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Abstract

A seismic observation system of the container building of the Japan
Power Demonstration Remotor has recently been put in operation. This paper
presents some of the measurement data and the results of analysis, 4s a
result, an outline of vibrational properties of this building is derived,

Introduction

Nuclear reactor buildings are made generally to be very heavy and rigigd.
For the purpose cf obtaining the basic data on the earthquake response of
such a kind of structure, the authors have planned the seismic obsarvation
of the container building of the Japan Power Demonstration Reactor (JPDR),
which was constructed at the site in the Tokai Establishment of the Japan
Atomic Energy Research Institute and has been operated since September 1963,
The observation has started at the same time with its completion and now is
continued. Owing to the short period up to the present, no more than five
weak earthquakes have been recorded. This paper describes an outline of the
measurement data and their tentative analyses, particularly with respect to
the vibrational properties of this structure.

Brief Description of Structure and Soil Conditions(l)

The containment structure which is 15.25 meters in diameter and 38,10
meters in height, is cylindrical shaped vessel with hemispherical ends, made
of welded steel plates containing internal concrete structurss, and is sup-
ported firmly on the massive foundation, as it is buried 14.55 meters in
depth into the caisson and filled up by concrete. The profil of this struc-
ture is drawn schematically with the subsoil conditions benesth it in Fig. 1.
The bottom of the foundation rests directly upon the sandy shale, lying at
a depth of 17.2 meters below the.ground surface.

Observation

The measurement instruments consist of seismometers, soil pressure
gauges, clinometers, recording apparatus and a starting device. The block
diagram of the observation system is illustrated in Fige 5. For the con~
tainer building, eight accelerometers are installed in the cells provided om
the head of the caisson wall and designated respectively by A; to Ag, in
which A; to A, are horizontal accelerometers and Ag to LB are vertical
accéleromaters. The cells are located at the four points which quadrante
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the circumference of the caisson (see Fig. 6) and each contains a peir of
accelerometers, one of which serves as a pick-up of the horizontal component
towards the tangential direction to the circumference and the other as a
pick-up of the vertical component. The control building adjacent to the
container building is used as a center of the observation system, where other
two accelerometers are installed together with the recording apparatus and
other devices. All accelerometers are the same type of electromagnetic
(MTDH-3C) end substentially alike to that already reported(2). They are
connected with an electromagnetic oscillograph, which operates automatically
by an excitation of the starter.

Date and Analyses

Table 1 lists the data concerning the five earthquakes which were
recorded. Samples of tracing of earthquake records are indicated in Fig, 7
and 8, (In these figures, the records of A2 and Ag are omitted, because the
cell which holds these seismometers was submerged by a rain.) In addition,
the resultant acceleration of two horizontal components at the center of the
caisson area obtained f1om the measured records are drawn in a form of
trajectory diagram, as shown in Fige. 9.

The analysis of earthquake records has been made for the following items:
(i) Frequency curve of period.
(ii) Spectrum.
(iii) Observed mode of rocking vibration.

Some examples of these results are presented in the paper (Figs. 10, 11
and 12). As to the terminology used in item (i), the "period" is defined
here as the time which is twice as large as the interval between guccessive
zeros of an accelerograme. For item (ii), two kinds of spectra?5 of the
acceleration A (t) are presented, one of which is the Fourier spectrum defined

T R = [ erwvac ) [[Taw sat ac) (1)

where T derotes the duration of the earthquake, and the other is the zero
damped response spectrum defined by

Sy = Qj[jotd(f) W W e d'c]2+ [Lto((”mwf dr]z)m (2)

for 0<t<T. In this analysis, the duration is taken as five seconds from
the beginning of the principal part of the earthquake.

For item (iii), it is convenient to take account of & distribution of

vertical and horizontal accelerations along a diameter of the caisson.

Fig. 10 shows successive variation of such distributions vers.s the time,
while they are confined to an initial stage of the earthquake and associuated
with the maximum acceleration. This figure indicates a explicit form of
rocking motion and suggests the possibility of cbtaining the position of the
nodal axis of rocking motion from the radius of caisson multiplied by the
ratio of the horizontal acceleration to the vertical acceleration. Then it
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needs a presumption that the maximum response acceleration may occur with a
phase difference of about ninety degrees to the ground acceleration, in con-
gsistency with the state of "quasi-resonance". This phenomenon, however, can
be approximately recognized in a graphical comparison of the measured hori-
zontal acceleration to the corresponding rocking component of vertical
acceleration (Fig. 13). The latter means here a half of difference between
the vertical accelerations measured at the two points, which are located
symmetrically with respect to the center of the caisson.

Discussion of Results

The following conclusions were obtained as a result of the tentative
analysis given:

(1) The natural period of this structure is about 0.22 seconds.

(2) The nodal axis of the rocking vibration in the first mode is
located approximately at a distance of 2,35 meters below the
bottom surface of the foundation,

The following description relates to an examination in the reliability
of the above results. In general, the natural frequency of the rocking
vibration in the first mode, fy, is given by

- L [ K
vooany I

where I1 = mass moment of iunertia of the structure with respect to its nodal
axis cf rocking in the first mode,
Ky = spring constant of soil system for the rocking motion of the
structure in the first mode.
These constants Il and K; are, in turn, expressed in the form,

I|'= M(l:oz"' le)
Ki= Knlel+(z,-9)

where M = mass of the structure,
Ky, = spring constant of soil system for the purely, lateral movement
of the structure,

(3)

(4)

i, = radius of gyraticn of the structure about its center of gravity,

z) = distance of the nodal axis of the first mode from the center of
gravity,

e, = elastic radius of the foundation area of the structure, which

means the square root of the ratio of the soil spring constant
for pure rotation to that for pure translation,

In this case the following relations exsit:
2

AR N Y (5)
(Z,-8)(Z,-5) = - €,

where z, = distance of the nodal axis of the 2nd mode from the center of
gravitye.
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Prior to the calculation of the above expressions, the distance "s"
should be determined from the measurement. For this purpose, many earth
pressure gauges were mounted to the caisson, but no satisfactory results
have been obtained, because of being much lower in the sensitivity of gauges
for the observed earthquakes, Hence, an assumption is made in this analysis
that the line of action of the spring K, is situated at a distance of 1,0
meter to 1,5 meters above the bottom surface of the foundation. Let a!
denote this distance.

Using z; from the measurement results and s' thus assumed, the values of
zp and e, are determined from the expression (5). These results are indicated
in Table 2, for the case of 8' = 1,0 me According to the theoretical investi-
gation of the e -value for a circular footing resting upon the elastic soil,
it is found to nearly equal to 0.8R, where R denotes the radius of the footing,
It might be supposed, however, that the actual value of e, would be reduced
to (0.7~ 0.75)R, because the actual foundation does not so perfectly ocontact
with the soil as that assumed in the theory. Such reduction of e, would be
still applied to the present case that the caisson has small effects on the
goil reaction. In this sense, the value of e, above obtained satisfies the
theoretical prediction.

Thus the total lateral stiffness K¥ can be calculated from the expres-
sions(3) and (4). Apparently, the stiffness K, is divided into the two
parts, one of which is related to the bottom surface of the foundation, and
the other related to the caisson wall. Now, using the notation of kj for the
coefficient of subgrade reaction against the bottom surface, the notation of
k, for the coefficient against the projected area on the vertical section of
the caisson wall in contact with the sand stratum, and furthermore assuming
the coefficient of 2,5k for that in contact with the gravel stratum, the
total stiffness Ky, can Be expressed as

Kh.= &u'A + fe%ZQlu T :25— 'ﬁ% 1‘2,‘_5 (6)
where 1, = thickness of sand stratum,
lb = thickness of gravel stratum,
A" = area of the bottom surface,
R = radius- of the foundation.

Since the position of the line of action of K, has been given by s'
from the bottom surface, the following relation exists:

Kps' = k.b'ZQ-(ﬁu/z + L)+ 2.$‘£v'2f2 'Zb/z (1)

From the expressions (6) and (7), the values of k, and k, are determined, as
indicated in Table 3. (In this tentative analysis, the vgight of the whole
structure is taken as 12,653 tons and its radius of gyration, igs is 8.98 m.)

The theoretical expressions of k,, for a circular footing with radius R
is written as

2G|
ﬁn""{_—;;‘,‘; (8)
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where G = shearing modulus of soil,

= Poisson's ratio of soil.
Introducing the numerical values of k, above obtained into the expression (8)
with an assumption of M= 0.4, ghe shearing modulus G can be obtained as
about 8 x 103 kg/em? and 6 x 107 kg/cm® for both cases of s' given, These
values would be admitted to be reasonable for the dynamic modulus, comparing

vith the static value G = 2 x 107 kg/cm? derived from the date of the bearing
test on the same stratum.
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Table 1

Epicentral Recorded max,
Date distance, km | acceleration, gals
- NS 4,76
Oct. 16, 1963 2l W 6.08
NS 12.89
Dec. 19, 1963 48 W 11.80
NS 6.93
Dece. 24, 1963 63 EW 17.40
NS 6.80
Jan, 10, 1964 EW 5.32
NS 19,06
Table 2 Table 3
zZ;,m |8, M | 2, m [€,m s'y, m kh’ kg/cm5 kqv k8//°m3
12,67 | 9.32 | ~6.37 T+25 1.0 10.1 1.6
1.5 TeT 2,0
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