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Introduction

fThe small displacement plate bending is described by the
biharmonic equation. The related fourth order boundary
value problem reads as follows:
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Introduction

The computational domain Q is a polygonal domain in R?,
(n,7) are the external unit normal and unit tangential
vectors to 99, and v € (0, 3) is the Poisson ratio. The
boundary 0 =T', UT'g U T, is split into three parts where
the boundary conditions correspond to clamped, joint and
free edges.
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Discretization

. -

he weak formulation of the boundary value problem is: find

ov
wEV:{UEH2(Q):U\Fa: %Pa:O,v]FB:O},
such that
a(w,v) = / fudz, Vv eV
Q
where

a(w,v) =

/ Wz Vpz + WyyVyy + V(WaaUyy + WyyUzs) + 2(1 — U)Wy vgy | dS2.
Q
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Discretization

. -

he weak formulation of the boundary value problem is: find

O

wEV:{UEH2(Q):U\Fa:a—n

:O,U’F :O},
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such that
a(w,v) = / fudz, Vv eV
Q

The variational formulation is next discretized, i.e., the
continuous space V is replaced by a finite dimensional
subspace.

Firrrea PR o
| lml’lﬂ'ﬂl'llmﬂl |

|

Conference on PDE Methods in Applied Mathematics and Image Processing, September 7-10, 2004, Sunny Beach, Bulgaria — p. 3/7



Finite strip method
L -

et us consider the model problem in Q@ = (0,1;) x (0,l2)

I
Q
L
The FSM is associated with the semi-discrete space
(n) o 2 . kﬂ'CC 2
VW = Su(z,y) = ) ury)sin —— : vp(y) € H*(0,13) ¢ .
k=1 2! 2!
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Finite strip method

The classical FSM is now obtained if H2(0,[5) is substituted
by the standard finite element space V;(0, l2) of Hermitian
cubic splines. This leads to the discrete space

n - 2 i kmx
V,§ )= {Uh(il?;y) = th,k(y)a SIHT opk(y) € Vh((),lz)} .
k=1
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Finite strip method
- . .

Using the L, orthogonality of the basis {sin kf—f}k_l we get

n independent FEM subproblems:
find a function W}, € V,,(0.12), satisfying

2  knx
Ap (Wi Vi) = /Q PYhsind0, W € Va(0.1)
where
[ 4 _4 2_2
2 (k*m k<
AntWhi, Vi) = /0 {?Wh,kvh‘FQ(l_V) B Wik Vi
k27T2
T [Wh,kv,;'+w,;gkvh]}dy.
1
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Systems of linear algebraic equations

fThe standard computational procedure leads to the linear
systems of equations

-

Apwy, = 1,

where A, stands for the matrix that corresponds on the

basis function {sin lix}. In the considered setting, the
1

matrices A, are seven-diagonal. Hence, applying the

generalized Thomas algorithm we obtain a total

computational cost
l9
N = = .
O (n h)
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Parallel algorithm

-

fThe global matrix of the linear algebraic problem is a
block-diagonal matrix. This allows for a scalable parallel
implementation of the algorithm. The communications of
the parallel algorithm are restricted to the final step of the
algorithm where the approximate solution is computed as a
sum of the terms in the related sine expansion.
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’Ujgn) (Qj7 y) — Z Wh’k(y)a Sin T
k=1
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Future work

-

fThe proposed here direct solver for biharmonic equation
will be used as a preconditioner for solution of fourth order
boundary value problem with variable coefficients of elliptic
type. The rate of convergence of such iterative method will
depend only on the ratio between maximal and minimal
values of the coefficients. This solver will remain highly
efficient and with the same parallel features.
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