INVESTIGATICN OF THE GRCUND IN THE NORTHERN PART OF THE CITY OF
YOKKAICHI IN THE NORTH ISE INDUSTRIAL DISTRICT

Nobuji NASU *

For the purpose of establishing a heavy industrial zone, the re-
clamation work is contemplated in a comparatively wide area along the
northwestern coast of the Bay of Ise, that is, along the ses~shore ex-
tending over the city of Kuwema in the north, Village of Kawagoye in
the middle and the City of Yokkaichi in the south. To furnish useful
materials to this establishment plan, a comprehensive investigation was
made in thi)nature of the ground and as well as on the sea-bottom. 4
Committee was organized in August, 1958, by the specialists of seis-
mology, geology, architecture and civil engineering in compliance with
the request of the Yokkaichi City Office.

. In October, 1957, the Resources Council of the Science and Technics
Agency made a recommendation to the Government of Japan to put the plan
of the ground investigations in practice in which a synthetic measure-
ment of the ground nature should be made all over the main cities of
Japen with the purpose of increasing the reliability in the designs of
important facilities and sometime retrenching the expenditures, if pos-
sible. It was endeavoured that the present investigation made by the
Yokkaichi Ground Investigation Committee meets well with this purpose.

The ground investigation may be divided into the following items.

a) Geological investigation.

b) Investigation of the tectonic changes.
c) Soil tests.

d) Observations of micro-tremors

e) Classification of the ground.

f) Plan of utilizing the ground.

In the following paragraphs, some swmmaries of the results obtain-
ed with respect to these items will be given.

(4) Geoclogical investigation.

Generally speaking, the geologic formation in the Yokkaichi region
is simple as compared with that in the Xuwana and Kawagoye regions </.
In the low flat area, there can be thought to exist fault lines trend-
ing approximately in the N-S direction underneath the ground. To the
east of this fault zone, the base ground was subsided and upon which
alluvial deposits accumlated with & considerable thickness.

The formation and the stratification of the sand and soil layers
were made clear3/ along the sea-shore from the results of the borings,
of which 9 were made by the Yolkkaichi Ground Investigation Committee and
21 by the Tokai Iron Manufacturing Co,Ltd., Fig.l. The pre-existing
data for deep wells were also used. As most of the borings were stopped
at a depth of about 40 m, the geologic formation deeper than this depth

* Nobuji NASU, Professor of the University of Tokyo, Member of ihe
Earthquake Research Institutas
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wes unable to be determined. In general, the stratification in this
district is as below.

(1) Upper sand and gravel layers Aluviem
(2} Upper clay layer 20 ~ 40 m thick
(3) Lower sand and gravel layers Alluvium

(4) Lower clay layer 20 - 60 m thick
(5) Tertiary Upper Fliocene

(B} Tectonic changes 4)

4long the leveling-route running near Yokkaichi, the precise level-
ingz survsys were made in the past. Fig. 2 shows the changes in the
lend-level along this route which occurred ; (I) in a period of 1895 -
192¢, (II) in that of 1929 - 1631 and (III) in that of 1931 - 1947 (or
1G48). In these changes, the height of the bench mark No.l74.1 (at
Atsuta) was assumed to be unchanged.

There can be seen n> remarkable change in the land-level near Yokka-
ichi along the leveling route. Because, the route runs along the hill
side which is comparatively apart from the centre of the City of Yokka-
ichi. Comsequently, it is likely that the changes ‘in this figure do not
represent the actual changes which are prevailing with a considerable
amwount in the coastal region.

4 fault may be deducible in the underground at a certain place be-
tween bench marks Nos.l461 and 1462, there discontinuous changes were
observable,especially in period (III).

(C) Soil tests 5)

The first work of the soil investigation is to gather the data which
are aveilable for the nature and the distribution of che soils in this
district. These data were very helpful for our investigations.

For the upper and lower sand layers, the standard pemetration tests
were made in the boring holes mentioned in (4). In this test,a tube(
Raymond tube) is penetrated on the bottom of the hole by two feet by
felling a weight of 140 1bs from a height of 30 inches to strike this
tube at its upper end. The tube is 2 feet 8 inches long and 1 3/8 inches
in diemeter. During this penetration, the number of blow which.is
necessary to penetrate one feet, N , is recorded. This value of N is
widely used as an index representing the relative demsity of the sand.

For the upper and lower clay layers,however, sixty samples were
taken up by means of the thin-wall samplers during the boring work.
For these samples, various tests were made in the laboratory such as,
moisture-content, liquid-limit, plastic-limit, unit-weight, void-ratio,
density of solig-particle, consolidation, mechanicel analysis, compres-
sion test and shearing test. From the results of these tests s the
characteristics of the soil could be made clear.

The upper 'sand layer is fairly compact and bas a average strength.
Fine sand is contained with very small percentages. gt
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The upper clay layer is soft at shallow places, but it increases
its streagth with increasing depthe The clay has been proved to be
normal and highly compressible. .

The lower sand layer is generally well compacted, though there is
local wvariation of the amount of content of the gravel and silt. As
there are few data for the lower clay layer, its physical nature is not
certain., But ,the layer is thought to be fairly consolidated and has
a large shearing strength.

Among the physical constants which have been determined by our
soil tests, the following constants will be useful for the engineering

purpose.
1) HNumber of penetration

N = 15 (mean value),moderately
compact.

For lower sand layer : N = 30 - 50, fairly compact.

N 2 100, when gravel is contained.

For upper sand layer

2) Angle of internal friction

For upper sand layer : 30°
For lower sand layer @ 359
3) Gohesion
For upper clay layer : C = 0,1 - 0,65 kg/ cm?
For lower clay layer : C = 0.5 kg/ cm? or in some cases
C = 1.0 kg/ em?,

4) Coefficient of compressibility

For upper and lower clay layers : Gy = 20 - 60+ 10™4
cm 2/ sec.
5) Foundations of the pre-existing structures and their subsidence

As the nature of the soil has much influence upon the stability
of the structure,an investigation was made upon the foundations of the
pre~existing structures and their subsidence.

The buildings in this district are, in general, the reinforced
conerete buildings shorter than the four-storied. Most of them are
founded Airectly on the upper sand layer or supported by short piles
driven in this layer. As these buildings are comparatively light in
their weights, there is no damage which may be due to an unequal sub-
sidence of the foundations,

However, in the manufactory buildings which bear heavy load extend-
ing over wide areas, there can be seen comspicuous subsidence which
sometime impedes the function of the production equipments, so long
as the buildings rest on the upper sand layer,even though they are built
on the mat-fourdations. The subsidence of such buildings is especial-
ly remarkable near the sea-shore.
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On the other hand, in some of the buildings which have underground
rooms and bear evenly distributed loads upon the foundations,only a
sligh*_t subsidence can be seen.

The heavy equipments in the manufactories or the landing-stages
are generally supported by the piles which reach the lower sand layer.

Although they are of heavy weight, their subsidence and unequel settling
are very slight.

Fortunately, a precise survey of subsidence could be carried out in
the site of & manufactory where the buildings of various constructiocns
were built one after another. Since the erection of these buildings,
the subsidence was measured by the leveling survey referring to the
points fixed on these buildings. The standard bench-mark was set on the
ground fairly apart from these buildings. The survey was repeated in
every three months. Fig. 3 shows the mean actual values of subsid-
ence and the calculated values basing on the results of the soil tests.

In A end B are illustrated the subsidence of oil tanks. The found-
tions are constructed by replacing the superficial layer of a thickness
of 4.5 m by sand so as to be supported directly by the upper sand layer.
As the area of loading is comparatively wide, large stresses are produced

in the upper clay layer and as a result, a remarkable subsidence is ac~
tually occurring.

C illustrates an example of the foundation supported by short piles
driven in the upper sand layer. As the locad on the foundation prac-
tically acts near the clay leyer, a comparatively large amount of sub-
sidence has been observed. In the calculation of the subsidence, it is

aessumed that a load of 6.9 kg/mZ is distributed at a depth of the lower
ends of the piles.

In D, is illustrated a foundation of the structure which has an
underground room. In this case, the effective load which acts upon
the clay layer is equal to the total weight minus the weight of the
sand displaced. Therefore, the subsidence is very slight as compared
with the case of the building which has no underground room. The sub-
sidence~curve (D) is that of an underground water-tank supported by the
piles driven in the clay layer. The load in this case is 12 ton/w<
The bouyancy is estimated to be 14 ton/m? . Therefore, no compressive
force has been acting practically since the tank was constructed.

In E, a structure is shown which is supported by the piers const-
Tucted by the method of caisson. In this case,the subsidence is slight
such that it measures 3 cm in the past four years and now practically

storped. This kind of piers proves to be safe against the unequal
subsidence.

It is essentially importent that the ground is not only safe against
the load which acts on the foundetion,but also against the subsidence
vhich ceunsed the damage upon the upper structure. Therefore, the design—
load on the foundation, that is, the alloweble bearing power must be
chosen so as to satisfy these two conditions. If the various natures
of the soil can be determined by the tests as in our present investiga-
tion, the amount of subsidence and as well as the allowable bearing power

1566



Investigation of the Ground in the ity of Yokkaichi

nay be calculated. The foundation may be determined by using the
diagrams asg shown in Fig.4. In these diagrams, the safety-factor for
the shearing strength of the clay -is taken as 3;which will be necsssary
for securing the foundation against the failure,

We have experienced, however, that the unequal subsidence of the -
building is remarksble when the subsidence of the building as a whole
is considerably large. In the case of the pier foundation or the mat-
foundation which is effective to distribute the load widely in the soil
layer, the amount of unequal settling is in a small proportion to the
total subsidence when it is compared with that in the cases of the iso-
lated and belt foundations, Actually,it has been found that the limit
of the settling of the building as a whole which cguses no damage due
to unequal subsidence is 1C cm in the isolated foundation and 20 - 30
cit in the case of the mat and the pile foundations.

(D) Observation of miero-tremors é)

1) Micro-tremors on the land

The observation of the micro-tremors was conducted for three deys
from November 20 to 22, 1958, The points of observation were selected
at 13 places in the City of Kuwana, 13 places in thé Village of Kawagoye
and 76 places in the City of Yokkaichi, Fig. 5 .

The instruments which were used in this observation were the electro-
magnetic seismographs registering one horizontal component motion on the
smoked papers. This type of seismograph was consisted of the transducer,
low-frequency amplifier and pen—writing oseillograph. In ordinary cases,
the magnification was adjusted to be about 8,000 for a peridéd of C.4 sec-
ond of the ground motion. The value is the peak value of the magnifica-
tion in the frequency chracteristic curve of this seismograph.

The seismogrephs were set in the observation-car. At the point of
observation, only the transducer was installed on the ground and the
record of tremors is made in the car. The electric power was supplied
bty the secondary batteries by means of the invertor. Thus,we could meke
observation at any places, even there was no commercial electric supply.
The record of tremors at one place was made for three minutes.

The method of comstructing the frequency curve of the mic:::;-tremors
is as follows

The record of tremors lasting two minutes is selected out of the
record of three minutes. For a1l the waves in this two-minute-record,
times are determined between two consecutive points at which the waves
pass across the zero-line. The period of the weve is defined as the
time which is twice as large as the time thus determined. The accuracy
of determining the period is 0.02 second.

Let Ty be & certain period of the tremor. The periods which
differ from this value by a small amount,A Ty , are represented by Ty -
Then, the number of waves lying in an inte of T + ATy is taken
as the frequency of occurrence of the waves of which peri are T;.

In this case, the value of AT1 is adjusted in proportion to Ty.
IF'tixe spzcimen frequency-curves which were thus constructed are shown in
ge °
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The amplitude of wave is determined by taking the mesh value of
the amplitudes of & certain number of successive waves which are rec=
orded with comparatively large amplitudes.

2) Mero-tremors on the sea-bottom

The micro~tremors on the sea-bottom were cbserved at 16 points by
meens of the selsmograph specially designed for the sea- observation.
The transducer of this seismograph is contained in a brass cese which
has an electric heater of 80 watt/hour at its lower end, Fig. 7 .

The pendulum-of the seismograph is an inverted pendulum having a natu-
ral period of vibration of 1.0 second. The brass case is hung by
brass rings in a water-proof container. The electric heater is made
so as to be in the solid paraffin in this container.  After this con-
tainer is set down on the sea-bottom,the electric current is supplied
to the heater to melt the paraffin enabling the pendulum to rest in a
vertical position automaticelly. The exact position of the pendulum
is detected by means of the electric contact between the pendulum and
the brass case. If the pendulum is found to be in a good position,

the electric current is cut off to cool the paraffin vwhich fixes the
brass case to the container.

The instruments were set on a small boat. At & point of obser-
vation, the boat is anchored to set the seismograph on the sea-bottom.

At this time, wires and cables are necessary to be made loose a&s pos-
gible.

From the results of the sea-observations, the classification of
the ground was made similarly to the case of the observation on the

lend. The points of observation on the sea=bottcm are distinguished
Ly dashes attached to their serial numbers, Fig. 5 .

It has been found that the characteristics of the tremors on the

sea-bottom ars very similar to those of the tremors which were obser—
ved on the land.

(E) Classification of the ground

1) First proposal of the classification

It has been known that the predominent period, the mean period and
the largest period do not change their values vhenever they are meas—
ured. Here, we must remember that the largest period is the one which
is largest among those of the waves registered at a certain point by
means of our seismograph which has a natural pericd of osecallation of
1 second., The physical meaning of this period is not yet made

clear, but it is convenient to use this period in the classification of
the ground practically.

In the case of the frequency-period curve in which the predominant
period can be seen clearly, it is kmown that the walue of the mean period
agrees with that of the predominant period.  Therefore, we may use the
mean period instead of the predominant period.

In the classification of the ground, diagrems as shown in Fig, 8
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are proposed to be used. As can be seen in these figures, the values -
of the largest periods are plotted against the mean periods which were
-determined for various points of observetion. Border-lines are drawn
in parallel to the ordinate and the abscissa of this figure to classify
the points into four kinds, I , II , III and IV. The geological clas~
-sification of the ground as is used, for exsmple, in the seismic zon-
Ang map of Tokyo, is as follows :

Kind I, tertiary or other very hard ground (not commonly found near
the ground-surface in Tokyo).

Kind II, consists mainly of diluvium or of the ground with gravel

strata 5 meters or more in thickness, forming the plateau of the up-
town of Tokyo. The river basins located in the plateau which have

the alluvial deposits are designated as Kind III, whereas the basin

which has thin deposit 1s designated as Special Kind II.

Kind III, consists of alluvium 5 meters or more in thickness, which
can be distinguished from the ground of Kind II by bluff formation.

Kind IV, consists of alluvium 30 meters or more in thickness or of
reclaimed land. An exception is made for such thick alluvium where
& -firm gravel stratum lies near the ground surface, the ground is
classified as Kind III.

In designating the boundary of each classif ied area. administra-
tive considerations have been teken into account.

As point No.6l,for example, lies in a space corresponding to Kind
II in the foregoing figure, the ground represented by this point belongs
to Kind II. Point No./2 lies in a space which is intermediate be-
tween III and IV, the ground near this point may be classified as
Kind IIT - IV.

2) Second proposal of the classification

We have experienced that in a region where the ground is so soft
that it may be classified geologically as Kind IV (or Kind III,sometime),
nevertheless there appear short periods of tremors as the predominant
period as in the case of a hard ground. On the other hands, it is
recognized that the amplitudes of the tremors are usually larger on the
soft ground then on the hard ground. Thereupon, it is convenient to
plot the largest amplitude of the tremor aginst the predominent period.
Thus, the classification of the ground can be easily made sometimes.

In Fig. 9, the largest amplitudes are plotted against the pre-
dominant periods,both in logarithmic scales.

From the above two proposals, the classification of the ground
could be made at 76 points as shown in Fig. 5. Among these points,
there are 3 points at which the disturbances due to machineries of nearty
factories were so large that the records of tremors were complicated
arid the classification became uncertain. These points are represented
by circles in this figure.
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(F) Plan of utilizing the ground

From the results of the investigation so far made in the north-

western part of the Ise Bay, the following utilization of the ground
is recommendable.

In the northeastern plain extending from Kawegoye to Kuwana, the
underground formation is likely uniform, that is, there lie the upper
sand layer, upper clay layer, lower sand layer and lower clay layer.

The uppermost sand layer which is 2 - 10 m thick has a moderate

strength as the sand layer and is capable of supporting the short con-
crete buildings.

The upper clay layer is fairly thick, about 35 m near the mouth of
River Nagara, but it becomes thin and about 1 m near the River
Kaizo. Although the strength of this layer increases with increasing
depth, the layer is generally so soft that it is not suitable for the
foundation of any structure. The subsidence of the foundation will be

lisble to occur, if this layer is laid under a continuous loading due
to structures built on it.

In general, the lower sand layer has a thickness of about 30 m,
but & thickness of only 1 m near the River Kaizo. The geological age
of this layer is uncertain whether it is the earlier alluvium or the

later diluvium. The layer is well compacted and favourable to the
foundation of the strueture.

As the lower ¢lay layer is of &mn older age than the former leyer,
its bardness is sufficiently large as we can believe that there will be

no objection occurring in the structure, if the foundation is leid on
this layer.

As mentioned above, the uppermost sand layer iay be used for the
foundation of the short building, but the region where this layer is
very thin or lacking and the upper clay layer appears directly on the
ground surface is not suitable for any structure even if such a region

is reclaimed. There the usage of the ground is strongly limited to
the spe~ially light facility.

In the erection of the heavy structure or of the manufacturing
facility which needs speeial precision, the foundation must be reached
the lower sand layer. In the region lying to the southwest of the
River Mathiya, this layer lies at comparatively shallow places. There-
fore, this region may be used for the heavy industries.

As the lower clay layer has a possibility of consolidation in a
long time owing to the gredual loss of contained water, whether the
layer is loaded or not, there is a fear of sinking of the ground at
the places where this layer is thickly accumulateds for examples,

the coast near Kuwana and Kawagoye. In the design of structure,
the extent of the subsidemee should be taken into consideration.

As the present investigation was limited to f£ind out the suitable
soil layers for the foundation of the heavy industrial facility, the
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borings specially made by our Committee stopped at comparatively
shallow places ( mostly at depth of 40 m ), it is sufficient to deter-
mine the geoldgical condition down to the tertiary layers. We are
deeply impressed that the investigation which was made this time in

the Yokkaichi district is very useful as the practical method of deter-
mining the nature of the ground, especially in the future ground in-
vestigations which will be made for the city-planning such as recommended
by the Resources Council of the Science and Technics mentioned ahead of
this paper.
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Positions of borings.
Boring A....Sampling and standard penetration test were made.

Boring B....Penetration test was made only. .
Boring C....Other borings of which data were used as reference.

1572



Investigation of the Ground in the City of Yokkaichi

Apinuiuoasiq
]

5§91

(9)

o9vl

-

Ri2IDYYO4

4

°ga3ued OTu0)09]

o1 ko

*eqnox Jurreae]

Ir puo |

8 ssnuns uoy epog

00!+

G5 DYNZNg

-

%
§

Gbpl ns

‘wuw

(@)
(®

I

8AIND 40} BIDOS

-0

~
E
£

2 owg

1578



N, Nasu

| | AJ Foundation B)Foundation  C)Pier D) Pier E) Caisson
! directly on directly on foundation  foundation foundation
: sond . sand . , {Total load |2Vmi?)
Oy 13.5¥m 14.5Ym 6.9V Eetactioad -2Ym? 60¥m*
T :.I?m.__.‘:.-‘.

10170 S -——78m-‘ : o

', ..~ N ' ]‘i [ ."_‘ - '-'}. :~_
.26n---".__ P | | '}y \ T

30!,

‘, L
/// plb ey
/ //z/,lj//

//////////// 7

Time (Month)

Jo‘k

1 (E)
- ~O-- S:=49c¢m.

20\

KT, ———

° P— C

30

\. -
g S=22.5¢cm.
\ e

40

(w2) eousplsqns

50

N
N e s)

60

Fig. 3.

Subsidence of various structures.
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Fig. 5. Points of observation of the micro-tremors amnd the designated
kinds of ground at these points.
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Investigation of the Ground in the City of Yokkaichi

DISCUSSION

V. A. Murphy, New Zealand Government Railways, New Zealand:
1. Please refer to the 3rd paragraph on the 7th page of your
paper.
Kind III what do you mean by bluff formation?

2. Refer to the last paragraph on the Tth page of your paper.
How many points are necessary before classifying the kind ?

3. Refer to the middle of page para. on the 8th page of your
paper starting "In general ...... structure",
How do you define "diluvium"? Is it done by soil testing or by
geological age?
N. Nasu:
1. The explanetion is not good, I think,

2. One point for one place.

3. Not by the soil test, but by the geological consideration.

1581



