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I. INTRODUCTION

The main purpose of this paper is to study the soil-struc-~
ture interaction for multilayered,nonlineary physically
s80il system with arbitrary geometric form of boundaries
between the layers,accounting the topographic specifics

on the free surface,.The behaviour of the structure is des-
cribed by the finite element method(FEM).For the descrip-
tion of the propagation of the seismic waves in the soil
the boundary element method (BEM) is used,

2, MECHANICAL TREATEMENT OF THE PROBLEM

To investigate the problem we shall study the propagation
of the seismic waves in the soil using BEM.As a product
we shall obtain the accelerogramm of the seismic signal
wich entrance the structure.The dynamic response of the
structure under such a seismic signal is described by FEM.

The assumptions for solving the problem for propagatin
the seismidpwaves in the soiﬁ are %he next: propag &

~the domain in which the seismic waves propagate is multi
layered,nonelastic with nonparallel boundaries between the
layers and topographic peculiarities on the free surface
(see Fig.I).

-the nonelastic behaviour of the soil is described by the
model of Maxwell-Gourevich giving an account of absorbing
the seismic waves with small amplitude, This is a conse-
quence of elasto~relaxational processes with a limited

and continuous spectrum of relaxation times

-~the incident two dimensional. harmonic wave is SH- wave

(1) u; = exp(ik™ (ycosQ-xsinQ)).exp(-1c) %)

where:k™ is a complex wave vector,the representation of-
which depends on the choosed physical model;wis the fre-
quency of the wave;t is the time;x,y are the coordinates
and Q is the angle of the incident wave with respect to
the y axis, v
_since we deal with the two dimension problem at the
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plane (x,y) we get the stress

2 _mxdu Tr_ Qw2
R R R G
wherefg is a density;)i*is a complex shear moduli which
dgpgnd on the physical’ parameters of the model of Goure-
vic

The assumptions for solving the problem for dynamic be-
haviour of the structure are the nexts
- the structure is discretisized by FEM
~ the lose of the energy under the motion of the structure
is account on two ways:either~damping matrix for physical
linear constructive material or with the physical model of
Maxwell=-Gourevich( Gourevich I974) for residual deforma-
tions of the structure with a plastic behaviour.

3. THE BASIS FOR THE CHOOSED PHYSICAL MODEL

The model of Gourevich(Gourevich I974) describe the dis-
sipation of energy under the elasto-relaxational behavi-
our of the soil.This model is valid for seismic waves
with a small amplitude(€ :I0°7 -I0 ") for isothermic
process,macroscopic homogeneous and isotropic medium.The
overall deformation € is a sum of the elastic deformati=-
on Q% and elasto-relaxational deformation€piiwith a limi-
ted "and continuous spectrum of relaxation times

T
(3) GPLA (t) :J EL& (t ,TF)- -r% d.TF

where T ,Wk,arethe lower and upper times of relaxation
and T,<&Twm , &yt T$) is described by a constitutive

equation of the K&lvin-Foight type.
* . Y » E
(4) Gy=peyy =L & (£ T+ (ReppITEE(LTE)

here- ’ y* are the elastic and nonelastic shear moduli.

The ‘equation for the SH wave on the Gourevich medium
takes the form

Su ot 4
2 rotu , Yul u, u -S*j*?_e ds
(5) '}é_'Taf[aTz’Laaz]“ at3+é§§: [o atsoL«n]

here
_ T _ -1 Mo,

(6) R—En(;r,—%), sm-[4+,}5¢m] . Su=()Sm

We take the solution of (5) at the form

(7) u(x,ld,’c)=u(x.1d)-exp(i.wt)

and obtain the Helmholtz equation with a complex wave vec
tor for u(x,y).The complex wave vector depends on the phy
sical moduli in the model of Gourevich.The dispersal cur-
ve of the velosity c(w) ,the coefficient of damping «(w)
and logarithmic decrement of damping €@ (w) inguiried by
the Gourevich model describe clearly the typical proper-
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ties of the seismic wave.The linear dependance e/(w) ,the
inpedance ©(w)and the weak dispersion cp(w are show(n )b)'r the

experimental results (Molotova I1966,Bokanenko I967).

4, MATHEMATICAL DESCRIPTION OF THE PROBLEM

For obtaining the propagation of the seismic SH wave in
the multilayered,nonelastic medium with nonparallel boun-
daries between the layers and topographic peculiarities
on the free surface under the assumption from 2. and the
basis of 3 for u(x,y) the next problem is posed:

U % 2

od F SLH(KMU(xy) =0 ;

k!

(8) du u _ i . . |
— e =ou‘: \ = ) L = i+ i
anr on ll' ’ o(x-‘d) ; u:"-’d?:’md-?(an) G(x+y).for e

' S Ug=Uc+U=Ug’, Gg=6g for (xy) €'

Heres: U, is the displacement,obtained by interference of
the igcident and the reflect waves of the free boundary
s s

(9) uo(x,y) = exp(—i.x*si-n Q '),[&P (Lk*ldcosQ)+exP(-i.k* 'al cosQ )]

U’ is the digplacement in R, obtained by the scattered
by g' waves; Ug is the displacement on g in S, ;

(Wo+U') satisfies the Sommerfield's radiation condition
at the infinity.

The dynamic response of structure under seismic interac
tion satisfies the next equations:

(M. {5} > IKI A2 [k ;
roy | Mtk K2 (a2 (48309, - -l fBi.
mﬂ(ié.»« 5&5';) + ksr X5t = Qe

I‘Pt(Pt + KW~ Mg - Qr. g"a‘t =0

Here Mlk=didg[m;]is the mass matrix for the structure,i=I,
25..o03n is ‘the number of concentrated masses; [Klk is
the stiffness matrix obtained by FEM; gs} is the cosine-di
rector's vector of external action, {x}, is the vector of
the displacement for masses of the structure; {4}} and{a%}
are the vectors of displacements for the unit displacement
and rotation of the j foundament;N is the number of founda
ments; Xg' , P; are displacement and rotation of the j foun
dadamenf;f;, K“&, Key are the stiffness of soil by the dis-.
placement and rotation of the. j foundament; Q= , Mz are
the cross force and moment with wich the strmcture loads
the foundaments during its motion; s is the height of the
foundaments; X,(t)is the external seismic action's accelera
tion and is received of the solution of the problem which

is described in 4.
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5. THE SOLUTION OF THE PROBLEM

Using (Costabel & Stephan 1985) we substantiate the possi
bility of applying the BEM for solving the problem(2§.We
obtain for i layer: :

© | *
(11) 'l,L@(x,vd)Ca' = j@[u*(x.%,x.,w). a_-—H%Ti"’- ”-u©('x,,td,). ,_1‘4__31";:; X °'3°)]d|'

here (xyEKR;, u* is the Green function for the Neuman
problem in the half-space @), e
u*gxlgn,(O. 14 = L[HD".)(K*T').P Ho (K*m)] nd th

(12) H® Yis’’the Hankel function of 2 type,0 " order,

T s T, are the radius vectors of the observation point,
sours. point and its simetric point from y=0,n is the unit
normal vector, ¢ is a constant which depends 8nly.on the.
geomeiry of the domain.Taking (12) for yeELS, xWE T , (xye€rd
resp.(see Fig.I)we obtain a system of integral equatibns.,
After discretizing this equations,using a constant bounda
ry elements,we get a system of complex algebraic equations

Hie Mie His] [We]i  [Gh, Gip Gis| [Ugm )b

. Py _ i
(13) |Hee Hes Hes1UbT = |Gae Gag Gos| i ugn
Hee Hse Mes)(Us) |Gse Gse Gis| |ygm
heres Uy = {uls), U ={uy.} , ug = {ug;} " i is the layer
with the bouhdariesfid, rg, & 2 ,j=I,2,...N,N is the

number of the knots on the boundary.To satisfy the bounda
ry conditions (8;we use the method of transfer matrix(Mai
er & Novati I985)and finaly we obtﬁ}n the formula

N 1:2 4¢3 L ut}
(14) A -{uo(xnj)}—l I"1°...1 '{us
where I is the number of layers.We can find the displace-
ment on the free boundary with the situated structure by
formula(I4) if we know the incident wave on the boundary
of the first domain 4 ,the geometry and the physica& cha
racteristics of the medium represented by A™,I,I...I.More
over in this way we can obtain the displacement and the

traction at the arbitrary point from the boundary of the
multilayered medium, '

6. FINAL NOTES

The numerical results for the behaviour of the soil-struc
ture interaction for nuclear power plant on a real geolo-
gical site are obtained,The influence of the nonelastic
so0il and structure properties and the influence of the
topographic specifities of the geological region are inve
stigated,
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