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ABSTRACT

An investigation on the elfect of various types of foundations embedded into soil deposit
to Lhe responses of BWR buildings is made. The frequency characteristics of massless rigid
foundations such as impedance functions and input motions are first obtained, depending on tha
cmbedment depth, contact condition of side wall to soil and the thickness of surface layer in
a twvo~layered soil. I'rom the results it is Found that the embedment depth and the thickness of
surface layer have a distinct cffect to the responses contributed by the impedance functions
and the response values characterized by the input motions are obviously influencd by the

embedment depth and the contact length of side wall to soil deposit.

1. Introduction

The embedment of the foundation influcnces the soil-foundation interaction effect, and
consequently affects the responses of a structure. Thercfore, the cvaluation of interaction
effect duc to the embedment of Foundations is essential for the seismic design of nuclear
power plants, wvhich arc more or less embedded into a supporting soil medium. Because of the
awarcness of that importance, this paper presents the results of seismic response analyses ofl
WR buildings, taking into account of the interactive effect of embedded foundations.

In order to analyse the interactive phenomena, this paper adopts the boundary integration
equations method, using the Green's functions, Hence the solutions for a point force inside
the elastic multi-layered soil medium are already obtained by one of the autors. The frequency
dependent impedance functions and effective input motions of massless rigid foundations ara
solved under the mixed boundary conditions. One of the conditions is given by the displacement
restricted by the rigid behavior of a part of foundation at which the side wall is perfectly
bonded to the soil, and other is given as the free boundary condition due to no contact.

Using the above method, this paper investigates the effects due to the embedment of
foundation to the responses of BUR buildings with respect to the following parameters ofl
doundation and soil deposit.

1) The embedment depth of foundation
2) The contact length of the interface between foundation and soil

3) The thickness of surface layer in the case of two-layered soil deposit
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P-Mathematical formulation to analyse the behavior of massless rigid foundations

The total wave motions , i.e, displacement u and surface traction t at a point in the
field subjected to the incident seismic wave, additionary scattered by the foundation as is
shown in Fig.l might be written as

u(a) = u*(a) + fag(a,bo)-p(bo)-d]}

t(a) = t*(a) + Jgh(a,bo)-p(bs)-dB (1)
in which the first term in [Eq.(1) is the motion in the free field due to incident seismic wave
and the second is the scattered wave motion, Then, B denotes the boundary between foundation
und soil, be is a point on B, p(be) is the unkown potentials distributed on B, and g(a,b.) and
h(a,h, ) are the Grecen's functions alrecady obtained,” Under the assumptions in which the
Lractions and potentials are constanl in sone small element on 3 and the displacement is
represented by that at the center of an element, as a » b on B in Eq.(1l), the equations over
Lhe boundary can be obtained in the discretized form, expressed as

w=ut+GP , T=T +1P (2)

llow consider the boundary conditions given by the displacement on Bl and the traction on

B2 as shown in Fig.l. In this problem, Tq.{2) can be rewitten in the following, composed of
the subelements in Eq.(2)
*
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GGiven the conditions of w; = A-lUlc on By restricted by the rigid-body motion ol foundation and

U =0 on free surface B, the unknown potentials P in Lq.(3) can be determined. llence Uc is
the 6%1 vector

Uc ={Ux , Uy , Uz , gx-L , gy-L , ylz-L}T 4)
vhere U; and gi¢ indicate the components of translatjon and rotation of displacements at the
center (0,0,D) respectively, as shown in Fig.l. Incidentally the total forces acting on the

foundation are defined as

-
Fc ={Fx , Fy , Tz , Mx/L , My/L , ilz/L} (5)
Substituting the unknowns into I[g.(2), the total forces are obtained in the form as
Fc = AT+ T = 4RMTL K-(Uc ~Tn-uy) (6)

in which Myis the shear modulus of surface soil, K is the dimensionless 6%6 impedance matrix

and In is the input motion of foundation against the free field surface motion ug .

3. Trequency contents ol Fmpedance lunctions and input motions

The impedance functions and input motions of massless rigid foundations are calculated
for three kinds of foundations as illustrated in I'ig.2, In these analyses, Poisson's ratio of
0.4 of soil deposit and the vertical incidence of SH-wave are assumed.

Fig.3 shows the results on the cffect of embedment depth of foundation with the parzmeter
of D/L. In these figures, the horizontal axis indicates dimensionless frequency LO=‘"L/VS. Trom
the results it is scen that the impedance Xhh linearly increases with D/L having the rate of
nearly 1.0 in low LO for equivalent stiffness and 2.8 for damping, respectively and Krr
parabolically increases with D/L. As For the input motion, Ih decreases and Ir increcases as
the D/L and/or LO becomes large. It is noted here that in the case of foundation on ground
surface Th and Ir become 1 and O, respectively independent to frequency and then the free

field motion at the bottom is zero at dimensionless frequency wD/Vs=T/2,
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The results for the foundations with respect to the contact length ratio C/D having the
embedment depth D=L in Tig.2(b) are shown in Fig.4. These figures show that though the
impedances in low frequency range ave nearly same as those of [foundation with the same side
wall depth (D=C) shown in Fig.3, the impedances in high frequency and the input motions are
rather different from the results in Fig.3.

Fig.5 shows the results in terms of the parameter H/L on the effects of thickness H of
surface layer overlying the harder base layer. The embedment depth of each foundation is 0.5L
and Vs of base layer is twice as much as that of surface layer. The results for impedance
Cunction indicate that the stiffness becomes large as the surface layer is thinner. The
ltamping decreases until the thickness becomes thin to be II=L, however, in the case of H=0.5L
i.e., the bottom of foundatioa is contact to base layer, the damping is disposed to be large.
On the other hand, the inpulb motions resemble each other except the foundation in the case of

11=0,5L, of which the input motion is smaller.

&. Seismic responsc analyses ol THR buildings

The results of seismic response analyses BYR buildings having the rigid foundations as
shoun in I'ig.2 are herein presented. The building illustrated in Fig.G is supported by the
soll with shear wave velocity of G00m/scc and is modelled into the lumped mass system, Tn this
paper, the response analyses are performed by the use of the random vibration method and the
free [icld surface motion is characterized by power spectra even in the case of two—iayered
so0il deposit, given by

@) = | (whs ol ) oxp(-q)] - So ™

with Lhe duration time 9.33 sec as stationary wave. In Tq.(7) the predominant period of
spectra Tp is 0.3 sec, (d‘Tp/2Xf4 is 0.3 and 8o is 700 galf*scc. The response spectra are shown
in Fig.7, comparcd with the Ohsaki spectra corresponding to Sl earthquake.

Using the resulls in Chapt.3, the response values of the maximum shear forces of members
ond the floor response spectra at base-mat are computed as presented in figures 8 through 10,
Ihe effects duc to various types of foundations cxpressed by the impedance functions and input
motions well appear to the variations of the amplitudes and peak frequencies of responscs,
5. Conclusions

The results are summarized as follows:

1) As the embednent depth of the foundation becomes large, both the equivalent stiffness and
the radiation damping increase with the feature of sudden increase in a little cmbedment.

2) The input motions of Lranslation of embedded foundations subjected to seismic wave decrese
with the increase of frequency. The tendency of decrcase becomes large, as the cmbedment
depth increase. In the embedded foundation, however, the rotational input motions are
added, even in the case of vertical incidence investigated herein,

3) When the side wall of foundation is not contact to the soil deposit, the impedances are
similar to the results of foundation on the ground surface, however, the input motions are
much different.

4) In the case of two-layered soil, as the thickness of surface layer decreases, the stiff-
ness increases and the damping decreases. Then, when the bottom of foundation is near to

the base layer, the stiffness becomes quite large and the damping tends to increase on
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. account of the direct effect of stiff base layer.

5) The shear forces and the peak values of floor response spectra of BWR buildings have the

tendency to decrease with increase of embedment depth or the thickness of surface layer.
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Fig.3 Impedance functions and input motions in terms of cmbedment depth D/L
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