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SUMMARY

The present work considers the problem of the structural shape
optimization,i.e.shape optimization of base isolation layer under
agseismic structure.The direct problem of seismic SH waves propaga-
tion in a multilayer inelastic medium with nonparallel boundaries
between the layers is solved by BEM.The aim is to find out the op-
timum shape of the layer's boundary which to secure minimum energy
of the dynamic system and it satisfies some restrictions.For the
solution of the invers problem the Design Sensitivity Analysis is
used.A numerical example for designing of an optimal in shape
aseismic layer under a circular foundation is solved.

INTRODUCTION

The engineering activity as a whole is based on the optimiza-
tion process.In this respect the researcher faces two basic prob-
lems,namely:a)to study the properties and the characteristic beha-
viour of a given mechanical system,i.e.to solve the direct prob-
lem of the adequate mechano-mathematical modelling;b)to develop me-
thods for qualitative impruvement of the existing system function-
ing,i.e.the inverse problem for synthesis of systems with prelimi-
nary given by us properties and of their control to be solved.

In recent decades the intensive development of the numerical
methods(the Finite Difference Method,the FEM-Finite Element Method
and the Boundary Element Method-BEM)allowed numerical solution of
manhy direct problems.At the same time the numerical optimization
technique for nonlinear programming problems has been successfully
further developed.The combined usage of the numerical methods and
the modern optimization technique is quite natural due to the fact
that the model of the mechanical system is directly connected with
the cost function.There exists a variety of combined methods,depen
ding on the numerical method used at the solution of the direct or
inverse problem,and on the optimization criterion as well.Miyamoto,
Iwasaki and Sugimoto(Ref.1)apply the BEM and the Sequential Quad-
ratic Programming for optimizing the shape of a two-dimensional
elastic body.Chandonet(Ref.2)applies the BEM and the Growing-Refor
ming Ungradient Method for 3D optimum shape design.Tanaka and Masu
da(Ref.3)apply the BEM for finding flaws or defects in structural
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components.In the proposed method based on the BEM, the strains or
the siress wich are easily measurable are used as reference date.
The calculated by BEM results for an assumed shape of an unknown
flaw are compared with the reference date and the assumed flaw

shape is modified.

The main aim of this paper is to find out the optimum shape of
the layer's boundary which %o secure minimum energy of the dynamic
system and it satisfies some displacement's restrictions.For the
solution of the direct problem the BEM is used and the Design Sen-
sitivity Analysis for the inverse problem solution.

SOLUTION OF THE DIRECT PROBLEM

The direct problem of seismic SH waves propagation in a multi-
layer inelastic medium with nonparallel boundaries between the lay
ers is solved(Ref.4).The incede§t wave is a two-dimensional harmo-
nic antiplene SH wave(Pig.1):u ~=exp(ik™(ycosQ*-xsinQ™®))exp(~iwt).
The damping mechanism of the se€ismic energy in the ground is acco-
unted by Gourevich(Réf.5)model.The wave equation in Gourevich
medium has the form: Sm ot X
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where: ¢ -medium densit¥,S, =(T /TP)S .S =K1+F/ﬁ%)1}ﬂf}zand Mp are
elastic and elastorelaxational ° shBar® moduli,Tpand TI—relaxatio—
nal times.Substituting u(x,y,t)=exp(i{k r-wt))in (1) 1% is obtai-
ned the Helmholtz equation with a complex wave vector depending on.
the physical constants of the model.The boundary conditions are:
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where:a)u (x,y):expi—ikﬁxsin@*)(exp(ik:ycosQ*) +exp(—ikzycosQ*))+
ffee field motionjko-wave vector in the infinite region;blu, and
uB represent the scattered and refracted fields in the half-spacesl
and Qresp., Rois the infinite region under Q (Fig.1).In addition
has to satisfy Sommerfield radiation condition;c% ~efforts resul-
tlng‘from the static load of the structural founda@ions@k' ~-stress,
n-unit normal vector.Using BEM to a single layer from s flultilayer
mgdlug the boundary integral equation is obtained for the itﬁlayer
with its upperﬁ;,lowerfg and lateral ' bounds:
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where: (X,y)EQ;% su (X,¥,X,,¥0)= — (HW (Ke)+H " (k" T)) is Green's
function of the set problem, H® “is Hankel function of the second
kind and zeroth order,r=r(x,y),r,=r,(x,y),¥=F(x,y) -positions vec-
tors of the observatioh points,the source points, the image points;
c.=1 for (x,y)e®*and c.=0.5 for (x,y)elQt .The unknown {ug;],{ug:}, {us;l
are introduced,where.i? denotes the number of the layer %ith?uppér
bound(¢*,lower boundlyand lateral boundls®,j=1,2...1,N~number of the
knots 1ntroduce§ at discretization along boundaries.A system of
complex algebraic equations is obtained after discretization:
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After satisfying of the boundary conditions a system of complex
algebraic equations Ax=B is obtained for the displacements and
stresses,

(4)

FORMULATION OF THE OPTIMIZATION PROBLEM

Let us assume that the upper layer(Fig.1)is an artificial ase-
ismic isolation one.The aim is to find out the optimum shape of
the boundary of this layer which to secure minimum energy of the
dynamic systeme.

20 T
J=5126L'8-,dv+co fu Mudv — min (5)
vZE Y
and it satisfies the restricticns:
|Zu§(x,y,w)l§& S=S,=const i=1,20.4.N (6)
L

where:@;i , Eii,~stress and strain,M-mass of the soil layer,u,-dis-
placement amplitude,N-number of the BE along thelc;E-given thres-
hold;S,~area of the soil layer.For the solution of the above pro-
blem the BEM is used,as described above and the Sensitivity Analy-
sis for the inverse problem solution.

Optimum Stationary Condition for the Optimum Shape of the Boundary
Tc . The total energy of the layers® and Q,(Fig.1)has the form:

7= § 0,6, 8,,u)do,+ gzgs((riz,ezyz)dszz 75— B.fds 7

S ,(a;
where:th‘e x)rolumesﬂd(o.‘)az(a‘.)are variables arfd they are functions of
the design parameters a.3©,, €U, and®,, €,,u, are the stress,the
strain and the displaceﬁlent in ,and K, ,resp.Thé expanded potentio
nal J' with Lagrangian multipliers JL1 and Jpis considered:

3'=7-1,(5-Se) -1, (Tu’-¢) (8)
4 A

Following Demz and Mroz(Ref.6),who have derived the optimality
conditions for the internal surfacelcin elastostatics,the stationa
ry optimum condition about the shape of I'. which satisfies eq.(5)
and (6) is obtained:

éc 00517 5ds, =(2,+1,)[ 768 df (9)

S= So % uf____ € c

E«°=Uf- t g—}f US-3.0™u, U, +6; €L (10)
SUTRE Untu, U6 £y

2
where:T:‘/,_%guaugd& E=(‘/1).§L6i.j€i'd.$l are the kinetic and the potential
energies,wnich in the case of a harmonic wave have the form of
equation (10).

II-431



NUMERICAL REALIZATION OF THE OPTIMIZATION PROCESS.DISCUSSION.

Let the vector of the change in the shape'(p)(Fig.2) for the
point P ofl.depends on m in number design parameters

L(’4,=“?4,[X;(Pi.),O.K] k=‘],2.'.m; i-__-_X’y (11)
0% =(94:/0ax) Dax
It is assumed that the boundary element remains a straight segment
after the change of [¢ .The coordinate system (% ,3 )is the local
coordinate system for every linear BE.At 2D problem%{depends on
two design parameters a (Fig.%and:

B <@

59 = 9% _ 5,0 .Ba
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¢ 20 L@« £5%8, (r2)

where:ay are the normal components of the increase of the knots

of +the giscretized boundaryle swhere k is the number of the knot
and 1 is the number of th% BE.In other words the projections of
the shape vector in the i'! knot on the normals of the neighbou-
ring BE are the design parameters.By this discretization the opti-
mum condition (9)obtains the form:

bin  ~e® 3
Fy =5[Uf—U:]~@“[@)d5=&§}£i@ tor 15%mot,15%BE in front

oL, of the a,
F, =j[UC_UC®-§- dg-—-J—L—l*—‘h—zLG) for 2 ¥not, 15'BE in front
oL 17 V2d |10 2 of the a,
Fs = Sfﬁc_ﬁC%_l)d _mzL@ for 15%mot, 2 9BE in front
o 4 Tz 12 3‘ 2 of the a,
(13)
S=S,
Zui-ﬁéo

After applying the linear approximation to€,,6 ,U inside the BE,

the energy appears to be a quadratic functions of §T and the integ-
rgls in (13)can b asily.The functions F.dre expressed by

=\ hxi -x.)5+fy.+ -y;)¢ and the coordinates 3f each knot of
the new ﬁgun&ary—b§ %he coordinates of the old knot and the design
parameters a i.e.F.are nonlinear functions of the design parameter
a. .2n-2 in numberYimplicit nonlinear with respect to a,,a,...2a
eﬁuations are obtained,where n is the number of the knots glongn
the boundary.The system(13)is solved by Newton-Raphson iteration
procedure and the solutions present the change of the knots and
the new positions of the boundary.The procegs of iteration is in-
terupted when there is no change in two consecutive iterations
(with accuracy to an assumed error)for the control parameters and
then the optimum shape of the boundary is obtained.

A numerical example for designing of an optimal in shape ase-
ismic layer under g circular foundation.is solved.The geological
column under consideration consists of 4 1ayers(Fig.4)and its geo
metrical and mechanical properties are given in Tabl.land 2.Res-
ponse spectra of the earthquake Vrancha,Bucharest,March 2,1977
are obtained for initial and optimal shape of the isolation layer
(Pig.5).After the optimization the maximum peak is reduced.The
amplitude-frequency characteristics of the system before and
after the optimization is presented in Fig.6.The effect of the
isolation layer boundary on the response of the system is apparent.
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THE. MECHANICAL PROPERTIES OF A GEOLOGICAL COLUMN
TabLe 1

NUMBER TyrEe V. K =Q_ L= *

ngL OoF SH ASH S Vsu = Asu. W )“((KG‘/MZ) FP(KG/MZ)

CAVER SO (m/s) W=6.28 2. Vsu

1 |wer sanp | 943,5 |000852 |000663944[0903.40 ° | 0,2.407 | o#.407
2 LIMESTONE| 2900 0,017 0002166 q5862.405 0,56.109 0,45.409
— 9 9
) GRANITE 3550 0,009 000176 02537610 | 05.10 022 10
4= .
MALE | GRANITE | 5000 |0,0005 [000125 [01.16° | 07.107 |031.40°
SPACE ' 1 1

Si(Ka/M®) = 2000 | Tp(s) =0,2.10°8 , Ty, (s)=100

THE GEOMETRICAL PROPERTIES OF GEOLOGICAL COLUMN

TeasLe2
NUMBER UPPER BOUNDARY LOWER BOUNDARY SIDE BOUNDARY - ON THE
OF SOit- I- T URFACE [
LAYER. L 8 FREE SURFA s
A CIRCLE WITH CIRCLE WITH STRAIGHT LINE:
R¥=5m RE=10m P(50) ; P,(10,0)
2 CIRCLE WITH ELLIPSE: =16 m STRAIGHT LINE:
+
RE =10m B=12m P,(10,0) ; P2 (16,0)
B 0 (-20,0)
3 ELLIPSE: Q=16 m L’;?:EN A E.. 40,’-45) STRAIGHT LINE:
b-tem  loasPs | B8576Y | Rt6R) ; Ps(200)
4 BROKEN LINE CIRCLE: STRAIGHT LINE:
OAB Pg Rl, =25m Ps (20,0) ; p4(25'0)
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