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ABSTRACT

In order to evaluate the effect of soil-structure interaction between
reactor building and soil, 17-step tests were carried out for five
large-scale models supported on an actual soil. This paper describes
the results of the forced vibration tests of three foundations with
different size with emphasis on dynamic stiffnesses for the foundations,
radiation damping characteristics and earth pressure distributions.

1. INTRODUCTION

The theoretical and the experimental studies on dynamic interaction
between structures and soil have been in progress -in recent years.
Most of the dynamic tests, however, have been conducted using compara-
tively small foundations.

A series of tests has been carried out since 1980 for the purpose of
evaluating appropriately the effect of soil-structure interaction for
rigid structures such as reactor buildings by means of forced vibration
tests and natural earthquake observations. In those tests, large scale
models constructed on an actual soil were used whose dynamic properties
simulate those of reactor buildings.

The number of tests amounted to 17 steps including natural earthquake
observations; tests on individual foundations, on foundations with
superstructures and on interaction through the soil between adjacent
buildings and two foundations were conducted. Besides them, tests on
the embedment effect of foundation, on artificial ground shaking and
on large amplitude of excitation were carried out.

This paper describes the results of -the forced vibration tests on
three indivisual foundations with different size.

2. TEST CONDITION
2.1 Outline of Test Models

In a series of the tests, five models, which are denoted A,B,C,D1 and
D2, were designed with consideration of the non-dimensional frequencies
and mode shapes of the fundamental vibration of ‘the reactor buildings
in Japan. Fig. 1 shows a procedure plan of the whole tests. The
series of tests for A and C models is designated as AC series and for
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B and D models as BD series as shown in Fig. 1. The layout of the test
models is shown in Fig. 2 and an outline of each model is illustrated
in Fig. 3.

Model A simulates a BWR-type reactor building and consists of a
foundation of reinforced concrete and a superstructure of steel frame
with concrete floors as shown in Fig. 3(c).

Model B simulates a PWR-type reactor building and has twin steel
structures with concrete floors on a common foundation. The twin
structures as shown in Fig. 3(a) represent an outer shield wall (0.S.W.)
and an inner concrete structure (I.C.).

Model C simulates a building adjacent to a BWR-type reactor building
and has a similar structure to Model A as shown in Fig. 3(b).

Model D1 and D2 are the block models and are designed so as to com-
pensate for the lower range of the non-dimensional frequencies.

2.2 Description of Soil Properties

The test area is located in the site of Fukushima No. 1 Nuclear Power
Station of Tokyo Electric Power Co., Inc. Topographically the test
area is a diluvial plateau with gentle slopes and the strate consists
of the surface layer of the diluvial sandy gravel, the second layer of
the fine sand and the third layer of the tertiary mud stone. The soil
properties of layers are shown in Table 1; thorough seismic prospecting
indicates that the surface layer below the foundations forms a mirage
layer in which the elastic wave velocity increases as the depth
increases.

3. TEST METHOD

Forced vibration tests were carried out for sinusoidal excitation using
an unbalanced type exciter of 60 kgecm and 400 kgecm set on foundations
or on superstructures. The measurements are made for displacements of
test models, accelerations of subsoil and earth pressure in subsoil
using displacement transducers, borehole-type seismographs and earth
pressure gauges, respectively. Natural earthquake observations have
also been made on the superstructures and right below the foundations
of models (A, B and C) and in the free field.

4. TEST RESULTS

Three tests, ACl, AC2 and BD!, were carried out for the individual
foundations. The natural frequencies and the critical damping ratios
for the foundation-soil systems obtained from the tests are shown in
Table 2. The resonance and phase lag curves at the center of founda-
tion determined from the test results are shown in Fig. 4. Followings
may be seen from these results.

The natural frequencies for both horizontal and vertical excitations
increase in order of AC2, ACl and BD1. This result may be considered
as the effects of decrease of the foundation size and of slight dif-
ference of soil stiffness at two areas. The sway-rocking ratios at the
top of foundations (u/H-e) are 1.4 to 2.9 and the sway motion is pre-
dominant rather than the rocking motion. The critical damping ratios
are 17 to 23% for horizontal excitation and 27 to 44% for vertical
excitation. High damping coefficients are obtained for the cases of
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large sway-rocking ratios for. horizontal excitation.

The complex dynamic stiffness for the foundations in frequency domain
are calculated from the test results. In order to compare the results
with a common viewpoint, the results are expressed in a non-dimensional
form, as shown in Fig. 5. In this figure, Qg denote the dimensionless
frequency which is defined as qq = 2nf/A/Vs, where f and A are frequency
and area of the foundation, respectively, and Vs is an equivalent shear
wave velocity of a uniform half-space which is determined in such a
way that the theoretically calculated results for a uniform half-space
corresponds most appropriately to the results of displacement measure-
ment. The coefficients of dynamic stiffnesses for the foundations
indicate that the same tendency exists in horizontal, vertical and
rotational components and frequency dependence is evident in both real
and imaginary parts; this coincides basically with theoretically pre-
dicted results assuming a half space and uniform distribution of
contact pressure. Moreover, considering the layered soil, the theoret-
ical results, which are shown in Fig. 5, show better coincidence with
the test results rather than assuming a half space. The effect due to
the foundation size and thickness of soil layer can be noticed in the
theoretical solutions. Thus it was proved that the soil-structure
interaction characteristics may be understood systematically from the
experiment by representing the test results in above described dimen-
sionless form.

Earth pressure gauges were buried below the foundations, as shown in
Fig. 6(a), to measure vertical and horizontal earth pressures.

Fig. 6(b) shows location of the earth pressure gauges. The resonance
and phase lag curves and earth pressure distributions are shown in

Fig. 7 and 8, respectively. The resonance curves for horizontal and
vertical excitations show the similar tendency to those of the dis-
placement response on foundations, but the difference of the phase lag
on each point of the measurement becomes conspicuous at higher
frequencies. For the horizontal excitation, the earth pressure becomes
slightly larger closer to the foundation edges in each of the test and
its distribution is similar to the Bousinesque type distribution, but as
the foundation size increases it tends to become uniform more or less.
This tendency is particularly apparent in the distribution of vertical
earth pressure.

5. CONCLUSION

Conclusions derived from these tests can be summarized as follows:

(a} The critical damping ratios were 17 to 23% for horizontal excita-
tion and 27 to 44% for vertical excitation. For horizontal
excitation, radiation damping may be considered to be caused by
the sway motion rather than the rocking motion.

(b) The coefficients of dynamic stiffnesses for the foundations,
obtained from the test results, indicated frequency dependence
in both real and imaginary parts; this coincides basically with
theoretical solutions with consideration of the soil layering.

(c) The resonance curves of the earth pressure corresponded to those
of the displacement response on the foundation.

(d) For horizontal excitation, the earth pressure distribution was
similar to the Bousinesque type distribution, but with increase
of the foundation size the distribution tended to become uniform.
This tendency was particularly remarkable in the vertical component
of the earth pressure.
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Table 1. Soil Properties
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Table 2.

Test Results of Foundations

Item T _ Test No. AC1 AC?2 BD1
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