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ABSTRACT

Participating in the Hualien Consortium, we conducted the blind prediction and post-
test correlation analyses on the forced vibration tests of the 1/4 scale reinforced
concrete cylindrical containment model both before and after backfill. In the present
paper described for the case after backfill, the ring exciting thin layer technique
proposed by Tajimi(1994) was introduced to account realistically for the axisymmetrical
irregularity of the soil condition due to the backfill. The computed results demonstrated
that the proposed method has a great potential for simulating the dynamic responses of
the soil-structure system to the forced vibration.

INTRODUCTION

A large-scale Seismic Test Program has been conducted at Hualien, Taiwan, for the
purpose of investigating the dynamic characteristics of earthquake-induced soil-
structure interaction (Morishita et al. 1993). Forced vibration tests of the 1/4-scale
nuclear reactor buildings were conducted before and after backfill, at the same time, the
blind prediction and the post-test correlation analyses were executed. Since the test
model was constructed on the gravel soils after excavating and its base was backfilled, a
considerable difficulty lay in modeling the system by the point exciting thin layer method
(Tajimi 1980) that had to be assumed that the soils were horizontally layered. The ring
exciting thin layer method proposed by Tajimi, extended from the point exciting one,
was applied to the blind prediction and post-test correlation analyses to model more
realistically the irregularities of the surrounding soils.

RING EXCITING THIN LAYER METHOD

The ring exciting thin layer technique is based on the Green's function approach (Kausel
1981) employing the ring load solutions to describe the soil-foundation interaction. For
an axisymmetric geometry, its analysis model consists of a thin layered core zone
supporting the foundation and a multiple cylindrical walls zone jointed vertically to a
thin layered semi-infinite far field, allowed to model directly the axisymmetric
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irregularities of the topographical and the geological condition of the soils (See Fig.1).
The proposed method, therefore, enables us to take realistically into account the effect
of the backfilled side soil on the responses of the soil-structure system to the forced
vibration tests concerned in the present study.

Let us now review how to formulate the impedance functions of the ring exciting thin
layer method. Fig.2 illustrates the following three steps to form the impedance matrix
[ke].

Step 1 Obtain the flexibility matrix Aij(of the foundation and the connection boundary
rings) for the thin-layer soil model.

Us Ay Apl)[P
A A [ — o

The subscript “P” and “c” denote the foundation ring, and the connection
boundary rings, respectively

Step 2 Obtain the constraint force vector P. on the connection boundary by putting
=0 in Eq.(1) to confine the inner core zone at its boundary.

P,=-AnA, P =C:Py ()

This constrain force produces the additional displacement at the location of
the foundation rings.

Us=Ap B =A,-CB
Step 3 Release the above constraint force P. in the multiple cylindrical walls model.
For this purpose, the stiffness matrix R;; of all the model rings(the connection

boundary rings + all the other rings) contained in the outer zone of the muitiple
cylindrical walls model is formulated.

N —

, where the lower subscript “d” denotes the rings in the outer zone except on
the connection boundary. The stiffness matrix R is formed by assembling the
stiffness submatrices of the cylindrical walls. For P4=0,

P, = (R ~RRHR, U, =B U, oo, 5

Eq.(5) yields the displacement vector of the connection boundary U. under
the condition that the constraint force P, is released.

U,=B'P.=B1-C:P. e, (6)

The displacement of the foundation rings produced by the above released
force can be expressed by use of the transfer function D.

Ug=D-U, @)

Adding Egs.(1) and (7), one formulates the displacement vector of the
foundation rings.
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U =(A; +ALC+DBHC)P oo, (8)
From Eq. (8), the stiffness matrix of the foundation rings k; is obtained by
ke =(A +ALC+D-BC) )

For the case of embedded rigid foundation, the relationship between the
displacement vector of the foundation rings Ur and the displacement of the
foundation (Uy, 8) can be written

Uy
Uf=E-[e ] .................................. (10)

, where U, = horizontal displacement at the base of the foundation, and 6 =

rocking angle of the foundation, Consequently, the stiffness matrix [k¢] for the
coupled motions of sway and rocking is formulated

[k ]=E'[KJE s (11)

In order to deal with the embedment of the foundation, we have employed the
volume method that the underground part of the structure, replaced by the soil volume,
is specified by the reduced mass and stiffness equal to the actual ones of the structure
subtracted by those of the soil volume (Tajimi 1984). Hence, the rings to describe the
soil-structure interaction system are distributed at the interfaces between the thin layers
within the soil volume.

The key advantages of the proposed method are summarized as;

a) To model realistically the topographical and the geological irregularities of the

soils in the radial direction.

b) To save in computation time and storage, as compared to an axisymmetric 3-

dimensional FEM.

ANALYSES OF THE FORCE VIBRATION TESTS AFTER BACKFILL

By utilizing the proposed method, we performed both the blind prediction and the post-
test correlation analyses. In the present project, the unified soil and structure conditions
of the tests were given for all the consortium members to conduct the blind prediction
analysis. Fig. 3 shows the unified model of the test structure idealized by a stick model
of a 2 lumped masses system. The spring interconnecting joints were given by the
flexural and shear beam elements. The roof slab and the footing slab were assumed to
behave as the rigid ones. Fig. 4 shows the mathematical model for the ring exciting thin
layer method employed in the prediction analysis using the unified soil. To conduct the
post-test correlation analysis, we have modified the unified soil model mainly through
the following procedure.

a) Reduction was made in the Vs-distribution along the depth between GL. -12m
and GL. -27m on the basis of the empirical equation relating Vs to Nypr proposed
by CRIEPL

b) Reduction was made in the stiffness of the backfill soil model obtained by the
down hole logging on the basis of the cross hole logging.

c) Consideration was given to the loosing and disturbing effect the construction on

135



K023-4

the soil properties.
Fig.5 describes the thin-layered mathematical model for the correlation analysis.

ANALYSES RESULTS COMPARED WITH TESTS

Fig.6, 7 and 8 compare the analyses results with the tests for the horizontal excitations
at 1st and roof floor, and the vertical excitation at 1st floor, respectively. These figures
showing the frequency response curves normalized by the force and phase difference
curves demonstrate that, although the overall frequency responses could be roughly
predicted by use of the unified model, they impose the necessity for the correlation
analysis.

As results of the post-test correlation analysis, we could satisfactorily simulate the
responses to both the horizontal and vertical excitation. In particular, in Fig.8 for the
vertical excitation, the frequency responses computed in the present correlation analysis
show an excellent agreement with the measured ones. This agreement indicates the
validity of not only the modified backfilled soil for the correlation but also the modified
soil model beneath the foundation. It can be recognized in Fig.8 that the deeper soil
condition under GL-12m had the significant effect on the responses to the vertical
excitation.

CONCLUSIONS

The ring exciting thin layer method has a great potential for the simulation of the
dynamic responses of a soil-structure system to the forced vibration under axisymmetric
irregular soil conditions. By revising the soil model employed in the prediction analysis,
we could satisfactorily simulate the forced vibration tests for both the horizontal and
vertical excitations.
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Fig.8 Frequency response of the structure
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