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A DOMAIN DECOMPOSITION METHOD FOR BOUNDARY ELEMENT
APPROXIMATIONS OF THE ELASTICITY EQUATIONS

ABDELLATIF ELLABIB! AND ABDELJALIL NACHAQUI?

Abstract. In this paper, we discuss a domain decomposition method to solve linear elasticity prob-
lems in complicated 2-D geometries 2. We describe in details algebraic system corresponding to
Dirichlet-Neumann and Schwarz methods. The alternating iterative algorithm obtained is numerically
implemented using the boundary element method. The stopping and accuracy criteria, and two type of
domain are investigated which confirm that the iterative algorithm produces a convergent and accurate
numerical solution with respect to the number of iterations.

Résumé. Dans ce travail, nous nous intéressons & lapplication de la méthode de décomposition en
sous-domaines a un probléeme d’élasticité linéaire. L’approximation se fait par les équations intégrales et
les éléments de frontieres. Nous décrivons les systémes algébriques issus des méthodes de décomposition
avec recouvrement et sans recouvrement. Nous présentons ensuite deux algorithmes. Les résultats
numériques illustrent la convergence de ces deux algoritmes vers la solution du probleme d’élasticité
linéaire dans différents domaines.

INTRODUCTION

Domain decomposition ideas have been applied to a wide variety of problems. We could not hope to include
all these techniques in this work. For an extensive survey of recent advances, we refer to the proceedings of the
annual domain decomposition meetings see. http://www.ddm.org. Domain decomposition algorithms is divided
into two classes, those that use overlapping domains, which refer to as Schwarz methods, and those that use
non-overlapping domains, which we refer to as substructuring.

Any domain decomposition method is based on the assumption that the given computational domain € is
decomposed into subdomains Q;, ¢ = 1,..., M, which may or may not overlap. Next, the original problem can
be reformulated upon each subdomain €;, yielding a family of subproblems of reduced size that are coupled
one to another through the values of the unknowns solution at subdomain interfaces. Fruitful references can be
found in [9,10].

A numerical study of elasticity equations by domain decomposition method combined with finite element
method was treated in [3,5,6]. A symmetric boundary element analysis with domain decomposition is studied
in [4,8]. This combination was also used for biharmonic equation in two overlapping disks [1].

We have chosen to associate the Dirichlet-Neumann and Schwarz methods with the direct boundary element
method. Indeed, it only requires the discretization of the boundaries of the subdomains. This technique
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of coupling reduces the number of unknowns and the time of computing. It has been used successfully for
semiconductors simulation [7].

We consider a linear elasticity material which occupies an open bounded domain Q C R?, and assume that
Q is bounded by I' = 99Q2. We also assume that the boundary consists of two parts I' = I";y UT'y where I'; and
I'> are not empty and I'; N Ty = () where 2 is not necessarily circular or rectangular.

Let V = (u,v) the displacement vector and & = (¢, s) the traction vector governed by the following linear
elasticity problem

G 9%u 9%v G 0%u 8%v

A _— - _— = 1 Q A _ o = 1 Q

¢ Ry <8x2+8x8y) Oin &, G 1j+1—21/ (8x6y+8y2> 0 in
u=u, v=0v only t=t s=5§ only

(1)

with G and v the shear modulus and Poisson ratio, respectively, and where @, o, t and 5 are the prescribed
quantities.

The main body of this paper begins a description of Dirichlet-Neumann and Schwarz methods for elasticity
equations (1), in section 2. Integral formulation and boundary element method are also exposed in subsection 3.1
and 3.2. The technique to obtain algebraic systems on each subdomain for Dirichlet-Neumann and Schwarz
methods is detailed in section 4. Two algorithm to implement domain decomposition method combined with
boundary element for elasticity equations (1) are presented, and numerical results in the case of 2-D complicated
geometries are given in section 5. The paper ends with conclusion in section 6.

1. DOMAIN DECOMPOSITION TECHNIQUES

In order to use domain decomposition to linear elasticity, we describe, in this section, Dirichlet-Neumann
and Schwarz methods.

1.1. Dirichlet-Neumann substructuring method

We decompose €2 into two non-overlapping subdomains €7 and €9 such that Q = Q; U Qs, and denote by
T2 = 0921 N O the common interface between Q7 and Q3. We can write this method as follows.
e Step 1. Specify an initial A = (A% 3°) on interface I'12 and k = 0.
e Step 2. Solve the mixed well-posed direct problem

G O*uk 9%k G O2uk 920k

GAu¥ 1 L) —0in Q;, GAv¥ L L) =0inQ

ui 1—-2v ( Ox? 0xdy ~1n b Vit 1—2v \0xdy  Oy? A (2)
u’fzﬂ, v{“:f/on 'y NoQy, t’f:t, s’fzéonfgﬂan, u’fZ/\k, vlf:ﬁk on I'ig

to determine the traction S¥ = (¢}, s¥) on the interface I'5.
e Step 3. Solve the mixed well-posed direct problem

G 0*u 0%k G O*ul 0%k

GAub > 2 ) =0inQy, GAvK 2 2)=0inQ
u2+1—2y(8x2+8x8y 3 R R N R

ub =4, v =0onT1NIN, th=1% sh=35onTyNdN, th=—th sk=-s¥ onTlyy

to determine the displacement V5 = (uk, v5) on the interface I'q».

e Step 4. Update A1 = (\F+1 3F+1) on the interface I'y2 by
Nt — guk + (1 —0)AF on Tyo, B =00k + (1 —0)8* on Ty (4)

e Step 5. Repeat step 2 from k£ > 0 until a prescribed stopping criterion is satisfied.



where 6 is positive parameter. This algorithm establish the solution of elasticity equations of Problem 1 in

as a limit of sequence (u¥, v¥, uk, v5).

For this algorithm the following stopping criterion is used
max (”)‘kJrl - )‘k”LZ(Fm)’ ||6k+1 - ﬁkHLz(Fm)) < TOZ’ (5)
where Tol is a prescribed tolerance.

1.2. Schwarz overlapping method
We decommse Q into two oveﬂapping subdomains 7 and s such that = Q; U Qs, and denote by
I'1p =001 N Qs and I'yg = 0029 N Q. This method is summarized in the following.
e Step 1. Specify an initial V§ = (u3,v9) on I'1; and k = 0.
e Step 2. Solve the mixed well-posed direct problem

G a2u11€+1 N azvlchrl G 82u11€+1 82Ui€+1
1-2v 0x? Oxdy 1—2v \ 0zdy Oy?
W =a, T =5 on Ty NaQy, T =1 ST =5onTynaQ, uitt =ub, ofTt =0k on Iy

GAuM T 4 =0in Qy, GAvM! 4 —0in

(6)

to determine the displacement VFT! = (uf1 81y and traction SFT = (¢#hT1 o+l
of Ql .

e Step 3. Compute the displacement V
elasticity equations in €.

e Step 4. Solve the mixed well-posed direct problem then

on the boundary

f“ = (u]f"’l,vlf“) on I'y5 as an internal displacement of linear

G 82u12€+1 82U§+1 G a2ul2€+1 82U§+1 00
1—2v ox? Oxdy 1—-2v \ 0z0y oy? B 2
ub™ = a, it =5 on Ty NN, thT =F 5T =Fon TynaNy, ubt =Wt Wbt = o on Ty

GAus™ + =0in Qy, GAvET! +

to determine the displacement V5T = (u5™ v5%1) and traction S5 = (1571 s51) on the boundary
of QQ.

e Step 5. Compute the displacement V.
elasticity equations in .

e Step 6. Repeat step 2 from k > 0 until a prescribed stopping criterion is satisfied.

21— (ubT! wE*1) on Ty as an internal displacement of linear

For this algorithm the following stopping criterion is used

k+1 k+1 k+1

llﬂ—1 _ulchLQ(Fu)’”vl _U]f|‘L2(F11)7|‘u2 _UIQCHLQ(Fzz)vH’UQ _U§”L2(F22)) <Tol, (8)

max (||u
where Tol is a prescribed tolerance.

The boundary element method utilizes information on the boundaries of interest, and thus reduces the
dimension of the problem by one. The displacements in the domain is uniquely defined by the displacements
and tractions on the boundary. In the boundary element method, only the boundary is discretized; hence,
the mesh generation is considerably simpler for this method than for space discretization techniques, such as
the finite difference method or finite element method . Moreover, the Boundary element method determines
simultaneously the boundary displacements and tractions, this allows us to solve problem (2), (3) without the
need of further finite difference, as one would employ if using the finite element method or the finite difference
method.

For these reasons we have decided in this study to use the boundary element method in order to implement
the Dirichlet-Neumann and Schwarz methods.



2. INTEGRAL EQUATION FORMULATION AND BOUNDARY ELEMENT FOR ELASTICITY
EQUATIONS

The linear elasticity problem (1) in two-dimensional case can be formulated in integral form [2] as follows

(VI(P)it PeQ

for 4, j = 1,2, where U,;; and T;; denote the fundamental displacements and tractions for the two-dimensional
isotropic linear elasticity [2]. The boundary integral equations are solved using boundary element method with
constant boundary elements. The boundary is divided into N constant elements. Denoting by {V}* = {u®, v}
and {S}! = {t', s} the displacements and tractions at the i*" node. Then, the discretized form of Eq. (9) can

N N
be written as 5{1/}1 + Z H7{V} = Z G"7{8}7 where G¥ and H% are 2 x 2 matrices such that (G¥);,, =
j=1 j=1
[ Uin(PLQ)Ar(@) and () = [ Tio(PLQ)AL(@) for L = 1,2
L T
Applying this equation to all the boundary nodal points yields 2N equations, which can be set in matrix
form as
HYV=GS (10)
PO |
where H = H + 5[ and I is 2N x 2N identity matrix. The displacements in the interior of £ can be evaluated

using Eq. (9) which after discretization becomes

N N

vy =) sy - mi{vy (11)

j=1 j=1
3. ALGEBRAIC SYSTEMS OF DIRICHLET NEUMANN AND SCHWARZ METHODS

We consider in this work the mixed boundary condition given by Problem (2), (3), (6) and (7). In this case
the rearrangement of the unknowns in Eq. (10) is necessary. In order to obtain an algebraic system, we denote
the matrices H; and G; computed in each subdomain €2; by the use of Dirichlet Neumann or Schwarz method.
Note that H; and G; are geometry dependent matrices and depend on the type of the boundary conditions,
but not on their values. Therefore the matrices H; and G; do not change during the iterate procedure of
domain decomposition method. We suppose that the boundary I'; N 0€); is divided into NN; constant elements
fori,j=1,2.

3.1. Alternating algebraic system of Dirichlet-Neumann method

Let the boundary 'y divided into Ny constant elements. Due to the boundary condition of system (2) and
(3), the matrices H; and G; are decomposed as follows

Hi - (Hl“lﬁaﬂ,; HFQQ@Q,; Hrlg) a‘nd G7 = (Grlﬁagi GFQﬁaﬂi GF12) (12)

The algebraic systems corresponding to subproblems (2) and (3) take the form

k k
V}C|F10391 Sl Irynoe;
(HFlﬁé)Ql HFgﬂﬁﬂl HFlz) V}C|F2ﬁ891 = (GF10391 Grzﬂaﬂl GF12) Sl Irynon,
k
Vl Iris Sl Irio (13)

k Y/ k _q k _ Ak
v1|rlmanl =W, Sl|rzmanl =51, V1|F12 =A



and
V{lrmanz S{\rlmanz
(HF10392 Hr,no0, HF12) V%h“gmaszQ = (GF10392 Gryno0; GF12) S%;‘FQF‘IOSIQ
VQ |F12 SQ ‘F12 (14)
V§|F1m8n2 =Va, S§|F2ﬂ8522 = 5y, S§|r12 = _Skl\pm'
The actualization of A¥ is given by
A= gVhy (1 0)AR. (15)

Let X¥ and X¥ be the vectors containing the unknowns values of displacements or tractions on the boundary
of subdomains 2; and €, respectively. They are given by

k k
A S}Jrlmaszl i SQk\Flmaszg
X7 = V};\eraszl and Xy = V%h“gmaszg : (16)
1r;o VQ Ir1a

The matrices A; and Ay are defined by the following
A1 = (=Gr,no0, Hrynoo, — Gr,,) and Az = (—Gr,no0, Hrynoa, Hr,,) - (17)
Then the algebraic system of Dirichlet-Neumann associate to problem (2) and (3) is written in the following
A XT = —Hr,no0, Vi + Grynoa, S1 — Hry, AF, As X5 = —Hr,rn00,V2 + Gryno, 52 — Gr, XF|.. (18)

and
AR =60X5, + (1 6)A, (19)
For simplification, let
BY = —Hr,noo, Vi + Grynen, S1 — Hr,, A" (20)
By = —Hr,n00,V2 + Granon, 52 — G, X*y (21)

The matrices A; and As can be factorized in the following A; = £1R; and As = LoRo where L1, Lo are lower
triangular matrices and R, Ry are upper triangular matrices. Now from (18) XF and X% can be obtained by
backward followed by forward substitutions. This gives arise to the following algorithm :

Algorithm 1.

) Set k =0, choose the initial A° = (\°, 3°) € R*™2 and a tolerance for the iterative solver
) Compute H; and G; for subdomains §; for i =1,2
) Compute A; using Eq. (17) for i =1,2
) Compute L; and R; (decomposition of A;) fori=1,2
) Repeat
Compute the vector containing known boundary values BY using Eq. (20)
Solve system L1R1XF = BF
Compute the vector containing known boundary values BY using Eq. (21)
Solve ,CgRgXé“ = B§
Update A* = (\*, %) by formula (19)
e k=k+1

Until convergence.

(6) End.
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3.2. Alternating algebraic system of Schwarz method

Let the boundary I';; divided into N;; constant elements for i = 1,2. The matrices H; and G; associated to
the system (6) and (7), can be decomposed as follows

Hi = (HFlﬂaﬂi HFQQ@Q@ HF“) and Gl = (GFlﬂaﬂi GFzﬁf)Qi GF“) (22)

In order to compute the internal displacements in Q; by Eq. (11), we introduce the matrix Z; which take the
form

Z, = (—Hq, Gq,). (23)
The algebraic systems obtained from boundary element discretisation of subproblems (6) and (7) take the form
k+1 k+1
V}C [Py oo S}C l\rmaszl
+ _ +
(HF10391 Hr,no0, HFu) V}C [rynoa; = (GF10391 Gr,non, GFH) S}C [rynae;
+1 +1
Vl Iryy Sl Py (24)
k+1 7 k+1 _ Qq k+1 _ Vk
Vl Irinoe; — Vi, 81 [rynoe; — S1, Vl Iry; — VZ PR
Vk-l—ll
k+1 _ 1 ko3
Vl [Tg =T Sk+1 ! (25)
1 ooy
and
k+1 k+1
V?H_ Irynoa, Si 1\r1m892
(HF1m892 Hr,no0, HF22) Va 2lryno0s, = (Gl“lﬁ{%b Gr,n00, GF22) 821 Irynao,
k+1 k+1
V2 2|1"22 82 [Poo (26)
k+1 7 k+1 _ Q k+1 _ yk+1
Vs [rinaa, — Va, 82 [ronon, — Sa, 82 [ros — %) JAS)
Vk+1‘
k+1 _ 2 aQ
VQ Iri; — yo) Sk+1 2 . (27)
2 o,

Let X f“, the vectors containing the unknowns values of displacements or tractions on the boundary of subdo-
mains §2; for ¢ = 1,2, have the following form

k
i1 Sz’]c+1|r1man,;
Xz' = Vz - Irynae;, (28)
Sk+1|r‘--
The matrices A; and As are defined for ¢ = 1,2 by the following
Ay = (_Grlﬂaﬂi HFzmé)Qi - GFH) (29)
Then the algebraic system of Schwarz method associate to problem (6) and (7) is written in the following
A1 Xt = By, A, X5t = pit? (30)
where ~ R
Bf = _HFlﬁé)Ql‘/l + Grzﬁafh S1— Hruvéc\ru (31)
B§+1 = —Hrmaﬂz‘/é + GFmanS2 - Hrzzvf-i—l\rll : (32)
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The matrices A; and As can be factorized in the following A; = £1R; and As = LoRo where L1, Lo are lower
triangular matrices and Ry, Ro are upper triangular matrices. Now from (30) X f“ and Xg“ can be obtained
by backward followed by forward substitutions. This gives arise to the following algorithm :

Algorithm 2.

(1) Set k =0, choose the initial V§ € R*M" given and a tolerance for the iterative solver
(2) Compute H; and G; for subdomains Q; fori=1,2
(3) Compute A; using Eq. (29) fori=1,2
(4) Compute I; using Eq. (23) fori=1,2
(56) Compute L; and R; (decomposition of A;) for i =1,2
(6) Repeat
e Compute the vector containing known boundary values BY using Eq. (31)
Solve system ElRle“ = B{“

[}
e Compute internal displacement in subdomain Q1 using Fq. (25)
o Compute the vector containing known boundary values Bg“ using Fq. (32)
e Solve LoRo X5t = B!
o Compute internal displacement in subdomain Qo using FEq. (27)
e k=k+1
Until convergence.
(7) End.

4. NUMERICAL RESULTS AND DISCUSSIONS

In this section, we illustrate the numerical results obtained using the Dirichlet-Neumann and Schwarz domain
decomposition method combined with boundary element method for linear elasticity problem. The comparison
of this two domain decomposition method is done in L-shaped domain.

The behavior of the method is investigated evaluating the difference between two consecutive approximations
for the displacements solutions and its tractions on the boundary v given by

B (u) = [lui ™ —ufll 2y Bi(0) = [0 =vf [l 12ty E(t) = (1677 =t [l12(1), Bi(s) = 17! =sfll12(1)- (33)

Based on absolute errors the following stopping criterion is considered for Algorithm 2

max(E} (u), EL(v)) <. (34)
The stopping criterion for Algorithm 1 is
max(E,(\), Ex(8)) <7 (35)
where
Ep(N) = [N = M2y, Bu(B) = 1185 = 85|12 () (36)

where 7 is a small prescribed positive quantity.
In order to investigate the convergence of the two algorithm, at every iteration we evaluate the accuracy
errors defined by

Gu(k) = llui = uf" || L2(), Go(k) = [lvi — v [| 2y, Go(k) = It = 17" [ 12(y), Gu(k) = llsi = 57" L2y (37)

Note that (34) or (35) express that the sequence (u¥,v*) converge in sobolev spaces H2(y) x Hz(v). For all
numerical experiments, we take n = 10~7. Note that we have v = I';5 for Algorithm 1 and for Algorithm 2
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4.1. Example 1

In order to illustrate the performance of the numerical method described above, we solve the linear elasticity
problem (1), in two-dimensional L-shaped domain Q = (0,1) x (0,0.5) U (0,0.5) x (0,1). We assume that the
boundary is split into two parts I'y = [0,1] x {0} U [3,1] x {3} U[0,3] x {1} and I'y = {1} x [0,3] U {3} x
[1,1]U{0} x [0,1]. The exact solution of the direct problem is given by

1-v v

2G oo<x, ’U(Z‘,y) = _ﬁgoy) t($7y) = ooni, S(J?,y) =0 (38)

u(z,y) =

with og = 1.5 x 10'°, G = 3.35 x 10'° and v = 0.25.

This example consists in spliting the domain §2 into two rectangular subdomains €24
Q3 = (0,0.5) x (0,1) with interface v = {0.5} x [0, 0.5].

The evolution of behavior errors as a function of the iteration number using Algorithm 1 is plotted in Fig. 1(a).

(0.5,1) x (0,0.5) and

Iterations k Iterations k Iterations k

FIGURE 1. The behavior errors given by (33), (35) and the accuracy errors given by (37) as a function
of the number of iterations k on interface v for Example 1.

Fig. 1(a)-(b) shows that the accurate convergence as a function of the iteration number using Algorithm 1
decreases when the iteration number increases.

0.08359

0.08358
0.08357 [
=
£ 0.08356 [
Foosass [
a
0.08354 [-

0.08353 [

L L L L L L L L 0,03 L L L L L L L L L
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05

FIGURE 2. Computed and Analytical u,v,t on interface v for example 1.

In Fig. 2(a)-(b), we have plotted the exact and computed displacements as a function of y € [0,0.5] using
Algorithm 1. The discrepancy is about 5 x 10> near to the corner.

We can observe in Fig. 2(c) and Fig. 3(a) , where the exact and computed tractions are plotted as a function
of y € [0,0.5] using Algorithm 1. The discrepancy is about 2.5 x 10~2 near to the corner.



4.2. Example 2

This example deals with the same exact solution as in Eq. (38). This example consists in spliting the domain
Q into two overlap rectangular subdomains €y = (0,1) x (0,0.5) and Q2 = (0,0.5) x (0,1) with overlap is
(0.,0.5) x (0,0.5).

0.005

Traction s
s

Convergence errors
v

Computed s on interface
xact s on interface

L L u
035 04 045 05

Successive errors

L
10°

L
10"

Iterations k

Convergence errors

L
10°

Iterations k

FIGURE 3. Computed, analytical s on interface v for Example 1; the behavior errors given by (33)
and (34) and the accuracy errors given by (37) as a function of the number of iterations k on ~; for
example 2.

T

|
I L e L

Iterations k

0.08355

Displacement u

0.0835

L
0 005 o1

(©)

L L L
015 02 025 03 035 04 045 05

FIGURE 4. The accuracy errors given by (37) as a function of the number of iterations k on part of

boundaries 72 and computed, analytical u on v, and 2 for example 2.

In Fig. 3, we observe the convergence of calculated solution to exact solution as a function of the iteration

number by the use of Algorithm 2.

0.02825

0.0283

Displacement v

-0.02835

00284

mputed v on Gamma_11
a1

0

FIGURE 5. Computed, analytical v on 71, 2

Displacement v

0.025

0.03

0

0.05

L L L
01 015 02 025 03 035 04 045 03

and ¢ on ~y; for

Traction t

example 2.

L L
015 02 025 03 035 04 045 05
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The conclusions drawn from Fig. 3 are graphically enhanced in Figs. 4- 6 which show the numerical results
obtained using Algorithm 2 in comparison with the analytical solutions.

148 5 -001 f . 3

L L L L L L L L L L L L L L L L L L L L L L L L L
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05

FIGURE 6. Computed and Analytical ¢ on 2 and s on 2 and 1 for example 2.

Comparing Algorithm 1 and Algorithm 2 to solve linear elasticity problem in L-shaped domain, we can see
from Figs. 2 and 6 that Algorithm 2 requires much less iterations than Algorithm 1. The computed solutions
are accurate and consistent with respect to increasing the iteration number k.

4.3. Example 3

In this example, we consider the union of two circle geometry domain 2. This example consists in spliting the
domain Q into two overlap circular subdomains Q; = {(z,y) € R?/(z — 0.5)> + y> = 0.25} and Qs = {(z,y) €
R?/(x — 0.5(1 + v/2))® + > = 0.25} with overlap is Q; N Q. In order to illustrate the performance of the
numerical method described above, we solve the linear elasticity problem (1), in two-circular domain 2. The
exact solution of the direct problem is given by.

1—-2v - v(x )_1—2V
oG 700 VY = Toq

U(ﬂfay) = ooy, t(fE, y) = oogny, S(IE, y) = oon2 (39)

with og = 1.5 x 10'°, G = 3.35 x 10'° and v = 0.25.

Iterations k Iterations k Iterations k

FIGURE 7. The behavior errors given by(33), (34) and the accuracy errors given by (37) as a function
of the number of iterations k on part of boundaries of €2; and 2 respectively, for example 3.

As a function of the iteration k, four behavior errors are illustrated in Fig. 7(a) using Algorithm 2.

In Fig. 7(b)-(c), we observe the convergence of calculated solution to exact solution as a function of the
iteration number by the use of Algorithm 2.

The conclusions drawn from Fig. 7 are graphically enhanced in Figs. 8- 10 which show the numerical results
obtained using Algorithm 2 in comparison with the analytical solutions.
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2 T T T T T

—— Computed v in Omega 1
- - - - ExactyinOmega | i

Displacement u
Displacement u
Displacement v

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

Theta/(2PT) Theta/(2PT) ‘Theta/(2PT)

(a) (b) ()

FIGURE 8. Computed and Analytical u in 1, Q2 and v in €3 for example 3.

0s

Displacement v
-
Traction t
Traction t

05

Theta/(2PT) Theta/(2PT) ‘Theta/(2PT)

Traction s
Traction s

Theta/(2PT) ‘Theta/(2PT)

FIGURE 10. Computed and Analytical s in 1, Q2 for example 3.

5. CONCLUSION

A domain decomposition coupled with Boundary element method was presented to solve linear elasticity
equations in complicated geometries. Three examples of domain are given. Stopping and two accuracy criteria
given by Eq. (35) for Dirichlet-Neumann method, Eq. (34) for Schwarz method and accuracy criteria given
by Egs.(37) have been used. The numerical results presented in the last section showed that the alternating
Algorithm 1 and Algorithm 2 produces an accurate numerical solution of problems given by Example 1-3 with
respect to increasing the number of iterations. Numerical results for Example 1 show that Algorithm 2 is more
robust than Algorithm 1.
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