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Comparisorof multi-level approaches domaindecompositiorfor
structuralanalysis

P LaderézeandD. Dureisseix

Abstract

Domain decompositiormethodsare well suitedto multipro-
cessorcomputerswith either sharedor distributed memory
which arenow the mostpowerful computersknown, [12].

When increasingthe number of subdomainsthe maxi-
mum efficiengy expectedfrom domaindecompositiormeth-
odsis not attained. Use of a global mechanisnto propagate
informationamongall of the substructuresanovercomethis
dravback[1]. Sucha mechanismhasnow beenimplemented
on several domaindecomposition-likealgorithms,suchasthe
FETI method[5] or the “Balancing Domain Decomposition
method’[11].

The approachusedin this work is baseduponthe LArge
Time INcrement(LATIN) method,coupledwith a substructur
ing techniquejn orderto solve the problemconcurrently{7].
Theinitial structureis decomposedhto substructureandin-
terfaces. Since eachpossesseits own behaiour and equa-
tions, the unknavnsin the problemareboth the displacement
andthe efforts on the interfaces.The resultingapproactthen
is a “mixed” domaindecompositiorapproach. In initial ex-
tensionto the LATIN approachwhich takesinto accountthe
two scalesarising from the substructuringhasbeenapplied
in orderto improve performancg4]. A more completeex-
tensionpertainsto the homogenisatiortechniquedetweena
macrolevel andamicro level, which arealsoderivedfrom the
substructuring This approaclhis describedor the caseof lin-
earelasticityandperfectinterfacesThe macrolevel is chosen
to be the “homogenised”structure(in orderto representhe
large-scaleeffects),to propagateheinformationglobally. The
choiceof this macro-leel problemthenallows us to express
the operatorghattransferinformationbetweenthe micro and
macrolevelsthroughoutheiterationsof thealgorithm.

The displacementvithin eachsubstructureaswell asthe
displacementfield ontheinterfacesareadditively splitaccord-
ing to thedefinitionof thetwo levels. Thestresdield andeffort
on theinterfacesarethensplit by duality whenseparatinghe
enegy onthetwo levels.

As afirst step,we focushereinon linearelasticityandper
fectinterfaceshowever, theresultingmulti-levelapproachat-
urally takesplacewithin the LATIN framework, which hasfor-
merly beendesignedor non-linearevolution problems.Last,
a comparisorof the mixed domaindecompositiormethodss
proposed.

1 Intr oduction

Domaindecompositioomethodshave provedto be usefuliter-
ative algorithmsfor performingstructuralanalyseon parallel

computers.In orderto improve the efficiengy of thesemeth-
ods,aglobalmechanisnto exchangeheinformationglobally
amongall of the subdomainsit eachiterationis required,[1].

UsingtheLArgeTimeINcrementmethod amixeddomain
decompositiomethodcanbebuilt, [9, 2], andaninitial exten-
sion,whichtakesinto accountwo scalesarisingfrom thesub-
structuring hasbeenappliedin orderto improve performance.
Its principleshave beenpresentedn [3] andits feasibility has
beenshavnfor linearelasticityandperfectinterfacesn [4]. Its
performances similar to that obtainedfrom variousversions
of the FETI method.

The resulting algorithmis numericallyscalable,i.e. the
numberof iterationsneededo reachcorvergenceis indepen-
dentof the numberof substructuresAt eachiteration,the al-
gorithm leadsto solving a large-scaleproblemon the whole
structurein orderto propagaténformation.

The approactproposechereinis relatedto the homogeni-
sationtechniquesbetweena macrolevel and a micro level,
which have alsobeenderived from the substructuring.

In Section2, we specify the notationsfor the reference
problemandits substructuring.Then, two scalesare defined
for both the kinematicand staticquantitiesin Section3. The
LATIN methodis usedto build aniterative algorithmin Section
4, and Section5 presentshe first resultsfor a 2D elasticity
analysis.The parallelcomputatioris performedwith aninitial
versionof suchamicro-macro2-level approach.

2 Problemto besolved

Thereferenceproblemis relatedto the quasi-statidbehaiour
of a structuredenotedby Q, over a time interval [0, T], for
small perturbationandisothermicevolutions. Loadingsarea
prescribeddisplacementl ; on onepartof the boundaryd;Q,
aprescribedractionforce F4 on acomplementarypartof the
boundaryd»Q, andaneventualbodyforce f ; ontoQ, seeFig-
urel.

Figurel: Referenceroblem



In orderto simplify thepresentationthereferencgroblem
is written for the caseof linearelasticity(the non-linearcaseis
treatedwith afull LArgeTime INcrementapproacHh8]). Time
is no longertakeninto accountbecaus@nly the final configu-
rationis of interestherein.

The displacementield at eachpoint M of Q is U (M); the
associategpaces U (Up will denotethe relatedvirtual field
space)s is thestrainfield andthe currentstateof thestructure
is givenby the stresdield .

Thereferenceproblemis thento find s= (U; ) which sat-
isfies:

e kinematicequations:

e=gl), Upo=Yy UeU (1)

e equilibriumequations:

YU* € 2, /Q Trioe(U*)]dQ =

- fd.g*d9+/ Fy-U*dS (2)
Q— 02Q

o theconstitutverelation(K is Hooke'stensor):

0=Keg 3)

In orderto obtainanaccuratesolutionto the previousprob-
lemwhenseveralstructurakeffectsoccur— suchashigh-stress
gradientareas— or whena precisemodel of the materials
behaiour is needed,one would expectto usea large num-
ber of degreesof freedomin a finite elementapproach.This
problemwill be calledthe micro-scaleproblem. Obtaininga
direct solution to the fine-scaleproblem can be very costly.
Oneway to solwe it efficiently is to usea substructuringap-
proach therebyallowing usto performthenecessaryreatment
on multi-processocomputerg12].

The originality of the substructuringpproactusedherein
is to decompos¢he former structureinto substructureandin-
terfaces,with eachof them being a mechanicalentity in its
own right: eachpossesseiss own behaiour andequation[7].
Suchsubstructurindeadsto introducingadditionalquantities;
the stateof the liaison FEE’ betweensubstructureF and
QF is definedby efforts and displacement®n the interface,
(EE;WE) and (FE';WE'). They representhe actionof MEF’
on QF andQF', respectiely, asshavn in Figure2.

Figure2: Substructurandinterface

As thesizeof thereferencgroblemincreasesgomainde-
compositionmethodsbecomemoreefficientthandirectmeth-
ods. However, efficiengy is not as high as expectedwhen

the numberof substructuresncreasesijn particular numeri-
cal scalabilityis not attained.An additionaleffort is required
in orderto improve the performanceof suchanalgorithm. In
classicaterms,a global problemhasto be usedfor the whole
structure[1]. For instancethe FETI method[5], whichis a
dual Schurcomplemenproblemsolvedwith a projectedcon-
jugategradient,mustbalancethe efforts field on its boundary
globally for eachsubdomain At eachiteration,it hasto solve
a global problemwhoseunknowns are the rigid body move-
mentsof the subdomains.Whenusinga primal Schurcom-
plementmethod[10], the BalancingDomain Decomposition
method[11] makesuseof a similar featureduringthe precon-
ditioning step,in whichaNeumanrproblemis solvedfor each
subdomairat eachiteration.

In the caseof the LATIN method,aninitial multi-level ex-
tensionto the algorithmhasbeenproposedn [3]. It employs
a coarsediscretisatiorof thewhole problemat the large-scale
in orderto propagatethe information globally amongall of
the substructuresWe areproposinghereinanothetdarge-scale
problemgeneratedrom a homogenisation-likapproach[8],
whichis expectedto be moreefficient.

3 Usingtwo levels

The solutionis consideredo possesswo parts,relatedto the
microscalemandto themacroscaleM. Suchanapproachuses
homogenisatiortechniquessimilar to thosewhich canbe de-
velopedwith multigrid approacheff]. The stateof the struc-
tureis thendescribedvith two parts,eachdefinedononescale.

In order to simplify the notations, further substructure-
relatedquantitieswill no longer be denotedby a superscript
E.

3.1 Kinematic splitting

Accordingto the previously consideredplitting, the displace-
mentfield is

u=um+u

UM is regular over the whole structure, except on ary even-
tual discontinuity surfaces(unilateral contact, for instance):
UM e ¢M. This constitutethe large variationlengthdisplace-
ment. UM is not requiredto be continuousthroughouthe in-
terfacesdbetweersubstructuregthoughthe corvergedsolution
will be): U™ e Ug. Thisis theadditive micro correctiondis-
placement.

Let us considera classicaldisplacement-orientediscreti-
sationof the problem,andlet usfocuson the casewhereboth
the macro-scaleand the micro-scaleunknowns are searched
in embeddedliscretisedspacesseeFigure 3. The macro-
scaleunknawns are hierarchicallyprojectedandthe splitting
on macroandadditive micro spacess performedvia a hierar
chicalh-basissplitting, [15, 14].



\umacro level mesh

Figure3: Hierarchicaldiscretisatiorof thetwo levels

Thestrainfield is then:
g(U) = £(U™) +e(UM) = ™4 &V

From a kinematicpoint of view, the displacemenbn the
interfaceds alsosplit ontwo scales:

W =W+ wWM

with thecorrespondingpacesW™ € W, andwM ¢ M.

3.2 Dual static splitting

Both stressesndefforts canbe derived from previous repre-
sentationswith anenepy splitting, whichis akey pointin the
proposedapproach:

(F,W) = (E,W™) + (F,WM) =

where(., .) is thesymmetricform:

FE.WEdQ
aQE T

(EW) = Z

and:

/ Tr[og]dQ :/ (Tr[oe™ + Tr[oeM])dQ =
Q Q
- ]Q (Tra™e™) + Tr[aMeM))dQ  (5)

Theserelations,(4) and (5), allow usto definethe micro and
macrodual unknavns: o™ and FM arethe macrostressand
efforts, ando™ andFE™ arethe micro correctionstressandthe
micro correctionefforts.

4 A LATIN approach

Within thelinearelasticitycasetheLATIN framework is trans-
formed sincetime no longerplaysa role. The usualduality
is now relatedto enepy, i.e. it occursbetweendisplacements
andefforts, andno longerbetweercelerity andefforts, asthis
is the casewith thedissipationduality for non-linearitiesor for
dynamicproblems.

Sincewe aredealingwith perfectinterfaces|et usexpress
their behaiour: the displacementield on theinterfacesmust
be continuous,W = W/, and the efforts must be balanced,

(F 4+ F/,\W*) = 0. With W* = W™ + WM* this equilibrium
canberewritten in the micro-macroform:

YW™ e ey, (EM+FMW™) =0 (6)

ywMe e My, (EM 4 EM WM =0 (7)
while thedisplacementontinuityis:
wm:wlm and wM :wIM

In orderto breaktheglobality of thereferenceproblem,(1)
and(2), equationdor the substructureghroblemareseparated
into two groups. We intendto keepthe macro-scalgroblem
global over thewhole structurewhile treatingthe micro-scale
equilibriumon eachsubstructurseparately

For theversionpresentedherein theproblemnow consists
of findings= (U,W; 0, F) which satisfies:

e an initial group of equations(") with possibly non-
linear, but local-in-spacegquations:

— for eachsubstructur®®, Hooke'slaw (3), and

— for each interface M'EE’, the correspondingbe-
haviour for the micro scale: equilibrium (6) and
continuity of displacementv™ = W'™,

e a secondgroup (Ag) with possibly global, but linear,
equationsjn which the splitting into the two levelshad
beenpreviously performed:for eachsubstructure,

— kinematicadmissibility:

am = e(gm)1 gmlaQE = V_Vm’

Ume ug, W"e g (8)

uMeaM, wMeu (9)

— staticadmissibility:

VU™ e Ul / _Tr{o"e(U™)]dQ =
’ Q

= [ 1ou™do+ [ E™w™ds (10)
QE— aQE

YUM* e ¥, 3 / TrioMe(UM)]dQ =
QE
22/ fd.gM*dQ+/ EM.WMdS  (11)
QE— 0QE

andfor eachinterface the macro-scaldehaiour: equi-
librium (7) anddisplacementontinuity W™ = w'™.

A two-stageiterative algorithmcannow be built [7], see
Figure4. Its main featureis to successiely producean ele-
mentof I andanelementof Ay at eachiteration. Eachstage
involvesa searchdirection,E* andE~. Thesearethe param-
etersof themethod.



Figure4: 2-stagdterative LATIN scheme

Onecannoticethatif the continuity of additive micro dis-
placementshroughoutinterfaceshadbeenplacedinto the Ag
group,while keepingthe additive micro equilibriumon inter-
facein I, this would have constituteda primal approach(each
solutions € Ay satisfyingthe continuity of displacement)in
contrastthe equilibriumin Ag andthe continuityin ' would
have produceda dualapproachKeepingbothequilibriumand
continuityin I asaninterfacebehaiour leadsto a mixedsub-
structuringapproach.

4.1 Local stage

Onces is known, the problemthenis to find § € I' suchthat
§— sbelongsto asearchdirectionE™, i.e. for linearelasticity
we usethe Hooke's operator:

(6-0)+K(E—€) =0 (12)

for eachsubstructureand:

YW™ e np,
(E"Im_Elm’wm*) _ (km(WIm_wlm)7wm) -0 (13)

for eachinterface.Of course § mustalsosatisfyHooke's law
for eachsubstructurg3) andthemicro-scalebehaiour of each
interface.

It canbe noticedthat micro and macroquantitiesare not
separatedn the searchdirection(12) in orderto ensurecou-
pling betweenthe two scales. For the boundaryfields, the
searchdirection (13) is expressedseparatelyon the micro
scale. One characteristiof the parametek™, whenusinga
multi-level approachis its relationshipwith aninterfacechar
acteristic[3] andno longerwith a structuralcharacteristicas
it wasthe casefor the formermono-level approach|[9].

Sincethe searchdirection E* is local andlinear, the re-
sulting local stageproblemis alsolocal in termsof the space
variable. It canbe easilyparallelisedoncetheinterfaceshave
beenmappedntotheavailableprocessorskor instancewith
theinterfacebehaiour andthe searchdirection(13), the addi-
tive micro displacemenéndefforts canbeexplicitly expressed
as:

KW, W) = (k™™ W™) =
)=( )

- %[(km(wm+wlm)’wm) _ (Em+Elm’wm*)]

= SIET— B W) — (KW W) W)

4.2 Linear stage

Oncesis known, the problemthenis to find s€ Ay, in sucha
way thats— S belongsto thesearchdirectionE ™, i.e. for each
substructure:

(0-0)—K(e-§)=0 (14)

andfor eachinterface:

YW™ e up,
(EM—E™W™) 4 (KM(W™ - W) W™) =0 (15)

As previously noted K doesnot separat®ut microandmacro
quantitiesin (14), althoughk™ doessoin (15).

Sinces € Ay, it is saidto be admissible.lt is subjectedo
bothkinematic(8 and9) andstatic(10 and11) admissibilities.
Sucha problemis both linear and global per eachsubstruc-
tureonly. It canalsobeparallelisedvhenthe substructureget
distributedamongthe processors.

We are now goingto describemore preciselythe kind of
problemsto be solvedduringthe linear stage.Takinginto ac-
countthe propertiegthat§ hasto satisfy the searchdirection
(14)leadsto o0 = K¢, i.e.:

ver = gM 4 eMx,

/ Tr[oe"]dQ = / TreKe]dQ  (16)
QE QE

4.2.1 Micro-scaleproblem

Let’s look more closely now at the micro-scaleproblem,in
which all macro quantitiesare supposedo be known. One
mustfind s" = (UM W™, ¢™, E™) whichsatisfiesfor eachsub-
structure the kinematicandstaticadmissibilities(8) and(10),
aswell asthe searchdirection(14). Thelaterthenleadsto:

/ Tr[omsm*]dQ:/ Tr(Ke™+ KeM)e™]dQ
QE QE
Usingthe staticadmissibilityandthe searchdirection,the

resultingdisplacement-orientddrmulationconsistf finding
on eachsubstructuré& ™ andW™ suchthat:

am = e(gm)1 gmlaQE = V_Vm’

Umea® w"e um

and:
YU™ e U,
[ T UmKeU™)+ [ U™ knu™ds=
QE 0QE
- fd.gm*d9+/ (EM 4+ K™WM) -Um™dS+
QE— 0QE
_ / _THEMKeU™)ldQ  (17)
Q

The discretisedproblem is then obtainedwhen expressing

the displacementvith the classicalset of basisfunctionsN:
U = N[U], where[U] is the columnof unknowns. If [U™ and



[UM] denotedegreesof freedomfor the additive micro andfor
themacroquantitiesthediscretisegroblemcanbewritten as:

(K™ + KUM=

[K™ is apartof theclassicaligidity matrixgeneratedrom the
constitutive relation; [kK™ is a boundaryrigidity arising from
the searchdirection. Both are constantthroughoutthe iter-
ations,and are thereforefactorisedonce during an initialisa-
tion phase.[f{] is the prescribedoading; [F™ is a boundary
loadingdueto F™ + k™W™, which dependson the iteration;
and [K™][UM] is a body loading generatedrom the macro-
scaledisplacement™. [K™M] is an out-of-diagonablock in
the classicarigidity matrix, expressedn the previous h-basis
split, whensplittingthe degreesof freedomin microandmacro
parts:

[£57 4 [F™) — [K™M UM (18)

1= o |

In orderto expressthe macro-scalgroblem,in the next sec-
tion, the structureof the micro-scaleproblemmustbedetailed.
Sincethe problemis linear, the solutioncanbeexpresseds:

Qm:Qd‘FQ

U is the partof the solutionfor which z-:~'V' is the only loading
termon theright-handsideof (17). LetU € ¢/M besuchthat:

v e, [ Tried)KeUM e
Q

_/Tr

i.e. from adiscretisecpoint of view:

)Ke(UM)]dQ

[KM]10] = [KM™[0]

Sincel € ug andQ € UM, thelateris enegetically equiva-
lentto theresponsén themicroscaleto amacro-scaléoading.
Finally, U is derivedfrom UM usingU. It canbeformally writ-
tenas:

Ke(U) = LK g(UM) (19)
or:

[KM)[G] = —[KM™]([K™] + [K™) ~L K™ [u™M]

4.2.2 Macro-scaleproblem
Thisproblemis treatedsimilarly with thesearchdirection(16),
which thenleadsto:

/ Tr[oMeM+]dQ = / _Tr{(Ke" + KeMeMdo
Q

Using expression(19) in the macro-scalequilibrium, the
displacement-orientefdrmulationnow consistsof findingUM
andWM, suchthat:

e =gUM), UMoe=W",

uMeaM wMepM

and:
YuM* e M,

Z/ Trle

zz/ fd.gM*dQ+/ EM.uMds+
QE — E

_Z/ Trle

Theregularity constraintsor UM leadto aglobalproblemover
the whole structurefor the macroscale.Sinceonly perfectin-
terfacesare usedin this example,the interfaceloadingin the
globalmacro-scalequilibrium(20) is then:

)(14L)Ke(UMA]dQ =

JKeUM)dQ  (20)

Z _EMuMrds=
0Q

M1 EM).uMrds=0

=5 [ E

EE!

for theversionusedherein,asaninitial implementatiorof the
micro-macroscheme.
This macro-scaleproblemis usedas the mechanisnto
propagateheinformationglobally ateachiteration.
Whendiscretisedthe macro-scalg@roblembecomes:

[KJUM] = [F] (21)
with the condensedigidity andright-handside:

[K] = [KM] = [KM™]([K™] + [K™) ~
[fd — [KMM[Gq]

KmM

(14 L)Keg(UM) is the homogenisedtressand (14 L)K
is the homogenisedHooke’s tensor UM ando™ arethenthe
effective displacemenandstresdields.

The solutionUM now allows usto solve the micro-scale
problem(17)asasecondoroblem.

5 Example

Thereportedresultsareintendedto enablecomparingthe pro-
posedmicro-macroapproachwith the initial version of the
multi-level schemd3], andwith the initial mono-level algo-
rithm [9, 2]. In particular theinitial multi-level approacidoes
not takeinto accountthe homogenisegbartL, but it doesre-
tain the couplingtermsin both the micro andthe macro-scale
equilibrium, and solves the problemin a fixed-pointmanner
togetherwith the LATIN iterations. In contrast,the proposed
micro-macroapproachusesa homogenisatioriechniqueper
formedwith a staticcondensatioonthemacro-scal@roblem.

The generallayout of the micro-macroapproachis de-
scribedin Tablel, andhasbeenimplementedn theindustrial-
typecodecasTEM 2000 [13], developedatthe CEA in Saclay
France. All of the computationshave beenperformedon an
SGI ORIGIN 2000 with 32 processorand8 Gb of sharednem-
ory.

In order to checkthe performanceof the proposedap-
proach let usconsiderthe modelproblemof a slenderedidi-
mensionalstructuresubmittedto a parabolichendingloading



Macroscale
dedicatedo 1 processor

Micro scale
dedicatedo n processors

Initialisation

receiiing [Kg] —
assemblinghe substructureontributions

factorisationof [K]

Loop over iterations
linear maco stage

receving [Fe] —
assemblinghe substructureontritutions
forward-backwaran (21): global problem
sendingUM) —

Initialisation
computeelementaryigidities [Kg] and[k{
assemblinghe elementcontrikutions
factorisationof [Ke] + [kT'] aswell as
condensatiomo obtain[Kg]

sendingKg]

initialisationof §=0

Loop over iterations
linear micro stage
computeelementaryjoading
assemblinghe elementcontrikutions
forwardsubstitutionon (18) aswell as
condensatiomo obtain[Fg]
sendingFg]

receving [UM)
computecouplingterm [K™M][UM]
backwardsubstitutionto obtain[U"]
local micro stage
cornvergencecheck —

Tablel: Micro-macroLATIN algorithm

(seeFigureb). For this example,thefinite elementmesheof
the two scalesareembedded.The referenceU ; 0)ref hereis
thedirectfinite elementsolutionwithout decompositionThis
allows usto definethe corvergenceratein theenegy norm:

T=—log—=
g €nh

where:

‘. % /Q Tr[(0n — Orer) K ~L(On — Oref)|dQ

1 -1
é/ Tr[OrefK Gref]dQ
Q

{ = U,

| L
00
OOO00o0Dooooo
0000000000000

Figure5: Model problemandits decompositiongito 4, 16 and
64 substructureandinterfaces

For the following computationsthe size of the problem
localto onesubstructurés keptconstantThesizeof therefer

enceproblemincreasesiswell asthenumberof substructures.
Table 2 shaws the variouscharacteristic®f the solved prob-
lems.

Figure 6 presentsthe averagedcorvergencerate (up to
a high level of corvergence: e, < 0.1%) versusthe number
of substructures. The relative convergencerate is obtained
by normalisingit with the corvergencerate for the caseof
4 substructuresind the mono-level LATIN algorithm. Table
3 reportsthe numericalvalues. It illustratesa well-known
behaioural characteristiof domaindecompositiormethods
without a multi-level scheme:slowing the corvergencerate
whenincreasinghe numberof subdomaingl].

Relative convergence rate

10 mono-level LATIN
2-level LATIN
. micro-macro LATIN
mi [ LAl
1-- iil.‘! ‘ H
0.1 } f —
4 16 64

Number of substructures

Figure6: Relative corvergencerateversusnumberof substruc-
tures

Theevolutionin thestressanddisplacemenfieldsthrough-
out theiterationsarecomparedn Figure 7 for the mono-level



substructurindtotal) macroscaleproblem directcomputation
nb nb memoryrequirement nb | memoryrequiremen nb nb memoryrequiremen
sstr| dof | for factorisedmatrix | dof | for factorisedmatrix dof |elementg for factorisedmatrix
4 | 8712 3.3Mb 20 0.7Kb 8514 2048 4.7Mb
16 | 34848 13Mb 54 3Kb 33410 | 8192 39.7Mb
64 | 139392 52Mb 170 14Kb 132354 32768 324Mb

Table2: Characteristicef the problemsinvolved(micro scaleis meshedvith 6-nodetriangles,macroscalewith 3-nodetriangles
and?2 elementgersubstructure)

numberof relative corvergencerate
substructures mono-level | 2-level | micro-macro
4 1 1.41 2.15
16 0.25 1.10 2.02
64 0.10 1.20 2.05

Table3: Valuesof relative corvergencerates

111

2. 70E+04
L72E+04
7.36E+03
0

-71.36E+03

- 1.72E+04

[}

-2, 70E+04

i

|

Figure7: Comparisorof solutions(Misesstresdield anddisplacementield) atiterationsl,2 and 15 for: a) on theleft: amono-
level approachandb) on theright: a multi-level approach.
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L.72E+04
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Figure 8: a) on theleft: the micro scalesolution (with a 10-magnificatiorfor displacement)p) on the right: the macroscale
solution.



andmulti-level approacheghere,theinitial version),atitera-
tions 1, 2 and15. For the latterapproachpoththe micro and
macro-scalgartsof the solutionareshovn in Figure8.

Last, it shouldbe pointedout that for the mono-level ap-
proach the searchdirectionis k = E /Ly, whereE is Young’s
modulusandLg hasan optimumvalueof twice the length of
the structure [9]. Whenusingthe multi-level or micro-macro
approachthevalueof k™ = E /Ly hasbeensetsuchthatL is
equalto 0.25 timesthe lengthof aninterface. It is no longer
characterisethy the globalbehaiour of the structure[4].

With a globalmacro-scalg@roblem,thealgorithmalsobe-
comesnumerically scalable: the corvergencerate is quasi-
independendf the numberof substructures.

The micro-macro approachdeals with a structural ho-
mogenisation:even for a problemwith a homogeneousa-
terial, the multi-level approachusing the “homogenised’op-
erator(1+ L)K for the large scaleproblemhasan improved
corvergenceratewhencomparedo a classicakoarseliscreti-
sation.

6 Conclusion

The objectie hereinis first to build amechanicabndparallel
approachelatedto domaindecompositiomethodsin orderto
useparallelarchitecturecomputersfor problemswith alarge
numberof degreesof freedom.It dealswith amixedsubstruc-
turing methodsincethe unknowns are both the displacement
andthe efforts on theinterfaces.

Using a macro-scaleproblemto propagatethe informa-
tion throughoutthe substructureglobally improvesthe con-
vergencerate; asthis rate becomegqquasi-independeruf the
numberof substructuresthe resultingalgorithmsare numeri-
cally scalable Moreover, the“optimal” searchdirectionis then
relatedto aninterfacecharacteristicanddoesnot dependary
longeronthe behaiour of thewhole structure.

The proposedtechniquebelongsto the field of structural
analysiswith homogenisation.It combinesboth micro and
macrorepresentationsf the probleminto the LATIN frame-
work. Since the macro scale problem remainsglobal over
the whole structure, this leadsto an information exchange
mechanisnfor all of the substructures.This approachdoes
not requireary specifictreatmentor boundary-locate@reas
and concernsstructureghat are not requiredto be a periodic
medium.

Evenwith homogeneoumaterial theuseof thisstructural-
homogenisedike operatorfor the global macro-scale,jm-
provesthecorvergencerate.As this operatoiis relatively easy
to build, the additive costis expectedto be small enoughto
have animproved algorithmin term of cpu costaswell. Of
coursejmproved performancegreto be expectedwhendeal-
ing with highly heterogeneoustructuresasthis is the caseof
reinforcedor compositestructures.
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