfactory.
3) Horizontal and vertical distributions of the maximum wave pressure can
be predicted by using the existing formula for standing wave pressure if the water
surface oscillation in front of the gate is predicted from incident waves.
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Studies on Cnoidal Waves (Fifth Report)
— On Hyperbolic Waves ( 2 ) —
By Yuichi IWAGAKIand Tetsuo SAKAI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 463-476(inJapanese).
Abstract
This paper first gives the equations of total energy and energy transmission
of hyperbolic waves of the second approximation, and proposes the relation between
the complete elliptic integral of the first kind and the wave period, wave height
and water depth to be applied in the region where the ratio of wave height to water
depth is greater than 0.55.
Secondly, as an application of the hyperbolic wave theory, it deals with wave
shoaling, that is changes in the wave height, wave crest height above still water
level, and wave length or wave velocity, when the waves proceed into shallow water
from deep water.
The theoretical curves of wave height change based on the hyperbolic and
Stokes' wave theories are compared with the results of existing experiments by
Wiegel, Iversen and Eagleson. The conclusions are as follows :
1) The theoretical curves of wave height change have the same tendency as
the existing experimental results and can explain the experimental fact that the
wave height in shoaling water is larger than that predicted by the small amplitude
wave theory.
2) In the zone of small water depth-wave length ratio, the wave crest height
above still water level is, of course, larger than half the wave height and becomes
high with decrease in the water depth until breaking. The wave length or wave
velocity is slightly larger than that predicted by the small amplitude wave theory.
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Studies on Cnoidal Waves (Sixth Report)
—Limiting Condition for Application of Cnoidal Wave Theory —
By Yuichi IwAGAKIand Masataka YAMAGUCHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 477-502(inJapanese).
Abstract
Since 1963, one of the authors, Iwagaki has been studying the applicability
of Laitone's cnoidal wave theory of the second approximation and found out that
it agrees well with the experimental results for the wave velocity, wave length and
wave profile in the case of a small water depth-wave length ratio, after the graphs
and method for computing the wave profile, wave velocity and wave length for a
given wave period, still water depth and wave height were presented based on Laitone's cnoidal wave theory. In this paper, in order to find the limiting condition
for the application of the cnoidal wave theory, first, the analytical solutions of Stokes'
waves by Sato, Tanaka and Skjelbreia were considered for comparison, and then
the authors investigated the relation of wave velocity by each theory, especially to
what degree each solution for Stokes' waves satisfies the two boundary conditions,
that is, the kinematic condition which prescribes a particle motion at the free surface
and the dynamic condition derived from Bernoulli's theorem at the free surface.
Consequently, the third order approximate solution by Skjelbreia as Stokes' wave
theory was verified to be usable for practical purposes. Secondly, some experiments
on the wave velocity and wave crest height above the still water level in the case of
relatively large water depth-wave length ratio were carried out and it was found
out that the cnoidal wave theory is applicable for the wave velocity, wave length
and crest height above the still water level within the range of Ti/g1H.23 in
which T is the wave period, g the acceleration of gravity and H the wave height,
by comparing the theoretical results based on Laitone's cnoidal wave theory and
the Stokes' wave theory of the third order approximation by Skjelbreia with
the experimental results for them.
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On the Bottom Friction

Factors

off Five Japanese

Coasts

By Yuichi IWAGAKIand Tadao KAKINUMA
CoastalEngineeringin Japan, Vol. 10, December,1967,
pp. 13-22.(in English).
Abstract
In forecasting ocean waves in shallow water, the value of the bottom friction
factor must be known for the calculation of wave energy loss due to bottom friction.
In 1952-53 Bretschneider carried out field investigations on wave damping in shallow
water in the Gulf of Mexico and obtained values of 0.053-0.08 as the bottom friction
factor. On the other hand, the theoretical curves of wind wave forecasting in
shallow water derived by him under the assumption of a bottom friction factor being
equal to 0.01 best fit steady state wave data. The reason why the values obtained
by the field investigations are larger than those used in his forecasting method has
not been clarified.
The wave observations in this study were made by means of anchored buoys off
five Japanese coasts. From the attenuation of both significant and mean wave
heights, and from the transformation of wave spectra, the values of the bottom
friction factor are calculated and the relationship between the bottom friction factor
and the wave Reynolds number is established. It should be noted that the calculated values are much greater than the 0.01 which was assumed by Bretschneider
for general use in forecasting shallow water wind waves.
It is concluded that the calculated values of the bottom friction factor off five
Japanese coasts are :
1) in the case of the significant wave method, 0.027–^3.091 for 106<Rer<
8 x 106 (quadratic drag region),
2) in the case of the wave spectrum method (spectral peak only), 0.032-4).18
for ( —2) x 106..Rer<3.3 x 10' (quadratic drag region), and
3) for ReT<106, the bottom friction factor increases with decrease in the
wave Reynolds number ReT•
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On the Shoaling

of Finite Amplitude

Waves ( 2 )

By Yuichi IWAGAKIand Tetsuo SAKAI
Proceedingsof the 15thConferenceon CoastalEngineeringin Japan,
December,1968,pp. 10-15(inJapanese).
Abstract
This paper first revises the energy transmission equation of hyperbolic waves
in the previous paper, and then gives more exact theoretical curves of wave height
change based on the hyperbolic and Stokes wave theories.
Secondly, it gives theoretical curves of changes in the wave crest height above
still water level and wave velocity (wave length) in shoaling water based on both
theories.
Further, the theoretical curves of wave shoaling are compared with the results
of the experiment carried out for a model beach having a uniform slope of 1/20 and
the following conclusions are derived :
1) Theoretical curves of wave height change in shoaling water based on the
hyperbolic wave theory agree well with the experimental results, and it is confirmed
that the wave height becomes larger than that predicted by the small amplitude
wave theory, but the criterion for wave breaking on a slope has to be further investigated.
2) Theoretical curves of wave height change based on Stokes wave theory
also agree with the experimental results.
3) Experimental results of wave crest height change above still water level
show the same tendency as theoretical curves, but the values are too small compared
with the theoretical ones. The reason may be due to the asymmetrical deformation
of the wave form on a slope.
4) Experimental results of wave velocity (wave length) change show the
same tendency as theoretical curves.
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By Yuichi

of Wave

IWAGAKI, Maso

Overtopping

on

INOUE and Takayuki

Seawalls

KANEDA

Proceedings of the 15th Conference on Coastal Engineering in Japan,
December, 1968, pp. 282-287 (in Japanese).
Abstract
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Studies on Cnoidal Waves (Seventh Report)
— Experiments
on Wave Shoaling —
By Yuichi IWAGAKIand Tetsuo SAKAI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 569-583(inJapanese).
Abstract
This paper presents the results of experiments on wave shoaling and comparisons
with the theoretical curves based on the hyperbolic wave and Stokes' wave theories.
The conclusions are as follows :
1) Experimental results of wave height change agree well with the theoretical curves of hyperbolic waves, and it is confirmed that the wave height in
shoaling water becomes larger than that predicted by the small amplitude wave
theory with decrease in the water depth. The limit of wave breaking on a slope
must be further investigated. The experimental results of wave height change for
steep waves also agree with the theoretical curves of Stokes' waves.
2) Experimental results of change in the wave crest height above still water
level show the same tendency as two families of theoretical curves, but the experimental values are smaller than the theoretical ones. The reason may be due to the
asymmetry of the wave profile on a slope. Experimental results of wave velocity
change in shoaling water also show the same tendency as two families of theoretical
curves.
3) Waves proceeding on a slope are deformed and their profiles become more
and more asymmetrical with decrease in the water depth. The wave crest appears
within a shorter time than half the wave period after the wave trough passes away,
and the profile of the front face agrees with that of hyperbolic waves. On the
other hand, the back face is rather flat and a profile similar to a saddle form appears
before breaking, The time expressing the deviation of the wave crest from the
symmetrical form becomes longer with decrease in the water dpth and this tendency
is distinguished in the case of small wave steepness.
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Some Observations

on Coastal

Processes

in Tanabe

Bay ( II )

By Hideaki KUNISHI,Katsuya NISHIand Toru SUZUKI
Annuals,DisasterPreventionResearchInstitute,Kyoto University,
No. 11B,March, 1968,pp. 327-335(inJapanese).
Abstract
A series of oceanographic surveys carried out in Tanabe Bay August 7 through
August 11, 1966, is analyzed together with the continuous records of sea water
temperature observed at the Shirahama Oceanographic Tower Station.
The spatial distributions of temperature and chlorinity inside and outside the
bay were observed at twenty stations in the same tidal phase on each day. The
dimensions of the bay are:- about 4 km wide, 4 km long and 20m deep.
An abrupt rise of sea water temperature of nearly 1°C occurred within about
ten minutes at the Tower Station during the oceanographic survey on August 7.
From the analysis of the T-Cl diagram and the spatial distributions of temperature,
chlorinity and density of the bay, it is concluded that water of lower salinity and
higher temperature flowed into the bay and passed through the Tower Station,
causing the abrupt rise of the water temperature. The horizontal scale of this
water mass was at least 2 or 3 km long.
The analysis of the time series of the spatial distributions of the properties of
sea water shows that the intrusion of this water mass brought an unstable baroclinic
field in the bay, and that this unstable field changed into a more stable one in a
few days. This process is considered to be a density flow due to the density difference between inside and outside the bay.
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11B, March, 1968, pp. 337-353 (in Japanese).
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Analysis

of the Non-Linearity
of Coastal
Based on Wave Records

Waves

By Tadao KAKINUMA,
Akira ISHIDAand Takeshi Momp
Proceedingsof the 15thConferenceon CoastalEngineering
in Japan, December,1968,pp. 73-79(inJapanese).
Abstract
Ten-minute simultaneous wave records have been obtained in shallow water
off the Ogata coast by six step-resistance type wave gauges set along a long pier at
depths of 6-7m.
This paper presents the results of wave observations analyzed both by the
significant wave and the wave spectrum method.
The main results obtained are as follows :
1) For the case of the significant wave heights less than 1.5 m, the theoretical relation between the average height of the 1/10 highest waves and the
significant wave height obtained by Longuet-Higgins (1952) based on a linear
random wave model is quite satisfactory, and for the case of the significant wave
heights between 1.5 m and 3 m, the average heights of the 1/10 highest waves are
larger than the theoretical.
2) The higher the significant wave height, the larger the departure of the
distribution of water surface displacement from the Gaussian distribution. The
characteristic frequency distribution shows a positive tail raised above the Gaussian
and a negative tail below, and all the skewnesses are positive. The frequency
distributions are similar at the corresponding five stations.
3) The transformations of power spectra and bispectra are obtained at the
five stations. At offshore side stations, the power spectra have very high first peaks
and very low second peaks. The interaction between component waves of first
spectral peak themselves is especially strong. At onshore side stations, the first and
second peaks of power spectra are similar and no predominant interactions exist.
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Studies on Wave Forecasting (Second Report)
— Estimation
of Shallow Water Waves off the Ogata Coast—
By Tadao KAKINUMA
and Akira IsHIDA
Annuals,DisasterPreventionReseacrhInstitute,KyotoUniversity,
No. I2B, March, 1969,pp. 657-668(inJapanese).
Abstract
Wave forecasting is one of the most imporatnt problems in coastal engineering
at present. The problem of forecasting shallow-water waves is, however, somewhat
handicapped by lack of adequate data for storm winds and waves.
In this paper, the graphical approach by Bretschneider in 1954 for wind waves
in shallow water is discussed and a new graphical approach, which is extended to
shallow water based on the modified Wilson method by Iwagaki-Kakinuma (1962),
is proposed. The significant wave heights and periods estimated by the authors'
approach are compared with those observed off the Ogata coast. It should be noted
that the relationship between bottom friction factors and wave Reynolds numbers
in shallow water off some Japanese coasts obtained by Iwagaki-Kakinuma (1966)
are resaonable for the significant wave method. In addition, the momental
skewnesses, the kurtosises, the power spectra, and the bispectra are shown for the
wave data in this analysis. A part of this paper is presented in Proceedings of
the 15th Conference on Coastal Engineering in Japan.
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Some Mechanical

Properties

of Anisotropic

Clay

By Sakuro MURAYAMA
and Norio KURIHARA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 511-522(inJapanese).
Abstract
When an undrained failure occurs in a deposit of clay the shear strength
mobilized on a failure surface may vary with the orientation of the surface as a result
of the anisotropy of the clay and as a result of the reorientation of the principal
stresses.
In this paper, the authors have investigated the influence of the anisotropy of
the clay on the undrained shear strength, using artificially sedimented kaolin clay.
Sedimented kaolin clay was made by the following procedure: kaolin caly
was mixed with 0.01N Na,SiO3 solution and sedimented from a dilute suspension
whose clay content was about 10 weight %. The orientation of the caly particles
was measured by using X-ray diffraction and it was found that the particles in the
sedimented clay were orientated parallel to the horizontal bedding plane.
Consolidated undrained triaxial shear tests were performed on two types of
cylindrical samples trimmed so that their axes coincide with the vertical or
horizontal directions to the bedding plane of the sedimented clay, and it was
observed that for normally consolidated samples the shear strength of "vertical-axis"
samples is almost equal to that of "horizontal-axis" ones, whereas for overconsolidated samples the former is greater than the latter.
The analysis of the strength parameters in terms of effective stress and the porewater pressure parameter at failure Af showed that the difference measured in the
strength of the two types of overconsolidated samples is primarily attributed to the
difference in the value of Af. But it was not clarified why the difference in strength
is measured only for the overconsolidated samples.
Furthermore, in horizontal samples, one main failure plane developed and the
line of intersection between the failure plane and the horizontal bedding plane was
always practically perpendicular to the axis of the sample, whereas, in vertical
samples, many failure planes developed. The failure strain is about 50% larger
for vertical samples than for horizontal ones.
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Mechanical

Properties

of Clay under

the Repetitious

Loads

By Sakuro MURAYAMA
and Norio KURIHARA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 139-146(inJapanese).
Abstract
The factors which govern the shearing characteristics of clay are the applied
stress condition, void ratio, stress history, temperature, etc. Of these, stress history
has not yet been clarified in a consistent manner. In this paper, triaxial repetitious
compression tests were performed on saturated remoulded clay specimens in an
undrained condition, and the changes in certain mechanical properties of clay due
to repetitious loading were investigated.
Furthermore, the influence of stress
history on the undrained shear strength was discussed. The principal conclusions
obtained from these tests are as follows:
(1) A tangential elastic modulus at each stress level above a certain level may
greatly increase up to the 2nd or 3rd cycle, and then gradually decrease. It is a
contrary tendency to the case of sand.
(2) For sands, it has been proved that eRln is proportional to n, where SR
is a residual strain at the nth cycle and n is a repetitious cycle number. But, for
clays, this proportionality may not necessarily be valid.
(3) It may be supposed that if clay specimens, whose water contents are equal
but whose consolidation histories are different, are remoulded by applying repetitious loads, the residual effective stresses in the specimens after remoulding are
almost equal.
(4) The failure envelope line in terms of effective stress is common for all the
tests which include the usual compression tests, and the shear strength and strain
which appear in the specimen at failure become nearly constant due to repetitious
loading irrespective of its history, whether it is normally consolidated or overconsolidated.

102
Strength

Character of Overconsolidation
an Oscillating Load

Clay under

By Norio YAGIand Hiroshi YUKITOMO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 529-536(inJapanese).
Abstract
In this paper we have described the experimental study of the dynamic strength
characteristics of clay, expressing the dynamic shearing at failure as:
Ty'=

—u)tan 43e,a—u =

where ce, c/hand a' are Hvorslev's effective cohesion, Hvorslev's effective angle of
internal friction and effective stress, respectively.
Therefore, we find that the
shearing strength of clay under an oscillating load depends on ce, 0, and a'.
We used the triaxial oscillating compression testing apparatus in which the
ambient pressure, a-, and the axial one, (al—o3) can be separately controlled so as
to oscillate at any similar frequency and at each optional amplitude. We carried
out an undrained triaxial compression test on normally consolidated and over consolidated clay to take notice of changes in ce, 0, and a' under the following
conditions:— The physical properties of this clay were as follows; specific
gravity =2.73, liquid limit =43%,
plastic limit-=25%.
The mean ambient
pressure, was kept constant and the mean axial one, (al —o-3)was increased step by
step, while the axial pressure amplitude was kept constant at 0, 0.2, 0.6, 1.0 kg/cm2,
which is twice the ambient one, and the frequency was kept constant at 10 cps for
all tests.
From these tests the following qualitative results were obtained:
(1) The dynamic shearing strength of clay decreases with the increase of
pressure amplitude.
(2) The decrease of shear strength is caused by the behaviour of pore water
pressure under the oscillating pressure for the clay of which Hvorslev's effective
conhesion is negligibly small.
(3) The change of Hovrslev's effective angle of internal friction due to
oscillating pressure is very small for the case in which the pressure amplitude is rather
large.
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A Method of Measurement
for the Calculation of the Earth
Pressure Applied on Steel Tunnel Supports
By Sakuro MURAYAMA
and Hajime MATSUOKA
Journal of the Japan Societyof CivilEngineers,Vol. 53, No. 3,
March, 1968,pp. 39-42(inJapanese).
Abstract
Nowadays, the common methods of measuring the earth pressure applied on
steel tunnel supports are classified as the two following:
(1) The method measuring the earth pressure directly by earth pressure gauge,
load cell and so on.
(2) The method calculating it indirectly from the measured strain generated
in the steel tunnel support.
Recently the latter method (2) has come to be the main one in use, but it is very
difficult to calculate the earth pressure exactly from the strain measured only at the
upper and lower flanges of the steel tunnel support (H-steel), because only two
sectional forces (bending moment and axial force) can be calculated from the
measured strain above stated and the third sectional force (shearing force) remains
unknown. In this paper it is proposed that the shearing force can be obtained
from the measured strain of a Rossette gauge, which can measure strain in three
directions, and the earth pressure applied on the steel tunnel support can be exactly
calculated from the bending moment, the axial force and the shearing force by
setting up the equation of equilibrium.
The above-mentioned method is not affected by the joint of the steel support
between the measuring sections. Furthermore, even if a strain gauge at a certain
place goes wrong, it may be possible to estimate the earth pressure by setting up the
equation of equilibrium between the next measuring sections.
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A Model

Experiment
By Sakuro

on

the

Slope

Failure

MURAYAMA and Yoshiharu

of

Stratified

Rock

ISHII

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11B, March, 1968, pp. 503-510 (in Japanese).
Abstract

Every stratified rock contains at least two sets of joints oriented at approximately
right angles and these joints constitute a source of mechanical weakness.
In order to investigate the slope failure of stratified rock, a model experiment
was carried out using a pile of blocks made of vinyl chloride. In the model
experiment, the blocks were piled on a horizontal plate in the horizontal strate
(checked joint and staggered joint) and the slope failure was caused by gradually
increasing the inclination angle of the plate.
From the experimental results, it can be concluded that slope failure occurs
even if the slope angle of the stratified layer a is less than the frictional angle between
the blocks 0, and that the critical slope angle of the stratified layer below which
the slope stands decreases with the increase of the slope height.
The main reason why the above results are obtained is that the slope failure
of the stratified pile of bocks depends not only on the sliding motion between the
stratified layers but also on the rotating motion of a certain group of bocks.
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Fundamental

Study of the Internal

Failure

of Stratified

Rock

By Sakuro MURAYAMA,
Yoshiharu ISHIIand Hajime MATSUOKA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 147-160 (in Japanese).
Abstract

Every stratified rock contains at least two sets of joints oriented at approximately
right angles to the bedding planes and these joints constitute a source of mechanical
weakness.
In order to investigate the internal failure in various stratified rocks due to
local yield, such as local failure caused around an excavated tunnel, a model test
was carried out using a pile of blocks made of vinyl chloride.
In the model test, the blocks were piled up in the horizontal, inclined and
vertical strata (The horizontal strata were classified as being of three types; checked
joint, symmetrically staggered joint and unsymmetrically staggered joint) and the
internal failure in the stratified pile was simulated by gradually lowering a panel
which formed a part of the horizontal base under the pile of blocks.
From the test results, it is observed that the failure zone may be divided into
the primary failure zone which usually accompanies the lowering of the panel and
the secondary failure zone which appears around it in certain conditions. Then
the relation to determine the condition is studied. This condition is influenced
by D/B (D : depth of the blocks, B: width of the lowering panel) and the critical
values of D/B below which the secondary failure zone appears are obtained from the
consideration of the failure mechanism. Furthermore the stability for the development of the failure zone caused by a small disturbance is discussed.
Rock load on tunnel supports can be estimated from this study.
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On the Relationship
between Ultrasonic
Rocks and Their Mechanical

Velocities in Soils or
Properties

By Norio YAGIand Yoshiharu lam
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 77-88(inJapanese).
On the Relationship
of the Mechanical Properties
of Soil
and Rocks to the Velocity of Elastic Waves
By Norio YAGIand YOSHIHARU
ISHII
Bulletinof the DisasterPreventionResearch Institute, Kyoto University,
Vol. 18, Part 4, No. 147, March, 1969pp. 15-25 (in English).
Abstract
Recently the survey of the ground by the velocity of the elastic wave in it, from
which the dymanic elastic constants of soil and rock constituting the ground are
calculated, has come to be widely applied. We are to try to make an estimate of
the static properties of the ground from its dynamic ones. Though the dynamic
elastic constants of soils and rocks do not generally agree with the static ones because
they are not perfect elastic bodies, there may nevertheless be a mutual relation between these constants.
The velocities of the elastic longitudinal and transverse waves in soils and rocks
are measured using the ultrasonic pulse method. The comparison of the dynamic
elastic constants of soils and rocks determined by the ultrasonic method with static
ones obtained by the uniaxial compression test, the possibility of estimating thier
compressive strength from the dynamic shear modulus and the effect of pore fluids
on the ultrasonic velocity in soils are investigated. From these results, the following
conclusions are drawn. (1) For relatively isotropic material, such as soil or mortar,
a mutual relation is observed between the uniaxial compressive strength qu and
the dynamic shear modulus Gd, and the ration q./Gd becomes smaller. But for
unisotropic material, such as sedimentary rock, there is no mutual relation between
them. (2) Pore fluids in clay affect the velocity of the longitudinal wave. (3)
The velocity of the transverse wave has a linear relation with the dry density. (4)
A mutual relation is observed between Young's dynamic modulus Ed and the static
one Es, and the relationship between the ratio ES/Ed and Ed is approximately
represented by a hyperbola. (5) Poisson's dynamic ratio for clay becomes smaller
according as the degree of saturation becomes lower.
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Response

Characteristics

of Saturated

Clay to Impact

Loading

By Koichi AKAt and Yukio YAMAUCHI
Transactionsof JSCE.No. 149,January, 1968,pp. 36-45(inJapanese)and Soilsand
Foundations,Vol. 8, No.2,June, 1968,pp. 13-34(in English).
Abstract
The dynamic response characteristics of soft saturated clay under impact load
have been investigated by subjecting the material to test under a simply simulated
earthquake in a triaxial cell. The three types of test adopted were the longitudinal
impact vibration test, the torsional vibration test and the forced vibration test.
The results of the investigation are briefly summarized as follows :
(1) The undrained shear strength of saturated clay obtained from the dynamic
test is one and half times or twice that from the static test, and it increases with the
confining pressure.
(2) The stress-strain relationship calculated by a series of vibration masses
(by means of Rayleigh's method), acceleration records and axial strains at instantaneous displacement coincides approximately with that computed from the loading
and displacement records of a single test.
(3) The logarithmic decrement for saturated clay increases with the moisture
content, and the damping tends to decrease with the confining pressure.
(4) The value of the spring constant computed from the logarithmic decrement
and the vibration period, by assuming that the soil sample can be represented by
a Voigt model, is approximately constant with the vibration mass, while it decreases with the increase in the moisture content of the specimen. If the vibration
mass is constant, the viscosity constant increases with the moisture content.
(5) The logarithm of the maximum values in the acceleration record in the
longitudinal impact vibration test is approximately linear with time, so it is possible
to get the viscosity constant from the gradient of this straight line.
(6) The shear modulus of elasticity and the logarithmic decrement obtained
from the torsional impact vibration test are not influenced by the sustained load.
The damping of clay depends upon the stress amplitude acting in the direction of
vibration, whereas it is independent of the stress perpendicular to it.
(7) The correlation between the damping energy and the corresponding stress
amplitude in the forced vibration test becomes linear on logarithmic plotting.

.
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Underground

Flow Control

by Means

of a Water-Curtain

By Koichi AKAI
Journal of JSCE, Vol. 53, No. 10, October, 1968,pp. 49-54 (in Japanese).
Abstract
From a series of geological and hydraulic investigations of the ground-water
problems in the inland region around Lake Biwa, the author assumed the watertable depression in the inland region accompanied with the variation in the
water-level of the lake which may be expected as low as 3m. The results were about
3-5km from the shore on the eastern side of the lake, and as far as about 2km on the
western side.
The present research treats the mechanism of formation of the water-curtain
which appears on the seepage from a canal when it encounters a natural underground
flow at the upstream part of the canal. The phenomena are proved by seepage
experiments using a sand model in the laboratory and also by in-situ tests performed
on the shore of Lake Biwa.
As the experimental apparatus in the laboratory a rectangular sand mass
(23 x 45 x 315cm) with fine uniform sand was placed in a steel flume with a glass
front. The water level on both sides of the sand model was arbitrarily controlled.
Ground-water from the upstream reservoir qE with depth HE was discharged into
the downstream one. The free surface was observed in the steady state under qE
only, after which the free surface and the water head were measured by piezometer
under both qE and recharge into the canal qc. The seepage pattern was traced
with the aid of green Uranine dye, which forms a smooth concave curve under the
canal, a so-called water-curtain beyond which seepage does not spread. The
spread of the water-curtain increases with qc.
On the shore of lake Biwa a series of large-scale in-situ tests was performed
using a 50m-long recharge canal. Observation of the ground-water level during
the tests was carried out by 116 pick-ups installed in the observation wells. It is
concluded that such a method using a recharge canal with a suitable scale can be
adapted to maintain the ground-water level surrounding the lake.
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Study of the Electric-Analog

Experiment

for Seepage Flow

By Koichi AKAI,Ryuji Fuxuzumx, Kazuaki NAITO
and Kiyoshige NISHIBAYASHI
Proceedingsof the 13th Soil EngineeringSymposium,
November,1968,pp. 31-36 (in Japanese).
Abstract
Among the experimental methods for solving the mechanism of steady seepage
flow through soil, the electric-analog experiment using agaragar as the medium is
studied. This analog is based on the principle that there exists a similarity between
Darcy's law and Ohm's law. The merit of using agaragar consists in the fact that
one obtains the arbitrary permeability of model strata by changing the salt content
and that one can apply this method to three-dimensional seepage problems.
The real discharge of seepage flow can be calculated by considering the law
of similarity between the model and the prototype. Velocity potentials of seepage
flow at any point in real ground are obtained by measuring the electric potential
in model ground.
Two kinds of application of this experimental method to the actual design of
structures are described in this paper. One is the leakage problem toward the
bottom slab of a dry dock (340m x 56m). The ground of the dock site consists of
impermeable clay, silt, permeable sand and gravel, forming very complicated strata.
The model ground was constructed from more than twenty planes, of which the
depth and inclination are different from each other. The amount of leakage
obtained by the model experiment was 13.8m3/hr, which showed considerable accordance with the actual one measured at the site after completion of the structure.
Another application is in respect to the installation desigh of deep wells for
decreasing the ground-water pressure (max. 4kg/cm2) around a caisson foundation
(2.3m x 1.2m). This problem was also solved three-dimensionally, determining
the location, number of wells and the amount of discharge.
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Experimental

Study on the Propagation
in Cohesive Soils

of Stress

Wave

By Koichi AKAX,Mineo TOKUDAand Tsutomu Kiucm
Proceedingsof JSCE, No. 161,January, 1969,pp. 59-67 (in English).
Abstract
In this study earthquake motion is regarded as a pulsative disturbance which
acts in a very short time rather than as a periodic dynamic one which continues
for a fairly long time, and the characteristics of the stress wave propagating through
cohesive soil are clarified when it is excited by such a shock disturbance.
In the experiment a clay specimen of cylindrical form 6cm in diameter and
about 60cm in length was sustained horizontally by some ribbons made of cloth
attached to the rigid frame, and a weight hanging down from the frame struck the
impact end of the specimen to generate the pulsative force. At each point of the
specimen a very small pressure gauge was embedded to measure the pressure
propagating through the specimen.
The reaction end was changed with six kinds of material which had different
rigidities relative to the soil specimen. This was for the purpose of investigating
the state of interaction between the incident wave and the reflected one owing to
the relative rigidity of the reaction end and the soil.
Some important conclusions were obtained and are summarized as follows•
(1) The pressure wave exponentially attenuates its peak intensity with
distance. The rate of this pressure attenuation is very rapid for soft soil and also
when the applied pulsating wave is steep.
(2) The rise time of the pressure wave increases with distance and the rate
of this increase is large for the higher intensity of the pressure peak.
(3) The duration time of the pressure wave increases with distance and the
rate of this increase is large for soft soil.
(4) The resultant pressure generated near the reaction end increases with its
rigidity.
(5) The refracted wave penetrating into the second material measured in
the experiment coincides fairly well with the one calculated.
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General

Character of Groundwater
Flow in the
Basin of the River Ta
— Studies of the Groundwater in the Basin of the River Ta ( 1 ) —
By Gyozo OHASHI,Taro OKA, Mutsumi KADOYA,
Eiji TOYOKUNI
and Akira FUKUSHIMA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12,March, 1969,pp. 382-390(inJapanese).
Abstract
A field survey of the ground water table was carried out in the basin of the River
Ta and its adjacent area, situated in the north-eastern part of Lake Biwa, in 1967.
A result of the survey and its theoretical consideration are presented in this paper.
The Ta basin bounded on the south-east by the River Kusano, on the south
by the River Ane, on the west by the River Takatoki and on the others by the
mountains, is the composite alluvial fan grown by the Rivers Ane, Takatoki and
Kusano. The River Ta runs the lowest part along the center line of the basin and
flows into Lake Biwa after passing under the River Takatoki. Therefore, the River
Ta is an influent stream in the basin. The River Ane joins the River Kusano in
the middle reaches and the River Takatoki in the lower reaches. Some reaches
of these rivers are a bed-raised and effluent stream. Surface flow in the River
Kusano sometimes vanishes in the dry season. According to the data of the boring
survey, the strata except the surface layer in this region are composed of sand and
gravel, and are very permeable. At the end of the alluvial fan formed by the River
Kusano, there are some groups of springs, the outflow from which appears to be
related to the discharge of the River Kusano.
As the results of a field survey, it was disclosed that the seasonal fluctuation
of the ground water table is not remarkable in the left basin of the River Ta. This
phenomenon is attributed to the fact that the families of springs situated near the
River Kusano in the basin remain almost constant in the water table in spite of the
changeability in outflow, and restrain the fluctuation of the ground water table in
the basin.
A numerical analysis of the ground water table was performed using the
two-dimensional equation derived from the mass continuity equation and Darcy's
law, under the assumptions that the ground water flow was in a steady state, was
not affected by the human factor and that the strata might be homogeneous.
The result of this analysis seemed to be fairly good for the general explanation
of the behaviour of ground water, but not in detail. It seemed that the transient
process of ground water flow and various hydrological, physiographical and human
factors must be taken into account in order to explain the complicated behaviour
of ground water in the basin.
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Behavior of Spring Water
—Studiesof the GroundWater in the Basin of the River Ta ( 2 )—
By Taro OKA,MUISUMi
KADOYA
and Eiji TOYOKUNI
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12, March, 1969, pp. 391-399 (in Japanese).
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Inundation

Characteristics
in a Basin Associated
with Urbanization
— Study on Exclusion from Flooding Trouble in Low-lying
Basin of Lower Reaches of Yamashina
River ( 3 ) —
By Eiji TOYOKUNI
and Mutsumi KADOYA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968pp. 157-169(inJapanese).
Abstract
The pus-pose of this study is to illustrate what technique of runoff analysis may
be applied and what factors may be taken into consideration for predicting changes
in hydrographs of flood runoff and in inundation characters at the outlet of a
drainage basin, parts of which have been converted from agricultural and forestal
areas into urban areas, on the basis of hydrological data observed in the basin of
the Yamashina River since 1963. The basin is situated in the south-eastern part
of Kyoto and consists of urban, agricultural and forestal areas of 56.1 km'. The
floodable low-lying area of 11.7 km' extends into the lower reaches of the river.
Considerable parts of the agricultural and forestal areas in the basin have been
converted into urban areas since about 1960. Urbanization is remarkable in the
drainage basin of the lower reaches of the river. In this paper, some results obtained
for the drainage basin have been presented as follows :
The rate of effective rainfall for direct runoff increases in accordance with the
process of urbanization.
The increased rate can be evaluated by taking account
of the decrease in area of the pervious ground surface, and by using the standard
curve of the recharge capacity obtained for the pervious ground surface. The
rapidity in runoff is apt to be accelerated in accordance with the increase of residential lots, the paving of the ground surface, channelization and so on. Such a
phenomenon can be examined by using the concept of equivalent roughness in the
kinematic wave method for runoff analysis. The volumetric decrease of floodable
ponds due to filling-up causes enlargement of the inundation area, and it can be
estimated by adjusting the depth-volume curve for the low-lying area.
Applying these results, the changes in hydrographs for flood runoff and in
inundation troubles at the outlet of the drainage basin have been examined under
typical rain storm conditions and it has been disclosed that the inundation troubles
in the drainage basin have gradually become worse due to urbanization.

114
Study of Confined Seepage around a Sheet Pile
Applying Forchheimer's
Law
— Seepage Problems for River Structures
( 1) —
By Taro OKA
Annuals,DisasterPreventionReasearchInstitute,KyotoUniversity,
No. 12,March, 1969,pp. 401-410(inJapanese).
Abstract
Various problems of seepage have hitherto been investigated using the Laplace
equation which is obtainable by applying Darcy's law. There are, however, some
engineering problems for which Darcy's law cannot be applied to such a flow as
seepage around a sheetpile driven into a river bed composed of coarse sand in which
the Reynolds number of the flow is fairly large. Although the upper limit of the
applicability of Darcy's law is not always clear in a strict sense, it has generally been
believed to be 3-10 in the Reynolds number which is obtainable by using the macroscopic velocity and the diameter of sand of homogeneous porous media. It seems
that Forchheimer's law is applicable for seepage beyond the limit of applicability
of Darcy's law.
This study was conducted to examine the applicability of Forchheimer's law
and to determine the general technique for seepage problems. As the first step of
the study, the seepage around a sheetpile is taken up experimentally and theoretically.
Then the fundamental equation for the stream function and water head are derived
from Forchheimer's law and solved numerically using the technique of finite difference.
It has been recognized that the experimental results can be fairly well explained
by this solution, but they are not to be regarded as the solution of the Laplace
equation derived from Darcy's law. It may be concluded that Forchheimer's law
is useful for confined seepage beyond the limit of applicablity of Darcy's law.
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Experimental
Studies of the Infiltration
Mechanism of Rainwater ( 1 )
—Consideration of Infiltration Capacity and Soil Moisture

Fluctuation—

By Akira FUKUSHIMA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 131-143(inJapanese).
Abstract
This study aims to clarify the variations of soil moisture due to rainwater
infiltration into unsaturated soil during the period of a rainfall.
First of all, experiments of the variations on infiltration capacity and soil
moisture content were carried out using two lysimeters with rainwater supply
equipment. The dimensions of both lysimeters were 240 cm long, 70 cm wide and
85 cm deep. Sand and sandy loam were filled into these lysimeters separately.
The rainfall intensity was changed from 38 mm/hr to 127 mm/hr in the experiments,
but it was kept constant during each run. The soil moisture was measured at the
five points in the vertical direction to the ground surface in each of the three sections
of the flow direction of rainwater using dielectric soil moisture meters. The
coefficient of soil moisture diffusivity was examined by Bruce's method and the
relation between the suction head and moisture content of the soil was also obtained
experimentally.
Secondly, the fundamental equation for soil moisture flow in an unsaturated
soil was solved numerically under particular boundary conditions with the help
of a digital computer to explain the experimental results.
The results obtained in the study are summarized as follows :
(1) The final infiltration capacity under a particular rainfall seems to be
affected by the intensity of the rain.
(2) It seems that the numerical solutions for the soil moisture distribution
agree with the results of experiments for which the soil surface was kept loose before
the experiment.
(3) The texture of the surface layer of the soil seems to be apt to change during
the wetting and drying cycles. In such a case, the infiltration rate reaches a steady
state within a fairly short time, while the distribution of soil moisture does not reach
the equilibrium state.
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On the Event of the Gate Destruction

of the Wachi Dam

By Katsumasa YANO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 203-219(inJapanese).
Abstract
Wachi Dam is situated in the middle reaches of the River Yura in Kyoto
Prefecture and was constructed by the Kansai Electric Power Company between
1966 and 1967. The tainter gate of this dam was suddenly destroyed and flowed
downstream on the 2nd of July, 1967.
This paper describes the reasons for this event from the point of view of the
technical investigation held by a commitee consisting of several hydraulic and
structural engineers and also researchers.
At the start various reasons for the breakdown were proposed, such as falling
of the bridge and the winch, vibration of the gate caused by partial opening or
hydro-dynamic pressure caused by flow and drift wood.
But when the broken gate was salvaged and examined, the main reason for its
destruction was seen to be the buckling of the supporting arm member.
A 1/50 scale model experiment to determine the flow out mechanism of the
gate and actual on the spot experiments to find the stress and deformation distribution at various gate openings and under various loading conditions were conducted.
On the other hand, structural calculations for the gate, including the buckling
strength of the arm, were carried out and it became clear that the axial stress of the
arm under hydro-static pressure exceeded the buckling strength.
This technical investigation verified the reason proposed and brought forward
the technical and political problems. The main technical results are as follows:
1. Safety of other gates of the same kind should be checked as soon as possible.
2. It is necessary for the standard of design for gates to be reexamined.
3. Investigation of the external forces acting on a gate and the dynamic
behaviour of the gate must be carried out.
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Some Questions
Unsteady

to Hydraulic Similitude
Open Channel Flows

for

By Yoshiaki IWASAand Tamotsu TAKAHASHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 221-232(inJapanese).
Abstract
The hydraulic similitude to guarantee any scale model test for one-dimensional
flow in pipes and open channels can be derived from one-dimensional equations
of continuity, energy or linear momentum in the control volume method of hydraulic
analysis.
This paper shows a special system of equations for open channel flow in a
rectangular channel through theoretical considerations upon the exact formulation
of a one-dimensional system of equations of continuity, energy and linear momentum
in the curvilinear orthogonal coordinates from the original system in theoretical
hydrodynamics which have recently been derived by the first author. The newly
derived system of equations indicate that the classical dynamic equation must be
supplemented by additional terms concerning three-dimensional variations of
transverse velocity and stage, which originate from the local derivative term and
convective term respectively. The hydraulic similitude of unsteady open channel
flows by use of this system of equations suggests that the classical treatment should
be modified in three-dimensional scale model experiments.
The authors discussed the order effects of additional terms on the classical
equation for unsteady open channel flow and derived a new formulation for the
hydraulic similitude of unsteady open channel flows.
Preliminary experiments made in a laboratory test flume also verified the
theoretical results and predicted careful treatment for proceeding with the hydraulic
scale test with distorted dimensions.
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Theory

of One-Dimensional
Unsteady
in a Prismatic
Open Channel
By Tamotsu

Flows

TAKAHASHI

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B,March, 1969, pp. 515-527 (in Japanese).
Abstract
The one dimensional theory of unsteady flows in an open channel is based on
the so-called Saint-Venant's
equation.
Since this equation is derived from the
Navier-Stokes equation by the omission of the vertical and horizontal acceleration,
it can not stand for all flow phenomena even in a prismatic open channel.
This paper treats the unsteady flows in prismatic open channel represented by
the Saint-Venant equation through theoretical considerations and clarifies the limit
of application of this equation.
Namely, the author has shown that unsteady flows
in a prismatic channel can be classified by an index X, where A-(Hm—Ho)/il/gHm
TD
has the value of the order of the ratio of water stage rising or falling speed to
the vertical component of long wave celerity, in which 11,. and Ho are maximum
and base flow depth respectively, Tv is the duration time of depth variation, i is
channel slope and g is the acceleration of gravity.
The critical value of X, above which the waves break into bore was obtained
by the expansion of h and v in power series near the wave-front according to the
method of Whitham and Lighthill, where h and v are non-dimensional
quantities
of depth and velocity respectively.
Below the critical value, bore formation is
prevented and in the case where the value of xi is the order of unity or larger the
waves propagate as "dynamic",
and Saint-Venant's
equation must be modified
for the effects of vertical acceleration, and if xi< 1, the wave is "kinematic".
The author has obtained the second approximation
of the kinematic wave in
cases where xi <<1 and xi <<1 by the expansion of h and q in power series of X,
where q is the non-dimensional
quantity of discharge, and has compared the result
with that directly obtained by the computer.

119
Sediment Yield in a Mountain
— Concentration
and Size Characteristics

Stream
of Sediment

—

By Katsumasa YANOand Takenobu OKUMURA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 333-343(inJapanese).
Abstract
The authors have been carrying on some observations of the sediment yield
in a mountain stream, the Hirudani Experimental Watershed. However our past
method of sampling water and sediment at flooding with sampling bottles had
several disadvantages, and so a new facility, settled in last December, was employed
for the summer stormes of 1968.
Seven channels of iron inserted in the front of a 6.8m-long concrete chute which
covers the width of the stream 3.5m, divide the running water and lead the part
into a storage tank through a pipe line 54m long. Then a 100-mesh-screened bucket
above the storage tank filters the ,pediment entrained in the water, and the residual
sediment passed through the screen is immediately drown out with sampling bottles.
In this paper the data gathered between June and August with this new facility
are discussed and following facts are distinguished :
1. Even while high water discharge is evenly maintained, sediment concentration decreases roughly exponentially after the occurrence of peak concentration as
immediately as the attainment of the high water discharge.
2. In some cases, the maximum size of sediment exceeds rather before and
after the occurence of the peak of sediment concentration what it was at the
occurrence. By our past method the sediment concentration was raised when large
size sediment was caught by chance. Therefore these events can never be clarified
without this new facility.
3. The maximum sediment concentration during flooding depends on the
ratio of the peak discharge of water to the base flow, or on the increasing rate of the
water discharge rather than on the peak discharge itself.
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MICHIUE

Annuals, Disaster Prevention Research Institute, Kyoto University,
Mo. 11B, March, 1968, pp. 61-73 (in Japanese).
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Bulletin of the Disaster Prevention Research Institute, Kyoto University,
Vol. 18, Part 3, No. 141, February, 1969, pp. 1-16 (in English).
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On the Changes

of the Characteristics
of Bed Materials
in an Alluvial Channel

By Katsumasa YANO,Yoshito TSUCHIYA
and Masanori MICHIUE
Annuals,DisasterPrevnetionInstitute,Kyoto University,
No. 12B,March, 1969,pp. 463-474(in Japanese).
Abstract
The changes of the characteristics of the bed materials in an alluvial channel
play an important role in considering various problems in river engineering. The
problems of the bed materials in a stream have been considered many times over
the past years, but they have not yet been solved.
This paper describes the results of investigations of the characteristics of the bed
materials of the River Hira flowing into the west side of Lake Biwa, of which the
basin area is 11.58km2. It was found that the distributions of size frequency of
the bed materials on the cl)scale were classified into three patterns, such as skew
distributions in an upstream reach of the river, distributions with binominal peaks
in a middle reach and normal distributions in a downstream reach. The changes
in these distributions of size frequency of the bed materials with distance can be
explained by the sorting effect of running water. Moreover the variation of mean
values and standard deviation of the shape factor of bed materials with distance
were measured and discussed in order to discover the sorting effect of running water.
An equation for calculating the distribution of the size frequency of the bed
materials is proposed on the basis of the assumption that the sand and gravel of
maximum size in the bed materials are always in the critical conditions for movement.
Using the above equation, the values calculated for the maximum and median sizes,
standard deviation and skewness of the bed materials are in good atreement with
the observed ones. Moreover, the data on the bed materials of the River Ishikari,
running into the Japan Sea in Hokkaido, was considered by the same method, and
it was found that the changes of the bed materials can be explaind by the theory
based on the sorting effect of running water.
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Experiments

on the Criterion

for the Occurrence

of Mud Flow

By Katsumasa YANO,Atsuyuki DAIDOand Minoru SUMINO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 323-331(inJapanese).
Abstract
One of the main disasters in an alluvial channel caused by anomalous heavy
rains in Japan is due to the mud flow in a steep river in a mountanous region.
However, since we have not been able to fully understand the character of such a
phenomenon at present, the method of prevention of the disaster has not yet been
established.
The authors report the results of some experiments on the characteristics of
movement of sand conducted in a steep slope channel 15m in length and 40cm in
width and discuss them in this paper. It was observed that the height of the peak
of a wavy sand dune increases with the increase of traveling distance in the steep
slope channel. The relation between discharge and slope in a critical condition
for the movement of sand and variations in the height of a wavy sand dune with
traveling distance were measured and discussed. These phenomena seem to be
similar to the characteristics of mud flow occuring in a mountanous river.
It was concluded from the results of the experiments that the seepage flow in
the bed sediment plays an important role for the movement of sand in the steep
slope channel, and that the sediment begins to move as mud flow when the bed
slope of the flume exceeds the angle of internal friction of the sediment in water.
Moreover, an analytical model based on the characteristics of sand movement as
mud flow was proposed and it was found that the model can express qualitatively
the criterion for occurence of mud flow and the mechanics of a wavy sand dune.
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The Effect of Bed-Load Movement on the
Velocity Distribution
of Flow
By Atsuyuki DAIDO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 75-82.(in Japanese).
Abstract
The resistance of a movable bed in an open channel consists of the skin-friction
of the fixed surface, the form drag acting on the protrusions and the resistance due
to the bed-load movements. If the linearity of resistance is recognized, it is necessary
to estimate the magnitude of these resistances. The frictional resistance of a fixed
bed has already been investigated in detail. But adequate reports on resistance
due to bed-load movements have apparently not been published to date.
The velocity distribution near the bed for bed-load ladan flow deviates from
the well-known logarithmic-velocity-distribution law. These results indicate that
the effect of sediment movements works upon the shear stress in the flow.
The circulating flow round the particle will be borne by sediment rotation.
If mass transport of the liquid was induced by the circulating flow, a difference of
momentum of the main flow direction occurs between the upper and the lower layer
of the rotation axis of the sediment particle. The difference of momentum exists
in the stress component of an area element normal to the main flow axis.
In the sediment laden flow, it can be considered that the shear stress born by
the sediment rotation must be added to the Reynolds stress. Under these assumptions, a theory of velocity distribution was developed. The theoretical results showed
that the velocity distribution for bed-load laden flow is a straight line of gradient
1/K on the new semi- logarithmic co-ordinate which is introduced by the effect of
shear stress due to sedment rotation. The experiments to determine whether the
assumptions used in the theory are valid or not gave adequate results.
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Studies on the Geomorphological
and Geological
Characters
of the Gamata River Basin ( 2 )
— On the Geological Characters of the Gamata River Basin —
By Katsumasa YANO,Syoji Fuji' and Toyoaki SAWADA
Annuals,

Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 295-310 (in Japanese).
Abstract

On the Gamata river basin in Gifu Pref., Japan, there are various kinds of rapid
landslide and mud flow. In order to clarify the genetic mechanism of the landslide,
it is necessary to observe the geological structure of the basin, such as the arrangement
of rocks and deposits.
It was clarified from the authors' observation that the geological structure of
this basin, is made of both the older basement rocks consisting of Paleozoic involving
Mesozoic igneous rocks and the young Quartanary stratum consisting of volcanic
material and alluvial deposits. The Paleozoic rocks is mainly composed of slate,
sandstone, limestone, granite and basic tuff, and it is from Devonian to Permian
in age. These sedimentary rocks were partly intruded by Mesozoic igneous rocks,
such as andesite and rhyolite, and metamorphosed into hornfelses.
The Mesozoic rocks are composed of sandstone, slate, andesite, rhyolite and
granite. They consist of the Hodaka-dake, Kasaga-dake mountain group, the
height of which is up to 2800m or more above the sea-level.
The quartanary volcanic rocks are classified into two groups in age. One
group includes biotite dacite, and another group includes hornblend andesite which
consists of the Yake-dake.
In this area, the main geological structure in the basement strata is characterized by the Circum HiClatectonic zone, which was made of a complex of metamorphic
and plutonic rocks, and developed during the period from the formation of
pre-Cambrian schist to post Mesozoic igneous activity.
It was also presumed, on the other hand, that the gigantic mass, the so-called
Nohi-rhyolit mass, was active in the late Mesozoic along an oblique trend to the
pre-existing tectonic zone.
The young deposit in the Quartanary is classified as the volcanic material in
the Yakedake volcano, located in the Norikura-volcanic zone, and the terrace
deposit in three glacial stages. In this area, these terrace deposits were formed by
the erosion of the pre-existing strata.
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Studies

on the Geomorphological
and Geological Characters
of the Gamata River Basin ( 3 )
—On the Characters of Landslides in Acidic Intrusive Rocks—
By Katsumasa YANO,Yoshito TSUCHIYA
and Toyoaki SAWADA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March 1969,pp. 311-322(in Japanese).
Abstract
This paper describes the results of investigation on the mechanical characters
of rocks composing four landslides in acidic intrusive rock in the middle course of
the Gamata River basin. This acidic intrusive body consists of granite-porphyry
extending from NNE to SSW in direction. The general character of these landslides is characterized by the yearly variation of the configuration.
In order to consider the morphological charactersitics of the land slope including
the mechanical characteristics of rocks, some statistical diagrams, such as the
diagrams for the direction of joint and land surface, the density of joint net, the
compressive strength of rock and the yearly variation of configuration of landslide
slopes, are proposed.
The results of the survey on the characteristics of the landslide in this body are
briefly summerized as follows :
1) The direction of the dip and strike of the landslide surface is closely
related to those of crack and joint of rocks constituting the landslide area.
2) The density of joint net is related to the compressive strength of rocks
constituting the landslide area.
3) The length of landslide slopes is related to both the density of joint net
and the compressive strength of rocks constituting the landslide area.
4) Both the joint net density and the compressive strength are expressed by
the shearing resistance of the outcropped rocks of the landslide area.
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On the Heavy Rainfall

in the Kinki District

(Western

Japan)

By Chotaro NAKAJIMA
and Yukio GocHo
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Vol. 17, Part 3, No. 128,March, 1968,pp. 29-44.(in English).
Abstract
In this district there is one of the rainiest areas in the middle latitudes. In
order to clarify the mechanism of heavy rainfall, we chose this district as a model
region. We investigated heavy rainfall only in the warm season when abundant
data were available. First, comparing the distributions of total precipitation, the
number of rainy days, 24-hour precipitation and hourly precipitation in the warm
season with each other, we investigated the features of rainfall climatologically.
It was found that the distribution of the number of rainy days was almost uniform,
even in the area where total precipitation was large. The distribution of the
frequency of cases in which hourly precipitation exceeded 31 mm or 10 mm showed
the two heavy rainfall areas, one being the south-east part of this district, with its
large total precipitation, and the other extending from Awaji Island to the central
part of Kyoto Prefecture.
Then, analyzing 4-day mean 500 mb height patterns in the case of heavy rainfalls
over the central Kinki district, it was shown that the deep troughs of the long wave
are located over the area from the East China Sea to Kyushu and that the ridges
of the long wave are mostly located over the area from the adjacent seas east of Japan
to the Sea of Okhotsk or the Kamchatka Peninsula. In such cases the polar jet
stream comes down southward into the vicinity of Japan and is considerably
intensified.
Finally we investigated the remarkably heavy rain band extending from the
vicinity of Osaka Bay towards Lake Biwa. For the heavy rainfalls around Osaka
Bay the prevalence of the strong south-westerly wind is necessary and the moisture
is supplied through the Kfi Straits or the Seto Inland Sea. The topography, such
as the Kitan Channel, may play the role of a trigger releasing the static instability
by making the flow converge. As shown in the hourly rainfall distribution and by
radar observation, such a rain band extends along the wind direction and is about
100 km long and 20-30 km wide and remains at nearly the same place for a few hours
or more.
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Heavy Rainfall

in July

1967

By Chotaro NAKAJIMA
and Yukio GoaHo
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B, March, 1968,pp. 35-45,(inJapanese).
Abstract
On 8,9 and 10July 1967, heavy rainfall occurred all over Western Japan. At
several stations, the amount of precipitation in 24 hours exceeded 300 mm. The
amount of precipitation in 1 hour also exceeded 100 mm at several stations in this
broad area. The main heavy rainfall area moved 600 km from west to east over a
period of 16 hours. Especially the heavy rainfalls concentrated in several areas
at the northern end of straits that were convenient to introduce the southerly
moist air current. The area around Osaka Bay, the northern end of the Kii Straits,
is one of these. In this area, there were many similar heavy rainfalls in the past.
We selected the common features of these heavy rainfalls.
The important problems are as follows : a) Why do heavy rainfalls occur in
several areas separated by great distances from each other at nearly the same time?
b) Why do heavy rainfalls occur in one area only once and in another area several
times?
It was clarified from our research as follows: a) The primary condition for
the occurrence of heavy rainfall in Japan is the inflow of moist air (which is indicated
by the dew point temperature above 14°C on the 850 mb level) from the south in
the lower troposphere, and the inflow of dry cold air from the north in the upper
troposphere. This condition decides the total duration time of rainfall. b) For
the local concentration of heavy rainfall, the air flow in the 850-700 mb layer must
be orographically caused to converge by a narrow channel or valley. c) The variation of rainfall intensity occurs with a period of about 3 hours corresponding to the
passage of meso-scale disturbances. d) These meso-scale disturbances pass in the
warm sectors of the larger scale disturbances, and the passage of the cold front of
the larger scale disturbances terminates rainfall.
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Studies

on Heavy Rainfall

(I )

By Chotaro NAKAJIMA,
Yukio GocHo and Hiroshi OGIMOTO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 185-199,(inJapanese).
Abstract
As the first step in studying heavy rainfall we here studied its climatological
features. For this purpose, the geographical and seasonal distributions of the
maximum daily, horuly and 10 minute precipitations for the whole period of
observation until 1960 in the whole of Japan, and the time change of several rainfall
intensities and dimensions of several heavy rainfalls were investigated.
The distributions of the maximum, daily, hourly and 10 minute precipitations
closely resemble each other over the whole of Japan, and these maximum precipitations were almost all observed in the warm season (June-October).
Comparing
the distributions of these with the distribution of the annual mean precipitation,
the area with large annual mean precipitation facing the Pacific Ocean in Western
Japan accords on the whole with the area with large maximum hourly precipitation.
But the area with large annual mean precipitation facing the Japan Sea has not so
large an hourly maximum value, while several areas with a not so large annual mean
precipitation have a large hourly maximum.
From the analysis of the time change of several rainfall intensities, it was found
that heavy rainfall occurred with periods of 2-4 hours and about 10 minutes. It
seemed that the period of about 10 minutes corresponds to that of the passage of
rain cells of which a convective rain storm consists.
For ten examples including the famous heavy rainfalls in Japan, we measured
the areas enclosed by isohyets of 100 and 200 mm per day, 30 mm per hour, and 8
and 12 mm per 10 minutes. The maximum areas were about 16000, 6000, 5000,
400, and 200 km2 respectively. Comparing the heavy rainfall areas of daily precipitation with those of hourly, the former tended to increase according to the latter
and vice versa. And it was found that heavy rainfall occured in a comparatively
narrow area as well as a broad area in spite of nearly the same rainfall intensity.
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Basic Study on Salt Damage ( II )
The Design of a Continuous Sampler for Giant Sea-Salt
Particles and an Example of Observation
By Chotaro NAKAJIMA,
Yoshiaki TOBAand Masaaki TANAKA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 19-28(inJapanese).
Abstract
The design and use of a continuous sampler, a jet impactor of continuous
operation, by which giant sea-salt particles may be sampled automatically for 2 or 4
days, are described, and some examples of the data provided by this sampler are
presented and discussed.
There are two models of the sampler. Model I sampler, for ground use, has
an air-tight body. The air inside the body is sucked out by an air pump. An air
jet is formed at the air intake, which has an orifice 1mm in diameter, in proportion
to the pressure difference. The rate of air flow through the orifice is controlled by
a variable transformer, or by a bypath of the air flow, and the pressure difference
which is related to the true rate of air flow is measured by a manometer. The air
jet impacts on the sampling surface, a halide-ion sensitive film wound on a drum,
which is rotated by a micromoter driven with a constant rotation. The drum moves
by with a pitch of 3mm. When the drum reaches the end point, the electric power
supply is stopped by a microswitch. The difference of Model II, for airplane use,
from Model I is that the air jet is formed by the dynamic pressure caused by the
speed of the airplane instead of using an air pump.
In the sampling of low-concentration particles, a statistical fluctuation in the
number concentration of particles which obeys Poissoin's distribution, enters into
the time series data. It is concluded that a criterion for distinguishing the statistical and the real fluctuations is given by the relation between the number of sampled
particles represented by the point on a graph, and the order of scattering of the
points, and if the counted values represented by the points are larger say than 50,
they may be regarded as having significance.
Also, results provided by the model II sampler are compared with results
provided by simultaneous operation of the 1mm-film ribbon exposure method, and
there is no great discrepancy between the two results when the efficiency of sampling
is taken into acount.
Most of this paper, except the last paragraph, was published in English with
the title "A Continuous Sampler for Sea-Salt Particles Especially of Giant Class
and Example of The Analysis of Data", by Y. Toba and M. Tanaka in Journal
de Recherches Atmospheriques, pp. 79-85, 1968.
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A Meteorological
Observation
on a Glacier in Eastern
during the Pre-Monsoon
Season in 1967

Himalaya

By Chotaro NAKAJIMA
and Haruo Hioucux
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 1-17(inJapanese).
Abstract
The Great Himalayan range, which is located between the wet Hindustani
plain and the dry Tibetan highland, is one of the most interesting areas for climatology, since the climate suddenly changes across it from south to north. When wet
air blows across such a high mountain range the precipitation occurs as snow, and
glaciers develop under suitable climatological and geomorphological conditions.
Since northeastern Nepal lies under such conditions, it belongs to the most glacierful
area in the eastern Himalayan range. It is considered that the growth and decay
of the glacier is an instructive mark of the long-term variation of the climate on a
global scale, therefore it was intended to study it from this point of view. Yalung
Glacier was chosen as the model glacier. This is our first attempt at making a
glacio-meteorological study in the Himalayas.
In this paper the results of the meteorological observation carried out by one
of the authors in Eastern Nepal from 21 April to 17 June in 1967 are described.
Cloud type, amount of cloud, cloud direction in upper and lower layer, air temperature, and relative humidity were observed during the caravan on the way to and
back from Yalung Glacier. Besides these observations, the vertical distribution
of the temperature, net-radiation, and wind velocity were measured on the glacier.
Temperature was observed at heights 150, 100, 50, 25, 1, at and 5 cm below the
surface by use of thermister-thermometers.
Advection seems to have a considerable
effect upon the vertical distribution of the temperature. The diurnal difference of
air temperature was about 20 degree, and the maximum temperature was directly
governed by the weather. Net-radiation was measured by use of a pyranometer
set 150 cm above the surface. It exceeded 1 cal/cm' min around midday. The
results are compared with those obtained in Karakorum and in Japan.
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On the Hydraulic Model Experiment
Due to the Tidal Current

on the Diffusion
( II )

By Haruo HIGUCHIand Takashige SUGIMOTO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 447-461(inJapanese).
Abstract
The diffusion phenomena due to the tidal current inside and outside the harbor
are studied through a hydraulic model experiment.
The tidal current, the
longshore current and the effect of density are taken into account, but the direct
effects of wind and waves are not considered.
The Kashima Harbor area, which faces directly on to the Pacific Ocean, was
used as the protoytpe. A model, with horizontal and vertical scales of 1/500 and
1/63 respectively was constructed and semidiurnal tide and longshore current were
provided for it. The bottom roughness of the model was fixed at n = 0.015 by use
of sand 3 mm in median diameter. The water level at 4 stations was measured with
an electric resistance wave meter. The flow pattern and tidal locus were obtained
by intermittently photographing many floats scattered on the sea surface with a
35 mm camera and 16 mm cine camera. The vertical distribution of the velocity
in the harbor was measured by photographing the colored line drawn by a dye
particel in the water through the side window. The diffusion from instantaneous
point sources and a continuous point source was investigated mainly by the photographic method and dye concentration analysis. Warm water colored by
"methylene blue" dye was used in place of waste water .
The results obtained from the model were partly compared with those from the
prototype. They are as follows:
(1) tides are well reproduced,
(2) diffusion coefficient evaluated through the rate of increase of dye patch
outside the harbor is rather proportional to the square of the equivalent radius of
the dye patch in the model while it is proportional to 4/3 power in the prototype,
and both are of the same order for 100 m in equivalent radius,
(3) tide accelerates the mixing in the harbor, and the horizontal gradient
of the concentration becomes larger under the existence of tide,
(4) dyed water discharged in the harbor spreads into the open sea from the
harbor entrance as a potential flow.
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On the Hydraulic Model Experiment
Due to the Tidal Current

on the Diffusion
( III )

By Haruo HIGUCHIand Takashige SUGIMOTO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 633-644(inJapanese).
Abstract
The diffusion phenomena due to the tidal current in the coastal sea area were
studied through a hydraulic model experiment. Only the tidal current was taken
into account, the other factors, ocean current, density, wind and waves and so on,
which may influence diffusion in the estuaries, were not considered here.
The central part of the Seto Inland Sea including Mizushima Industrial Harbor
was used as the prototype. A model, with horizontal and vertical scales of 1/2000
and 1/160 respectively, was constructed and semidiurnal tide was provided for it.
The bottom of the model was made of brushed mortar. The water level at 8
stations was measured with electric resistance wave meters. The flow pattern and
tidal locus were obtained by intermittently photographing many floats scattered
on the sea surface with a 35 mm camera and 16 mm cine camera. The diffusion
of dyed water discharged from both instantaneous and continuous point sources
at the surface was also investigated by the photographic method and both diffusion
coefficients are compared.
The results obtained from the model were compared with those from the prototype. They are as follows:
(1) tide, flow pattern and tidal locus are well reproduced,
(2) diffusion coefficients evaluated through the rate of increase of the dye
patch, of which the scale is 100 to 1000 m, are well reproduced,
(3) the diffusion coefficients evaluated through the rate of increase of the
width of the dye plume, assuming that the width of plume is four times the standard
deviation, almost coincide with those evaluated from the dye patch,
(4) the 4/3 power law of the diffusion coefficient to the scale of the patch is
not satisfied in the model. The power seems to be a little larger than 4/3.
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On the Rainfall

over the Southern

Kinki District

( II )

By Yukio GOCHO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 29-34(inJapanese).
Abstract
In order to clarify quantitatively the relation between the state of the upper air
and rainfall, the relation between horizontal water vapour flux without consideration
of the direction of the flux in the layer from 1000 mb to 450 mb level over Shionomisaki and 6-hour precipitation over the southern Kinki district in the warm season
was here investigated. The precipitation in the area within about 100 km of
Shionomisaki, located at the southern end of the Kinki district, which is about
7,500 km' wide, was studied. The 6-hour precipitations from 06h to 12 h JST and
from 18h to 24h were compared with the upper air observations at 09h and 21h
respectively. (1) the 6-hour precipitation at Shionomisaki, (2) the maximum
6-hour precipitation in the objective region including 18 rainfall observation stations
with recording gauges, and (3) the mean 6-hour precipitation in the same region
calculated by Thiessen's method were compared with the horizontal water vapour
flux in the period, June-October, 1961.
These three 6-hour precipitations tend to increase according to the amount
of the horizontal water vapour flux. Of these relations, the one between the mean
6-hour precipitation and the flux is most noticeable, but at Shionomisaki there are
comparatively meny cases in which precipitations are very small or nothing in spite
of the large value of the flux. For the cases in which the mean 6-hour precipitations
exceed 15 mm, the values of the flux are about 5 kg/sec •cm or more. Furthermore,
when the flux exceeds this value, the number of cases of heavy rainfall abruptly
increases.
Classifying the relation between the mean 6-hour precipitation and the
horizontal water vapour flux by the direction of mean wind in the lower troposphere,
it was found that the cases in which precipitations were small or nothing, in spite
of the large value of the flux, appeared most frequently when these were west or
northwest wind. The number of cases with a large value of flux increased according
to the south-wind component of the mean wind velocity.
Comparing the horizontal water vapour flux with the velocity of the mean wind
in the lower troposhpere, it was found that a flux of 5 kg/sec •cm corresponded
approximately to a mean wind velocity of 10 m/sec.

135

On the Rainfall

over the Southern

Kinki District

( III )

By Yukio GocHo
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. I2B, March, 1969,pp. 177-183(inJapanese).
Abstract
In order to clarify quantitatively the relation between the state of the upper
air and rainfall, the relations of horizontal water vapour flux along the direction
of the mean wind in the lower troposphere, precipitable water, mean humidity, in
the layer from 1000 mb to 450 mb level, and the stability index proposed by
Showalter, over Shionomisaki, to mean 6-hour precipitation over the southern Kinki
district in the warm season (June-October, 1961) were here investigated. The
precipitation in the area within about 100 km of Shionomisaki, located at the
southern end of the Kinki district, which is about 7,500 km' wide, was studied. The
6-hour precipitations from 06 h to 12 h JST and from 18 h to 24 h were compared
with upper air observations at 09 h and 21 h respectively. The mean 6-hour
precpitation was calculated by Thiessen's method in the region including 18
rainfall ovservation stations with recording gauges.
The mean 6-hour precipitation tends to increase according to the horizontal
water vapour flux, precipitable water and mean humidity. For the cases in which
the mean 6-hour precipitations exceed 15 mm, the values of the vapour flux, precipitable water and mean humidity are estimated to be above 4.5 kg/sec•cm, 45 mm and
80% respectively. In heavy rainfalls the stability indices were almost within the
range 2°——2°C. The number of cases in which the values of the vapour flux,
precipitable water and mean humidity exceeded the above values simultaneously
was 51 out of a total of 304 cases. In all these 51 cases rainfalls were observed more
or less, but in 29 cases out of the 51 the mean 6-hour precipitations were 14 mm or
less and in 22 cases 15 mm or more. It seems to be difficult to distinguish heavy
rainfall from the other by the data of upper air observations only at one point.
It was also investigated at which level the mixing ratio, wind speed and horizontal water vapour flux were maximum in the layer from 1000 mb to 500 mb.
The mixing ratio is almost always largest near the surface. Though wind speed
increases with height, the level of the maximum wind speed drops a little in heavy
rainfall. The maximum vapour flux appears most frequently at the 900 mb level,
but in heavy rainfall the number of cases in which it appears at the 850 mb level
increases.
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Analysis

Basic Study on Salt Damage
of Three-Dimensional
Distribution

( III )
of Sea-Salt Particles

By Masaki TANAKAand Yoshiaki TOGA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 201-212(inJapanese).
Abstract
Results of the observation of the three-dimensional distribution of giant sea-salt
particles were described, and impaction-sedimentation ratio, 7, which had great
significance in the problem of salt damage, was esimated from the observed vertical
distribution of the particles.
The observations of the sea-salt particles were carried out from an airplane and
at the several stations distributed on the ground over the central and northern parts
of the Kinki district, Japan, on August 10, 1967. At the same time vertical
distributions of the wind were observed at two stations. The observations from the
airplane were made in the morning and in the afternoon. The results showed that
the particle concentration had a maximum value over Kyoto at about the 1000-m
level in the morning and at about the 300-m level in the afternoon, and that the
particle concentration decreased rapidly with decreasing height down to one order
smaller value near the ground surface. These facts clearly showed the effect of the
impaction by trees and other ground obstacles. The wind direction and speed
changed with height in the morning. In the afternoon, however, the prevailing
wind direction was southwest-by-west and the wind speed was nearly constant
(5-6 m/sec) from near the ground surface to the 1000-m level over this area, so the
sea-salt particles over Kyoto are considered to be transported from Osaka Bay.
The meteorological conditions in the afternoon were considered suitable for the
application of our theoretical model to the analysis of the data. In order to
estimate the impaction-sedimentation ratio, 7, the following values were read out
from the afternoon observation of the vertical distribution of the particles over Kyoto :
(1) the vertical gradient of particle concentration at a considerable height, (2). the
height where the maximum particle concentration appeared, (3) the ratio of the
maximum concentration to the concentration near the ground surface. These
values were applied to the dimensionless characteristic values which appeared in
our theortical model of the transport of sea-salt particles. The ratio, 7, was estimated to be about 10 to 30.
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Vane Shear Strength

of Clays

By Toru SHIBATAand Shoichi TAGAWA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 537-547(inJapanese).
Abstract
An attempt was made to clarify some uncertainties concerning the interpretation
of vane tests due to insufficient knowledge of stress conditions and mode of strain
within the failure zone.
The tentative conclusions reached are as follows: (1) The shear strengths
measured in the vane triaxial tests on Ko-consolidated very sensitive clays (sensitivity; 25 - 85) are in good agreement with that of the in-situ vane tests. This may
mean that the reconsolidation following upon sample disturbance has little influence
on the shear strength of sensitive low plastic clays. (2) The c/p -ratio measured
in the vane test on normally-consolidated clay decreases for the decreasing value
of K, where K = horizontal consolidation pressure / vertical consolidation pressure,
and the c/p -ratio corresponding to K = Ko condition is much smaller than that
corresponding to K = 1.0, where Ko is the coefficient of earth pressure at rest. (3)
The measured torque on the vane is a function of the dimension of the vane, the
maximum stresses developed in the soil around the periphery of the vane and a factor
a dependnet on the shear stress distribution across the ends of the vane as indicated
in Cadling's equation (1950). The value of factor a measured in the tests is found
to be 1/4, which is smaller than the value used for the conventional calculation
method. (4) The shear strengths acting along the vertical and horizontal planes,
Tvand Th, are not developed at the same angle of rotation of the vane. At the angle
of rotation for the maximum value of Th, the shear strength along the vertical failure
surface Tois not fully mobilized. (5) The comparison of vane shear with the results
of both box shear and triaxial-slice shear tests indicated that the vane shear strength
of unsaturated low plastic clay can possibly be equal to the drained shear strength.
The measurement of residual strength of clays is made with success in the vanetriaxial apparatus.
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968, pp. 291-303 (in Japanese).
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12B, March, 1969, pp. 117-127 (in Japanese).
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Strength

Characteristics
of Saturated Sand under
Oscillatory Loading Conditions
By Toru SHIBATAand Hiroshi YUKITOMO

Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 89-96(inJapanese).
Abstract
This paper presents some experimental results on the strength of saturated
sand under drained triaxial oscillatory loading conditions. In the tests the loading
conditions are controlled so that the values of/Ta,criNa
during test, where Ta is dynamic
shearing stress on shear plane and O'Nais dynamic normal stress, are in accord with
the mobilized internal friction.
The triaxial oscillating compression tests are carried out in the following loading
conditions; the amplitude of confining pressures is kept constant at 0.1, 0.2 and
0.3 kg/cm', respectively, and the amplitude of axial pressures is controlled so that
the angle between the normal stress and the resultant oscillating pressure is in accord
with yo'.0.
The sample size is 35 mm diameter by 80 mm long. The specific gravity of
sand is 2.66, and the relative density of the sample is 87 per cent. The rate of strain
used for all series of tests is 0.96 mm per min, corresponding to about 1.2 per cent
strain per min.
The comparisons between the test results of saturated sand under drained
triaxial oscillatory loading conditions and that of the static triaxial compression tests
are made. It is concluded that the internal friction in terms of the effective stress of
saturated sand under oscillatory loading conditions decreases with the increasing
value of the amplitude of confining pressure. The test program also shows that
frequency effects, within the range from 0.5 to 12 cps, are small.
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On the Probability
Distribution
of the Maximum
Response in Random Vibration

Structural

By Hisao GOTOand Hiroyuki KAMEDA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 239-253(inJapanese).
Abstract
In the design of structures, dynamic loads with random nature, such as seismic
loads and wind loads, are often involved as critical conditions. Such phenomena
ought to be dealt with as random processes, in which the probability of structural
failure during the proposed service life should be of primary interest.
This study deals with the probability distribution of the maximum response
of structures subjected to random dynamic input, the significance of which would
be great in the design purpose, for it directly represents the probability that the
structure will not fail if the structural failure is considered to take place when the
stress or deformation induced in the critical member surpasses a certain allowable
value.
The exact solution for the probability distribution of the maximum response
has not been found due to the difficulty in the analytical treatment attributed to the
correlation of the response between different instants on the continuous time axis.
The method of analysis introduced in this study also leads to an approximate solution.
It accounts, as far as possible, for the correlation of the response on the time axis
which have been neglected in the approximate procedures so far proposed.
Besides, this method is applicable to random processes of any nonstationarity and
arbitrary initial conditions of the structure.
First, the formal representation of the probability distribution of the maximum
response is derived from the basic equation of the pure birth process, on the basis
of which the approximate solution is obtained by letting one of the parameters in
the exact solution which should be evaluated for all instants on the continuous time
axis be replaced by a quantity similar to it which, however, satisfies the same
conditions only for discrete instants of a finite number.
Numerical examples have been obtained for the stationary structural response
to a stationary Gaussian process, with the aid of which the accuracy of the approximate solution derived in this study has been discussed.
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Vibrational

Characteristics
of Foundation with Elliptic
Cross Section in Elastic Ground

By Hisao GOTO,Kenzo Tom and Takashi AKIY0sHI
Annuals,DisasterPreventionResearchInstituet,KyotoUniversity,
No. 11A,March, 1968,pp. 255-274(inJapanese).
Abstract
Considering much reasonable aseismic design of bridge substructures, we must
firstly discuss the dynamical characteristics of the surface layer surrounding the
structures. However, the surface layer has often been treated, for convenience'
sake, as an idealized mechanical system represented by the linear or non-linear
spring constant or the modulus of foundations, because of the fact that the physical
properties of the surface layer around the foundation structures are still indistinct.
These coefficients, however, have no relation with the geometrical difference of
the foundation structures and neglect the effects of dynamic earth pressure acting
on the foundation structures.
From these view points, we treat the surface layer as homogenious isotropic
elastic stratum as well as Prof. Tajimi and the foundation structure as a rigid
elliptic cylinder. First, the frequency response of the surface layer is analyzed by
using the elliptic cylindrical coordinates.
The result of this three dimensional
analysis shows that our analysis contains that of Prof. Tajimi whose study was made
for a circular cylinder. Second, the rocking vibration of an elliptic cylinder of
which the center of rotation exists in the center of the bottom surface of the cylinder
is analyzed by taking into account the dynamic effect of the surface layer. The
dynamic effect upon the rigid elliptic cylinder was considered from two view points,
both the effect of the complex spring and the dynamic earth pressure.
In this study the considerations for the analysis are condensed as: (a) In the
case of vibration in the direction of the minor axis, the damping, effect of soil reaction
increases not only as the shape of the cross section becomes flatter but as the embedded length becomes smaller. (b) As the embedded length of a structure becomes
greater, the effect of earth pressure increases, though the difference in shape of the
cross section has not so much influence upon the earth pressure. (c) When the natural frequency of the foundation structure is smaller than the fundamental one of
the surface layer, resonance of foundation structure does not occur even when the
frequency of excitation coincides with the natural frequency of the structure;
otherwise there is resonance. (b) In the case of vibration in the direction of the
major axis, the damping effect which the surface layer exerts on the vibration of
the structure is remarkable for a stumpy structure.
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Analysis

of Matsushiro
Earthquakes
Recorded
Strong Motion Accelerographs

by

By Hisao Goro, Kenzo TOKI, Yasuo YOKOYAMA,
Hiroyuki KAMEDAand Takashi AKIYOSHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 275-290(inJapanese).
Abstract
In the studies of the earthquake response of structures, the characteristics of
input earthquake patterns are of great importance, which requires the analysis of
many seismograms. The observation of earthquakes in the region of the Matsushiro
earthquakes have been conducted in an attempt to accumulate the basic data for
such an analysis. This paper presents the results of the analyses of the strong motion
acceloregrams observed on the ground surface of four locations with different ground
structures. The spectral characteristics and the significance in earthquake
engineering of the Matsushiro earthquakes are discussed. They are also discussed
in comparison with the results of the analysis of microtremors observed at the same
locations.
The conclusions derived in this study are as follows:
1) The spectral structure of the Matsushiro earthquakes represents the
vibrational characteristics of the ground structures, in which the softer the surface
layer is, the lower the predominant frequency becomes. This spectral characteristic does not vary with the intensity of the shock or the direction of the component.
2) The spectral characteristics of the seismogram observed in the alluvial
layer with 20-30 m thickness do not vary with depth.
3) The structural effect of the Matsushiro earthquakes have been analyzed
with the aid of the velocity response spectrum Sv, from which it has been concluded
that the Sv value for the Matsushiro earthquakes which are considered to be typical
examples of local shocks with short duration and high frequency attains its maximum
for the natural period of the structure of about 0.3sec, and it dies out rapidly for a
larger period, which differs from the response spectra for major earthquakes.
4) The results of the spectral analysis of the microtremor records are in fairly
good agreement with those for natural earthquakes, which would give us a prospect
for inferring the spectral structure of future earthquakes on the basis of those of
microtremors.
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Studies

on Aseismicity

of Arch-Type

Tide Gate

By Hisao Gum, Kenzo ToKI, Toshiki OGUNI,
Hideo OKAMURA
and Hiroshi TOMIOKA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 305-330(inJapanese).
Abstract
Although an arch-type tide gate resists the horizontal static force effectively,
it is doubtful if it is effective against actual dynamic earthquake motion. In this
paper, in order to study the dynamic aseismic design of gates of this type, the archtype tide gate is represented by an idealized arch model whose vibrational
characteristics and earthquake responses have been investigated theoretically in
detail and some model tests have been added.
Applying the results of these investigations to an actual tide gate, the numerical
computation was carried out both for cases where the substructures of this gate are
and are not taken into consideration. After that from the view point of structural
engineering and foundation engineering, the dynamic earthquake resistant design
of arch-type gate has been discussed both in the direction of the arch axis and in
that perpendicular to the arch axis.
The leading results obtained in this study are as follows:
(1) For arch-type tide gates whose natural periods are not small, the dynamic
earthquake resistant design should be adopted because the deflection of the arch
becomes considerably large under the seismic motion.
(2) For the computation of earthquake responses in the direction of the arch
axis the first and second unsymmetrical modes and the first symmetrical mode are
to be taken into account, among which the first unsymmetrical mode has the
greatest effect.
(3) Although the rocking vibration and the torsional vibration are to be dealt
with when the vibration in the direction perpendicular to the plane of arch axis is
discussed, the rocking vibration concerning this system is more imporatnt if the arch
rib is sufficiently rigid.
(4) The three-hinged type gate is more desirable than the two-hinged type
one when the differential settlement of substructures of the arch gate and the phase
difference of earthquake motion acting on both supports of the gate are possible.
(5) From the results of this study it has been confirmed that the actual
arch-type tide gate planned by the authority of Osaka Prefecture, Japan, has
suitable aseismicity against design earthquake motions.
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Bulletin of the Disaster Prevention Research Institute, Kyoto University,
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A Statistical

Study of the Maximum
in Strong Earthquakes

Ground

Motion

By Hisao GOTOand Hiroyuki KAMEDA
Transactionsof the Japan Societyof CivilEngineers,No. 159,
November,1968,pp. 1-12(inJapanese).
Abstract
From the randomness of the sequence of strong earthquakes and of the ground
motion in earthquakes, it is considered essential to make a statistical evaluation of
the intensity of the earthquake for which structures are to be designed. In this study,
the statistical model of earthquakes was proposed so as to be consistent with the past
records of occurrence of earthquakes and with strong motion accelerograms, on
the basis of which methods were discussed to find the probability distribution of
the maximum ground motion in a single earthquake and that for a certain future
period. It is also of interest to us how to determine the intensity of earthquake
motion in the response analysis in which the structure is subjected to an ensemble of
random earthquakes. In this respect, the r.m.s. intensity of the earthquake ground
motion was discussed.
The statistical model of occurrence of strong earthquakes should be determined
from sufficient data of past earthquakes even before modern science. In Japan,
for example, a list of past destructive earthquakes is available for this purpose, which
includes the earthquakes known from old documents to have occurred in the seventh
century. However, one can readily understand that it is quite likely that many
earthquakes which actually occurred in previous ages are missing in such a list. The
statistical model of occurrence of earthquakes used in this study takes account of this
possible time-dependence of the recored of past earthquakes.
The ground motions in earthquakes were treated as a continuous random
process with the normal distribution whose power spectrum has been determined
from those for strong motion accelerograms. It has been found from comparison
with the results of numerical simulation and with the theoretical upper and lower
bounds that the Poisson process approximation is available with sufficient accuracy
in the problem of the maximum value of the earthquake acceleration with such a
power spectrum.
With the aid of these statistical models of earthquakes, the probability distribution of the maximum earthquake ground motion in an arbitrary future period can
be derived. From this probability distribution, the expected value of the maximum
ground motion in a future period has been computed.
The same discussions can be made on the ground velocity in earthquakes, and
similar results have been obtained.
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On the Observation
Results of Aftershocks of the Ebino
Earthquakes
and the 1968 Tokachikoi Earthquake
By Hisao GOTO,Kenzo Tom, Hiroyuki KAMEDA,Takashi AKIYOSHI,
Junichi KONISHIand SUSUMUYOSHIHARA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 67-85(inJapanese).
Abstract
The Ebino earhtquakes began to take place on February 21 th, 1968 and the
1968 Tokachioki earthquake occurred on May 16 th, 1968. The observations of
the aftershocks of these earthquakes were carried out about the middle of March
and late in May 1968, respectively, with a magnetic data-recorder system. In
both cases the pickups of the seismograph were set on the ground surface and at
the top of reinforced concrete buildings with three stories. Some of the seismograms
thus recorded have been analyzed, and their Fourier spectra, autocorrelation
functions and response spectra were computed.
The results of these analysis are as follows :
(1) The duration of the aftershockes of the Ebino earthquakes recorded in
this observation is very short, say about ten seconds, and it is found that components
of higher frequencies of about ten to several tens of cycles per second are predominant
in the seismograms recorded on the ground surface. This character of the seismograms would be attributable to the fact that the hypocentral distance is very small
and that the filter effect of the ground is comparatively small. However, in the
seismograms at the top of the reinforced concrete building, the components of
frequencies in the range of several tens of cycles per second die out and the frequency
of about ten cycles per second dominates the spectrum. It is needless to say that
this fact shows us that the higher frequency component contained in the ground
motion is apt to be absorbed by the building body.
(2) On the other hand, from the seismograms of the aftershocks of the
Tokachioki earthquake, the hypocentral distance is presumed to be about one
hundred and several tens of km, and it is found that these seismograms present the
periodic character with about three cycles per second. And the seismograms at
the top of building are very similar to those on the ground surface above-mentioned.
We may say that this fact gives us one datum; that the lower frequency of about
three cycles per second is hardly absorbed by small buildings such as those having
three stories.
(3) From the results of these analyses, it is pointed out that the seismograms
of aftershocks recorded at the same observation site have almost the same tendency
and that the higher frequencies contained in a ground motion are apt to be absorbed
by a small building.

148
On the Vibrational
Analysis of Foundation-Structure
System
by Multi-Degree-of-Freedom
Model Representation
By Hisao GOTO,Kenzo TOKIand Susumu YOSHIHARA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 273-287(inJapanese).
Abstract
In the vibrational analysis of the foundation-structure system, we must generally
consider the dynamic effects of the mass of soil, the horizontal extension of the
surface layer, the coupling of soil and foundation, anisotropy of the surface layer
and the boundary condition.
In this study, the authors have proposed a new
mechanical model with multi-degree-of-freedom.
This model is based on the
assumption that the surface layer be represented by the rows and columns of a
lumped-masses system connected with each other by springs and dashpots horizontally and vertically.
First, after the appropriateness of this model had been confirmed by comparison
with the solution for a continuous system, the influence of the number of rows and
the number of columns for dynamic characteristics has been discussed.
Next, this model has been applied to the analysis of the foundation-structure
system, in which discussions were held on the basis of some numerical results.
Summarizing the consequences of this study, we can conclude the following:
(1) In the proposed model, as the number of the rows is increased, the natural
frequency of it gradually approaches the solution for a continuous system. This
shows that the model's behaviour is equivalent to that of a continuous medium, when
the number of the rows is large.
(2) Vibrational pressure acting on a fixed wall embedded in the surface layer
resembles the solution for a continuous system in it's distribution and magnitude,
when the number of the columns is large. This would show that the proposed
discrete model is fairly reasonable.
(3) As the semi-infinite surface layer is substituted for the discrete model,
it is possible that peculiar phenomena of the model may be manifested. Particularly,
when the exciting frequency is large, the numbers of the rows and of the columns
have to be carefully selected.
(4) In general, structural foundations deeply founded in the surface layer
vibrate in coupling with soil in its neighbourhood. The domain of the surface layer
in which the coupling effect is present varies with the frequency of excitation, the
number of degree of freedom of the model, and most likely by the dimension of the
portion of the surface layer considered in the analysis.
From the results of the analysis in this study, it could be concluded that the
proposed model would become a powerful means by which we can know the dynamic
behaviour of a foundation-structure system for which an analytical solution can
not be obtained.
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On the Probability
Distribution
of the Maximum
Structural Response in Random Vibration
— Transient
Response to Stationary Input —
By Hisao GOTOand Hiroyuki KAMEDA
Annuals,DisasterPreventionReserch Institute,KyotoUniversity,
No. 12A,March, 1969,pp. 289-299(inJapanese).
Abstract
This paper is the second report of the studies on the characteristics of the
probability distribution of the maximum response of structures subjected to random
excitation, which is to be eventually related to the structural design for dynamic
loads with random nature, such as seismic loads, wind loads, etc.
The authors have proposed in the previous paper a new approximate method
of solution for the probability distribution of the maximum structural response which
accounts for arbitrary nonstationarity in excitation and arbitrary initial conditions,
and numerical examples were shown for the stationary response to stationary input.
In this paper, the results of computation for the transient response to stationary
input are presented, on the basis of which the precision of the approximation procedure and the effect of the initial conditions in the transient state are discussed.
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Turbulent

Energy

Dissipation

in a River Flow

By Shoitiro YoKosi
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11B,March, 1968,pp. 191-202(inJapanese).
Abstract
The rate of turbulent energy dissipation 6 is an important parameter descriptive
of turbulent motion in a river current.
The value of 8 determines the spectrum
of turbulent velocities in a certain range of frequencies and plays a fundamental
role in turbulent diffusion. A knowlege of the dissipation of turbulent energy is
also important in relation to a number of other processes connected with turbulent
mixing.
There are various methods for estimating 6. In this paper, the form of the
longitudinal structural function in the inertial subrange was used to determine 6.
It is known that for sufficiently large Reynolds numbers at scales of turbulence
greater than that of the smallest eddies and less than that of the largest eddies, the
longitudinal velocity correlation function is in direct proportion to the 2/3 th power
of 6 and the separation distance in accordance with the Kolmogorov theory of
turbulence.
Estimations of 6 were made from the results of observations of turbulent
velocity measured by the use of the ultrasonic flowmeter and propeller-type current
meter in the Uji river and the Kitatone river. The form of the calculated structural
functions in a region of inertial subrange gave a good estimate of 6. The values
of &at about 40cm below the surface in the Uji river (depth 2.1—,2.7m, mean velocity 1.1-1.3m/sec) were estimated as about 0.3-0.5cm2/sec3, and they mean the rate
of energy transfer from large eddies to smaller eddies in the field of vertical
turbulence. The values of of the horizontal turbulence were determined as about
10-4cm2/sec3in the Kitatone river (width 240m, depth 4m, mean velocity 0.2m/sec).
In these estimations, the influences of averaging due to inertia and the size of the
instruments were corrected. The vertical distribution of &shows that the values
near the bottom are very large in comparison with that near the water surface.
The Kolmogorov universal constant of the one dimensional energy spectrum
of turbulent velocity was also estimated in a river current by the use of the newly
developed ultrasonic flowmeter based on the method of pulse-time difference, the
characteristic size of the sensor being only 3cm. The obtained values of the constant
well agree with that in the atmospheric turbulence.
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Reynolds

Stresses

in a River Current

By Yasuo ISHIHARA,Sho-itiro-YOKOSIand Tetuo UENO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 503-514(inJapanese).
Abstract
Observations have been made of u and w, the longitudinal and vertical
components of turbulent velocity, in a river current, at various heights above the
bottom. The measuring instrument was an ultrasonic flowmeter based on the
method of sing-around, and was possible to measure two components of velocity
simultaneously. The characteristic size of the sensor is only 3cm and the inertia
of the instrument is practically negligible.
The observations were made in the 'Eiji river, the width and depth of the flow
were uniformly about 100m and 2m, respectively. In the measuring reach of the
channel, the bottom was sandy, and the slope of the bed was about 0.0003. It was
considered that a statistically stable state of river turbulence was presented.
The mean velocity U was about lm/sec, and the r.m.s. values of u were of the
order of 10% of U, while those of w were about 6% of U. These intensities of
turbulence increase with the decrease of height from the bottom. From the
simultaneous records of u and w, the Reynolds stresses —putv were evaluated at
various heights. The Reynolds stress seems to be increased approximately linearly
from the water surface to the bottom. Near the center of the depth, the values of
stress were about 60 dyn/cm2, the corresponding coefficient of cross-correlation
between u and w averaging —0.65. The values of Reynolds stress were nearly equal
to those of the variance of w fluctuation. From the autocorrelation curves, integral
time scales were obtained. The integral time scales of u were about three times
as large as w. Power spectra of u and w fluctuations computed from these records
show that there exists a region satisfying the law of -5/3 power predicted by
Kolmogorov theory of turbulence. While the cospectrum between u and w nearly
satisfies the law of -7/3 power. The relative behavior of u and w spectra and uw
cospectra shows that the small eddies may have considerable energy but do not
contribute to the correlation between u and w. The importance of large eddies
in the cospectrum means that stable estimates of Reynolds stresses can be obtained
only with long averaging times.
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Estimation
of Dispersion Coefficients on Free Surface
by Means of Particle Simulation Method
By Yoshiaki IWASAand Hirotake ImAMOTO
Memoirsof the Facultyof Engineering,KyotoUniversity,
Vol. 30, Part 1,January, 1968,pp. 15-25(in English).
Abstract
The present paper deals with a theoretical treatment of the size effect of sloid
particles on the estimation of dispersion coefficients at the free surface of flow by
means of the tracer simulation method and experimental evidences made at a test
flume in the laboratory and a navigation canal.
An exact simulation to the fluid flow through the movement of discrete particles
is impossible, so that the treatment was developed under the following assumptions
that, (1) the instantaneous velocity of a discrete particle is given by a volumetric
mean value of fluid velocities, and furthermore (2) the volumetric averaging can
be replaced by the one-dimensional treatment using an averaging-time, in which the
fluid passes the diameter of the particle.
The results obtained by the theoretical analysis indicate that the time scale
and the Lagrangian correlation coefficient in terms of the particle sizes increase
with the increase of particle sizes, whereas the turbulent intensity, the dispersion
coefficient and the variance in terms of the particle sizes decrease, and then the
dispersion coefficient becomes independent of the particle sizes for very long dispersion time. On the other hand, the results obtained through experimentations
indicate that the fluctuating velocities of solid particles on the free surface are of
outstanding periodicity and therefore the Lagrangian correlation coefficient is not
simply expressed in terms of an exponential function as done by Taylor, which must
be further investigated by more extensive research programs.
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around

Cylindrical

Piers

By Tadashi UTAMI
Annuals,DisasterPrevensionResearchInstitute,KyotoUniversity,
No. 12B,March, 1969,pp. 529-541(inJapanese).
Abstract
The dominant feature of the flow in the neighbourhood of a pier is the
large-scale eddy structure, that is, the vortex systems which develop above the
obstacle. This is the basic mechanism of local scour. These vortices have long
been recognized as having some relation to scour.
The purpose of this paper is to describe the mechanism of the vortex systems
around a cylindrical pier on a flat bed by means of experimental measurements.
First, a new method of making flow measurements is proposed. The flow
phenomena being three dimensinal and turbulent, measurement is difficult. But
a photographical method using two cameras and a stereotop is shown to be useful
for measuring these phenomena and the characteristics of the tracer particles and
an estimation of the analytical error of this method is mentioned.
Secondly, on the basis of the flow measurements, the flow field is shown to be
divided into three regions. One is the region of a large scale vortex with a horizontal
axe around and before the pier, and the second is the region which contains unstable
vortices of small scale, and the third is the two dimensional region above these two.
Thirdly, the scale of vortices and the distribution of velocity and direction of
mean flow in each region is examined by following up the tracer particles or dye
injected just upstream of the pier.
Lastly, it is shown that the fluid composing the vortex in the first region is
supplied from the part of flow near the stagnant plane and one in the second region
is supplied from the part near the channel bed.
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Varied

Flow in an Open Channel with Bottom
Diversion Racks ( II )

By Tadashi UTAMIand Hiroji NAKAGAWA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11B, March, 1968, pp. 233-265 (in Japanese).
Abstract
The flow with a sudden decrease of discharge passing over the bottom racks
is investigated theoretically and experimentally in the case of the transition from a
subcritical flow to a supercritical one near the racks.
Since the flow in this case shows as similzr behavior as the free overfall, the
theoretical
expressions about the hydraulic
characteristics
of the rotational
curvilinear flow which appears on the drop are derived by means of the orthogonal
curvilinear co-ordinate system.
Many assumptions provided on analysis such as
the constant energy along a streamline, exponential distribution of curvature of
the streamlines at any section, and the logarithmic distribution of the velocity at
the critical section are verified by experiment to represent the actual phenomena
at the entrance of the diversion work with fairly good agreement.
The hydraulic characteristics
of the flow over the bottom rack are analysed
by use of the results obtained above, refering to the variation of the flow energy,
discharge rate and flow depth between the entrance and the outlet of the diversion
and examined for both cases of the irrotational and rotational flows.
Then, the location of the critical section and types of flow profiles on the bottom
racks are examined by the ordinary varied-flow theory of one-dimensional analysis.
It is shown that the critical point located at a short distance upstream from the
entrance becomes a saddle point at which the control of the flow is achieved.
The
value of pressure coefficient A.obtained by the pressure measurement has a tendency
to decrease rapidly as the entrance is approached, and ax/ax takes a negative value
which rapidly decreases towards the entrance.
The water surface profile calculated
by the equation
agreement with

containing the pressure coefficient and its derivative
the experimental
results.

show good
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Large Plastic Deformation
—On the Bending Deformation

of Structures Due to Impact
of a Rigid-Plastic Infinite Beam—

By Taijiro NONAKA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968, pp. 575-586 (in Japanese).
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Large Plastic Deformation
of Structures
Due to Impact
—On the Bending and Shearing Deformation
of a
Rigid-Plastic
Simply Supported Beam—
By Minoru WAKABAYASHI,
Taijiro NONAKAand Michio SHIBATA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968, pp. 587-605 (in Japanese).
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Large Plastic Deformation
of Structures
Due to Impact
—On an Interaction
Problem and the Validity
of Rigid-Plastic Analysis—
By Taijiro NONAKA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 607-616(inJapanese).
Abstract
The requirement for elastic vibration to be neglected in the analysis of
structures due to large impact is considered to be that the work done in plastic
deformation is much greater than the maximum elastic strain energy which can be
stored in a structure. A study is made, therefore, on the maximum elastic strain
energy which can be stored in a structural member under combined action of
bending, shearing and extension (or compression), without violating von Mises yield
criterion. Curves are drawn for the permanent deflection of fully clamped beams
due to a transverse impact, based on the results of a rigid-plastic analysis which
takes account of the plastic interaction between bending, shearing and extension.
It is clearly seen that the deflection is much reduced by the axial force arising in
the beam due to finite deflection. On the other hand, the effect of shear is small
in the case of a compact cross section, unless the beam depth is of the same order
of magnitude as the beam length.
Application of the interaction analysis is discussed. It turned out that the
analysis and the results for the clamped beam are also valid for a supported beam,
provided the fully plastic moment of the corresponding clamped beam is halved.
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An Experimental
Study on the Ultimate Shearing Strength
of the Beam-to-Column
Connection of a
Composite Structure
By Minoru WAKABAYASHI,
Chiaki MATSUI
and Koichi MINAMI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 617-630(inJapanese).
Absrtact
From many researches it was already pointed out that the behavior of the panel
zones, where the columns and beams meet, has a great influence on the rigidity and
yield strength of a structure. In a composite structure of steel and reinforced
concrete, the beam-to-column connections were thought to be rigid, considering
that when concrete is cast in the panel zone, concrete contributes to preventing
local deformation of the steel member. However, adequate analysis has not been
made to confirm this.
The purpose of this experiment was to investigate the behavior of the beamto-column connections subjected to shearing forces in a composite structure. The
cruciform specimen was composed of an entire column, either of steel covered with
concrete or steel alone, and two beam pieces welded to the column. These
specimens were designed so that failure took place due to the shear action in the
connection. Six specimens were tested with a variety of column sections under
monotonous loading, within the elastic range, the shearing stress in the concrete
region and the steel panel is caluculated under the assumption that the deformation
due to shearing is the same in both steel and concrete. The load at which cracking
occurs was calculated by assuming the shearing stress at which cracks appeared in
the concrete to be = 0.1Fc (Fc is the ultimate compressive stress). As for the
ultimate strength, the concrete portion contributed significantly to the shear
capacity of the connection panel. The concrete shearing stress sustained up to
about 40% of the ultimate compressive stress and it was shown that the addition
theorem of resistance of the concrete part and steel part was nearly realized.
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Ultimate

Strength of Eccentrically
Loaded Wide Flange
Columns with Residual Stresses
Part 1, On Ideal I-Section
By Minoru WAKABAYASHI
and Bunzo Tsuji

Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 631-643(inJapanese).
Abstract
Residual stresses exist in rolled, welded and cold-straight-end steel structural
shapes. The behavior of structural members, especially of columns, depends on
the residual stresses, because of early yielding that occurs locally at some portion
of the cross sections. In this report, formulas for the buckling strength of eccentrically loaded columns are derived, assuming ideal I-sections containing lineally
distributed residual stresses. The effect of the magnitude of residual stresses on the
buckling strength of columns with various eccentricities are examined numerically.
Buckling formulas are derived based on the approximate solution of the
stability problem given by K. Jeiek. It is assumed that torsional buckling is
prevented for the columns bent about the strong principal axis of the cross-section.
There are three different distributions of stresses possible for the bending about
the strong axis and five about the weak axis, each having a buckling formula. The
buckling formula can be determined for the column having a given eccentricity and
magnitude of residual stresses. Interaction formulae which separate different
paterns of the stress distribution on the column curve are also obtained. Column
curves are drawn for the various magnitudes of residual stresses and eccentricities.
Buckling strength is more reduced, due to residual stresses, for members bent about
the weak axis than about the strong axis. The amount of reduction is lineally
dependent on the magnitude of residual stresses. In the case of centrally loaded
columns, the buckling strength of the columns having small and medium slenderness
ratios are affected by the residual stresses, but the bending capacity of the cross
section is not thereby affected. The influence of residual stresses decreases as the
increase of the eccentricities with the exception of the long column range. The
maximum points of the reduction factor moves toward a large slenderness ratio
with the increase of the residual stresses and of eccentricities. This indicates that
on the column curve the long column range moves toward a large slenderness ratio
in the case of large residual stresses, and in this range, the effect of residual stresses
is more pronounced for the case of large eccentricity so long as the eccentricity is
small.
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An Experimental
Study on the Inelastic Behavior of Steel
Frames with a Rectangular
Cross-Section Subjected
to Vertical and Horizontal Loading
By Minoru WAKABAYASHI,
Taijiro NONAKA
and Shosuke MORINO
Bulletinof the DisasterPreventionResearchInstitute,KyotoUniversity,
Vol. 18, Part 3, No. 145,February, 1969,pp. 65-82(in English).
Abstract
An experimental study was made of the behavior of single bay three-storied
frames, using 1/30-scale steel models with rectangular cross-sections. Frame models
were cut from a sheet of mild steel. A total of twelve tests were made, comprising
variation of material, frame proportion and vertical load magnitude. A varying
horizontal force and constant vertical loads were applied at the top of columns.
The horizontal force-displacement curves show an initial linear relation followed by a gradual decrease in slope, and the slope becomes negative beyond a
certain amount of displacement, indicating the importance of dead loads for the
horizontal restoring-force characteristics in tall buildings. The instability phenomena
become significant as the vertical loads get larger and the horizontal displacements
increase; even when the vertical loads are small, the instability is of considerable
importance for a large deformation. It was confirmed that the instability effect is
more pronounced in frames with weaker beams. The ductility was smaller in
frames of material with larger yield point stress.
Theoretical assessment was also made of the elastic-perfectly plastic analysis
and an approximate elastic-strain hardening analysis. The former assumed the
moment-curvature relation of linear elastic type followed by prefectly plastic type,
and hence adopted the plastic-hinge concept; the latter linearly related the increment in moment after the formation of a plastic-hinge to the discontinuity in slope
angle across a plastic hinge, based on an assumed distribution of plastic strains.
The elastic-perfectly plastic analysis underestimated the restoring force by a
considerable amount for a large deformation; the elastic-strain hardening analysis
showed reasonable agreement with the experimental results.
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On the Damage

to Buildings Due to the Tokachi
Earthquake
of 1968

By Minoru WAKABAYASHI,
Takeshi NAKAMURA
and Koichi MINAMI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,-March, 1969,pp. 87-107(in Japanese).
Abstract
Considerable damage is reported to have been caused in buildings, particularly,
in reinforced concrete buildings, due to an earthquake which took place in the offing
of Tokachi on May 16, 1968. The magnitude of this earthquake is 7.8. The paper
surveys the damage, and then discusses the details of the examples of severely
damaged buildings. A lot of reinforced concrete buildings were seriously damaged
in this earthquake. It is remarked in this earthquake that the damage rate of the
buildings belongings to one community is higher than that of the others.
The noticeable damage to reinforced concrete buildings is as follows:
(1) Columns are crushed and reinforcements are buckled.
(2) Columns are failed due to a large shear force.
(3) Columns are cracked or failed at their top and bottom by bending.
(4) Reinforced walls are cracked.
(5) Pent houses, chimneys at the rooftop or observation towers are severely
cracked or fallen.
(6) Expansion joints are failed.
Types of damage (1) and (3) are caused by low strength concrete. Type (2) is
caused by the existence of secondary wall members. (5) is caused by whipping.
(4) and (6) are trivial.
Finally, attention is called to the shear failure of reinforced concrete columns,
and the requirement for reinforcement in order to avoid the shear failure is suggested
on the basis of the results of past experimental studies on shear failure. The
discussion extends to the points claimed to be important for the design of reinforced
concrete frames against earthquakes.
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Restoring-Force

Characteristics
By Minoru

of

Tall

Buildings

WAKABAYASHI

Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12A, March, 1969, pp. 205-226 (in Japanese).
Abstract

With the objective of being applied in an earthquake response anaylsis , the
author discusses the relation between the horizontal restoring force and the
displacement for rectangular rigid frames which are subjected to large vertical
loads. The instability effect of dead loads in a tall building is emphasized. A
brief review, of past work made in this and other countries, is followed by an
introduction of experimental studies performed by the auther and his collaborators .
The experiment covers rigid frames of single span, one, two , three and five stories,
with and without bracings, and with rectangular and wide flange sections. It also
includes cruciform frames which are typical of an inner portion in a large frame
with many bays and stories.
Several approaches are made analytically in order to gain access to the true
behavior of the frames tested. The simplest approach assumes an elastic-perfectly
plastic moment-curvature relation; the elastic response is analysed by applying the
slope-deflection equations which take care of the axial forces existing in the members.
The restoring force is underestimated by this method. Another approach tried
assumes a strain-hardening plastic hinge at which the bending moment increases
with the discontinuity in slope angle after the attainment of the fully plastic moment,
in the case of increasing deformation. The correlation is based on the assumed
plastic strain distribution at the strain-hardening hinge. General agreement is
seen between this approach and the test results for the frames of rectangular
sections. Another approach assumes a linear bending moment-rotation relation in
the elastic region with one slope and after the arising of the mechanism state, which
is predicted by the theory of perfect plasticity, with another slope. The comparison of this approach and the test results for frames of wide-flange sections
shows an excellent consensus. The most rigorous approach tried is based on a
trilinear momentcurvature relation. The effect of shear deformation is incorporated in the analysis. This approach well predicts the behavior of the cruciform
frames tested.
Finally, the points that remain to be clarified in future investigations are
discussed.
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Studies

on Structural
Stress Analysis
of Plastics, Part 2
— Model Test of Quasi-Spherical

Using

Models

Shell —

By Minoru WAKABAYASHI,
Takeshi NAKAMURA
and Kiyoshi YAMAGUCHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 341-349(inJapanese).
Abstract
As previously reported in PART 1, some fundamental data were obtained with
regard to the elastic characteristics of Acrylite, loading technique, supporting and
deformation measurement. Moreover in a pressure-vessel test, reasonable agreement was seen between the experimental values and the results of the theoretical
analysis. In this report, a shell model of revolution close to a spherical shell is tested
under external air-pressure, in order to obtain new information on techniques of
model tests and self-confidence in the application of the model test to real structures.
The model specimen is made of a thinner sheet of Acrylite than that of the pressurevessel specimen. A sheet of Acrylite with 2mm thickness is heated up to about
150°C in a heating-box. A heated sheet is moulded to a quasi-spherical surface
by supplying air-pressure between the sheet and a steel mould frame. Being fixed
to an edge-ring of Araldite in a gypsum mould, the moulded model is anchored in
a concrete supporting frame. The model specimen becomes a shell of revolution
close to a shallow spherical shell. The specimen is loaded by means of air-pressure.
Deflection is measured by dial gauges. Strain is measured by wire strain gauges.
The model is analyzed theoretically by applying a finite difference method to the
fundamental equations of a shell of revolution. Reasonable agreement is seen between the experimental values and the results of the theoretical analysis. It is
confirmed that the behavior of a shell model of Acrylite subjected to air-pressure
is analyzed experimentally with sufficient accuracy.
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An Experimental
Study on the Elasto-Plastic
Behavior
of the Beam-to-Column
Connection of a Composite
Structure Under Repeated Loading
By Minoru WAKABAYASHI,
Chiaki MATSUI
and Koichi MINAMI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, pp. 351-365(in Japanese).
Abstract
Many research results have been published concerning the plastic shearing
behavior of the beam-to-column connections in a steel concrete structure under
monotonous loading. Nevertheless, very few studies were carried out on the
peculiar nature of the hysteresis curves in alternately repeated loading of such
connections. This research provides the necessary fundamental data for studying
the response of beam-to-column connections in a steel concrete structure, when they
are subjected to alternate plastic deflection, such as in earthquake excitations.
Twelve specimens were tested with a variety of cross sections, involving steel
panel alone, concrete panel alone and steel-concrete panel, under repeated loading
and monotonous loading. The test specimens used in this experiment were of beam
type and the loading apparatus was designed to realize the state of stress in the actual
connection panel. A specimen was subjected to a few cycles of a large deflection
amplitude. Their strength, stiffness, energy absorption and damping capacity
were discussed. The characteristics of the hysteresis loop in the steel panel alone
were of spindle shape, showing an excellent plastic ductility. Baushinger's effect
and work hardening were clearly observed. The ultimate shearing strength was
about 160 to 170 percent of the yielding shearing strength. The shape of the
hysteresis loop in the concrete panel alone was of reversal S-type, including a slip
zone. The test results for the steel-concrete panel specimen indicate that the concrete
portion in the connection panel contributes considerably to the shear capacity as
long as the shearing strain of the connection panel is less than one percent under
repeated loading, confirming the addition theorem of resistance of the concrete
part and steel part.
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Large Plastic Deformation
of a Structure Due to Impact
— An Experimental
Study on a Portal Frame
Subjected to Ground Shock —
By Minoru WAKABAYASHI,
Taijiro NONAKA,Michio SHIBATA
and Katsuhiro KOMURA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 367-378(inJapanese).
Abstract
An experimental study is made of a large permanent deformation of a rigid
frame with single bay and single storey, under horizontal impact loading. The
beam is made of a metal block to be rigid as compared with the columns, and is
repeatedly used. The column specimens are made of mild steel, aluminum alloy
or copper plates. The column height is approximately 15 to 20 cm. An attached
mass can be added to the beam arbitrarily so that the beam weight is controlled.
A frame specimen is held on a bifilar pendulum, and the impact load is applied
by means of an input bifilar pendulum, as a large acceleration for a short period.
The applied initial velocity at the base of columns is measured by an accelerometer.
The accelerometer is calibrated from the swings of a bifilar pendulum.
The
permanent deformation of the column specimens is measured by a dial gauge after
testing.
A static test is also performed in order to investigate the restoring-force character
istics. The overturning moment due to the beam weight is found to be of considerable importance, though the axial forces of the columns are less than 2% of the
yield limit axial force.
The experimental results of the impact test show a general consensus with the
analysis which approximates the frame restoring-force characteristics to be bi-linear
with a positive slope followed by a negative.
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An Experimental
Study of Elasto-Plastic
Stability
Cruciform Frames with Wide-Flange Sections
Under Vertical and Horizontal Loadings

of

By Minoru WAKABAYASHI,
Taijiro NONAKA
Chiaki MASTUIand ISa0 MITANI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 379-396(in Japanese).
Abstract
An experimental study was made of the effects of vertical loads on the restoring
force characteristics of cruciform frames with mild steel wide-flange sections under
varying horizontal loading. Test specimens are rigid frames of continuously welded
construction, and are composed of two similarly made plane frames, both being
connected to each other with wide flange sections at the joints and at the centers
of the beams and columns to prevent lateral buckling of the frames. Twelve
specimens were tested. All columns of specimens have an H-100 mm x 100 mm
section and beams H-100 x 100 or H-100 x 50. The beam length and column height
are equal and they are 100cm or 150cm. The ratio of the column height to the
in-plane radius of gyration is about 24 (for 100cm member length) or 36 (for 150cm).
The moment of inertia of the beam is either equal to or 0.43 times that of the
columns.
The vertical load was applied by an oil jack at the top of the columns, being
kept constant so that the constant force is about 0%, 30% or 60% of the yield load
of a column. To eliminate constraints against rotation at both ends of the columns,
universal ball bearings were used. The horizontal force was applied by an oil jack
at the bottom of the column. Rollers were placed between the bottom of the
columns and the supporting frame to eliminate constraints against sway. One
end of the beam was adjusted vertically by an oil jack which was fixed beneath the
supporting frames so that both ends of the beams and the joint of beams and columns
lay in a straight line during the test.
From the horizontal force-displacement relation, a considerable reduction was
observed in the force due to the column loads, indicating the importance of the
unstable character due to dead loads on the horizontal restoring force in tall buildings.
Much difference was observed in the behavior of upper and lower columns in the
test specimens which were subjected to a high axial load. Throughout the test,
no out-of-plane deformation or local buckling phenomenon was observed.
Theoretical assessment was also rigorously made of the restoring-force characteristics on the basis of a tri-linear moment-curvature relation. The analysis takes
account of the shear deformation of the members and of large rigidity at the
beam-to-column connection.
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An Experimental
Study on the Buckling
Circular Welded Tubes

of

By Minoru WAKABAYASHI,
Taijiro NONAKA
and Kazumasa NISHIKAWA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 439-462(inJapanese).
Abstract
An experimental study is made of the buckling phenomena of a circular welded
tube of high strength steel. The main emphasis is on the effect of residual stresses
and plastic working in the production process on the buckling strength. A test
specimen has a cross-section of 101.60 x 2.9t. Some specimens are annealed and
others as-delivered. It is found that the magnitude of residual stresses goes up to
70% of the yield point stress, and a considerable gradient is observed in the residual
stresses in the radial direction across the thickness. Experimental results agree
well with the theory which takes account of the effect of both residual stresses and
plastic working.
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An Experimental
Study on Out of-Plane
of an Elbow-type Frame

Buckling

By Minoru WAKABAYASHI,
Taijiro NONAKA,Tetsuji KOBASHI
and Haruhito OKAMOTO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 397-405(inJapanese).
Abstract
An experimental study is made of the out-of-plane buckling of a symmetrical
elbow-type rigid frame. The frame is composed of two straight members of
aluminum alloy wide-flange section. The end supports are made so that the
members can rotate freely in the plane perpendicular to the plane of the frame;
twisting and warping of the ends are constrained at all member ends. As the
stability of such a frame is kept by the torsional rigidity of the members, the effect
of warping on the out-of-plane buckling strength of the symmetrical elbow-type
rigid frame plays an important role.
The buckling test is preceded by a preliminary test where the force-displacement relation in the direction perpendicular to the plane of the frame is examined,
and it turns out to be in good agreement with the analytical prediction.
The
rigidity of the frame in the out-of-plane deformation is thus checked beforehand.
In the buckling test, a load is symmetrically apllied at the joint by a metal
weight in such a way that each member is primarily subjected to compressive axial
forces before buckling. The deflection of the joint is measured by a traveling
telescope. The observed load-displacement relation shows typical bifurcation
phenomena in which the out-of-plane displacement suddenly increases at a certain
load.
A theoretical assessment is based on the slope-deflection method which was
previously developed for thin-walled cross-sections and takes account of the axial
forces existing in members. The effect of warping is also taken into account in the
theory.
An excellent consensus is seen between the experiment and theory. A considerable effect of warping is observed both in the theory and the experiment, in a
case where the members are short.
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Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 12A, March, 1969, pp. 407-420 (in Japanese).
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An Experimental
Study on the Buckling
Steel Latticed Columns

of

By Minoru WAKABAYASHI,
Taijiro NONAKA
and Osamu KOSHIRO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 421-438(in Japanese).
Abstract
Members of a trussed girder are often composed of built-up sections. It is
occasionally advisable to design a truss so that a web member is made of several
angles or channels with few connections. An experimental study is made of the
behavior of a web member which is subjected to compression and to out-of-plane
buckling. Two angles or channels constituted a column specimen with a few
connections across them. A total of twelve specimens were tested, using sections
of L-65 x 65 x 6 and [100 x 50 x 5 x 7.5 of mild steel. In the tests, the end supports had knife edges, in such a way that the latticed column specimen was free
to rotate at the ends in one plane corresponding to the plane of the truss and not
in the perpendiculer direction. Deformations of specimens were measured by dial
gauges and wire strain gauges.
The test results were compared in the elastic range with a theory which
regarded the latticed column as a portal frame with rigid beams and contractible
columns. Torsional deformation was accounted for in the theory. It was observed
both from the theory and the tests that the existence of a single connection at the
mid-height increases the buckling strength of a column of angles, but not appreciably of a column of channels; the difference is due to the torsional deformation
possible in the angle column, which breakes down the symmetry of the buckling
mode. The buckling strength of a latticed column of angles could well be predicted
by the approximate theory which neglects torsional deformations completely, so
long as some intermediate connections are provided.
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To the Final State of Rectangular

Frames

By Ryo TANABASHI,
Kiyoshi KANETA,Tsuneyoshi NAKAMURA
and Shuzo ISHIDA
Proceedingsof the 4th WorldConferenceon EarthquakeEngineering
Santiago,Chile,January, 13-18,1969(in English).
Abstract
The senior author, R. Tanabashi proposed the "Velocity-Potential Energy
Theory" in 1935.
The theory maintains that the effective intensity of the
ground motion due to an earthquake disturbance acting upon a structure is
proportional to the square of the maximum velocity and that the resistance of the
structure against the earthquake is governed by the potential energy that the
structure can store before it collapses. Since then, the senior author has continuously insisted on the importance of this energy absorption capacity as one of the
most significant measures representing the overall earthquake resistance of a
structure. The theory has been reconfirmed for a bilinear hysteretic multi-degreeof-freedom system by T. Kobori and R. Minai.
The purpose of the present paper is to reveal the characteristics of energy
absorption capacities of ten- and five-story frames. The following conclusions are
drawn from the numerical results on 39 elastic-perfectly plastic unbraced frames
subjected to proportional horizontal loads under constant vertical loads.
( 1 ) Frames with relatively strong columns and weak beams exhibit rather
stable static responses in the sense that the load-displacement response curves are
essentially of bilinear elastic-perfectly plastic type without portions of large negative
slopes. An overturning moment-overall rotation curve of bilinear elastic-perfectly
plastic type is characterized by a constant average rate of work done by the horizontal forces, which is nothing but an energetic representation of the average overall
strength.
( 2 ) The plastic hinge rotation is almost linear with respect to the top displacement as in a rigid-plastic collapse mechanism. The displacement limit or the
overall rotation limit may be determined from the rotation capacities of plastic
hinges in a frame and may be used to define the final state.
( 3 ) A frame with a greater rate of linear tapering in beam sections per story
toward top has a greater energy absorption capacity even if the sum of beam plastic
moments are the same.
( 4 ) The average rate of energy absorption W'H is proportional to the
magnitude of beam plastic moments, whereas the W'H-value increases with respect
to the rate of tapering at a considerably smaller rate than with respect to the rate of
increase in the plastic moments. A frame with greater plastic moments has a
greater energy absorption capacity.
( 5 ) Patterns of horizontal load distributions have only a slight influence upon
the energy absorption capacity.
( 6 ) Five-story frames of two bays exhibit similar behavior to that of ten-story
frames of one bay, except that the overturning moment-overall rotation curves do
not have any portions of even slight negative slopes.
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and Tatsuo HANAFUSA
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On the Long Period

Fluctuation

of Surface

Winds ( 2 )

By Hatsuo ISHIZAKI,Yasushi MITSUTA
and Yuji SANO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No, 12A,March, 1969,pp. 227-235(in Japanese).
Abstract
Power spectra of the horizontal wind speed near the surface over a wide range
from about 10-'cps to 3 x 10-'cps are studied. The analysis was made of the wind
data at Shionomisaki, the southern end of the main island of Japan, in 1965-1968,
dividing the total spectral range into several parts by Tukey's method.
There appear to be three major eddy energy peaks in the spectrum; one peak
occurs at a period of about four days, second peak occurs at a period about one day
and the third one occurs near a period of one minutes. Between the latter two
peaks there is a broad spectral gap in which the eddy energy content is small. The
power spectral density decreases in proportional to the -5/3rd power of frequency
between 10'cps (period of one day) and 10'cps (period of three hours) as well as
in the frequency range higher than 10'cps which is so called inertial subrange.
These results in the first report agree well with the results obtained with the wind
data in the planetary boundary layer by Van der Hoven.
In the second paper the features of the spectral peak at the period of about one
minute are studied. As it seems that this peak corresponds to the turbulence caused
by the frictional forces in the boundary layer, the peak frequencies are related with
the meteorological parameters in the boundary layer. The wave number corresponding to this peak is about 1/200 m-1 on the average. However this value changes
depending on the stability of the planetary boundary layer. It becomes larger with
increasing stability.
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By Hatsuo ISHIZAKIand Yasushi MITSUTA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 237-244(inJapanese).
Abstract
The turbulent structure of storm gusts in a typhoon was studied using several
high response anemometers on masts which are on a line perpendicular to the
wind direction near the sea shore.
The anemometer used in this study was specially designed for this study. It
measures the velocity pressure detected by a pressure tube directed into the wind
by the wind vane. The transducer is a linear transformer fixed to the bellows.
The performance of this anemometer is good enough to resolve fast wind changes
up to ten cycles per second or so.
Six of these anemometers are set on three masts 11m in height and one 16.5m
high, on which three anemometers are set at heights of 5.5, 11 and 16.5 m.
Observation was made in the case of the typhoon of Sept. 25, 1964, when the
mean wind speed at the top of the masts was about 25 m/sec.
The spectra of wind fluctuations at each of the masts are almost the same in
shape and intensity. However, cross correlations of wind fluctuations between two
different points decrease rapidly with increasing the separation of the points. The
wind fluctuations averaged over 0.1 sec show a cross correlation coefficient of about
0.9 when the separation is about 5m in the horizontal or vertical but it decreases
to 0.4 when 22m in the horizontal and to zero when the horizontal distance is 33m.
The gust factor of velocity pressure (gust pressure factor) is larger than 2 for
velocity pressure averaged over 0.1 sec at one point. But it decreases with the
averaging time of the gust and averaging space of the gust. The value of gust
pressure factor is about 1.5 for 3.0 sec gust at one point and about 1.1 for gust
averaged over 3.0 sec in time and 40m in space.
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By Hatsuo ISHIZAKI,Yasushi MITSUTA,Junji KATSURA
and Tatsuo MUROTA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 261-272(in Japanese).
Abstract
With the increase of jet engines the requirement for deflecting aircraft wake
became important to protect adjacent facilities or personnel in airports. Several
types of blast fences have been designed and constructed for this purpose. In 1964
the authors conducted an experiment on the wind-shelter effect of the new type blast
fence using expanded metal as a deflector and found it efficient and economic. In
1965 the authors designed a 4m high blast fence using the same expanded metal and
conducted an experiment on its effect at Tokyo International Airport.
The blast fence was exposed to the wakes of DC-8 and Boeing 727 jet engines.
The distance between the engine nozzles and the fence was 29m or 15m in the case
of DC-8 or Boeing 727 and the corresponding height of the engine nozzles above
the ground was 2m or 3.8m respectively.
The distribution of wind speed and the maximum temperature were measured
before and behind the fence. In the case of DC-8 the wind speed at points up to
3m above the ground dropped from 84m/s to 11m/s when the full-throttle jet wake
was passing through the fence, and the temperature rose by 15°C behind the fence.
In the case of Boeing 727 full-throttle jet wake, the wind speed of about 150m/s
in front of the fence decreased into less than 25m/s at the points up to 3m height
above the ground and the temperature did not change behind the fence.
The measurement of stresses in structural members of the fence showed that
the assumption of the design was reasonable and that the maximum stress was less
than 1/3 of the allowable stress of the material.
These results of measurements show that this blast fence is effective enough
to make ordinary ground works and the fence itself is strong enough to resist the
full-throttle jet of DC-8 or Boeing 727.
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The Structural

Damage
Miyakojima

Caused by the Second
Typhoon

By Hatsuo ISHIZAKI,Junji KATSURAand Tatsuo MUROTA
Annuals, Disaster Prevention Research Institute, Kyoto University,
No. 11A, March, 1968, pp. 517-534 (in Japanese).
Abstract

A severe wind storm caused by the Second Miyakojima Typhoon struck the
Sakijima Islands, Okinawa, from 5th to 6th September 1966, and devastated most
towns in Miyakojima Isl. and the northeast coast of Ishigakijima Isl. The authors
investigated the damage in the area and obtained the following results:( 1 ) The eye wall of the typhoon moved as slowly as 10km/h along the south
coast of Miyakojima, where a severe storm with a wind speed of more than 40m/s
lasted for about 13 hours. The maximum wind speed of 60.8m/s and the maximum
peak gust of 85.3m/s were observed in Miyakojima.
( 2 ) The total number of houses in Miyakojima is 11,060 and 1,943(17.6%)
houses were completely destroyed and 3,429(31.3%) were partly damaged.
( 3 ) In Ishigakijima Isl. damage was confined to the northeast peninsula and
was fairly slight in other regions. This is considered to be due to the wind-shelter
effect of the topography.
( 4 ) In the city zone of Hirara city, which is the most highly populated city
that suffered the disturbance, the damage rate was smaller than in the rural districts
and the windward area in the city was more seriously damaged than the leeward.
( 5 ) The damage to wooden buildings was severest and reinforced concrete
buildings or tower structures suffered slight damages.
( 6 ) The damage to wooden builidings appeared to occur on openings, eaves,
ridges, verges or leeward roofs. The leeward-roof damage consisted of removal
of roof tiles. This is because the tiles have no bed board and the wind pressure acts
directly on the tiles.
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Severe Wind Storm Caused by the Second
Miyakojima
Typhoon
By Yasushi MITSUTA,Kenji MrvATAand Sadao Yosmzumx
Annuals,DisasterPreventionResearch Institute, Kyoto University,
No. 11A,March, 1968,pp. 507-516(in Japanese).
Characteristics

of the Second Miyakojima

Typhoon

By Yasushi MITSUTAand Sadao YosHIzuMI
Bulletinof the DisasterPreventionResearchInstitute, Vol. 18,Part 1,
No. 131,July, 1968,pp. 15-34(in English).
Abstract
The meteorological aspects of the characteristics of the Second Miyakojima
Typhoon (6618) and the severe wind caused by it are studied in these papers, which
are the results of the expedition to Sakijima Islands, Okinawa in 1968. The typhoon
itself was one of the ordinary severe typhoons which can be seen once or twice a year
over the northwestern Pacific. However, as it hit Miyakojima Isl. in the mature
stage and on the worst course, damage on that island was very severe as reported
in the other paper about this expedition (Ishizaki et al (1968)).
The maximum wind speed of 60.8 m/sec and maximum peak gust of 85.3 m/sec
were observed at the meteorological station of Miyakojima Isl. These wind speeds
are the first ranking ones in Japan as well as Okinawa Area. The wind was so strong
because the typhoon passed just near the island and the island was in the maximum
wind zone of the typhoon. The movement of the typhoon was as slow as 10 km/sec
near the island, so the island was under the influence of severe wind for a long time,
which might be another reason for the heavy damage on this island.
During the passage of the typhoon, quite clear periodical changes of weather
parameters such as atmospheric pressure, wind, rainfall and so on were observed
at Miyakojima Isl. the period of which was about 50 minutes.
It the latter paper the method of analysis and the related meteorological data
are presented.
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Table 1 The results of the direct observations of momentum flux with
sonic anemometers and a drag-meter at Shionomisaki.
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Wind Disasters

Caused by Small Scale Disturbances
By Yasushi MITSUTA

Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 499-506(inJapanese).
Abstract
The small scale disturbances, which might cause strong winds and wind
disasters, are studied. They are Tatsumaki, small whirl wind, thunderstorm, dust
devil and so on.
Tatsumaki, which is similar to tornado in the United States, is the most severe
one among them. On the average, there occur seven Tatsumakis in Japan a year,
and one person is killed, sixteen are wounded and sixty-two houses are damaged by
them.
Most of them move towards the northeast with a speed of 45 km/hr on the
average. The average size of the damaged area is 45 m in width and 3 km in length.
And more than two thirds of Tatsumakis in Japan are seen on the southern Pacific
coast of Japan. The ratio of risk of Tatsumaki at one point of Japan is once in a
million years on the average. The risk is much smaller than for tornado in the
United States.
Small whirl winds are less severe but larger in scale than Tatsumakis. They
are often accompanied by typhoons. Thunderstorms in Japan sometimes come with
strong winds and destroy houses. The total amount of damage done by thunderstorms is estimated to be about the same as Tatsumakis in Japan. Dust devils are
very small and cause only a small amount of damage.
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By Yuji SANOand Yasushi MITSUTA
SpecialContributions,GeophysicalInstitute,KyotoUniversity,
No. 8, December,1968,pp. 61-70 (in English).
Abstract
A new method of evaluation of the dynamic response character of the hygrometer using a fine thermocouple psychrometer is presented in this paper with a
practical example.
The difficulties in the study of the dynamic response of a hygrometer of this
type come from the fact that it does not measure humidity directly, but that dry- and
wet-bulb temperature and humidity is computed from those two values by the use
of the psychrometric equation. Moreover, it is difficult to make artifical rapid
changes of humidity even in the small chamber, which prevents the experimental
approach of this problem. In this paper the following method was used to study
the response character, that is, the response character of the dry- and wet-bulb
thermometers to the changes of dry- and wet-bulb temperatures are studied respectively and then both characters are combined by some assumptions on the
environmental conditions. For the study of the response character of the hygrometer to humidity changes, environmental conditions other than humidity should
be kept constant. Therefore the constancy of the internal energy of the environmental air or virtual temperature is assumed in this study other than constancy of
wind and other meteorological parameters. By this assumption the fluctuation
of humidity is easily related to the fluctuations of dry- and wet-bulb-temperatures.
And the response character of the psychrometric hygrometer is described by the
linear first order response function. The response character is largely affected by
wind speed and air temperature.
The 90% gainlimit in frequency response of a
fine thermocouple psychrometric hygrometer (wire diameter being 0.12 mm) is
about 0.4 cps at 5.0 m/sec and 20°C but it becomes about 0.2 cps at 5.0 m/sec
and 10°C.
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and Toshihiko MAITANI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 245-260(inJapanese).
Abstract
A new method for the direct measurement of turbulent fluxes over the sea
surface from a moving ship is established in this paper. The first test observation
was made in the summer of 1968 by the use of the Research Vessel, Ryofu Maru
II of the Japan Meteorological Agency in the East China Sea to the west of Japan,
as a part of the Japanese program of GARP.
This method of observation is similar to that used in airplane measurement of
turbulent fluxes. The observed wind velocity components on the moving ship are
corrected for the tilting and movement of the sensor to obtain real wind velocity
components relative to the earth. The sensors of temperature and humidity are
set at the top of the foremast with the sonic anemometer as a wind component sensor.
The pitching and rolling of the ship are measured by a newly developed clinometer
in the cabin. The humidity sensor in this first test observation was a fine thermocouple psychrometer.
The test observation was made in July, 1968 for about two weeks and eighteen
successful measurements were completed. The data were processed by the use of
an electronic computer and the variances of real wind velocity components and
momentum flux are obtained. In the case of Run 16, when the ship was moving
at a speed of 13 kt, the true wind speed was 5.0 m/sec and the standard deviation
of the horizontal wind component was 0.42 m/sec and that of the vertical component
was 0.27 m/sec at a height of about 20 m from the sea surface. The magnitude of
momentum flux in this case is 0.35 dyne/cm2, the drag coefficient being 0.0012,
which is the same value as the one obtained by the experiment by Brocks and Hasse
(1968).
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By Takuji KOBORI,Ryoichiro MINAI, Tamotsu Suzum
and Kaoru KUSAKABE
Proceedingsof the 16thJapan NationalCongressfor Applied
Mechanics1966,December,1967,pp. 301-306(in English).
Abstract
As a basic study to examine the effects of soil ground on the earthquake response
of structures, it is intended in this paper to investigate the dynamic characteristics
of a rectangular foundation on a semi-infinite elastic medium.
Based on the elastic wave propagation theory, we obtain the analytical
expression of the "Dynamical Ground Compliance" of a rectangular foundation
subjected to the four kinds of harmonic disturbing force—vertical, horizontal,
rotational and torsional excitations. It is defined as the ratio of the foundation
displacement to the disturbing force, and represents the transfer function of the
elastic ground.
As the solution is expressed by an improper, infinite, double
integral, containing the Rayleigh pole which is the real root of the frequency
equation, we must evaluate this integral in the complex plane.
Based on the numerical results, the properties of the Dynamical Ground
Compliance are pointed out as follows:
( 1 ) Depending on the kind of disturbing force, the shape and dimension of
the foundation area and the ground constants (Poisson's ratio, shear rigidity and
density), it generally represents the dynamic characteristics of the foundation on
a semi-infinite elastic medium.
( 2 ) It is expressed by the complex valued function of frequency, the imaginary
part of which is concerned with the energy diffusion phenomenon caused by the
irreversible wave propagation from the source at the surface to the elastic medium.
( 3 ) The Dynamical Ground Compliance for the case of vertical (or rotational)
excitation, as a whloe, has a similar tendency to that of horizontal (or torsional)
excitation.
This result corresponds to the fact that, in the sense of vibration
phenomenon, there is no essential difference between these two cases.
( 4 ) The residue term at the Rayleigh pole is concerned with the energy
diffusion phenomenon caused by the Rayleigh surface wave. The ratio of the
residue term to the imaginary part may be considered as a measure indicating the
possible occurrence of the Rayleigh wave. This ratio for the case of vertical (or
rotational) excitation is much larger than that of horizontal (or torsional) excitation.
( 5 ) The value of the Dynamical Ground Compliance varies widely with
frequency. This fact suggests that we must generally consider the spring-dashpotmass system having variable coefficients of frequency as the dynamic model of the
foundation on an elastic ground,
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Linear System
By Takuji KOBORI, Ryoichiro MINA', Yoshihiro TAKEUCHI
and Masahiro KAWANO
Proceedingsof the 16thJapan NationalCongressfor Applied
Mechanics1966,December,1967,pp. 316-323(in English).
Abstract

One of the most important problems in structural dynamics is to find the
dynamic characteristics of actual structures by means of experimental techniques.
It has been pointed out by many investigators that the statistical method of detecting
the dynamic characteristics based on the measurement of the random responses of
actual structures subjected to winds or ground micro-tremors is effective because
of its instrumental convenience in field-measurement, but is not satisfactory as
regards accuracy because of the ambiguity of the input process and of the imperfection of the analyzing technique.
This paper discusses two kinds of statistical methods of determing the linear
dynamic characteristics of a multi-degree-of-freedom system. One of the methods
is based on the optimum transfer matrix of a linear, time-invariant, multi-input
and -output system, which is obtained by extending the Wiener-Levinson formula
of the optimum transfer function of a single-input and -output system. The other
method is simply derived from the input and output relationship of the spectral
density matrix by olny considering the physically realizable condition. It is shown
that in both methods the same number of independent stationary processes as the
number of inputs is necessary to determine completely the transfer matrix of the
system. As it is the practical case, if the number of available independent processes
is less than that of the input processes and if the functional form of the transfer matrix
is presumable within a set of finite numbers of parameters, these unknown parameters can be determined so as to minimize the error functional derived from a
necessary condition of the transfer matrix.
To examine the validity of the above-mentioned method, the random
responses of single- and two-degree-of-freedom linear vibratory systems to a stationary random input are calculated and the prescribed sets of natural frequencies
and critical damping ratios are detected. As a result, it is found that the critical
damping ratios which are in the range 0.05 to 0.10 can be detected with satisfactory
accuracy by the modal separation method if the spectral density of the output is
estimated from the corresponding auto-correlation function by making use of the
total delay which is 7 to 8 times as large as the relevant natural period.
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By Takuji KOBORIand Ryoichiro MINAI
Proceedingsof the 16thJapan NationalCongressfor Applied
Mechanics1966,December,1967,pp. 324-332(in English).
Abstract
In relation to the statistical design method of anti-seismic structures for
moderately intense earthquake excitations, the basic studies on the non-stationary
response of a linear discrete system subjected to random excitations are described.
As a problem of earthquake response analysis, the output-responses of a
structure to random excitations are to be defined by the statistical measures of
aseismic safety of each part of the structure, which may be, for example, the expected
number of exceeding the allowable response level, the probability of exceeding the
allowable response level and so on. These statistical earthquake responses in the
non-stationary stochastic process can be approximately expressed in terms of the
first and second moments of the responses and their derivatives with respect to time,
at least in the case where the Gaussian process is concerned.
In this paper, as the basic statistical quantities to estimate such statistical
measures of aseismic safety of structures, a local co-variance matrix and several kinds
of local spectral density matrices are considered in the time and frequency domain,
respectively.
The local co-variance matrix is defined as the product of a twodimensional cut-off operator and the co-variance matrix in a non-stationary
stochastic process. And the one- and two-dimensional local spectral density matrix
are introduced by defining them as the single and double Fourier transform of the
local co-variance matrix, respectively. Also, the one-dimensional local Hermitian
spectral density matrix is defined as a linear combination of the one-dimensional
local spectral density matrix and its complex conjugate matrix. And then, the
input-output relations of these basic statistical quantities in the non-stationary
stochastic process are discussed for the general case of a multi-input and -output,
linear discrete system having time-variant, complex-valued coefficients. It is shown
that Bendat's formula for the input-output relation of the two-dimensional spectral
density matrix is obtained in the special case where a linear discrete system having
time-invariant, real-valued coefficients is concerned and the two-dimensional total
spectral density matrices associated with the full time domain exist for both the
input and output processes.
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Dynamical Ground Compliance of a Rectangular
on an Elastic Stratum over a Semi-Infinite
Medium (Part 3 )

Foundation
Rigid

By Takuji KOBORI,Ryoichiro MINAI
and Tamotsu SUZUKI
Annuals,DisasterPreventionResearch Institute, KyotoUniversity,
No. 11A,March, 1968,pp. 331-347(inJapanese).
Abstract
As a basic study to clarify the anti-seismic safety of structural systems considering the effects of the soil ground, the authors have made a series of studies on the
dynamic properties of the surrounding ground of structures, introducing the concept
of "Dynamical Ground Compliance", that is, the force-displacement transfer
function derived from the elastic wave propagation theory.
It this paper, the authors try to discuss, at first, the Dynamical Ground
Compliance of a rectangular foundation on an elastic stratum over a semi-infinite
rigid medium for the case of horizontal excitation, comparing the results with those
of the vertical and rotational excitations obtained already in the previous paper.
Secondly, to find the relation between the Dynamical Ground Compliance and
Voigt's ground model, which has often been used as a simplified model of the soil
ground, the equivalent spring and viscous damping coefficients of this simplified
model are calculated from the various numerical results of the Dynamical Ground
Compliance obtained in the present and previous papers for the two kinds of ground
model—a semi-infinite medium and an elastic stratum over a rigid medium.
The principal results are summarized as follows:
( 1 ) The Dynamical Ground Compliance for the horizontal excitation has,
as a whole, a similar tendency to that for the case of vertical excitation except that,
in the former case where the SH type trasverse waves are likely to predominate, the
Love waves are produced in addition to the Rayleigh waves and thus, the apparent
energy attenuation of the medium is caused by these two types of surface waves.
( 2 ) The equivalent coefficients representing the properties of the soil ground
cannot generally be given as quantities independent of the frequency when the
ground is composed of an elastic continuum. However, if the constitution of the
ground surrounding a foundation may be practically considered as a semi-infinite
medium and besides, if the translational excitations are confined only in the low
frequency range, the coefficients of an equivalent Voigt model of the ground can be
approximately determined from the density and elastic constants of the medium
together with the shape and dimensions of the foundation independently of the
frequency.
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Dynamical Ground Compliance of a Rectangular
Foundation
on a Semi-Infinite Visco-Elastic Medium (Part 4)
By Takuji KOBORI,Ryoichiro MINAI, Tamotsu Suzuxi
and Kaoru KUSAKABE
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 349-367(inJapanese).
Abstract
As an extension of a series of studies on dynamical ground compliance, which
represents the dynamical properties of a foundation on the ground, we discuss, in
this paper, the dynamical compliance of a rectangular foundation on the semiinfinite, visco-elastic medium consisting of the Voigt solid. Three types of surface
harmonic excitations are considered, which are vertical and horizontal excitations
and also the rotational excitation about a horizontal axis. It is assumed that the
distribution of exciting force on the rectangular area is uniform for both the
vertical and horizontal excitations and triangular for the rotational one.
The analytical expressions of the dynamical ground compliance of a rectangular
foundation on the semi-infinite Voigt type visco-elastic medium can be obtained
by replacing it by + icoA' and X by X+ icox', respectively in those for a semiinfinite perfectly elastic medium, where x and
are Lame's constants,
and A'
are the viscosity constants respectively corresponding to x and A, and co is the
exciting frequency. For the various combinations of the viscosity constants of a
visco-elastic medium and shape factor of a rectangular foundation, the numerical
results of the dynamical ground compliance and the equivalent spring and viscous
damping coefficients are shown in graphical form.
It is pointed out that when the viscosity constants of the medium become large,
the curves of the dynamical ground compliance are shifted to a lower frequency
range, and that with the increase of the viscosity coefficient the equivalent spring
coefficient becomes smaller, but the equivalent viscous damping coefficient becomes
larger. It is also found that the equivalent viscous damping coefficient for the
visco-elastic medium can be approximately estimated by the sum of the equivalent
viscous damping coefficient for the perfectly elastic medium, which is caused by the
radiation of the wave energy from the exciting source, and the quantity proportional
to the viscosity coefficient, which corresponds to the energy dissipation in the medium.
It is noticed that the effect of the viscosity in the medium is remarkable for the case
of rotational excitation in a low frequency range where the radiative damping is
very small and the damping mechanism is mainly composed of internal energy
dissipation.
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On Spectral Characteristics
of Artificial Earthquakes
Generated for Structural
Response Analysis
By Takuji KOBORI,Ryoichiro MINAI,Yutaka INOUE
and Yoshihiro TAKEUCHI
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 369-403(imJapanese).
Abstract
Earthquake response analysis has been carried out for the earthqkake resistant
desing of building structures. In this analysis, it is very important to suppose
earthquake excitations suited to the seismicity and the dynamic characteristics of
the ground where the structure will be constructed. In this paper, when the
stochastic characteristics of the earthquake excitations are prescribed by the analysis
of several earthquake records and the vibration test results of the ground at the
site, the artificial earthquakes for the resonse analysis are generated on the analog
computer using the quasi-stationary process with a prescribed spectral characteristics and a deterministic envelope function.
The spectral density of the artificial earthquakes is approximated as a linear
transfer function of a meromorphic function type and using the equivalent analog
computer circuit to the transfer function, the artificial earthquakes are generated
from the output of a band-limited white noise generator.
There are supposed
several cases with different spectral characteristics of artificial earthquakes and
seven or fourteen earthqkakes respectively are generated for each case. Spectral
densities are shown as ensemble averabes in each case and it is verified that
experimental results have a good agreement with theoretical curves.
On the other hand, equivalent stationary response of a linear one-degree-offreedom system subjected to quasi-stationary random process is expressed analytically with the energy spectral density of the random response of the system. The
probability distribution function of the extreme values of the equivalent stationary
response is the reduced to the Rayleigh distribution function with some approximation. Here assuming that the stationary random process is ergodic, the probabilistic
distribution of extreme value for the time domain is equal to that for the ensemble
domain. The maximum extreme value for the time domain is expressed in
semi-analytical form with some unknown coefficients by applying the properties
of the Rayleigh distribution. Then the average of response spectra which are
defined as the maximum responses of a one-degree-of-freedom system subjected to
earthquakes is related semi-analytically to the spectral characterustics of input that
is a quasi-stationary random process.
To determine the values of unknown coefficients, response spectra are calculated
by means of an analog computer for the generated artificial earthquakes. Average
response spectra corresponding to each case show that experimental plots fit the
semi-analytical curves with appreciable accuracy.
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Observations
of the Matsushiro
Earthquakes
on the Response
Characteristics
of a Building Structure and Neighboring
Ground (Second Report)
By Takuji KOBORI,Ryoichiro MINAI, Yutaka INOUE
Yoshihiro TAKEUCHI
and Teruo KAMADA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 405-419.(inJapanese).
Abstract
In the first part of this paper, extensive investigations are reported of the
vibrational characteristics of the ground in the Matsushiro earthquake swarm area
which have been mentioned in the previous paper. Based on the Fourier analysis
of the velocity records observed simultaneously at depths of 1 m, 10 m and 20 m,
the transfer characteristics of the seismic waves travelling vertically are discussed.
It is found that there is no remarkable difference between the spectral characteristics
at points 10 and 20 meters in depth, but the power spectral density at the point 1
meter deep, is amplified in the low frequency range compared with those 10 and
20 meters deep.
In the latter half of the paper, the dynamic characteristics of a two-story
reinforced concrete school building in the same area are discussed from the viewpoint of the average amplification characteristics of the structural response casued
by weak earthquakes, and the natural frequencies and modes are estimated. It is
pointed out that the dynamic characteristics of the structure can be estimated from
the response of the structure subjected to real earthquakes.
The spectral analysis of the microtremors of the ground and the structure
indicates that a low and rigid structure on soft clay behaves with the ground as an
almost rigid body. It seems that the estimation of the dynamic characteristics is
difficult from observation of the microtremors of such a structure.
As an effective approach obtaining the natural frequencies and the critical
damping ratios of the structure coupled with the ground, free vibration tests are
made. Although the structure does not show distinct vibrational behavior because
of the large damping effects due to the ground, the spectral analysis of the response
records indicates some frequencies relevant to the natural frequencies, and the modes
are estimated at these frequencies.
Finally, it is pointed out that dynamic tests of a different type may lead to
different characteristics of the structure, and that careful interpretation of test results
is important.
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An Experimental
Study on the Restoring
Characteristics
of Portal Frames

Force

By Takuji KOBORI,Rhoichiro MINA', Teizo FUJIWARA
and Toshiharu HISATOKU
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 421-438(inJapanese).
Abstract
Dynamic responses of elasto-plastic frame structures subjected to earthquake
excitations are greatly affected by the restoring force characteristics of these
structures. In order to estimate these characteristics experimentally, we try to
study the elasto-plastic behaviour of two types of test models which are X-type and
single-storey, one-bay steel frame structures under the combination of vertical and
horizontal loading. These model structures are composed of wide flange section
beams and cross section columns with the scale of approximately 1/3 of corresponding
proto-type structures. To find out the effect of the axial forces on the restoring
force characteristics, vertical loads are applied to the latter type model frame
structure so that they produce axial forces in the columns with the same ratio of
the existing force to the yield force as in a lower storey of an actual multi-storey
frame structure.
In this study, the authors discuss the restoring force characteristics of the steel
frame structures by comparing the experimental results with the analytical results.
As a result, the following conclusions are obtained :
1) The elasto-plastic restoring force characteristics of such frame structures
can be approximately estimated by the analytical method considering axial forces,
shear deformations of members and panel zones as well as axial deformations of
the members.
2) Among the, m, the effect of shear deformation of members is pretty large
besides flexural deformations in the elastic region. The restoring force characteristics
are a little affected by shear deformation of the panel zones but it is desirable to
design panel zones so as to prevent their plastic behaviour. On the other hand,
the effect of axial deformation on the restoring force characteristics is negligible in
the present experiment but we must be careful about it as regards high rise
structures.
3) The maximum ductility ratio of a joint rotation (corresponding to local
aseismic safety) is about three times as large as the maximum ductility ratio of
an interstorey displacement (corresponding to comprehensive aseismic safety). This
fact is in accordance with the result of the earthquake response analysis of frame
structures with elasto-plastic joints in a recent study.
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On the Optimum Aseismic Design Data of Multi-Story
Based on Elastic Earthquake
Responses

Structures

By Takuji KOBORI,Ryoichiro MINAI, Yutaka INOUE
and Toshiharu HISATOKU
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 439-474(inJapanese).
Abstract
For the purpose representing the aseimsic design data of tall building structures,
the optimum dynamic characteristics are quantitatively determined from the
earthquake response analysis of seven-degree-of-freedom, linear, shearing type
models by means of an analog computor.
The distribution of the dynamic
characteristics of structural models is assumed as follows; the mass distribution is
uniform over the height, the stiffness distribution is defined by {K,}=1—x {(i-1)/(n
—1)}'', and the critical damping ratio of the fundamental harmonics is 0.02. As
excitation patterns, five typical different waveshape functions are considered. In
this paper, the optimum distribution of the dynamic characteristics of the structural
models is defined as the distribution which gives the uniform distribution of
maximum ductility response.
A few concluding remarks are pointed out as follows :
1) The distribution of maximum ductility factor response depends upon the
distribution of shear strength at the elastic limit, and it is expected that the distribution of maximum ductility factor response may be uniform for the model which has
such a distribution of elastic limit strength as the maximum shearing force response
gives.
2) Such an optimum distribution of shear strength at the elastic limit that
makes the ununiformity of maximum ductility factor response minimum is given
as the average distribution of shearing force response in the usual aseismic design
range of tall building structures. It is noticeable that the maximum ductility factor
response of structural models with optimum dynamic characteristics has a certain
amount of fluctuation.
3) The optimum distribution of the elastic limit strength is hardly affected by
the distribution with the discontinuous change of the stiffness but is influenced by
the irregular mass distribution over the height. In addition, as the variation of
the average distribution of the shearing force response with the number of degree
of freedom depends mainly upon the structural constant x, the optimum distribution
of dynamic characteristics for an arbitrary number of degree of freedom can be given
by reasonably modifying the value of X.
4) The optimum base shear coefficient derived from the shearing force corresponding to the unit ductility factor response at the lowest story is presented for the
standard value of optimum design data for the case where the maximum amplitude
of earthquake ground acceleration is 0.1g.
5) The average value of maximum relative displacement is determined when
the fundamental period and damping value of the structure and the waveforms of
the earthquake ground motions are prescribed.
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On the Test Procedure for Determining
the Dynamic
Characteristics
of Structures
— An Evaluation Method of Structural Damping —
By Takuji KOBORI,Ryoichiro MINAI,Yoshihiro TAKEUCHI
and Masahiro KAWANO
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 11A,March, 1968,pp. 475-487(in Japanese).
Abstract
For the establishment of a reasonable aseismic design for structures, one of the
most important problems is to evaluate the dynamic characteristics of actual
structures. Generally, a forced vibration test, a free vibration test and the statistical
detecting method are considered as test procedures to detect the dynamic parameters of structural systems. These test procedures must be applied in accordance
with the scale and type of structural system and the soil condition.
In this paper, we discuss the statistical methods of estimating the natural periods
and critical damping ratios of building structures by measuring the random
responses due to micro-tremors and comparing them with the forced vibration test
by a vibration exciter. In the case of the forced vibration test, the natural periods
and the critical damping ratios are calculated from the resonance curves. In the
case of the statistical method, it is pointed out that a total delay of the auto-correlation function effect on the evaluation of the spectral density, namely, the smaller the
total delay becomes, the more ambiguous the natural frequency is detected and the
more the critical damping ratio is overestimated. As a theoretical consideration
of this problem, the analytical expression of the pseudo-spectral density which is
defined as the Fourier transform of the sum of the auto-correlation function
multiplied by a cutoff operator and a normalizing bias is found.
And, the relationship between the true-and pseudo-spectral densities of the
output response of a single-degree-of-freedom system subjected to a stationary
random excitation is studied. As a result, it is found that in order to obtain a
satisfactory accuracy the total delay should be chosen to have an appropriate
magnification compared with the natural period according to the amount of damping. It is also found that the effect of the normalizing bias on the spectral density
is within a few percent if the total delay is more than five times as large as the natural
period. The natural periods and critical damping ratios of an actual steel frame
structure evaluated by the above-mentioned statistical method agree satisfactorily
with those obtained by the forced vibration test. Hence it can be said that the
statistical method is effective to detect the dynamic characteristics of actual tall
building structures, for which the forced vibration test has the difficulty in the
vibration exciter.
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Dynamical

Ground Compliance of a Rectangular
Foundation
on a Semi-Infinite Visco-Elastic Medium

By Takuji KOBORI,Ryoichiro MINAI, Tamotsu SUZUKI
and Kaoru KUSAKABE
Reportsof the ArchitecturalInstituteofJapan (KINKI Sub-Division),
May, 1968,pp. 117-120(inJapanese).
Abstract
On the basis of the researches on earthquake damage, the investigators have
pointed out that disregard of the effects of the sub-soil ground can not be permissible
in many cases of the aseismic design of structures. The actual ground can not be
considered as a perfectly elastic medium, and it has always some dissipative attenuating mechanism. As an extension of a series of studies on "Dynamical Ground
Compliance", representing the dynamic properties of a foundation-ground system,
the authors investigate in this paper the dynamical ground compliance of a
rectangular foundation on a semi-infinite visco-elastic medium consisting of the
Voigt solid. Three types of surface harmonic excitations are considered—the
vertical, horizontal and rotational excitations. The dynamical ground compliance
and the amplitude and phase characteristics of the dynamical ground stiffness, which
is the inverse of the dynamical ground compliance, are evaluated numerically.
Then, the equivalent stiffness and viscous damping coefficients of the Voigt model,
which has often been adopted as a simplified model of the ground, are calculated
as a function of frequency by making use of the numerical results of the dynamical
ground compliance.
The results are shown graphically in this paper for the
horizontal and rotational excitations. The principal remarks can be summarized
as follows :
( 1 ) The dynamical ground compliance is a function of the two kinds of
viscosity coefficients of the medium as well as the exciting frequency, the shape of
a foundation, and the ground constants.
( 2 ) As the viscosity coefficients increase, the curves of the dynamical ground
compliance shift to the lower frequency range, and also both its real and imaginary
parts are much affected by the frequency parameter.
( 3 ) The equivalent viscous damping coefficient for the horizontal and rotational excitations can be approximately estimated as the sum of its value for the
corresponding perfectly elastic medium and the amount proportional to the
viscosity coefficients.
( 4 ) For the horizontal excitation, the amplitude characteristic of the dynamical
ground stiffness is an increasing function of frequency and viscosity coefficient. For
the rotational excitation, on the other hand, while the amplitude characteristic
becomes large with the increasing viscosity coefficient, it is not always an increasing
function of frequency.
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Dynamical Ground Compliance of a Rectangular
Foundation
on a Visco-Elastic Stratum over a Rigid Medium
By Takuji KOBORI,Ryoichiro MINAIand Tamotsu Suzum
Reportsof the ArchitecturalInstituteofJapan (KINKI Sub-division),
May, 1968,pp. 121-124(inJapanese).
Abstract
In the previous studies, based on the elastic wave propagation theory, the
authors have intended to clarify the dynamic properties of the two kinds of sub-soil
ground beneath a foundation—a semi-infinite medium and a stratum over a rigid
medium, both composed of a homogeneous, isotropic, perfectly elastic solid.
Although the ground model of such an idealized medium can explain the radiative
attenuating effects of the medium due to wave propagations, the resonance
phenomenon giving rise to an infinite amplitude, which cannot be observed in the
actual ground, may occur in the case of a stratum on a rigid medium. The introduction of some dissipative attenuating mechanism into the medium of the stratum
may make it possible to estimate more realistically the phenomenon around the
resonance points.
The purpose of this paper is to investigate the dynamic properties of a
rectangular foundation resting on a stratum composed of a three-dimensional Voigt
solid, one of the most basic models of a visco-elastic continuum. Supposing that
the stratum is in welded contact with a supporting rigid medium, the dynamic
behavior of a rectangular foundation on the stratum subjected to a vertical, a
horizontal or a rotational harmonic disturbing force is investigated. By making
use of the same method as has been applied to the previous analysis for a perfectly
elastic medium, detailed discussions are developed of the properties of "Dynamical
Ground Compliance", which represents the dynamic characteristics of such a
foundation-ground system.
Making a comparison between the two cases of a stratum on a rigid medium
and a semi-infinite medium, the following principal conclusions are obtained : Less
affected by the existence of a supporting rigid medium, the Dynamical Ground
Compliance for the case of a stratum shows a closer resemblance to that for a
semi-infinite medium, as the product of the viscosity coefficient and the frequency
is large, or the stratum has a relatively larger thickness than the width of a foundation. The convergence into the case of a semi-infinite medium is somewhat rapider
for the horizontal excitation when the dissipative attenuating effect increases, and
much rapider still for the rotational excitation when the ratio of the stratum thickness
to the foundation width is larger, respectively, than for the other excitations. Thus,
the stratum whose thickness is much larger than the dimensions of a foundation
may be treated practically as a semi-infinite medium in the whole range of frequency,
or else such treatment cannot be permissible unless the product of the viscosity
coefficient and the frequency is sufficiently large.
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Vibrational

Characteristics
of Structures Considering
the Effect of Ground Compliance

By Takuji KOBORI,Ryoichiro MINAI,Yutaka INOUE
and Teruo KAMADA
Reportsof the ArchitecturalInstituteofJapan (KINKI Sub-Division)
May, 1968,pp. 125-128(inJapanese).
Abstract
For the purpose of the aseismic design of a structure, it is very important to
estimate reasonably the effects of the dynamic characteristics of the ground on
earthquake response of the structure.
Based upon the concept of the ground
compliance derived from the relationship between the applied force and displacement of a rectangular rigid foundation on the semi-infinite elastic ground, dynamic
characteristics of the ground can be expressed as an approximate transfer function
of a rational function type.
Nonstationary earthquake response analysis of a
structure coupled with the ground having such characteristics has been made in the
previous papers.
In this paper, the accuracy of the simulation of ground compliance is examined
by the amplification characteristics of a dynamic system subjected to the horizontal
displacement, which consists of a rigid foundation and elastic ,ground. With the
increase of the mass ratio of the foundation to the ground, the fundamental
frequencies and the damping ability decrease.
The Laplace transforms of the nondimensional equations of motion are presented
for the system consisting of the above-ground structure, the boundary layer and the
elastic ground, and the eigen values for the system are calculated, from which the
fundamental frequencies and equivalent critical damping ratio can be evaluated.
The fundamental periods of the coupled system become longer by considering the
effect of the substructure including the boundary layer and the elastic ground, and
the elongation factor of the fundamental period of the system to that of the abovegoround structure is shown graphically. The equivalent critical damping ratio
is also shown in fingures, from which it is evident that the damping ability of the
system is expressed by a strong function of the fundamental frequency ratio of the
above-ground structure to that of the substructure.
At the last part of this paper, the response amplification characteristics of the
system subjected to the sinusoidal ground displacement are shown for the selected
system parameters. It is interesting to note that the absolute displacement of the
substructure diminishes when the fundamental frequency of the above-ground
structure agrees with the frequency of the displacement of the ground.
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On the Observation
of the Earthquake
Responses
Reinforced Concrete Building and Its
Neighbouring
Ground, Part 5

of a

By Takuji KOBORI,Ryoichiro MINA', Yutaka INouE,
Yoshihiro TAKEUCHIand Teruo KAMADA
Proceedingsof the 5thJapan NationalCongressfor Natural Disaster
Science,November,1968,pp. 159-162(inJapanese).
Abstract
Based upon the Fourier analysis of the response records measured at each floor
level of a two-storey reinforced concrete school building of Matsushiro High School,
the authors discuss the vibrational characteristics of the structure coupled with the
ground subjected to weak earthquakes. Considering the results reported in the
previous papers, it is pointed out that useful information concerning the dynamic
characteristics of the structure can be obtained from the earthquake response records,
which are essentially of a nonstationary nature.
From the observations of the
earthquake response, however, it is found that the structure is remarkably coupled
with the ground and behaves practically as a rigid body during earthquakes. So
other methods different from those in the previous papers are introduced in this
paper to clarify the dynamic characteristics of the structure.
In the latter half of this paper, the results of the forced vibration test and the
free vibration test are reported. For the former test, an exciter is installed on the
second floor of the structure, which consists of counter rotating weights and supplies
the sinusoidal force in one direction to the structure. Because of the large damping
of the structure coupled with the neighbouring ground, the resonance curves can't
apparently be obtained. It is found, however, the that structural response per
unit exciting force becomes large with the increase of the eccentric moment of the
exciter. This shows that the restoring force characteristics of the ground-structure
system are of a soft spring type.
By releasing the initial displacement of the structure, the free vibration tests
are made. Because a large portion of the displacement is occupied by the ground
having large damping characteristics, distinct vibrational behaviour of the structure
is not observed.
It is shown that there is a little difference between the dynamic characteristics,
such as fundamental frequencies and fundamental modes, estimated from different
types of dynamic test. These trivial differences seem to be caused by the difference
of the level at which the excitation is applied, the magnitude of the structural
response, the duration of the vibration and so on. It is emphasized that the analysis
of the dynamic tests of the structure has been made carefully.

198
One-Dimensional
Wave-Transfer
Functions of the Linear
Visco-Elastic Multi-Layered
Half-Space
By Takuji KOBORIand Ryoichiro MINAI
Bulletinof the DisasterPreventionResearchInstitute,KydtoUniversity,
Vol. 18,Part 4, No. 148,March, 1969,pp. 27-64(in English).
Abstract
In the earhtquake response analysis of a structure the most important problem
is to suppose reasonable earthquake excitations depending on the seismicity and the
dynamic characteristics of ground at the site of the structure.
In this paper, as one of the basic studies related to the supposition of the random
earthquake excitations for the dynamic aseismic design of structures, the authors
deal with the analytical expressions of the one-dimensional wave-transfer functions
of a general class of linear visco-elastic, horizontally multi-layered half-space to
vertically incident plane waves at the bottom boundary of the layered media through
the half-space, and also discuss the properties of such wave-transfer functions in the
complex plane.
Both the one-dimensional wave-transfer functions and the associate characteristic equation are expressed in the successive product forms involving some kind of
symbolic operator, which are suitable to find out the properties of those functions
in the complex plane as well as to discuss the eigen-value problems of such layered
media and also to carry out the numerical calculation of the wave-transfer functions.
For the normally encountered linear visco-elastic layered half-space including
the purely elastic case, it is found that the singular points of the wave-transfer
functions consist of a finite number of poles having positive imaginary parts, which
are zeros of the characteristic equation. And also, it is found that the wave-transfer
functions are finite in the neighbourhood of the branch points and vanish with
exponential order at infinity as far as the inner points of the layered media are concerned. These properties of the one-dimensional wave-transfer functions may
guarantee the validity of the residue theorem in estimating the impulsive responses
as well as the variances and co-variances of the random responses of the linear
visco-elastic multi-layered half-space.
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Vibrational
Medium

Characteristics
of a Semi-Infinite Visco-Elastic
to Surface Excitations on a Rectangular
Area

By Takuji KOBORI, Ryoichiro MINAI,Tamotsu Suzum
and Kaoru KUSAKABE
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity
,
No. 12A,March, 1969,pp. 301-316(inJapanese).
Abstract
This paper deals with the vibrational behavior of visco-elastic ground subjected
to harmonic excitations on a rectangular surface area. The mathemathical model
of the ground is an isotropic, homogeneous, semi-infinite, visco-elastic medium .
There types of surface harmonic excitations are considered, which are vertical and
horizontal excitation and also rotational excitation about a horizontal axis. It is
assumed that the distribution of exciting forces on the rectangular area is uniform
for the vertical and horizontal excitation and triangular for the rotational one. The
numerical results of the amplitude and phase characteristics of the force-displacement transfer function concerning displacement in the direction of each excitation
are shown graphically along the depth below the center of the rectangular surface
area. The most remarkable results are summarized as follows:
1) The case of static loading
In both cases of vertical and horizontal loading, displacement in the direction
of loading decreases in inverse proportion to the distance below the center of the
rectangular surface area, if the distance from the rectangular loading area is greater
than its width.
2) The case of dynamic excitation
( a ) When the ground consists of a perfectly elastic medium, the distribution
of amplitude characteristics along the depth is macroscopically in inverse proportion to the distance from the surface, but microscopically fluctuates considerably. In
the case of vertical excitation, the amplitude of dynamic displacement is over all
the depth smaller than the static one, but it distinctly has maxima and minima at a
regular interval along the depth.
This interval may be mainly related to the
wave-length, but not to the width of the exciting area. From the phase characteristics, it is found that wave-motion seems to propagate, on the average, with the
velocity of dilatational waves. In the case of horizontal excitation, the amplitude
of dynamic displacement is also larger than the static one at deeper points compared
with the width of the exciting area, but the maxima and minima do not appear
clearly. In this case, the wave-motion propagates, on the average, with the velocity
of distortional vawes.
( b ) When the ground consists of a visco-elastic medium, the relationship
between displacement amplitude and distance along the depth from the exciting
area, in the neighbourhood of the exciting area, is qualitatively similar to that in
the case of static loading. The deeper the distance from the exciting area is, the
smaller the displacement amplitude becomes compared with that in the case of
a perfectly elastic medium.
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Responses of a Frame Structure
Having Elasto-Plastic
Joints
— Effect of Elastic Limit Strength Distribution
of Structural Members on Their Responses —
By Takuji KOBORI,Ryoichiro MINAXand Teizo FUJIWARA
Annuals,DisasterPreventionResearchInstitute,KyotoUniversity,
No. 12A,March, 1969,pp. 321-338(inJapanese).
Abstract
In the aseismic design of elasto-plastic building structures, it is very important
to ensure the safety of column members because the large plastic behaviour in
column members may lead to the final collapse of a frame structure. Nowadays
one of the practical design principles may be to take a larger safety factor for column
members than for the girders of such a structure.
In this paper, we study the effect of the elastic limit strength distribution of
members on their responses by considering a three-storey structure, the restoring
force characteristics of which can be expressed in terms of the dynamic characteristics of the elasto-plastic joints and of elastic members. The structural models are
supposed to be damped frame systems with various values of the ratio of the elastic
limit strength of girders to that of columns. Two typical types of acceleration
waveform are considered as the excitation patterns for the structure. One type
is a cosine wave having the duration coincident with the foundamental natural
period of the structure. The other is the normalized nondimensional time function
of the typical earthquake acceleration record. Then, based on the results of
response analysis we discuss the problem how to choose pertinently the mechanical
parameter distribution of members in order to control the distribution of their local
earthquake responses. As a result, the following conclusions are obtained :
1 ) When we choose the elastic limit strength of column members somewhat
larger than that of girders, responses or columns are considerably restrained for both
cases of cosine excitation and of earthquake excitation, the frequency characteristics
of which are predominently close to the fundamental frequency of the structure.
But in the case where the input frequency characteristics are pr ,edominently near
to the higher mode frequencies of the structure, we must choose an elastic limit
strength of column members larger than in the previous case.
2) The greater the stiffness of girders, the more the responses approach that
of a shear type lumped mass system. On the other hand, if the total stiffness of
girders is near or a little less than that of columns, equivalent storey restoring
force characteristics are somewhat different from the hysteretic characteristics of
elasto-plastic joints.
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