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se fJ ropOJe de c.onlt}uh'onne.,- o» 10#Î

d'analyJe r h.! ~/a?.p.e~ el- /.e.1 Voi/E'J

Ol?

Dep(//~ 'lu e/?ue~ al1n~e3 d(ja') d~~ f".avaux (()n).

ire" eo frejJ r/!> (/ / ~'eO/f j> o/yf~cf,.n'fve. de TA/e~ f> OV r: th~·

ve/0l'P er 10 con c-f,P).,'on a ~~;s le'e ptar ord/nafevr C CA.0.) )

do,." le domtJ,i?e de J~n(iIY,je des slrvc,tvre:.. C'es» 41"J;

que. efevx J0!J/c./e/~· on J. él-e' r(/a//.u~:

/ ~n pov r /'tJ,nt17.se avl-ornah?pe lIeJ ca dr es

, y/a" d e~ //n e 'a/re J el-
. ~ )

1 ::.w 1re. . 'pov r / ana /yJ e . c/es mor:~ ,/.>a,- él.e'",-r" 1-

fn,'
CeUe onn,û?

,/

CI'el 9.AM' perme/Ira

m/n ee s (ZI') 1/..ex/o/1 . ·

la lorme C?J. /es c.ond/}/o"J d a"e,Pv~~ dt2S ,D/a9.Mf.s

"'elJ~n-lrû.s dan J J~ ma)'o r/ -le l rifl~ pro &/(ù>?(:> ;>rQfl? VIJ

rendeo]: citl/'C/'kJ /!,vit'/t'Ja I/on . de~ mélj,odn e.--/a s 1.' fu e", .'

la me'lhr!>de. d es .sér/e::, dov"/t~ cil. IVt7IV/~r' el- CL/~ tle~ .s;,,~

;lnlnl'/eJ de. Le'v.!! So"J..• hin,.Ie5J,:. ao.k 'p/af..Me~ ret-j.a"'!J""/e'/r~:..1

fanrif:S 9,A,Ae. )~ m ~fJ;it) de de ~ d'j/t'r&t U~ /riu'e~ c,onna/J. des.

cbl/'eu lié:, lo,...1 ole Ja. rflpr:'Hn I-a f/on .<h~ con ci.,-}, "".1 Clc,Ax /J~' .

..j.(l.~j c..~ .Jo"). la 1 J~ ra,t'JonJ.~ c-/io/« cie la mllhoae de~

e'/omt?l,J., tru~., tt/IR. e~J. Ja seule m.tlhoa( AVJ~h"bÛ. cre
'r~Jo~ dre. ~anJ f}rojJf:~ . dt/lr'w/I~'.s Ie~ proltt~~J 01.(. F>/a1v~

e"J- de... c.or~,j de .rrmu ~(tIC.pn1.A~~ .

f)al'J r;ofre éiu~.1 n.cV,J o/'pI/1"M.f.r()n~ Je:;:; ffM~ )"/t' dp~

p la.tp(,) rn/nc.(~.J· Je) dY/-tx/~".s Jo,,1- -/a/6It.J elDn n{jA'~

foo tje. Ja dfjforJh'o" ete la J ec.J./on a.,..oih. so os /JYktn ~

art) ~rl-~ -Ir~nc-.hQ"J~, C€.s wl'f'otrii/on~ rrmt/)). a,vJ 11



/e~ bases a'fl. lA IlIe'or/e d(l~ vo/1e:> j7)/n C-Q,$.I' la- a't;tje"ren-

ce SVj';Ok "".(/llairt'. ~'~'ic. (/,,"J I.e c.o/Ylpo.,..1IhJ.(n). ~~ /"J~

re.J el- deJ CDjAIl.; AOVJ l'~J. t/l'A ~a'Yt.J ~xfer/~rl'J

alorj 1.pf. II ef"/~are ,Jft:/ftt;..M< (/~n~ p>/afA-< Â'" In';Jtmf

(/e~ c-A(Ar.:Jf.~ /afe~a/e.J es,/. pOH,'61..e ;Jrat..I.... QI lae-J./on o'fJ

mOfY'l.(nl-,j d.e. lors/on et de II~x"o" J ttUÎ?h' '/,.;(.(( ~J /"rc..e4

ole tuia.iI4h1.K/l)/ Je..J c..ore.~,.(V"t .!J-é/J:ra! SDnt ~a~.$ ~

-!ranJme.!)re le.! ~a':JvJ a«. Jvr/au. ,PCfr- /-R. !J/"aI".J œ(~

(U)"lya,,'nleJ m.e.rn~ranairej ~' a!J/SJt.n} j:>QI'"alle'A,m-ll1) t:UI

p1~n fat"'.1~11). 6t 1 un p.o/n). . donn"e' lk Ja JV~ Ge m.f.'d/tJI-

n~

J

elu 6 l'v" ,.la IftR'cJ.Nf. œf2J m.f/n~ra/}.(> el- ch ce-/~ tYtJ

en -/It;vi:;n /a/r 4 <!W'jf. ~ \ ~flA. ;or.eJ/f)I-~ n~" <if. la

rb.J ~~~"}..J f~'.1I'· e- 'eA~ a/"r; F n.tJVJ "cro tJl'd(

a t ) ~~ bo}la ,ili.,,, du J~/~e0' ~ la ~a.1Jl ~/rhU'..au-tq

/t. -FoRTJ<AN 77.

Nov 1 .(JUl'po~ro"'~' ~ <4 tyla 1R.t-Ja...u ,fth'/t'.l.t' fi 1- homo­

qe'n.e ~ .,fJC) frope ,~ da..rl-/~ ,/hua,M"" naos tu. 1/€nrLrDn~

'pa4 n»n p tu) COlt?P -je a!e4 C.oI71'r~."'n I~ Jéfti.rt. 'tJ P e:t/l ~ Vtll-

../l./af.,'on,J 'dt. -/ernplZ'ra fpre 'n./ c6. td~s tkC4 d ri el/e» bn/
, )

/e-J de.l'rm(A~onJ ~n.,j./a/JU.
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Cen} an~ 0l'rfÜ /','.J-~//s.sth'lt.n~ ~~ bt:t~ es u'.< )17/)4....,
!y~ e sIr.NtJ~r4./.L 1.) Jf) C-OI?J D //dt:J 1;'0"" d.(~ ;!)),fo'/e} Jv r-

Ia 1/(x/o'7 QI- la l.orJ/on de~ .p ov/ru d"'f"IJ/) J. /t:t)Ji

rio dt et~ IISO a' .A96'0) /tl. choh'j) ci a),'pl/("d!,'on ch l~nt4

/yJe iQ~ S7r(/~"Y~~ Je //m/J.a,,'j- -I0VJovr~ et' ;1,lvrk at~

SYJ -I(lm(~ v",.tI'~~n,.,'o,,~ to/),I/I~t.> ri ~k.m~"J.~ ;:JD"I,..~ ef

fy~/IA".); 7OUh/o/.J e» Igo9, AITè t:W~.j. -/rovl// UI\.( m./lh~d(

p(J/JJa"";~ u't. res D /",~'o') 'Y/rD~; ~J 'pro6 1.e;"' ..(.l ott /a m t'~t1I

"'f.ue. o'~ m;h't!.w< conl,',w,>;, eall.. l'hA.tkd.,. (.cnhJJeu·j. 4'1n/"'"

fYllie.,- .."ûn !o"e/i'pnndlt., 1/'...,,,- ~ '- ~h lA'U. /onu/cn cit /-o"e),
j>tJ l' /l ~1'1'0l'1- é2Q1(. .A;'con,",~ ••: Iv -r"'~/o"'.) ~ ,./.J4) c::I' / eJ)t:ZI'

e J.taJ'tll)- dc.J;" C4)"'W es Il' o't.c/tIU',,..J. ve l'''/t è-r J~~ cor» â/f/,uu

frf)n-ht,..t~ d/,6 j)ro6/(/hA.j c/«JJ. er» <!.I pD/"). ~(. rtiJ,,'t/t1û·;'

la ci#'ef,/Ie' cU ~ tn:ll,prÂ ot ~"':.s. En Ig43,1 CovRANT /4

Ct", ';0V"" 4 tVP t,11I7IJ,'JJ(J'.J. pIU.l7'eI#·~ /one.he,,.J> hi'll.it..,,·r~.s ~.

~~ rftl/fA,lM Jo d~ I/~"fv Iv UJn d/I-/t:1n,J ?c"itiru 4V'...un nDh'

bre. t'n,,' dt. poin}J ln"A,I~J ~,. la lronf,ih j mtb~ /..(9"4;&.,"

n.t'J",l>rt t:J "fvt:ll"Dn~ a' 1r4l'-I~ o'~VclV~ a,.,.tt,.,. J, ~1111/t'p

pttmt"J. af. c.#1l. mArYn"ct'a a' / '~~.

~" ItJ50,l ~"t<.. l'elvtt.'nAhtfnJ. de. 1 ~"'dvJ f,./c Ut. 1a;,.cn.....),·

1""(" 0" dt.l/f l(Jp~tA .,Nn i/~tnJ. .J/,..,ud-..u r't' 1 taC dw~ rl/mu)­

htO"~ t'.fll'n cl ~""h",.e,. J~ r/glrJlf.e' c1f4 :W~/n.(A)..J <:1 f/N hl,,,,
braru.. r on ÂL//tf"U·;' Q.,U/C -Ira. fI,'f.(b"~J ~trU~)..l vn,.rJ,w./V)J,'o"Nl

En l''CO 1 ClOU(;H v)/J,Jq 'pour Id ~rfl.In""c. /oh h.
•-Ierln.( c/tJJ'.(n) /In.,' rJ4n,J ADn fr"..(ft'V/rc. _,on li iu/.R' \' r he 1/

1

Il J
nilt ~/I"..(Jt; m «1},. d ~." p/""" llr.J~ Q,'f(~I!l1n'lI ": 11I'4 /n,'1h41
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//e' au d.e.c/'t4pl>~Mtn) d(/J or""

f,.~'If!,""n). fWfYV.'"re. a':U,., 9 n1" "

dl. (!.DnlW co» gr'an.d Â1J~et.S

nafwr.> tF' pertnt /lcuèl>r le

l'1Dm 6re. aopfraI/on~ ,

J)e no~ J'ou rs 1 Ja rn-l'Ih~rI.t.. a'e.) e1Un(/)}.J. ""N.J ILl, 1­

..P h h'Joe d~n~ I:H!.(W coup c:I a.c.e Irf~ o'Dh>41n..u tf«f. eeLtu' d< J!R

nalyu Js"..u()-.,uro/.- e"I,alu..,." m~IUA'Uf.M" 0""\ l/u,.tIe~ '" mt~

rl.i~ rft~ AD/J,I /;;!d,.D!P!Jt'C,l eé «: - •

-1.2. LA STRUC.TUAt" .sY.5TEME PHV.5JOlJEA RE~OlJDAE.

Da",> la .eon~-/r»cJ/o,,~ /t Ybk jlr/nclpQ! ~ /~~.(r/tp~ 6~J.

dt pro dt/t..,. 0' !'ontA'Ju. des J1rMc.r,uro en v~ 0'" leu,. tU'

mll.nJ/on""mt.ni-/ /(l.~·J-Ir.;UcJ-...ur6 ~n~f/l.Ntnj. cle~ Jy) {ùnl) "phYl1'

tfMe.> .dDn;'· ) dn~ ~~ . n I~>J p":> ~ -Ioud~u"J la dh/ o'-J,.bn .sy"
c .

.Jelh.t ph!fJ-,''JM' es 1- eAr~c.J.e'r".Je 'f>a,. ..,;Un U'1Jll.m 6Le de a/dr/a III,

r« c/tlj;fnc!e.,,;' dL.;··~O)l.dDf)rut,}.J/Jaj./(Jfk:, el- diA Irmp.J/ clanJ le

Ûl~· ou' te> '.'tar/a6!t..) No. deptndVlJ. ,JOd) de,. -IempJ,I /'! J!1J-I~ht.(.

sz.vf. et'J " fa h"on na/re .
=..:....::.:...-:._....:.=~.

~rh:tif1R.J. vor"a'ltj . .3on,1- CDIVWf/4 a' /Jr/oY",:' J/ ~~,.J. ~

l'r'opr/Q,fli. '),c9t'J"r ~ du a,'nund-/'o,,;. du lIJ 1e~ ~ ~J ~4'U';<!JJ./D

df.~ eor: dA'/-/ons. OMx -&inile~ ,1 (!;t,.. . / cJ~l"...) va","aélu U par CD"

-In Ao"~ .Ane,DnlLûf.1 ... ciep/Q.utrl.tnl-.),1 ~,:IYa/nlf.J~ ,e}c.. • .,,' // é'Jp ­

pa,.a.tJ .,;It/hfN'rAà/fln.tn). tJP(. /-1. ",,.Obk.'m.r, rev/e» 1- 0' eon,lr.,uA'

t"e tl 1'aA'cI~ du 10//0 ph!f.Jùl.ML.J 1 .An m~'N!e[k mta Ih~mo j.,.~

./tR//(J,.1- ...fA e Id 11'1,0 .An UJ /) /'WtI tJt.u G #et/t'ap '-" nu ~J. @ ,,1-

Jdl ré:.olu 1-,'0,., donlU ra. )a c/'a /t..et,. d~ damp ,.;i·n '~"MA .
Le no", hn. ail d~f}re, rh. //heY1e' rJ!P" J!lJ 1e.'tn.C f>f,!I,fr'9~

,sI- k /t,g/rl bre riR pdYtrlI IYÙ "r(~ rJ..u.~JQ/'U pou~ de.~Ï'u·~ A
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cho".,c .,..t.4 ,,(~n insJ.onl- é rfDnN'/ I..t 'J/~M.t .uf. dljc.re).

17/ pOJI.I/.'riL ~n n,p",bH fiu° 0'.( d.t.1ytj <i2 A'éerlt.'/ tl;,n~

h (.d~ CDn I""./"c 1 .r/ u 1- ct,'J. t!.Dn htw: une. s-lr..#c,f..u r( .e~ j..

»o» JYJ-hJ~ eD"J.I/tM· ea r ...l/ pf)JJ~(tit. .AJn nD/1?.orc _.in/'N" ai

j)oinl-~ 0of.:'rJii peu J. at.jiv'r hl e"I,~htp~ tiu rre..t~" h c.A.,ht"o,l

r!1J' um,l,.a,./"Io. J <Us rL:~JaClhllnl-.J JJ1. du c1~rJna~o"J.

Aloo ~ ~ t:DlY'pO r/,ml/)J. floP" J!lJ/.fhl.( fl,J crel- el!- cI~~

(JU'l- par..un AyJ It'rn.e li ~~a j,0()I'.} 4 (jt'i"1~J 1 dO") )~

.!U.J.s,w J./on ptwl- tir.. /allt. 6tV(.c:. /e» /l'')·/lhDritA ~"'m~~/~~l,

iL. e.Dlnl'0r}.nun). li A/'t .iyJ .),~ eo»)i~ ~ 1- al. 'cM';, ;:>et r ~n

AYJ.Jllfruo al_~~(//j/o,,~ ~)< d~'r/lIté.) ~t:J,.)/(J.IIt~ aJSoUf<~ a.u~

CD,.,dA·j./(),,~ ~Jc l!liru'/u J ° f!DIY'P.J( ..J.fM.-t rh. )~ cptn'p!.t..;d';"J

dA ~ U'h rJ,,·J./on~.J ee4 ~fPaj./t1"~ ~ pbJv(.n;' ;OtA,J -IP'tJ~ur.J

~j,.tNJI)~(.j d/rfl.e-J~hl.ln).; ,..li tA/- ttl.t.R~UU'r~ ~)~ cilj(/l./f,Ju­

e: 'e4-J-- a'. ""'rc ~ I~ rfVh,t'lo cu- fJt:lr tû~ ~4 J./on 1 t::l&~'~Y/­

tJMt J ; )a Jowh"" clA.th pro"nw rb J/r.-uc,}..-urc ~~)- i'h
hvJ..t ADUJ /-Er1hA litA y,oQJ./t1 n ",,1& ~ t.. é4 f .. al. ~r( v-> peu). .e~

pY/tn,lra \ laltÎf. ·dt.~ h?~IIJ~rI.e~ ~~r96',J./~Il~-rLt )~ IlUteJAI'

9M.e. rkJ rn a /,~/~X v-> 'L,( 1'on e J/ol'J Mile PNP cl ..,û ru LI~

l.eu r: ~fal-"o"(tdVA.e ; la IY\.I!/h()œ,. <Y.t.J eÏR'ht~"h r-iv~ -€J 1- PlU

tru<fhpd" fW'I1'U"'~ qf. h"o!Nf/oIJ 4'pP"DC~~ ~J ,a r o (({p/N,-J

rit. Jahop 1--"" tJf2Vvtn)- A 'tJxpr/htlr AovJ rrm.c vtVl"ah~n-

. "tLIUJ

.A. 3 JNTE R PRE TA tt.ON PH y SI a VI;
. ,

La m'-Iho rIR. rie::; e/« Me" JJ f'''''~
, J

gel),rQ / 1>i"n CDnllA.f de'1n'gfU' par-

5
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l'rom ,Da,./- ';0 who/t .....,/ el/Il. eDPJr1".l/e ph!l~/9 (,f (m~n). (;l'ec/)­

sirl.crer I~ m"//eAA l'h9d'1°1,Mf. t!J:'IfImt."Q" aS~th'tIl1.1.( a'~ p/"'­

"eu'~ l',,}/Iu ,Delflù~.. /e» élihl-tnJ..s .j?nJ'.J. L4 Jlr~d-"r<.

"fUI- .JvlJ tU"v/:Jeé ,qI'J un' l')Dm!J,(, rAt" tir. tel.J eltm~/J).1,hf~

l'ta,. .A" n.o/1't~r#l ~"I'u. et~ t!.D/)tI,°;'/o"'J, ~ eD,.,J.,'n",/16/~ .e)cl"r/­

m.t'.i ,.I2n Ct.rl-a/"~ ,t>o/nJ..) comIhU"~ a' jJ/U"J"e,ur.J ;'Am~,,)~

It.J "r,eurlJ. ,e.J 'c.on d/J./o",. 'Jhp~ltlJ) l 'ejq//Ie' tI~" "'.'4
mi/ru de s rt,i/er~ cJ,~""P~ av/( nawâ.A CDm",,,,n.J"

1

,On, "' In·h. r,.c.'u~,!," au : eomporlfm;f)J. ethf't .1IW / e'hin~A).

tpull. ;/:,,, l/ova.rfA/f., .e.it.l'r/tn.tl.r -en /cn(;.}/on o'~ Jt.1 !!~p
•

m.l'lJu'e.~f cie. .Je) FJ,opr/e'les ~;'!?hrc.~ / (/n prldUlnt//I

oN'" c..lt:lp'p 'cU ,de~/QUhUO)..J dO~J.,.un, iA'm-t4~ ...,il .td} pt1,J

$ri61e en}~ j."/i~a,.f, /es . -Jiu brll..lN4' .e~'.1/J'9M.fJ cl ",. l'''-t r

"aru m'~IYic.e ~ rej/an Jo. '/t'.\ ', rr(.~J 'no cio /e» aux qeplau. -

. lY1~f)}~ 'I)\D ~,.t'~ '/ '~~~I)"'/,~-;" en, Y"flUo.JJ1- -An.f ré,1t:, h;,,,

m()f/Lù./f!/!J.Jfruro/~: al'plt',ea~' a\·n/inpD./rlt. ,~~./ ;'ltk,,;.

ds: Ja" str» {,/:"ur~ ,e"!:er,, ° ~ /YIq/r/u ~ .:z.1tm,n).J (//mM

,u.s €1rJ. f}~ft/l'"flé.2n a/'l"h~4hl- ;,uru. ·,Ie,(;,i'~.,~ ,j;"IJ(",B1,~

. ,l" r'f.fJre.i.e"l-a J./o /") , ril;r» mt'//eM Con J,'n.u, pc. r cI~) ~~N~

.41".pUP r'«N~ , t:1i1J,f1t' 61.6'~, T" kJ.f ~(J(j l'ttD(.il1t/Â / .e/It a 'd~4 ' eh

~/"///u'e. aa-nJ la 1'f'I~//'orit.; dtJ" '~p/fAum.in),J Pt1u,. 14,J d)eutl.

YeJ "cID,,1- JJZJ ,~/.eRùn).J ' on J..,.,u~' "(!,4 ra c.J-e're. ',~n"·dlme"lni:",,,,1t

F.I".M JJ,A"~ /.or/tVL,) ~ 64,.ru. lb,. con ).rl. J / :"".a'4~ noucu/te

est-, 1 'g'/f/n.,n) l'n,', a.' ~ '.Df.f -!roù rU°'Vt-trnnon~ 1"""'· ,P~'"

fN,!- fic r(!'p'or/u,."" ~ /a?"pI.üJ ~aC!e ~ ;o"o.p.N·,/~~

phfl.h~eJ tU. eo")/1aM 'f'" J/ rillliJ,f. °

6



......

A.4 PROCEDURE D'UN CALCUL PAR ELfMENlj FINI)

e/,4 CDmpor--Ie. Je~ é ).4P es ,ju/YIJ/nle ~ :

.~/d,â /ùQf/Dn el- dt:Seréli~o,j."Dn dt. h:, ~7r~e.fu,.e.

eVIl/tI(I ;"0'1. de~ l'Yo,ay/'t''~ cff!~ e/fÎn'nJ~

t'esowJ./Dn de Id ~i".A.JeJ..p,~ d.<scr"~·U(

4. 1.,.4. ] rleAJ,JII!Jf."~n el- rJ,j w/St:/h'pn cl ~n& slrveJ.uY"(

C. le~J, 1 ~.H",6â afl.~ ,!)fJtro}"/)"~ tt" ~v""",,. 1'0"'"

~'jtAbJ/,. 1< ~'('It frtQI/'~'md)'1..Me. d( <!4/iJ,U/ re,are'~,,,f4'nJ.

a.u ""'/ftI"I la ~/y..ucJ-,,,··e. rée/II.,. e//lJ porfe.nJ. s or- /e.s t:iw;r

a~plld~ Py,'nt,'paIJJt (/" pro 6ki-f.c. fJra l'9.Ae .· /(1 fO~Ç1/I?.!J/e

(gc'pmt'I,it el- cAa'-jf.J) ft} la rh~'p!J,.9/fl (/Jl..mal,r,'l.Ul)

/ ;'(j,a h'Jo;,,.,,n ~~P"JII;'{f. e.t' ra Ifa Je~ I~ ~f,.» eJ-AH-(

Y'~el4. 4
f

.Al n m.o~'4. ~"'n.v a'.t )a m~u.,'U~c ~Jmalp'­

r/dA..,,: ~/K de )a Th.ll.O"./C el- dé.s ~éll'/tu'J eDnJ)/~J./I/(~

cJ,é,.;l/Q"f. k !'f'alt;','au.i '~ pp/nI- ai 'lN IDPPIPIJ/tJMll,.ll./aMf..·

_ 'rahlUur- la slt:.ucJ-.,u,.( (l'.sa Jll.rDhll-l,,'c er» ~i"'JJtI"J.

.W P !t,,,,,\ (parD/~ ~v fJ/aru,J) ou cUI """,r,,'u~ ~WJ~ (CsI,iMtJ)

_ ~iG1'~ J. lluo,,'t )a plM.J apl'rD~~:' a ( eclle 9~~P'N'

ûli&'-'" leJ e.t:Jn tI/f.'-Ph!# d ;'p~.~" (l} Il.\ cl'~lA.

Au pcl"J. rk vu /llufJ49/~Il.l J1lauf:

e.A.DI'"'' Ill.) IDI) ~f7J}"I.Âj",,/.eJ rio /i'tlllel-,'ONIt U.

fifi V,'hJl""',. )(~ eo»J hfl""f) r: aY"""JJln j. ce J l~l.J ..

~ rlJJ cr-e'f/Jo},'p" tl31- / Q,.Jem/' a a.(,j op;rt:lj./pn~ p,.tjJa

rQ l DI"tt-U a ( la. re.'sp W J.,Df1 #cfi.x. cf.f.. Id J Ir.,,{;4 cJ-...t.Ire. 1""-
mai)l.(Jt1,fflJ, _,t'chal/SIc" el6. t..Dnd7'.JIf... d.NflA ptAl>J. dt' a'téDIoC.
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jJer lèh;'.(l/Yt(,,~ Ja sf,.udvrl (ln q'/.fj",~n}J ~n."p~.J ftf tllwl,.~

jO""/. tA#/~'" k &)'t cû t:(J ek;"""}J,' 1"(Jfll"uIIh~,,1; aile

,-'rape flA 1- gu/rlei fJ(Jr /a 7DpD/J:Jg/e.

JI.,.Impo rte rk nt'~,... 'l"".a. l '..J(I,;' /'',Jer/''"" -: I~.J -Ilub"/'J

f>rop()U~j .sonk :J€N:..a/~~,,1- .A"mpC1r/a,Ie" ... /JI' J/en ?U~ /es

"..e~u/';(J;,J /?Il J D"J- correeé«, 9P.e don..1 A te1 tire. tI.e ees .

.,A·cl.tiJ /,',st'J 1-/0":> .

.' ,

4. 4. 2. E.v"/~o;',.()" dfl.J E.,.o~r/e'leJ (/~~ (lle;"'enJ.~

la "o';~ c.".eh:~ el j./oJ')oI.#t..e.P~e~.1 /1. (!,.J1",v/e,. J. de

~( '('(Jppll/.e,- 9M( :. ,,;~/(J.s .i/~mU);".s ~NJ oS on/- ~·m/./~~J

tftl,,, eo« pa,,-. cle~ ~ //gne~"'(I'.p",: /.~ ~/~fn.('»},)

lÙ"'J '1,,1);).0" ~,. d,e::' "'fdt!Jn~ (p.!>u, "/,,L~ ,;';.t'me~f. -/.N'ti/hW
,

~·t:J,.,ruJ) }; ;ela"J err Ig('~, 'JMA I~JJ fmlJ /",< et~ ~f/ehJ

d!J; j. . . r'eco» s f; I»u~ ,Ie:ë ,~,{r•.tl(:.f.v".(. "'.tuA 10" J. .en~:ef'.-C; ~ J&>n
, .

i (!.JJm,co~ Ifme"~ c er f(,/"e~ p r.Î.'a.v};(),.~ oI",l1e!») ~fre. jJr/J 1/,.

da"~ ,4. ~"r,d(?~" pr:Dpr,,'e'ld.s.; ole 1 ehmenJ r"";' (!.~J)

pouytjP0' " o,?"dp';J.< ..A ~J:)f' cu' dt ';'f1J;:J-tc..J"". A.)~,. ~'hg

au./Von le s :' '. ;, , , " .

_ {)ndf}i~ 'Q.xpdlY'er, h (!.D,.,,~a;'·6"~'.,I,~' ~~ ~.p"'-u­

/'1J-tnh Ou ./~~/;'i)l·e d~s '/Q,.,eel. 1o,,/. ,,1, '&'''.1 o'~~ /'''''

-I-lerl., j #;CorQI'IJ. .Ie.) i~;"'rJ,..I~" S!-~ 'nDn· pa~ en ~eI~.cJ

pD;~J..> d~ 1'o,..t.,,.~ ~&A n&eutiJ ",.t;tN~.(NtfnJ/ /-f. /(/I"I'J.

dIL /ev1lJ'" el' ttel<. ~)cJ9U1tlJ1. . A.c Ira rit..u''''4J.j. pt:t'- ~) (!,pn

(!i!lrl'D"~n,) c:4 CU'nl,.,(2,I''',4..\· éUAK #?.ll(!.C,ftt'-, (VI- dv-s a,jt:-/ln

"''n.c4''-I,~ ~ dep/acel1'el>J.:, elo CJN'tlrtU'"/~~ .ç"{'e /1.3 nJJIWrI,.



, 1

1

_ I,,j ID" cJ.,DI"':' atc..r/vQ/>f /es (.,1ftf#b'J/J~ de ~'

f>11Ic.em~/)J.J t:1~ al. (!.#n Irtfi//-> *~ a~JI'.1 /es e'h/nen j~ /t'n/J

n 'R 'j.aflf. P"~ 'OIU1~fl~ el',o ,./or/, on dD;/' la""e q~~ />yj>D

ih/JtJ sor C.6~ l'o"'cl-/(),.~..

7 ov i- e-ho/'n,D g 'etçp,"ht.f. qn /.pn e.1/l'ln cl~l' u,.ftY'l"I

"/1".6re dll parfl mti,.~ ~'~~~;,-/n;AU. ~pn /. ~"e"J.I;;'''S.

tb~ ."Ine,p"n..uu n» rlal.ej / J.L t~l»'p Il~) c..~, '.,' dt 1'~<4"

dt ( re.sp.tJ.er ~ /YII~ /'0 ~n dt')/eJn~ o'.t tUllI"l"t:1hol// -k '

Ou t/'p'/J·J,.e le /1)1'1.1 de~ -/,,,,,t~;"t~ hé:1"j /e..s ".R!V~

/,,~ rne,hiJ"J ae tr'Ïlan}."un ~C1P'~ .",nconA-U ADn'/' npr ­

"ru'/Rm~" /- ~ l'.Ç1ne.~D".s p"tf/nJ'm.t~ d-e. o'Y"~' _"/Y~N~'

fDt.J~ 1";.1, &1" ~ ,P"",I- ..p/'/~;'e" r~ et~ ?"~'4") 'p.D(y
f1~f1l.t "fi dt!l,e' r""~' ..ll dppartVoJ ~.( c.elle. -IrDn fltliPr(

~el-e }tI//!' l'',u.à!''f) cle~ r e:rI;l I ( t:1 }.s " e I~} 1'~lA1't~",; C'i

(.on aJ-"on~ fis,,.,,f"/- ,3oJ,...sleu;.e a \ "';,~ e ,.,;lc~t.& 1 tJtJlLlr""/-)et

. eP" VR':9f~CIL dt la JD/I;I J/D" Q'pprD c~6t .lt.n la .,JoW},'tf,,-.

ekac1a,

SUùla,.J. la ~rtl'" rJw,. so r la~Jl'/f. Dn l'a//- 1" ~l

d.A.tn ~J,(J"'~ (JI- J1;U'f!tJ,../- le.s ~tH,dlhD",.} ~Il. u c:AC1"',D

rruplle} e'~ ID,., J. el \ 1:,,-,..1, ',./twr ~( Jv,. la rfJ,,:://ere c(.c /'#

I/lPUI'II-, .&'f't p(!p1- ~t.,. a,//.I're";'~ trttP t/';'/f"J d ~ ~/J,..,I) /-,)

/'.",~" W"'J,'I;'" (J,',J)/ngve k~ ~/.m.lf)h rlJllolaUAU/l). Ill-

/~~ .11111""1))1 4~~·~re.

l~J e1..f/rttn}.l· ~~ /tJUlfttl)) SDnJ. é/~"Drtlj ~',l}e",~

li,. d.:un cft(Jh"p dfl ~p la am",.)." ex~ a-,\J-fhUn ).,/ h.s éAiN"

rlejJlo CJl/l?.u>; 1't.JI"J, JD,.I- tel.J ~( /t~ rlt;laGli",th),J .jen).

cp,,/ùw.) da,,~ 1.'Amen). (t1JJhlpah'/n'j,-.,It' ",'nle rru) eJ-tl);,,,



e'!eln<o) tll','/.{hUP) ~/:.t?n {(!.#lY'pt1i·ldP~' d
r Irtfll/-<"~ Id

/'lJnl"/frf/.)/ l'or UJn-/rt 1.( cAtJhtiP ~ c#"-friUnle 'JP~'"

",(Iw'/- ~ tJwj&'( ~a~ u~ C&Jm~a 1//)///;,' el /.tJ e,,;,rt­

rJ/h'f)"J cl "fu///Jye . Jon). v'/o/.e~.) par Cl'~ mt:'tlll~.J; ~. la

t:.sJ,"fJa I,./n'l;/t ' a 1 -IrQ I/,t,'~ Ja rDn.pQ,e. 11) 'f~ J. pasJ 1I('0'R;,
,

~n Q -un .e:/I 'm~nJ. oIllf> la umfPJ. nP" ~~".
J

fou,. l.t.) Uf.hUpf.J· .e.~·t·I>,(. ,.,;/.J .J Dn). D.6/f'IN.J

a' pori,',. rI:.un d,,':"p cie cD,,-Ireunft,J 4)c"'U";'thttl)~'/1'.J
l',.op./U'e'l~ c6> de,Pla ethJtlJh fJPV' II~ eif'h.~I)}.J cf~lt:I CA -

ht-tnJ. ..ID"} 'mfV'lrlflu~nl- 1/(:JltI~ p~ûr /e4 ~"lrdV',,-I~, ~f/n

lIe.r.JIlmtnJ. ceI!etJ·-' ~ '; can-lrainlf!/J,' potJr ,/4~ o'~~/tRClm.tn).J,

10 ,
, If' fJanJ ~l"e ,:.e'l..v.rit / tzgtt.}. .AA h'I;) on*, . ~.le-,4M'b~ ..

d.tp laCllntnJ./,' IL;" /0" ttl:/o.'n~ 1 c1é1/J:>." CA ~4d", Â-D"J. .t:2/,P1"6.J

-rn e: t/o,.. ~ ~~ !Q CAm..t p'J..s",' ... e/I(J ..J'0.1)). , //I~.). ae.t Il#m J;.c

c1';';-, ~nlWf~ .(clt)plau~n).J) .. 'fit. /éte.hùPj.· .. . "·.;.An 'I..NII

pD~J~Id.e" n .d8p!aU/h,lnj.,j ,..l/rva,',,(tntf'l). -",'na'e;'.l'nrldn·/~", ÇJ~

e,~/th' f cP~~ I-o/A l'ni "j.., ~", .on Uh't l'tt ' rit rl'i?~·O."J ~t!/'" J.

a,(.. /01-0 1 ,., para m,/J",tU ,'-"'°nCO/'l/1A.lJ:/,/.tJo: ~/I~,e.) d~ ~~

ve.ty~n 'u'~ e~-' C6,/J/(J/))., tAZlUre,. J~rt J. ..

, " , ..

en

e,,.;/t.'rt n ! ....d .~" /" -r" t:1-;on . . ~ cle);/a cthlt"J. C~/o~~ ob,'}.

dl"e. le/a ,~~.ru. I)(/~~J. pM . )a~~"h)t~ ~;,n tI.P'>

rz!IqIavnr -&A/i~. ~,\ cDp la C.lm~";..1 ch.ck.,\ '. IU:JltUch Jo" Jo

J(;jl œ/'loUY'/) c.( ri;"" mpU~hUAj. ~ ",.J'p.) "A"j/ tU .-

~ 1> )a rne..I-/Dn ,riA. cDp!aUlY't,.J- ~~"J. 1Ltp"l"n/t,.

cla,"~ ./tfel 4uJo· ~'rl.t.Ïf.hUn). ~t pl'JJ/Jte ,1oI.lï').:e;o;.' .



clr()A·j. fJP.s 9P W& f>~"7YLt/l(

~ IpAtJ ~!.,,"/ J!~,J. .J 0 " "".i

1J''rIR .

~ a'0rh"t;1t~" fi;"" (J./~/n,I>).

jff'~n dt» ~ G"""/' J, tk CD»;O~ ~'

er/Ittre.. "~2.: )d /r-: 04 }a r"eJ/on ~ of,~/tJu

/T'In). do//- l'frtl. dl:J/-/, 'e. -1(.,/if 1"'"~"An" /Ls de» /~ u hl ( ;?)..J

nltlf6411Jc .J DI> j CJJ/njl'Q f/iJ/".J M( e, .;t.I;. ëJ.t:/ 1- d{! o'0 r J1') df ,tl.on

(!,.p"Jhl nie) ÇJn Di)"~/>rw .,/L(e./l.tlt1.ttt) ~ o'Yprh't#,t14.f'\> eP/lS

141t1,~ d4"J -jou) )?e,'tRhv,.,t.: ~ oiulC/'1hJ en'lf!~' ,e& ;.A',yv

~ Jl.k~tn eu du -?t-!êpt,'er./ /DrJ1.AM la laJ/& ~J e-!thVn),

de ér97'~ ..;1 # l'''tlgN ~ CJJn rb·I"~,,..l dP ~/Ol"'" tf1 ho/') CDf)~

Il1'''/t.; ~1 /~ c1r~"J. ~I)c. .e.,"';," r4 p,f/ndre ~..l rn~~,.

Stlf,:J/eujtl"J. au /Jrf.hUër G'''lt~f.~ IndUJ r: -VI Plfh1A "'~

NCJl~·/f"~ "pnJl. i/dfÂ,ldJj':"n du âlr ,.".,ç;j/Q"J ~"'J /~ ~'

hUitJ. t:#IP r~ ~ e. #tA fi,~ " GthV")' '1'tD tIt:w,Je ,deI/');' cpm"ce;

h~"~ 4V~ c. ".tJ n ~.h:, J. d.t oI~r lb a );DI" eJJIl"tJ J.a " ,4...: d'l'NI

fJ#J rk Cl cr;l, 're J Dn ~tPr~ a.u.Jth· cZt er/le.,.( rU. (JfI'"

tdnu ~.. d';'/,//~ preh1lvu

(Â",·.j'}"t fJ! !.. enl,e..hJ e,4~p)J pn ciD,' 1- t!2V.>'I',. ~ t!P,.,,

-flnuJ/,' ~ ....ln e.P""-UCJ .,Qn,,~,nvl)) (....1:.( ~ la CD")'hU"

(lu 1',,,-It'.J /1') ~I- pa4 ~ UJJQ,I',..( )/ tff!W-l't~PJ. di ~ k ?/')~

.ton.) al tI'fJAJ U/IJ{I~J. cb,~~). 4'1,.(. ch""d-7:C~ ~ ~/~ melN~

'F kJ t&rrJl).hD~.& ~JC ••lhlt':I& eu r44 e~wb).J Jo".").

fNê4 (h,'ert ~J.""'c6<{trllV'iv'c~)/ tz"UJ,. Jq cp,.,~·I/o" tit

C4h1,Pd)/J,i//,p'p" q'~ 1~"J;"'ln).



~ (rI6'1A" cfA. rh rej,,/u;','on tmp"J'''é eJl- uI& aU dJ '­

/J/au,",/)}"J/ ~/A oIt&u4. du pr/"t::Ipe liA. lIan/a)/lJn ~ 0'­

IJ/tl UhLtn),... ,;f !rJ,tf~ 0' "f..P'Q h'"", .DJJ~fW,f l'tII/l /~;P'phttze,. ­

lùm rb Cf ,D,.lnGl~ ~r"hUZ ,P1YJ/~'hI'~ ./Z" dt,GUn fkJ

net!NrI~ 1 l 'eJJ tllt'Ie ' ab (J'/I),DDJ c;n1es rU œu" '&p,u tU. /.QrUJ

hP rk It.J, ".Wu 1,1tin 1e4 ; ni1'..9 g'j,r.J

-.:....- rLtJ /orUAJ'n leI-/eP 1"1.1 pro r/.w·It.J o'tlM Jo .A fl;gc

-!..u,,_ ,ca,.. j dl rI'Ib'm~ hOl) ~ eJ.

_'c6J -rrtlA. p1'O rÂ,ulf,.l IJqr I.e! AP/)'U")~)/o,,~ .t.1dtl.. -'.
./U~./I.tJ; , • ~

~ ~Qh'oftJ oilirw~ IrddwJ.tflJ. /~~~~e do ~~

l't 'tu",j/f. ~;"d"J ~~ tlrQ.I-/~,/ dia pnJ. hiu~~ e,1-)~

m~/,"CA ,~ /4ûrJ ~,#'t7",,6 A ~,P~~~ /d' ,".Ir/Ge. rÂ "&1.:
d/le" rÂ la .llrJ.,l c.I,pre J' 12'/4' tAl1Ymtm1.pf el, e/J, 4N~,"/-

me J.f.) /0"""4 .err /0" eh;.". cleJ ~) la a,m,~~ .

~ f)fJQ'rah~nJ ''pr/f'\e;,pc:;/t4', c4 !'t::;nQ(ytf( ;pc:;r /0 /1'&4!.' ..

fh4J'rIt. ,ctéd' rit~ /OqAU/>).;' ,4Pn}., ht.. ,d1u'''''''')B4 ~:
•

(J). cA.'1"1'h\.I"ru.,. la m" ;1,./ Go' c6 ;/1,9/ri;';" ,tk 0 4 fP-f. ,,~~

1h.t.nl- 'r!~MAn, '1YJI,,~ .,.:rll:.~e ,I),.o,I:)/·f ~' ;;'Ahl4nl- (&N/)

b):, ';rtl".Jr'm~,.. /a'lhalr",,: ,ck ':JrI-I(~ Ipr~/ t:4t 'l/J­
Ie.itw dbJtu !1/PIs/ re/a/Y a r la JI,."",c/~,., c..pm'p/',',4

ft) ~P"~J.t" J~mQI,/U4 ...../,.,rf.,.,,/)'d,ve./&J 'DU,. &J' ..
-It"i~ "'(Ji'" (;IJ'''' Ir/a/le , ,}a mQ I,/CA,' et( PfJ/ ;1.//1' rJ, /" ~/,,,,,,, ,-lu ..

r'( cg",,!'~ " ..Jill
cl) RIJ.&JU ri,.. l "~ Q J/p " /F] - ,RIl,fI.: fO ~
e) ~'!,t:iI'J./,.. du Jo/ul/tfutJ -l'D~t/'') .4 (rLtpltlc.e-

m6nJ.J ~'" nawdJJ ~/(;U/",. /IJ ~1)1r~'nIe-J a.uJt p:t'7,,./J .dt(~:



,
rIS.

eft'i;v~ pl/PI') h'tfl/i?I'1>8"). v:J,r", t.Otnllun). .o o cI,!./,rm/n.-t.

Ja l'ntl{r/a ~ rl!J/rb·.p' a': ~arf/,. dt,.. /J"/"~p~ vdr/r.til/""

»e/,

.A. 5 rORnUL AT' ON l) E LA RI SI 1)1TE J>AP. ELEMENT 'FINI

..4.5.1 P.,/" ("/J-c. rit l 'en,~1j P",./p,.)/el/( /nÙW'hJt6 A
J" J Il A J'»o: polpnr/t'/ -/Dlo/ eu 1-l' D/Jc.J/#" aM tU~/a (,lIN,,}

I:,,,.Jr ~'/ 14). o'.t""()I' (DV /I?/n,/ht/~' ) ~elr n:t~r'''ftr av;/( $'

p1tJ Clh'pn}J" e:;1" D !J)/,,,) ~~ o/,ua h"P,,) a' ~~·It"~,-.,· J..e

p"/f)~~ " l'~h'''''/(l plf)~");'/ I1'IN/J,t:Ja .k'/-- 'II' rL,',·o./'fr
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2, --i DEFINITION

/:.".r!JQ /'Jo/-/IJ" dDI')J. 0" Gl pt7r/I' dtll'J /t:1 /,rlJ CI 'tu

'r( dt. CP 1(!p1 (J n él/hJM 1- ? '~,,. uJ. fi"'" e:)or' e 'tU. o..JJaire

r!tflf1J te ~ lev/ d.tJ c..PnllI"lr...u "hD"~ o'tl. ~~n;f CI"';/ rie 1o~/(

/'J(JI.A.1'e.,,; u/ap"fTJlJ. d 01/'"'' ---u" me/I/t.AJ, (;r'ere.u rit.
/ ;'JJ ft? I-/e/ a'il ) (, ',t(;;. ~J con',tU,,*-, ri(JJ ~ t·du a'

-/"/J dt'IJ?'';d'/Ï1nJ aller..: _ /tJ?",.e1J ~" a f0':J'~(JrJ #ai~,

e ~.J 1-: QJ"'" ty",u.A 1~'cIea //JQj/D" 0'~n eer J.eu'" Off'
;u. cl '.e,&mfh!-J rb, cprtJk,.,uc},~"· tU)n~'f dt 10 n.Df/l()" U

. eD'fWJ/ on d,'j.. au~', ~··a m/ntl.

. En ~j., ~ dt;',- 6, repreHnler ~ Â::i h1.e//leu~c

r,~f) 'pD.JJI'i!.t ~ d'et,. deJ !f:)rc.<J tf"" ·...;nlerl/l~,.n.#nJ. thnJ

/I!.J 'paro/J d,J Jlrp c.r.A,l~(J /e/&J' ~ ArJ !UJe.I't/thÎ"J.,I aJ
64,a"J ) JeJ" cpr. ~'/~~' IeJ ~v"e:'0 tL.J 1 (!!oc. • " f1!)VJ ./JntNAI

tflc J.:/ciJ'a-6JQ),'on ;o~r JDh'~ eont,./LU,J (JI"~)c d"iJu"

h'o,.J.; CA ~n). ~J 4v~ (.I,J ,Po r/euHJ .. 9'"" ~ d,,'v>~,,~.en

tftwl! ~/~"r"('~: k tJuI\/dc.c4 ~"';~~J k"''.S~''~tSIeJ DI.#

flJla~J", .et /DJ ",Jur./oUIJ po!,/euJ.VJ ~W'>bJ 0" U)?..~.
· UIV ~?."ul. al //fh",I'/-I< 'pah tUuA: ~/beu ~~

6eA 1" ~J .,0 a ":J,~J' .~. J/c.CÜlJ. la 1 l.é,JafJ,J~" cit la tnJ'm,(yttl n.f

. #1 (/aIu'Q 1ft r Ttta,,/, A.tJ~ /tV'~ ~a/) rd,~pÂI- t:War au

-/rt"J cb'mfl/>&lo~J i /~ Ju,,/eJ CI 6't't.v~ t en~ k tU.u k par':t,'JJ

e-J. '1"'"" ~ ,t"J( ~n.~)c ) ;p;vJJ~ r c6 )a ur-' ~ eJ j.

~'p.pt~ t AtI'»~u Au 'dû~ /U;' ...Qru. CJ:J?~ e'j,!J1 ::, hV~~~

,"",,} dl 'vu'./.t ,a~.Aa .dz,I.hr U }ni (UQ~ M PI" ~1"t:U'Neü".

(f~ .4),; )(}. CPW'I~ : rJ,.' AJ ~~ u J'h,.téitOnA of, ~n"<iw~,

J)~ aIR c/.,!';.yi,or. ·rivJ CJ)~ 01 .0" peu ). cJ,;,u auJtJ•
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9.,,1,,1:..u1lJ. UfM(. U'J-."tIn.l p/r",uJ..pre F' ~euj. .l!.Ah oih~~

o'f>tJyJ.,., d}Uro /,h~ /YU·nu..1 e» -IrtJIfU/Dr;rttll!') wd~/~~

fr'IPJ'tn en..,uN 4W?r e.t ~ \ #-o'!Y',p ~ oc.e dDV!>tA. ~u!'buAl./

Ji J II' mi;' ~ /~ Iy/o/~ r6 fi,J Ir/bi/on fk U'n

-/rain-l1J el- rLu cif./o~rnt:lJ./~"J <1(,1 l'I''f.MrH ~D"j. vQ/a.(tu

I>t:JlJ r /.eJ t!.DreJ; e» ~d-" a/J'Ad 1M..t le1 ~la1.-l-UA /r4

Va,.I'//(/tJ- .l!J'Jfn ;'/el/",m;,,;'.I!" I-&.~·~"'" 4 CPf..,t.U1 et( /,a/'l. 1- ~

UJCAh lruAt .jrafl,d wu lIenl- fj.~ Il /IVn J. t/.44 !/'MfJ dP M ~

p1(Jn;~ 71d ltVA'b-oru.Jl f~ 2); /es rwll-~"/u rie)

"CI.!. _en_tlf'v~h!.", ~~ fl"-.P~t;Jt!.'cJ,~~

kt! 1.: Jc..Jr~hu;r"'fl"(" ;"6", (d'Jo" ~'IU~'hJ. tlfl (~e
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CDn!ra./n!v:> (Jfjt'JJ(;nJ. fJt:Jr()..//,/h",fl)). au,P /t3n ~.!/e" lit Jt:f

(,D1.M( onl- o'f~ CQHtpD.J(J/')-IeJ; I)lJrmah.J a\ IQ ckA?U eJ.

~p~oA';e/)J- 'dfl CA /t'P';' )a p/fIIJ !Jrtlntlll. l'fA/l f ,'( 6. )tJ

C#(J'Ye. (r"aJJ..,n,g~np""'rt ~ Cl ft~.( r6 .Jh-~ cJ-..urf) ,

En ~/Rmll.n;' !,'nJ~ /.eJ a,1I''e.u/';~j -/."J,.,:'<nltJ étU

I"..ai!flml.nl- .aes CD~c!.J ...8té eDnfourfLI~ -eo /,tVJtlnJ.

1dpprOI(/h't:J /-,0". 1,..t,U' c.on<:f7J;'e. d' tfV~pÇ)JV' ~6 /-t ~"'I'Qr

.JtNtI ft). fi~~ ,rJt;Ir~ u. é/ cp(..I17lsvre. con ~'fL,I;4~ peu,J. (,I-~e

C-Dnllenoâktnfn;'re.pr.'lÎf.nlf~/Jar a/w' d~'U d't.u'~e.c ?'
mJ't fiA. PJ?;.,.I-J, e./';""ln)J r>/ofJ,,' O~ "'''.JI-o/e ~I( /~

pro 'cima f/Dr> W' cl 'au. fan!- ",~/fleu"t' fMe /Q -Ieu'/IA tté.a

e.te~A f\ JJ rie 'cr 0,.1-{fj.,lA re 3·). .
. AI0 ~ J au r on) clon c. Q tira/le r , ~J, e'leinen}J ~ k I J

,.IlA!J"'J~(); rwr» ,feuf'gm.tnJ-." tif. /a //R/I./on "lnaù ~qAII1.I"

du (0'" t!I4 "at:Jf?J !4ur plt:tn , "

i,)

, 2,2 L 'ErA r PL.AN DE.. , CON TRAIN rl;-

,(jt.Jop ri. aRJ' /r> J.Dnra,I' ~f."Mf~~ a ( .on«

~/a'rfl rn/rr cs , dan.s,',J,on proprt. plon,! 1~:t-t:;l- rk CQf'I

lri:v'nle .eé rfR.clllYormal-,on a" 1~."/~""'ù;ur cI~ ja ~/eI?..P.(

(2Jf 0l'I'v/", ~(/, fJ'raf /Jh,;,~.e CJ:JnfhV'n';~'?",/ ul- .é.l-ol­

ftl'r ca r a c.,te:,ll-l' »«:: ~, c.Dr>dt'h on,J dt I,.~~ ~1-/k.J ~.

fn,fnf,onJdernJ ., /0 st,;r~c.liDn'7'( ~j. if ) .• '
,# • • d

" , Ain:.u N.. forci.' n 'iJ.(J ,,1. t:;I,~ /;~~.,,; ,.Jw 'c/el ,. Jo.3'Au"

Jo IUhr u ~ /Q l'/a~/ ~ cDtnp P.J t:1 " / e4 ,riA CD" -/"41',,-A

t)(,5 ~ ~J' 4u" /(;4 Au!'~ lot el- ~ a\ -!,dA/e,..j /:'~QI'J

Jeu,. riA. 10 p/Q~f. ~ 'anlW!tnJ.~·_,,;I/U ~&,o~ ~.( /fVJ
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eonlr(p'n/~· ~I \1j J 'lll#,
COb "·dfl"'"".)·I'e'}~ J. dL U''' Ireu'rt·f.f. h'.Df) Irtk èlI ( )4

ft9.A1" S,: ~clt e).. ~ .4onJ Le.J e.on IrtA./·"fo horlrtdt!.eJ ~/J

J(/17 1- )ru,,""'(J n J, 211eJ- J' /fI4Pof. d-, 'iJfmsr»1-J' r~ el' !;~ ,)# r,J·

If; con -1 reu"nlt.} df. &Ja/I/.fth fI) J. F" ().c1/./JMj. ju r: /tJ JJD~

~ el # At4? J.'·II'Hrun J. " U--., <:kM l.i4 rbÀl e-/-/orld ~ eJ at -'Ud.P'"

f,".J( M.In J. :

Cej CDn Irai:, /:J c.~:Jtrl.J~'" 6,,). ao« d~D,.",,,J.IPnJ I~I

flrtru~PJj . t)" (a. :.ÀW'.p.. ~ .ritp/o.UIJV()~ ,.~.!. u~:it â.dn,J lu

d;'ù,!/~n<"e~.+(~.•-;r f:'''''' 6J.
.r '.~: 1., ...

..
,1

• ,'! • '\ .•' l '

eonlrtAln/~.). l'la,.,) / p/orf. m/n (!.A

~;ge f d"ru A.D" ,d~n
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eJ:Jl"hU. cr-, -::. 6""3 -:: ~f x:D J fi k'pAU )Q /1,; riA. Ho~ 4.</
on t:2 ~ lo/f.d :

\)~ A v ,,0 6t
lf~, . E v .A t~- - 0 (e1. 21t)- •.A _V2

~"a1~ 0 0 .A-v r,,1' - Z
I~

C---,' uJ.. l~" re,/a /-/f)n . ('.onlr~·nlt - d1Dr m" I-/on.! 1~f?-'" bd J. l' Ie;n
. cb. CD" /.rai" If- ). ./EJ t4 J1'" Jf) IYttP Iriu cl 'g 'lai /-/ei ,/,' Cf)r'f'CJp~" tkn '. . .

te'/ ~()f/~(,- ~nrf4,.t )Lt ... l'..tjJtUJu"u,. dt IC3"h~.f.'·

.
2..3 LES PLf. QUf~ EN FLEXIO/y

~. ~ . .A F l~)C/onl't~liù: dfJ I!./()~:pj min eJ,~

c Por- .O~I'·o~·h'pn aA,,1~ p~r'D/~ e-j,t!2'::lIl~~ 'a'c:1nJ fwv-

p/fln } · /elJ p/().fG'e1~ ~~"f mttPn lu)an!- clfd/ldJ/ c
é4, />,e)\PiU> dI~

ICV'rR/tUI)J. e:;;t" /~,. r'/fln ~jI./n. 'Aln dâ.rr/l/'f.f" 0 toH'U

/DrrrwlfJJ,'lJn ,.ft,t,#Jt:ihVnef)) ,A'/m~6 r6. 0 ~rO~hLC;Dn arl

nul- . ~tfAJ'n.vJ l:f/I'P Ij,t~ eJ ;,m, .t;P~a f,/c.e-J
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! :.

l'!I/!.O fhi.J!!.~ .1. Kir J,.f~/t.)

_ /eJo jD/~~,u APnJ m''''U-J ptfflr r,,/,/,o/1j. ewJc

rI/hI"UJf"!)~~ hon'J ar» I-d/~

/e~ IJ?" l'l'Y/aul{ J::Jn J- l/ruN"'e~

_ l,Jo c.Dn-/rp"n-leJ tf titlDr"'(J f./f/" j J'on f rJ"e,4 .-(

/'i/leJ at 1!JNC~ Jeu;" lnInf: ,A.I =V =t~ -: ~ -= rr:t -: e "~f~

I~ d,;Claum-tn}.J .Jonl-!tv'il'J fJéI y r"l',PtJ"} tA'

/'e.j>oiJJwr .. w U/. ~IIJ. ,/IM'cJtJ n }- J'
_ 1es #,,J.J A-f CDn rlA/nJ tk.J av ~jev'//;IrLtfl)-

JD"/- ~JJn()re~

_ "1.èJ. .P!)'" /.-J JIll. !"o'-U/o"J. l'v'" .."u"f. 'UlrNta/#. tUt

I~!/~I.J '"":Y"n a./tlhl- Je. cJl/p " ".." J/",n .4)' Ir./J f,(~J­

fo~D ~"'J t:J~'fU' la rAY(),~~).,p"

.1 <,

Alli' Ud ~~fJ,.fUA" I~ p/dF ~ f/.J)pY)/J()rfe t:-DI'J'IIJ\(

'pn .eml";~hJe..:"blit. 1~'I/tl-J cl '.tjJa/JJ~V" -Â~;,,"II~in~ 4 t{fl

~. I-t 7"!)UV~"~ t!.fa eu" U" .ifo;' ,/~~ <lQ c.J)"ln:t.I'"

-/JI. • lb",. rer» d"e pDJh'~ / I~F'A~ Jl,fpn cf 1 pn tlAo'AlJ.:

Ira fJ4 r b Ju," A ifo6. /ILl pl-" 1 i>.J '.J}V> c.e du 'c:'n1reu'"~

-!t;"'.!L"i-,'e/nJ trfJ"'J v-ûJtI lu r"J el- ~J 1 "'41j J:)" (l)n,.,'
oi~ 1U~8~a «eJ U4 cie?,..,...QhQf\'J @"re4~"tû;" ~ ,tr':J -=

~J=o

j)i/!."~()!i~J_ (bJ. _c1Jk/a ~hLt"l-~

Co"'/h'rI";'l)nJ J~ dUrjoU hlR~on~ d PfiI tt"o f.AAf It-/-

iVI'pOJDnJ ~ 'elIR c,o"n ",,'a'f aN{t. II/... ~ I()n ~,,~ (;WIH» Jo~

IL(. J.( p~od<.ui-( )a /&/(/01) du( IJ.,U.)< InDh'fnh ~ l'[ptM al'I'J/-

Zb



-p

~I 0(

~ :l
.. d9tro -,lf

•

1.0-- ....1-- ')\

(())

ï -"'(dw
'1 .

• 1·' 1 .
.... - - -/-'I----P

~d~

trn
1

i
1
t
1

o

î"?" CPhlPlJmPn-!re',IIA, I(J /,iJ..urt. ,,' rivrol' Jo !fIA /"/C"~"" k
!,~rh'(plefJ;' .~" b-fh€"f «(lM 6. fJ/tJn ~cI' AvJ,';U,>1- 6. pL

;;}J rLe.'p/~ U~n~J W {.JU'p-f h dieu !o./;tu ~ ;rt1on }fet (,&..9. "1).1'

(!,.Df'lJ7"cJ, ~()".J pru ~ecf,,'on nPf'/f?t:J/e a\. la ~ lo?",.f. /JI-l' tJ rd 111'[,

a,u' l'Id') ~J ~fj·l,~),· la p.e"A ~ la Âu-'/a~ m,trvê:"u

oI~~ 10 ii,McJ./pn iK 'vJ. ...A~ =~ J"
~~

p()!l 6 trtf~ J'la/,JPf'nJnu,. 1-) eJJ,,/6 daM la fi,)u J./~"et M J. ~ "=' èJw

: j ./~~ ~ "po ~] (~. 2S) ,-

1d

•
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.l7 D" UlnJ-;r6;... !l?euÏ?I'''tlP/-..p1V rb'NJ/tJrt ~e-/~"?.AM. IP-n

qdfl.-J & fJlt;n 1"j' (fll ".6)) )~ rJ,~r~nu. ~ <iP/P',lr;I~M

rkd dt.u'iPI" h (1Wdl Col" fJ ~ ttJ (}I, (/11j "'

rovr: â/Jer MI;"" r k CD tA!J 1ru,.t.J . rJ,. la ,ju"I!' G( mJ. r1I(:uv rit

jf) t#tJ'f"",e) on ,J.I r(lpp'//.e. ~ 4 o/.&~.~~ W API)J ,cP /..'Ad.,-
,

cf,;M ",un ../LI Lad, la t>tn-A etc la JW)~q it4111J"A-f1U ?h4-lt:JJn

?Mil rl.iNcJ.,Dn p~} ~J.. ~.PP.u'( Yda ta' )b,,~ fP-f!tV'!­

Je:;; la~,f ,., le. et l la Juhl' t.( daM «/1e dt;u e-J., '0,., @e t. ",#1(1n

"'ttJ; eu'",.." 1 ÂU/'vtlP Jo le; r//,AJ e.I.'~ n ~;' ~. ~ .erJ ~ ~J~,., ~

~lA!t /w".e." a 1~)vJ }a "&n/JUeA.tr' riA. )::v, c. rit ~ e 8, ri ~"t:P 4 "1
vJ.- rac.' r1f (~'~. ~)

f

Zg



Of' )(J fp"'PeN" rit J~ e" ~ GII\.~ ~ t:A~'h'W'IC' ÎtI t:J

.v~)\ 2,#, àw 2· -= à~ VA T ~) l' ~ ~')1.

do" t.

1

e ?

J
~ - ~w ~ _ _ ~w (2'). ')\ - - d/rt 2- J ~- ~t

J~ 8?jfU (-J m» ,'n.) t:J1',cafiai J. CfAI1 fl"'t:lntl ')t ~~»&,J"j.", di

c!~) )/,tn-A )7.(1 .. ..cPi>uiW f. •
d~

.'

5vp,o~~~ 'JPf. ~ If J . ~W]A." t~' ~': n)l -ef ,,!! ~;cn J. ~~'Mt""_4

V'"e/JorJ/J ru r: /1l~6o',;rI.J rb le; 'p/t:J~-t J' :'fJar' Q,,(!JII~,.~ a#Jlf.<

1t;;P{).Jf,.f~R .~ 13 e,fZPw!1,' tu")13 PlC/~" pv~ rÂJ 6d.'~

pr/~m(J l'f;CAeJJ Jt:It~ rl2Û.rt ),YP.D f/t.U-f· hV"h DI> 'YI; dt. ""',R.~

P"?" J. . ci,. 'cP/V. F Ja 1V0 u .nu~Qfl,.( ru 1v"'"/-,lJa4 d~ lb'

Vo"""Qi,on e"t- ~ . lM riJ.,!ar~(JJ.ID";.J ~ I~·/I.(I- t:ft.t. cl

(fj.AD) Inl"cu' c" lacPiftIJ':'u'~ riJ. /~'Ia.. Ih/JUIN. ~nJ. ..

e. ': ?:.f. -= -.zd'tv.. ~. ~I':: 3() := -~~ 1· (29·a)
d ~ .: ,. d7d")1} ~ G c/ '~:. ~'l

, p



~n Ir-a/n I~~------
/(l~ Üf) 7r-"Ù... -k.l 9"" û~'J/l!Jn œh.t @'K" cl0 ,ht(; h~,.

/t!/ df:> /.ew'//lJ..J .J.PI' J. I~ Ci''' 11'(,&1'''' -lu r: ~n av~'J'-en
.,
iJ(J~ fJlt,I? da. o"lrtV,,-I,/ -R"', #..eJ. )t:/ ;trla~~ e44 /tV';.uj

el- !.lA /e,w'lleJJ b,.J,. /,./"(.J:! r6 J.t <t~,It'W,. clttlW )(14

rt·~ c./-,'f)ftJ f"/(Jn..lJ ,,' la rel(J f /0" (pn Irev;" l, - cI'r r ,"el 1,:0 n J!4 J.

rb,7C. ull" 0 / ~/ftlJ. plan .CU c.pn/raJ'rt/r (~~J."()", 24)j E

U'J, IJ 1nPrk,/, d t 'IoJI-,'up , e-J.. Y..& CP#'~t'" 1- rb .!c/JJ on.

Ai
1
1

dU
1
1
1
w

~dJ> .'

\~. \1"
~n"t

1\

(a) ( b)
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D'" Q ..

. ,

tll1 -:: .tl (fl1t -t\)r~) à ~~-=~ f~g T y~)
"

(~30 )

,(!o,,+/rlJf'o"J ,/YIà/" ';'17"" J. ..e, eA-J 01~nJ FJ!at"e /& th~1

,,~M~ /"'J '-J.~f)~""ItJ a9/JJ -t ;' ;" jJur .....u".f. ~tc,.j/()n parql

I~ a \ J ~)Cf' j ~J ,A"n el, AI'( pel'" rf:IpptU" j. au II; ~kU

7J( J-~ / ~. a c.,-cI (ftJI. u«) ./lifJ re~n le. ,."uN l' a/JJ, ~ rk

I~//II- m,;,u (Abc. 01 (fj."/c) cb~Up~1 l'a". /0 -J-teJ/()"
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r'pI'.f7~rQi/ .0'-' ~j. rJ,1RrhVn.u- }a -IU'h~n ag/JJdn j..

ÀU" /« lau a" ac.. 1YI~'1> ~ -t?,eN~h~M rit Ja fta

h,NI/ "i ) ~n rI./cpmpo~ ceI/( ICI>.h4" en.."vM c.olY'p oJt:ln-lf

nortn"h Oh d ~IU. cptn,D6un.ft tiR ,û~l!.fhLtl'). 'l" 1: -' ,4, V4!P"

rb tecJ t.t"'I"Dd8n k ~ ~n'V( ~a/l /.u ..e~dSl, #:, "4

or. ': cr,. e..D') 2J -+ "j /n'" 20{

Gné: -4 (~-~~ ),..,'" 20l

d(JM Ùd'fP~11u ri u} .) h"9lt ~~ /tfU't J. !1gnt"4 il hJ

aNte )~}l.tl du 'K (fj}. .AA-4),,' /'d nc9 " oIM)- cPn4->'''''

'./pf;J'~1 .4 ~'/ ~) ;n,fu"" rbJM U PM h,Pral..N.

Co,.,,.,' rbtrOfl 1- -ID'" i /,I,J. /eu".lit fJ ana /"9""u e~ a \ a e ri.

.4ur loul. Il;,,aùJe.u' rA j 'a jDhF.f (f,;,-.4/-')) lu 1"" 1

&7'0" ~r"'Q~J ~"" d.D"NnJ. --& ht.Pnvn). /~ G-~j.It:!1n). t:#c!l'Jh~ 1

..duy la ,ue,t,on &f e, cP Ir; l'/a~-t 1 rII,,1- )eI v"Lt~r p~

.A-I/U'/, . rb jp~ e,e.. ,. rte a ( 81'''
th/z.

n, -= 1 'JI, -$"dJ (t9- 32-<1)
_h/l.

~rJ ;,jNJ .lP"J- e-/&'/1'7J rh r~n a ( C,f""'.R k wleu"

pDn';"1/tW r6 eu h?J)httl,..!:J b /.,,, J. .luP 'CH" -I~ ~ ~tS r: fÛ4

lHcJ-eurJ Udn,J 4 rbjuc..J/!J~.o",,·h~ ~ 1'1. # t) ",#J' /~n

en't/,Io'R la ~Ist ~ Ir~1J CÛJ1,6 riA I(J mtl.fn rt"o/Ie (fj.JI_tA).
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'par ~'/( CÛJ ~~Ihuu ~ 4J IQ cu c6. /!t'lt.nv"t
MJ/,,,·). p10ntnl- rkn;,.J. /q l'A ~./cn rb)Q l' 1t:1~ V ru

peqr/f";' -IOt.Arnu- ~' aP-Io,,~ du (l'X~ 1U"71'4J 11"- n.l..ttn

J~,..; ntJ"""Q~ al /0 .JiV1~c.c .e.:laJl,f.M.A" ...",01~II.c F-t
le'.>. cb~"".,(J}/oM . ClÎ4 :?'~tJ parallttu a,.c..)c m U GUfx

t (fj" A~'" tI) ;'~!.MJbJ d
C

) 4 ~j;'~" ~ 3. d<, ~n nv~;'"
, .

A AJtp/!-,°h1Anr paA';" .
o

. . ~n' 7. s fi.., t/J- !t::- 3 fI:
::nt

f /rt .tA- ft ,prit 4 C?WJ~J ~ le; ,hIr.f6c.c ela4h"

r: dt:JM ~. lJf!(/ftJ .lh.J U- ts .
é,.. t!:J rn I:J.;" Q ~ f ~ e >r.pMoh~nJ c:::W'( c je( ~/ ri" Ha t1 ~

l/I- en /l!~or hïn) .. daM' 32 -0) ,!) n . a "

l'tin = ]) (f.. -dtt:-) ~ -1) (~, + V~) (.ri' 33.d)

P?ur !) 6;""/r,,.,uN .,t>c/,rfJJ;;o" J.v rn'Mvn) ~ torho" n'If, aD"

h'cU~t)rtJ )0 fO:'h·D.n ~:Un /dPo/lt.:f ,nt'nU' alxcl rJp"t ~ .

(s) 1, J ·a 6 M-- .t:)' d . AJ.;,.,J.- ptMelllx ~~ a.<I)c d/A;e~~nJ hl ~t-

t J -l-1- '1,;U1"',M. -/NLII/'ot.a c. I~ d!·.tf~ 1) CI d ~ pla n nv'"''cr"

•f'

(h) .•

•
(a)

h,2J!.: cI~"".o}/onJ dt: /!:w/~l. ÂUlJOft ~ nU t.
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P(J"J~{?é la f6~on rb la p1a~ (Ij A2· 4)/ -6 fJ.9'I>I-J

a, b; e, "d ~; cLt~bUl"). e» P' /,'/~ tf"~" I-/"J;, ~;~fll­

~ ~ V 4 C#m'p~eU1n-1ed du r6;.,la(l!IV;I)./ "",..../p),,,;, 0/ te.

Œtp!Q unvnl- ~./ DJ',,) a ~â (4"). al ri..4~ )~ rltÀJ el/~I/" rkJ

11 el'J. fi'"~)~ .vi u/iu' rJ., b c/6M /0 rt~ e.h'.o" rk t-

U t V "1" t) tilt i ,cali ~'p rit ~J dt~/Q(JhU"t.J~ ~/ Â-(

,Pr: () dud· -A"I N q"~ r mt:1 I-/Q /) ,Dai'» f':)Il 1.~ n .'

~h t-:. ~ ~.. + d\t
. ~ ~f'\

1. -Ie"n'I'''' "'C-I~·/lJnvn). ~"'fJd~,..i~~/~ ..I-(n:~

7" 1;- -- a (à.u -t"~ )
4'!- ~"

)'(7 r: )t:ë I?,M. ..A2- b 9"'" fiel';1' tJ.tnif }a ,# C}/ pn ~ /a

Aun~ u .e:.taA/-'~ ~ ....un 1'/t:Jn V'IflJ./~Q/ ~~(;n 1- 'pM I~)(,

rIu~, P" ..;t:?Îf 9'"( ) '0"., il . rit ro fa !/a" fI~" 2'1"ha.-e"i-

P'1 J'I1,,/'''Q IRhlLI') Jo ,eu"',Pl''' eiI(:.t., leuJtt'· ~ a.v p1(Jr)'?J1!:1 ~I­

Jl)a 6 al - ~ •. p~ ",.,uJf 1~~ ;. ~'m.,,,) ,4?'iul' Q (. !Q
dt; fa rr C( 3 dv ,0/#" nv l6à" ,n, ~'J. ..-û n dJplQ Vm4n).. a'~A4

)tA d/oVÛ','on ~ 1 ~~ / a' "

.p": -3~
."lA" fi 41~,.,f'Lf Mt It'f dl n (J 1b~ ~"~~J. au fi,p70 ~""" ~ r::U.

~"" .e6ht.t,,;, de; fI4 la Œ"AJ eJ/~'} .. t 1 ~d / <:il { .'

"_ V ~ - "${::
dJ ~ Vc::;I~" oP" tb du/J.

trn t--; d..u ... d li' -= _ 2~ à~
~ ()o-n e;1 ~n~~

~~. ~3-1,)
..... " .:



. )

2.. ~. 2. CQ~ ~eN.,~1 tIA /!e lC/ O ro t/tl.J ~f::!!..!

.1 'e tu lb' .P"'~U fÛn..Jt. c!pnurllA b. ~ t:Â Iq l'&lfI# r» tiW"l

fJ&. .. ~ p1(J~ /U-oI-d,,?/~J ~K ~.Dj)~ tiI4".,.~~ ~I

IlnJ. . du· 'nv~nh 1'/e./t114nI-J .MNprWUMtl.1'J1- repa,. hJ ,. ,.#~

P()J~ ~ (JuA c.o.s 9~nJrQ/, .:J" NfJ/,JJllra .P" e!4/'ef"'I"N"~ ~/

CJ)n~ vJPrLt rf'''''' ~/fUn~/~~" la ~Q~~;" ~M.~

.ft" fJHnor'l t- rk ".a le':" ~ eJcf' ~pn t/.,"w /OJ/.f1 '" PI' ,Pl"J tJ,:N f.M-l

.A:7W'" ~~ .e-61'N"~"~ 9P'/ePn~ .A'~{,' ~M )ç;o pk~,1 4
cpn r/./I-,'o IIÂ plU. ~ rL". k r ~ t ~ J- .."." cJJa':P.I;'J :./~.Jw ~.( ~ htPiNtI

riA 1d~"Of'\ e"f rh. . tor.<h~~" do,d -& V(J/.Û,rJ AP"J. 6n",~ pa!' a.,
.Il.PO J,.'O".J '. (32:' ~ ) rvJ- (32- ~ ~ ,4:Jl'b1;' !Up4ft J/~' b /0':1 dA la .ptAt'

fJ~t rb. J~lt MUt p.; ~,.., p/t-fn ciro .bd t6lt C},.OIJ,I ln U t 1 Jljo/u

,,' ~ vj" V or: a-vra .(Ij. 13! -6.1 .e)tpAU~~1\4 A-w'llfS,,)U .'

tI.. •. . . '.
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f ;

:3vfpOJD",) rnt:U',..-j,,,,o..nJ. r->: c,1,(Jf'!Jf.: Y'fl..FJt:A,f,~ (9,g./JH"j.

pe.~~"rb'eù 1c:u~MI"). ew p1~'" lt\I ~(," d.t la FJ/q~l;" J~" J.

" ,.nJ. "",,'n-j,"ch·./I' F~ et4M L, fa.j t1"N~(J/ pep f ~v

...6iu:U're rN"J. e,,,,/p,, c,;,,,,,, ri... l'7 UoY J' .e» ciJ c,VI'~f1 ~..kt'" ..e Ct

Tn.,t"J, r1J le::; 1"1q,~( ~ rfLu" pa/AkJ Je F'kM pa""14 lt.. 4Ull'

pilnJ ')1J e}!/J'[ fj ..AJ c/ At. ) " on rb '6.u'J. fi,. piAA f la /1-(JJ.'

~ r-> réU~n ~ 1::' eI-/~", d.e 9 ~ ..,,10/ p p"~ œc.,....t:A .4l.I ,..

~ r U4 )a ftrt' !.t4 ~ eu- ~ frV n I-~ IN' " tHN /QINn J. ~ Ir\!) Nit

rÂ 1&~/~n Û rf, -Iofll·,'ol'\ ~ tnt3VJ 4(.f H--' ~ ~Ja taJ k~n e.k"

~".I(Jn;'tf il rlP" t JIU ,)tS fw,~, p44It ...,un//!' rA ID "!JPe.v ... ~

rbfiuê4 ~"'.'

DI' pnJ. Y1A~"?" âJ IJa/Uo f/tUl4 riA 'e1l,J ~J ~J ~ ."e,,,eP
rk rbifDpe.t4 J'nIÛU")fd-,'hI Q ~ clM J 1;t" d N,PpD;U· ~~ kt

#rl:J ktJ"ue~/J ~ !I-D n I:J ~ 1Y e-r ~ rJ)c ,0 04H11 J.

pQ/l ~J unlre.,) rb c!l~aV')h' rt~1 -r c.u CÛ4 ..if, ÎNn fJ .

~. &lr) f)M vi- ':J pr'lf 4 #~p IJ ../'p~ /Q ~("l ,#tIM

(.~ f/; ) '" f.A~pf rLa I GI?~ .AS" ~ r",,),·./.,j ~o~~pondtNI"J



lb)

~ -_.-

'.

. '~!f

'3

ç: '
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/tf/IlIA. la~o dro,ie 1 cbJJ-Q /) /-f dR. d:n qJi. )(Jr u #av c~

,)J.f r:~ f'I J. :

~;}1 + 'd-tf1ll'\ fi". flw -+ d f)~ r"n - n~!, T "dfh,g ri"
~ 1 ~) t7' d?n.

..,ï/-e", ~t:1 fi, MiMA~~". lu ,-t'U'J p(J'Ç/~'61 ~ ,d~1? "'cS /
-V' kvP~J4"). ~ )ç; (~~ Cf $l'}, /:JD(;;h~ rblll'J Je; tk'

lu cf/o" :J ) J '.tr '1/~ r4 / '~ ~ Il). pVtll't.t) ri ,,~)..,

. lj:=o ='> ?:,ro". jI <;/11 <ljl,n. + 90')<,: o

cl ~'" + d ~M -+ a =0
~ _~ -1

ln"...."1"'" ;n ".. ="> -;'':tJ cI"::r -~na ~ <ho +,.li.;. = D

~fVI c.eJk .e~(lh~1t 1 .DI) Q ~j'" -fA WVJINI'IJ. rit la J~ 9
el- «4' di: ~ t /q cJaJLI'tIl-/on rb ~ ~'n1'.",,;itvll)J p.t j;k li 9/1du.

~I'Qù'~} / t:h~ •

d,~ tf2p/tt~")J/(J~fù ~ ~nV~ -(- dn~ - ~)I e &> .,

."" t7 -. ~ ~

~ -f~;J.. ,."tlN J.t k.r.'/' e;t:U'~~'" r1tA p/47~ .P~ fiey,po"#

tflpi( aufre-t rb'htI"'d?D"~", en peu/- ~.eiJ6.;a /jf..w- ~ ~ bI-

t ÂIA/) ~ i ~Wt~J tU la /Jlta~ 1 ;ho In '" 1..P-' ,,~) ~JI,}

I)~J g""J.,ftJ.~ ll.'/4.p,M""'·1)1'l du ~~~h'oll4 (3~. a ); el) "" h,.

rru n~:, - ng~ 1 ~,n r6~(k",.) ~ 1I(J Iwn rit ~ e; ~ .e»

/: d>~" et. lA rb/..e Ifl"'" 1AJ •
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'r!vrfJ"l. ) '~,,(J(yJ.f J ..""'·,r;ul- ..en~A~QI prtlh?"M-( ~ ,.,Ift"Qur

1l.t#J , dlo),'.A-lrkJ ,(Pl?lr(u'n1u AWt .~:~;'~J1eu,. dt I~ pla ­

~ fJa/I lu ~~)~. "'-;;;:"If/I l'LU. t3,P/';;P.n:~J,( h1pl11.In)J œ/&'11;
In.Pl1Uflh rb -/,Ju-,'o" e!:'.'o(#.Pf'h Ir~n~~n.J.J,,l J'JttJV> ...,;(,ANY" rit

)c;lI t.!'CI,Pt)'~;')Q /'~ , 13. '

D,,'pwra/ofA '~/wl..t.r I.ea (/QltNl'~ IntlX//nQ!e4 "-J
e;"h-zu'n Ad cf, '!tnt;D".), rLt /!)M'cl'! ..e4- ~. e,I~1Aht.lII). .'

.r#J ~u 1 .,t_Â?~~) ,.1 dM ~ et )/'oI?J (28) el- (34 -a) J,,.A,f:

!!. ~ } 2 (f... ~vp~)7 / ri) (& ~ VFtt)7 = &
Th.. L../'-v '1. ,'J/ L . tI.J 7)j.

':', ,, . ,

A-1' s- ~t1) Q !.PM

".
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2. t. PLAGUE"~ jU8/~~ANr L'AcTION COn81NéE I>E LA,

FLExIf)/J{ E-ï J)F,S F oRcE~ i)AN~ ..3 ON PLAN

~J'f' '(A' Pr8~"); NJWJ aN~"'.J ÀVI'P oH~ ~ /4 ,,-1tJ

e;u'" .p cA,'J. .s oVJ JQC 1-;10'1 ,d~n..t c../,ta ":9 e J(I le~o It e f 'f~.(

)e.J 16 ~~J ~'oriw'/~~ e'j..(U',;") .,' /a,"~J Fe )q /&X,/t,n

,À't.A 6-; J. p Q r I.t P /Qn "":J"" rit. JQ P'A~ PP" l/d,I ',i ;:h né:'

g-&j(1~ ; ~. ri., ~J) ,."Ii Il'l4/JIt. ~J /~H'a4 ~/JJQ").

lihf'ld lt j1J!on hw'yen cû Ja p1~ f..,tA,f, .e.#.t, rb t,/errrv'Nn)

,..p'lI thl'''' ma f./lJ" ~. Pion./ -fovk /o/J,I 0'" Âl-I~p'pHrq

fP '(1/&.1 .e"~" rJ.r(U'~ œJ l,n.s/()nJ ~'A,pp) /a.,./4t ,lJe:t.h

./1 QfJl'DÂf aA-')C#",rt-ô"J w')'F ./ ~h~~ J:>n ~) ~.ejp'"

l'~} ~ 'e/fpJ ,cI'O ri,.,fi~",J A.tr )q /&XI~n J.t /q /{1tJf~

e,-j. ~ (IIrtA 1Ir-e r- 4 kl1h~" -/.01-(1 lu A ~'ht"N";' 4V-ec.

.,PnA.. tfApprtllx/,.""fliJ" ÀU#jqn-A -e o 4v1f"U'",P',JqAJ. :"lu .Ju,b~\) ..

~t4 c=e( la ~~rma ~~f) tk fI10 f" ~J'" ,/ ~f cdltl ;~tItN~j·.

fW' )q daJt6" 1. ,t,~ f.f •

g; JlX~ "e;,J,p/IIJ ~ . e1'fit&·'t • 9:1 rkiJ r lJ eu JDIAI" 4.1

P"/t:iF ,I1{~'nQn);,1 ~ !'p/lCf,d etc::~ ~"(la" ~ ca./~ 1»'"

lu /'1a~IJ fP't ~~/~" , ~a/)) eh' VeJ I("éd c6 r r:
,A"n r1Jp,'" rIttJ nk"l Q,,:/ 0"- rra ~'Jalt,', a.u~' ~ m»~~

ri 4'&~n;/,Îù"./~CI~ c.1:;~n ~ CQÂ C'b -/,yn .Mpt:W~)

d -4 ~l'eÂpA#r ~ Je; ÂUli~.
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3.A C140,)( a)V CAlAI1P oE 'IJEPI.A CGI7GNï ET /JE 1.. 'EI.EnFNr

/ ~'J;';~, rI;U,., t.PN'J (U-J. .ltnl,e,~)- tlt/,"v' ~ /tl

c!.pnn(Ji~6f) e.t ri;Un NJI'Y' In-c ({,? Iv' ~ (D"'P p"'" -A4 Ju ~/IOIJ

tU.MA 6j!JIt:Ju~n~J~ ~\ I~;, l.th'eu".pu u~~ oI.!N~ ~ed\ t J

~Ju~ ~ l' on -h~r'( al~ 7M... pah f j..b. ~h'p ~';'

'retn"lir )a." dJJC.16U '.tt:.I!1(Jn e..t ~ clrIre rit7uJt:{/4 (~4rk'J./P"

cÎR ~"'fJPJ"lnh'P/ Ot4 cpn/-,'/'UV'/t /~n-/QtN. 0& ~ ma A~) .e,J.

dt ,oÙ hIa/Ai ,tZu.xc.on~'I;~nJ ~N:I(J,
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Donnees generales
*********************

nombre d.elements _
nombre de noeuds
nombre de de~res de libeIte'_
~odule d elasticite ~_

~c'oeff icient de. Poisson· _
nombre de noeuds restreints

.p c i ds 901 umi que..~4. -------

AJ fa

**********************. '. ..'
ponnees des noeuds

**~**t****************

4
5
6

1 . D
.3000

2
.0000

1.000000

noeud coordx coordy
1 .aoo 1 .000

2 1 .000 1 : 000

3 .OOP. . '000

4 1·.00 0 .000.

'! :50 n .500

****************.***~***~

(estre~ntes aux noeuds Q

******~****~*****•• ***~*.
noeud dxdy dz

1 1 1 ·1
3 1 0 1

***********~*********.**~****

con~ecti9ite des e~ements

*************.*. ****.* ********

coordz
.000
.QOO
.000
.000
.000

rota.x rota.y rota.z
001
D 0 0

elmt • n oeud• 0

1i <5. ••
t· 2 S

3 , 5
4 5

. noeud 2. noeud 3·
1 2
2 4
4 .• J
3 .,

epaisseu~

.1'000.
.1000
; 1000
.1000

•
.nombPe ..d e qu at t on s = 30

espace requis - 429

...
********************~*****

• CAS DE. CHARGEMENT NO
*************************

•

..

.'

.f •



... "

.....- '':-''-._._,....,~....;...---~--;,-.-_.......----~----------------- .
•• charges aUB noeuds.·
••••••••••••••••••••••

-.:"

1
1

..,

nombre de noeuds charges = 2

noeud fa fy f" HB Ky Mz
2 .500 .000 .000 .000 .000 .000

4 .500 .000 .000 .000 .000 .000

~........~......
, ',

Deplacements
••••••••••••••••

noeud dB dy dz rota.B rota.y rota.z
1 0.0000 0.0000 .0000 .0000 .0000 .0000

2 10.0000 0,0000 .0000 .0000 .0000 .0000

3 0.0000 3.0000 .0000 .0000 .0000 .0000

4 10.0000 3 ..0000 .00'00 .0000 .0000 .0000

5 5.0000 1.5000 .0000 .0000 .0000 .0000

••••••••••••••••••••••••• ~\
..(!~..elements de' r e du c t ion ,.

'1

.~ ..................~....
ele)il. noeuds ·NB . :. Ny NBY MB My MBY

1 .. 1 '. SOOi)·· :5000' . -.'5000 .0000 .0000 .000

1 2 .SOOO .SOQO -.5000 .0000 .0000 .000

1 3 .5000 .5-000 '- . 5000 .0000 .0000 .000

2 l' .5000 .. 5000 ..5000 .0000 .0000 .000

2 1 .5000 .5000 '.5000 .0000 .0000 .000

2 3 ... 5000 .5'000 .5000' '-0000 .0000 .000

3 1 .5000 " . SO~Q -.5000 .000'0 .0000 .000

3 2 .5000 .5000 -.5000 .0000 .0000 .000

3 . 3 .5000 .. 5000 ... 5000' .0000 .0000 .000

4 1 .5000 .5000" .5000 :0000 .0000 ..000

4 2 . 5000' .50'0.0 .5000 ·.. liooo .0000 .000
4 • 3 .5000 .. SOtO .5000 .0000 .0000 .000

"
,..........~ ............. ,

reactions aUB appuis
••••••••••••••••••••••••
n eeud rB ry ri KB My Mz

.' .'.
l , -.500 0.000 . 000 .000' .000 .000
3 -.500 .000 .000 .000 .000 :000

.\

r.,
1
1

,

. (
1
)

...~ .
CÂS ,DE CHARGEMENT NO 2

•••••••••••••••••••••••••
··chargeslat~rale~ ••

"
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" ..' ;.,.... ,

nombre d elements charges

• , ' .. l .,11.-_ ••.•"

'~I el em. cote bal ba2 byl by2
.: 2 1 ·1 .0 eue 1 .00-60 .1.0000 1.0000:i

*********.~*****.t. .,
Deptacements

.1 ****t*******.**~

noeud da Idy dl tota.a • rota.y rota.1
1

~~
1 0.09 00 0.0000. .0000 .0000 .0'000 .0000

:~ 2 10.0.000 0.0000 .0000 .0800 .0g·00 . '0000
.~: 3 0 ..0000· .. 3.~OtO .0000 .0000 .0.000 .'0000

4 '0.0000
.. 3.00.00 ·.0000 .0000 .0000 .0000

$ !.~OOO 1.5 Dt 0 .0000 .0000 .0000 .0000

. •*************************
elements de redud'ion

********f****************

•elem. noeuds Na Ny Nay Ma My May
l' 1 .5000 .5000 -.5000 .0000 .0000 .000lt

~. î 2· .5000 .5900 -.5000 .0000 .0000 .0000
1

3 .5000 -.5000 .0000 '.000'01 .5000 .0000
2 .. 1 .5000 .5000 . 5 O~aO .0000 .OOQO .0000
2 2 .5000 '. SOOO .5000 . .0000 .0000 ,DODO
2 .~ '.•000 .5000 .50(10 .0000 .0000 .GOOO
~ 1 ."5000 .5000 - .. 5000 ·,0000 .0000 . DO'lrO

·3 2 , .5000 .5000 -.5.000 .0000 .0000 .0000
. 3 .- ··r· .sooi! .5000 -.5000 .0000 .0000 .0000
4 .'5000 .5000 .5000 .00017 ;'0000 .0000

•• ·2
1 ..

. li0(f0 .5000 .5000 . ' .0000 .0000 .0000
4 ; :"3"·· .5000 .5000 . 5~00 .0000 .0000 • .0000

'.; •• ~ ,

,*****.****~*****.******. ....
reaction!; ap~uis •. :". aua

.... a

******~*****************

noeud '; "r a ty rz th iMy Mz

1 .... 500 0.000 .000 .. 000 . .ood" .000 .
.3 -.SOO .000 .000 .. 0ft 0 .ooe ...

.000
". " . 1 ••

i
1,

*****~********.*********** .. ..
•

.**charges raterale.'~*

******************.'.*.' .

.', .' .'

.'.

CAS DE CHARGEMENT NO 3
*********************i***

nombre'd 'lements ch~rges

'.

1

".

7~

' .
.~.

~ .
•.;

. ...

.' .l

.. .'

• •

..
•

•

.~. ~;



,
j

elem. cote bBl bB2 byt by2

2 1 3.0000 .0000 3.0000 .0000

****************
Deplacements

****************

noeud dB dy dz rota.B rota.y rota.z
1 0.0000 0.0000 .0000 .0000 .0000 .0000
2 23.7750 -8.7750 .0000 .0000 .0000 .0000
3 0.0000 4.5000 .0000 .0000 .0000 .0000
4 6.2250 -4.2750 .0000 ': .0000 .0000 .0000
5 7.5000 -.0250 .0000 , .0000 .0000 .0000

....
************************~

elements de reduct ion ' ~:

*.**********************~:..
elem. noeuds NB Ny NBY MB My MIY

1 1 1.0750 1.0750 ;-1.2500 .0000 .0000 .0000
.. 1 2 1.0750 1.0750 -1.2500 ,DODO .0000 .0000

1 3 1.0750 1.0750 -1.2500 .0000 .0000 .0000
2 1 .5750 .9250 .7500 .0000 .0000 .0000
2 2 .5750 .9250 .7500 .0000 .0000 .0000

'2 3 .5750 .9250 .7500 .0000 .0000 .0000
3 1 .4250 .4250 -.2500 .0000 .0000 .0000
3 2 .4250 .4250 -.2500 .0000 .0000 .0000
3 3 .4250 .4250 -.2500 .0000 .0000 .0000
4 1 .9250 .5750 .7500, .0000 .0000 .0000

v
4 2 .9250 .~750 .7500 .0000 .0000 .0000
4 3

ê ,

.9250 .5750 .7500 .0000 .0000 .0000

************************
reactions aUB appuis

*********************a**

noeud rB ry rz MB My Mz

1 -1.000 0.000 .000 .000 .000 .000
3 -.500 .000 .000 .000 .000 .000

******.*******************
CAS DE CHARCEMENT NO 4

*************************

**charges laterales **'
******a***************

nombre d elements charges

,
elem.

t
cote

1
blll

.0000
bB2

3.0000
byt

.0000

75

by2
3:0000
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• : r., "
.... .," .. -:" " . ' "

****************
Deplacements

****************

noeud dB dy ds rota,a ' rota.y rota.s
1 0.0000 0.0000 ,DODO .0000 .0000 .0000

2 -17.5500 61.1000 .0000 ,DODO .0000 .0000

3 0.0000 1'.5500 .0000 ,DODO .0·000 .0000

4 17.5500 4S.5500 .0000 .0000 .0000 .0000

5 4.2250 26.3250 .0000, ,DODO .0000 .0000

, **.**.****~.*************
elelllents da reduction

.~***i*****l*************

, ;el em. noeuds • Nlt Ny, NBY Ma M~ MIlY
1 1 .7000 -2,QOI1O 1.0000 .OOQO . 0000 .00·00 .
1 2 .7000 -2,0000 1.0090 .0000 .0000 ' . 0000
1 3 .7000 -2,0000 1.0000 .0000 .0000 .OOÔO
2 1 0.0000 1,3000 -1.0000 .OOU .0000 .OQOO
2 2 ' 0.0000 1.3000 -l,DODO .0000 .0000 .0000

" 2 ~' 0.0000 1.3000 -1.0000 .0000 .0000 .0000
3 1 1.3GOO 0.0000 -1.0000 ,DODO ,DODO ,0000

, 3 2 1.300,0' D,DODO -1.0000 ,00,00 .0000 ,0000
! 3 3 1.3000 0.0000 -1.0000 ,0000 .0000 ,DODO

i 4 1 -2.0000 .7000 1.0000 .0000 .0000 ,DODO
4 ,2 -2.0000 .7000 1.0000 .0000 .0000 .OODO

• 4 '3 -2.0000 ,7000 '1.0000 .0000 .00:00 .00000

•
j************************

°t rea,'ctions, aUB ~'puU

I****i**~~******l********l '
.noeud '" rR',' ry

;
~..·..·.000

.000

MI

. . ."

" ..,
, .

.000
.000 '

My

.000

100
::;

1

, Ma

, ,." '.

1
l'

•
• .,

,. ·• ~
1• • .

~ ,-·î
"

l,
! .

• ..
,..

"
"

" :

'.
0'

76
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CALCUL DE ~OaUES

(analyse

ECOLE PO~YTECHNIQUE DE THIE5
DEPARTEMENT ~U GENIE CIVIL

Yve"s 'hàb~~ f r a n e i s KONATE
:Mouham~dou Moustapha NDtAYE

FINI5PAR ELEMENT5
elastique)

DE,' FIN D ETUDES

,,
.. ' .

PRO.JET

iluteur
directeur

li

lt'

lt'

lt

*
.*
.*
*.

*
*
*

c
c
c
c

c
c
c
c
c

c
c

c
c

c
c'Pou't e a e c u t a r ,creer un ficpier'de dorm e'e s d abord
c • Si 1e f i ch i er des r e su l ta t s e Bis t e de j a 1 ç as sur e r. .
c q'IJ i 1 es t' v ide ' ..

"c
i mp l I-c Lt real*,B(~'-h"o-z"

character*6 stdon,strat
di me n Il. 0 n' r c f ( 9 , 9) , cc f ( 9. 9 ) , _ in t ( 5 , 5 ) , ccp ( & , '6 ) , r cp ( 6 , 6 ) ,

1 al ( 3 , 3 ) , ire; ( 50 , 7 ) " tx' ( 50 ) , t y'( 50 ) • t ~ ~ 5 0) , fi ( 3 , 50) l' i h ( 300) , ,
2 ~ t ( 5 0 ) , t g ( 1Il ,-18 ) , gr,'1e ( 6 0 0 0 ) , ma tr 8 '( 6 0 0e). 1 • b c P ( 3 , 6 ) , e b cf, ( 3 19 )
, dimension ·p52:(3,59)',vc(~O~0)~.flJ(18)'B(3150l,y(~:50), '

. " l' .a~ù t ( 18 , 18 ) 1 b a (2 .3 1 50 ), b y ( 2 1 3" 5 () t f i ( lI!) 1 lIY ( 3 ) 1

Z' , i ad ( 1 8 )~, z (~ , 50 ) ; r e a ct ( 6 ) l 'i1 ( 6 )
, .'

c

500

'1 .

.50.5

c .­
c

c

print 500
t o r e e t t t s , 'fichier de. tlonnees
readl ,stdon'
f o r ma tta é )

print SOS
'f o r a a t t t a , 'fich·ier.de: resu1tat
'n!a.d 1,5 tr a t
open(unit=5,fi1e=5tdo~}

,open(unit=6,fi1e=strat)
tewind(5)

.r ew i n d t é )

DONNEE5 GE~ERALES

•

'1 ' , $ )

1 1 " $ )

• '.

.'

p t,i nt 100
r e a d* 1 ne l,no d, nd 1 , em', pc, nn r , Qama 1 al fa, nec
p r in t :t OS, n e'l ln 0 d, n dl, em , p Co 1 ~nr , g'ama 1ai i a

nle=3*nd1
nn e nd 1*nod
n a e nn s I

,c

2

do' 2 i=1,nnr
dO,2 ;=1,7
ire5~i,jh:O

c

c c 0 0 r d Cln n e e 5 des n 0 e-u d 5
p r i n t 110
do 3 i=1,nod

90
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3

r ead fl , le, t 11 (k) , t Y(Ir) , t z (Ir)

p r i n t 115,k,tx(k),ty<t),tz(k)
,.-

c·
o

'14

restreintes au. noeuds
print 120
do 14 i e I s nn r
r e a d .• ,Ie,(iresO,j),j=l,ndl)1
ires(i,7)=k
prin t 125, le , <i r es ( i ,'j ) , j = 1 , tI d J) ....

.,.

. "

·· .
•

••

..
. .

• 1; ,
cslcul d~ 1 'adre~se des diagon~les..

,
do 5 i=1;nn
ih(i)=O

c
c ~onnectivjte de. elements

prlnt 130
do 4 i=l,nel ~

t e a d 11 , le , t. ( le ) , ( j if j 1 k ) 1 j =1- , 3 )

ptint 135,k,(ji(j,k);'=1,3),t(lr)4
c,
c

e
-Ô,

5
c

do' 6 lr=l,nel
cali ad r es (.j i , n dl" n k , i ad; fi el, le )
mi e r a d Ll ) ~

c

•.. . , do 7 i=l,nle
if (iad(i)·.lt.mi) mi e i a d t f )

·d 0 8 f =-1 , n k
i ie i a d.t i)

ihid i.mi
ih i b·.i h Ci L')

'if Cihl.gt:iltii) ih(ii)=iht
conf}nue
co-'t i nu e
%llaxa(l)=i..
lBaBa( 2 )=2.
do .. 9 i=2,nn
maB~(i+t)=maK~(i)+ih(i)+l

••
Jtl.~=maBa(nn+l )-1
print .20S,nn
primi 200,nwk

.'

.' ,

•

•

,

.. ., .. ,

•

• •

· .

•

DONNEES nss ELEI1F.ltrS :RIGtnlTE;ASSr.MBr.AG'~.'

" .

• i

,.
"

"

"... " .
ri . " •

.,

~',

., .
-: . j' i '1 .

-...
i' ..

. "
'.'

. .

•

..., ...
.'

e a l c u I: d.s Ln t e q r a l e s ~

cd} ,K'i n Ü·~ r (a in t 1 Bk 3 , y le 3 , Yk2'

do lOi = t , nwk
grk(i)=p.dO.

dot t ,« = l , n \ 1 •
.h =.t ~ t ) ',~.., . . .. ; " .
cali c C7\tr ,lt1o.c ( B, Y r 1'.. a 1 , Ir , t 11 , t Y , t z , j j , no d , ne 1 ) ".
llk~=B(3,1e.· ,;
yt3=y(3,1e)
yk2=y(2.'1e)

"

. '.
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c rigidite des elements et assemblage
~all co~lag(rc~,6,em,pc,h,Rk3,ylc3,ykZ)

ca II co fie 9 ( r cf, 9 , em, pc , h , ai nt, Rk:3 , Yle 3 , Yle 2 )
cali transfo(tg,al)
cail rigel(amat,18,6,9,r~p,rcf;tg,alfa,em,h,Rk:3,yk2)

call'adres(ji,ndl,tllc;iad;nel,k)
cali assemb(iad,nk,amit,grk,~wk,~a~a,nR,nn)

c
11 continue
c
c 'introduction des restreintes

do 21 i::::l,nnr
lc::::ires<i,7)
do 21 j::::l,ndl

·ii.(jies(i,j).eq.l) then
lek~maxa(ndlt(k-l)+j)

grk(klc)::::grlc(lck)+1.d60

endif •
21 continue
c

ca'll tripld(grk,maR~,nn,nwk,nR'

a. DONNEES DES CHARGES,

do 12 ncck::::l,ncc
print 165,ncck
do 13 i e l v n e I
d'io 13i c == l , 3
J
p\sz( i c • i ) =0 . dO

. • do l!'i i :::: 1 , 2
bx(j~,ic,i)::::O.dO

13 by(ii,ic,i)::::O.dO
do 20 i::::l,nn

,20 vc(i)::::O.dO
do 50 i::::l,18
fl(i)::::O,dO

50 fg(j)::::O.dO
c

re.d* ,nnch
if(n~ch,.eq.O)goto 23
pr in t ,140
print 145,nnch
print 160
do 15 i=l,nnch
r e a d 11 , k J (v c ( n· -,1 ) *n d 1 + j ) , j :::: 1 , ndl)

il 5 .p r in t 175 , le , ,( v c ( ( k-1 ) *n d 1 + j ) , j:::: 1 J n dl)
c
23

16
c

l
re a d s , ne 1cr s
if ( ne Ic r s , e q . 0 )g 0 t 0 24
print170
print 180,nelcrs
print 185
do 16.i=1,T)elcrs
read*,k,·(psz(j,Ie),j=1,3)
print 190,lc,(psz(j,k),j=1,3) ,1
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24 read*,nelcrc
if(nelcrc.eq.O)goto 25
print 195
print 180,nelcrc
print Z10
do 19 i=l,nelcrc
read*,k,nccek
do 19 j=l,nccek
read'll,ic,(bx(ii,ic,k) ,ii=l ,Z)
read*,(by(ii,ic,k),ii=1,2) .

19 print Z35,k,ic,(bx(ii,ic,!t),ii=1,Z),(by(ii,ic,k),ii=1,Z)
c
c
c
Z5 do 26 k=l,nel

calI coordloc(x,y,z,al,k,tx,ty,tz,ji,nod,nel)
h=t<k)
X3=1(3,k)
y3=y(3,k)
yZ=y(Z,k)
calI xintegr(aint,x3,y3,yZ)
cali trandem(ccp,a3,y3,yZ,6)
calI trandef(ccf,x3,y3,yZ,9)
calI tran~[o(tg,al)

dit 55 i=l,3
55 pv(i)=gama*al(i,3)
c

c a l I cheqpla(fl,pv,aint,h,bx,by,ll,y,nel,k,ccp)
c a l I cheflex(fl,pv,aint,h,pst,x,y,nel,k,ccf)

c
do.35 id, 18
fg(i)=O.dO
do 35 j=l., 18

35 fg(i)=tg(j,i)'Ilfl(j)+fg(i)
c e Ll adres(ji,ndl,nk,iad,nel,k)
do 17 j=1,18

17 vc(iad(i»=vc(iad(j»+fg(j)
c
26 continue
c

calcul des deplacements par resolution des equationsc
c

2Z
c
c
c

calI resolv(grk,vc,maxa,nn,nwk,na)
pr i n t :150
do Z2 i=l,nod .
p r in t 155, i ,<vc (n dl 'Il ( i - i )+ j') , ; =1 , n dl)
continue

c3lcul des contraintes

print Z30
do 30 k=l,nel
calI coordIoc(x,y,z,al,k,ts,ty,tz,jj ,nod,nel)
hd <k)

a3=a'<3,k)
y1=yCZ,k)

•

•
..
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.,;

1.

40
/

45

70
65

60
30
c
c
c

y3=y(3,k)
calI trandem(ccp,x3,y3,y2,6)
cali t r a n d e f t c c f ,x3,y3,yZ,9)
calI transfo(tg,al)

, cal l' ad r es' ( ; i , n dl, n k , i ad, n'e l,y)
'do 40 i e L, 18, '
fl(i)=O.dO
do 40 ;=1,1-.8
f 1 ( i ) = f I~ ( i )'+tg(i , ; ) '/1 V c ri 'a d ( j , )

cali sigmap(ebcp,em,pc,ccp)
,do 45 i=1,3
s(i)=O.dO
do 45 ;=1,6
s( i )=s( i )+ebcp( i,; )1If 1 (; ) 1Ih

do 60 i=1,3
, ,x i =x ( i , l' )

yt'=y(i,k)
c a II sigma f ( e b cf, em, pc, h , xi, yi, cc f )
do 65 ii=l,3
s(ii+3)=0.dO
do 70 ;=1,9
5 ( i i +3 ) =5 ( i i +3 ) +e bcf ( i i , ; ) *f 1 ( ; +6 )
continue,
irint 235,t,i,(s(;),;~1,6)

"c'oJ:ltinue .'

continue

calcul d~s reactiods

print 240
do 85 i=l,nnr
k=ires(i,7)
do '90 ; =1 , n dl
react (; )=0. dO
if(ires(i,;) .eq:l) then
r e ac t ( ; ) =- v c ( ( k - 1 ) '/1 n d 1+ ; ) 11 1 . d 60
endif
con ti nue , ,

p r in t 175 , k , Cr e ac t ( ; ) , ; = 1 , n dl)
continue
continue
t o r aa t t '
format('

',tl0, 'D6nnees generales' l' 'tB,21(:'/I'» ,
',tl0,'nombre d elements.:',t40,i5"l"
, , t 1 0 , , nom br e den 0 e u d s • .,:', ~ 40 , i 5 "'
',tIO', 'nombre de degres deUber,tes',:' ,t40,i51

. -., . . ~. "

, , t 1 0 , 'mo d u 1e dei as t ici te. : ' , t 40 , f 12 . 1'1
',tl0, 'coefficient de Poisson, :' ,t40,f12.41
',tl0,'nombre 'de noeuds re'streirÙs'_:',t40,i51.'

, ' , t 1 0 , ' po i d s vol um i Il u e , :', t 4 0 , f 12 , 4 1
, , t 1 0 , 'AI fa '.. :', t 4 0 ,f 1 a 6 1.)

format(II' ',tB,Z2('1I'l,/' ',tl0,'Oonnees d e sv nc e u d s " r ' ',t8
,22(''/I')/j~ ·,t8. 'noeud' ,t17, 'coordx';t27, '~oo~dy' ,t3B.'coordz')
format(' ',Sll,i5,3(x,fl0.3», ' ','

, format (III' "':,t8, 2S (','/l') 1 tl0,' restreintes aux noeuds,'/'
tB,25(''/I')ltl0,'noeud',211',' dx',3x,' dy',4x,' dz ',lx,
~rota.x' ,lx, 'rota.y· ,lx, 'rota.z')

90

85
1'2

,100
105

1
2
3
4
5'

6
7

110

115
120

1
2

", 'l
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•

.,.,
b1l2' ,

Ns' , t 32,

bll1',t32,'

de reduction '
'noeuds',t20,'
My , , t B:3 , 1 Mxy --)

for ma t (' " t 7 , 7 ( 1 S , i 6 ) ) ,
format<III' ',t8,29('*')/t10,'connectlvite des elements'(.'.

1 t8,29('*')II' ',t8,'elmt',t18,'noeud l',t28,'noeud 2',t38,'
2 'noeud 3' ,t4B,'epaisseur')

for ma t (' " t 8 " i S , 3 ( SR, i 5 ) , t 4 8 , f 9 . 4 )
format(/' ',t20,22( '*' ),' ',t22, 'charges aux noeuds' ,l'
t 20 , 2 2 (:' 1r ' ) 1 )

t e r aa t t r ' ',t8,'nombre de noeuds c h a r q e s s» ',iS/)'
format(/' ',t20,16('*' )/' ',t22, 'Deplacements'I' ',t20,16('1r')1

l' ',tB, 'noeud' ,tlB, 'dx' ,t2B, 'dy' ,t3B,idz' ,t46, 'rota.x' ,tS6,
'rota.y' ,t66, 'rota,z')
forma t (' " t 8, i:3, t 12,6 (f 10,4) )
for mat (' ',t B, 'n 0 e u d' , t 1 B, • f II ' , t 2 9 , ' f Y , , t 4 0 , , f z ' , t S 1', 'M x ' , t 6 2 ,
, My , , t 73 , 'Mz ' )

format(IIII' ',t8,26('1I')/tlO,'CAS DE CHARr,r.t1F.Nr NO',t31,
t31,i2/t9,2S('1r'»
format(/' ',t20,24('.'),' ',t22, 'charges de ~urface ',1'

t20,24('*')/)
format(' ',5ll,iS,60s,fl0.3»
t o r ma t t ' ',t8,'nombre d elements c h a r q e s v i i â r )
format(' ',tB, 'element' ,t'lB, 'pszl' ,t48, 'psz2' ,t68, 'psz3')
format(' ',Sll,i7,'(10B,dl0.3» •
format(/" ,t20,22( '*'),' • ,t2Z, 'cbarges laterales
l' ',t20,22('lI')f)

f o r n a t t r,' ',tB,'es.pace requis =',i/j)
t o r ma t t r ' ',t8,'nombr~ d equations =',i4)
format(' ',t7, 'elem.' ,t13,' cote' ,t20,'
t ,4 4 , ',' b Yl ' , t 5 6 , , b Y'2 ' )
forma t (' " SB, i 7 , 10 II , 4 ( 10 X , d 1 0 . 3) )
f o'ima t (l' " t 2'0, '2 S ( , 11 ' ) 1 t 2 2, , el emen t s
l' " t 20 , 2 S ( , 11 ' ) 1 l' " t 7 , , e 1em .• , t 1 3 ,

Ny , , t 44 , , Nx y , , t S8 " Mx', t 7 1 , 1

format(' ';6u,i4,ls,i6,6(fll.4»
format(/' ',tB,24( '11' )/' ',tl0, 'reactions aun ap~uis 'l'

tB,24('*')II' ',tB, 'noeud' ,t20, 'rll' ,t30, 'ry' ,t40, 'rz' ,t48,
Mll',tS7,' My',t69,' Mz'/),

1

2

1
2

i
'2

12S
130

165

14 S

150

135

140

170

200
20S
210

1 S S

160

215
230

175
180
18S
190
195

235
, UO

c
e l o s e t un i t e â j

.,cl o s e t un I t=6)
stop
end

"C

•
."

95
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su b r 0 u tin e '. co 0 rd 10 c (B , Yi Z', ~ 1 , k , t.a , t Y , t z , ; i , no d, ne 1 )

c
c
c

c
c
c
c
c
c
c

'c

c

1

1'2

c
c
c

*******************,~**********.******************

* la sous-r~utine calcule: , *
'. ! . .• ~

* les cosinus d i r e c t ë'ur s des axes .locaux :al*'
. .

* les c o c r d on n ë ë s du systeme local'x,y,.z *
* de element le .,conn~i5sant *
* 'les coordonnees dans' le systeme -q l ob a L: tH,*
* ty,tz *
* ;i: v e ct eu r connectivite. *
* nod :nombre de noeuds *
*. riel :nombre d elements ~ *
*******************************~~~***~************
implicit real*S(a-h,o-z.
dimension x;(3),y;(3),z;(3)~tx(nod)ity(nod)itz(~od)

, ; i ( 3 ,ne! ) • x ( 3 , ne 1 ) ,y ( 3 ,'riel ~ , z ( 3 , ne 1 i, a l( 3., 3 ) .
do 12 i=1,3

.. x;(i)=tB(;i(i,k»
, yj(i)=ty(;i<i,k»
z;(i)=tz(;i(i,k»
i21=x;(2)-x;(1)

'. . y 21 =y; ( t> -y; ( 1>
z21=z;(2)-z;(1)
d12=(x21**2.dO+y21**2.dO+z21**2.dO)**.5dO
al (2,l)=x21/d12
â 1 ( 2,1. ) =y 21 1d' 2
al(2,3)::z21/d12
&31=x; (3)-x; (1)
y31=y;(3)-yj( 1)
z31=zj (3)-z; (1)
xVz=y31*z21-y21*z31
yVz=z31*H21~z21*R31

zVz=x31*y21-x21*y31
dVz=(xVz**2.dO+yVa**2.dO+zVz**2.dO)**.5dO
a 1 ( 3 , 1 ) =x V z 1d V~~ .•

al(3,2)=yVz/dVz
a!(3,3.)::zVz/dYz
al ( 1 , 1 ) =al ( 2 , 2) *al ( 3 , 3 ) - al ( 3 , 2 ) *al ( 2 , 3 )
al(l,2)::al(2~3)*al(3/1)-al(3,3)*al(2,l)

al(l,3)=al(2,l)*al(3,2)-al(3,1)*al(2,2)

coordonnees locales

x(l,k)=O.dO
y<1,k>=O.dO
x(2,k)::x21*al(1,1)+y21*al(1,2)+z21*a!(l,3)
x(3,k)=x31*al(1,1)+y31*al(l,2)+z31*aJ(1,3)
y(2,k)=x21*al(2,1)+y1.1*al(2,2)+z21*al~Z,3)

y(3,k)=n31*al(2,l)+y31*al(2,2)+z31*a'!(2,3)
z ( 2 , k ) =~ 21" al (3 , 1 ) +y21 *al ( 3 , 2) +,z:il *al ( 3 , 3 )

,;'t.( 3. k ) = 'B3 l'lia l- (3, 1 ) ~ y31 *a 1 (3, 2 ) +Z 3 1*a 1 ( 3~, 3>

return
end

..
,
;( .
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subroutine cofleg(rkalfa,n,em,pc,t,aint,R3,y3,yZ)
c
c
t

c
c
c
c

*************************************************
* la sous-routine calcule la matrice de rigite *
* elementaire dans le syst. locAl pour la plaque*
* en flexion. *
***********************************************.*

implicit real*S(~-h,o-z)

d imens i on r ka 1 f a (9,9) , cc (9,9) •ai n t (5,5).t emp <'9.9)

c calcul de cc et de cinv
calI trandef(cc,K3,y3,yZ,n)

.f

•

e·

•

calcul de rkalfa
const=em*(t**3)/(1Z.dO*(1.dO-pc**Z»
t!oZOi=1,n·
do ZO j:::1,n
rlralfa(i,j)=O.dO
rkalfa(4,4):::4.dO*aint(1,1)
rlralfa(4,6)=rkalfa(4,4)*pc
rkalfa(4,7)=lZ.!O*aint(2,1)
rkalfa(4,S)=t!.dO*aint(Z,1)*pc
rkalfa(4.9)=12.dO~aint(1,Z)*pc

rlralfa(5,5)=2..dO*aint(1,1)*(1.dO-pc)
rkalfa(5,S)=4.dO*aint(1,2.)*(1.dO-pc)
rkalfa(6,6)=rkalfa(4,4)
rkalfa(6,7)=rkalfa(4,7)*pc
rlralfa(6,S)=4.dO*aint(Z,l)
rkalfa(6,9)=12..dO*aint(1,2.)
rkalfa<7,7)=36.dO*aint(3,l)
rka1fa(7,S)=12..dO*aint(3,1)*pc
rkalf~(7,9)=36.dO*aint(Z~Z)*pc

rk~lfa(S,S)=4.dO*aint(3,1)+S.dO*aint(l,3)*(1.dO-pc)

riralfa(S,9)=lZ.dO*aint(Z,Z)
rkalfa(9,9):::36.dO*aint(1,3)
do 30 ·i=4.n
do 30 j=i,n
rkalfa(i,j)=rkalfa(i,j)*const
r ka 1 f a ( j • i ) =r ka 1f a ( i , j)

.c on t l nue

c
c

30

ZO

c
c calcul dercf

c~ll produit(rkalfa.cc,temp,n)
c

.return
end

..

.. .



c

c
c

c

c
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subrouti~e sintegr(aint,H~,y3,yZ)

~********************************~*************************

* la sous routine calcule les valeurs des Integrales *
*****************************************************~*****

implicit real*8(a-h,o-z)
dimension aint(S,S)
aint(I,I)=y2*s3/Z.
aint(Z,I)=yZ*a3**Z/6.
ai n t ( 3 ,1 ) =yZ*s 3**3 i 1Z .
aint(I,3)=(yZ**z+yz*i3+y3**Z)*x3*yZ/lZ.
a i n t (4,1 )=yZ*x3**4/1Q.
aint(S,l)=yZ*x3**S/30.
aint(l,Z)=yZ*x3*Cy3+yZ)/6.
aint(1.,Z)=yZ*x3**Z*(yZ+Z*y3)/Z4.
aint(3,Z)=CyZ+3*y3)*yZ*x3**3/60.
aint(3,3)=y1.*s3**3*(y1.**Z+3*yZ*y3+6*y3**Z)/180 ..
aint(Z,3)=(yZ**Z+Z*yZ*y3+3*y3**Z)*yZ*x3~~2/60.

aint(1.,4)=x3~*Z*yZ*(yZ**3+Z*yZ**Z*y3+3*y1.*y3**Z+4*y3~*3)/IZ0

aint(I,4):(yZ**3+yZ**Z*y3+yZ*y3**Z+y3**3)*n3*yZ/20.
aint(I,S)=(yZ**4+yZ**3 iy3+yZ**Z*y3**1.+y1.*y3**3+y3**4)*x3*y1./30.

a'i n t ( 4 , Z.) =x3**4* YZ* ( y2+ 4 . *y3 ) / 12 0 .

return
end,,_, ·.·IIi..,· " .,•. , ~ ..,,. ••• .... . . ... -. .

subtoutine produit(aa,cc,temp,n)

..... ,., ...... ,...
.. ~ '. 0" ."

c
c
c
c

c
c
c

c

***************~************************

* la sous-routine multiplie la t.ans- *
* posee de cc par aa ,puis le resultat *
* stocke dans temp est multiplie par cc*
* le produit final est stocke dans aa *
******t*********************************
implicit real*8(a-h~o-z)

dimension aa(n,n),cc(n,n),temp(n,n)

..

do 20 i=l,n
do ZO j=I,n
temp(i,j)=O.dO
do ZO k=l,n
tempCi,j)=temp(i,j)+cc(k,i)*aa(k,j)

1.0 continue
do 30 i=l,n
do 30 j=l,n
aa(i,j)=O.dO
do 30 k=1,n
aa(i,j)=aa(i,j)+temp(i,k)*cc(k,j)

30 continue
return
end

..... '."



c
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c "

su b r 0ut in e che lfp 1a ( fi, Pv , a in t , h , b II , bY , II , y, ne 1 , k ,.e c )
implicit real*8(a-h,0-~) •
dimensfdn pv(3),fl(18),aint(5,5),bs(2,3,nel),by(2,3,nel')
,B(3,ne[),y(3,nel) ,a(2),b(Z),temp(6) ,cc(6,6)
*********************************************************

.'

c

c
c
c
c
c
c
c
c

35
c
c

5

c
c

15

20
25

30
10

40

.'

* rentree: *
* _ pv(I),pv(2):composante·s dt! poids en Il et y *
* _cc :matrice de tra~sformation des dep!ace~ents*.

* _ll,y:coordonnees l o c a l e s • *
* _bll,by:charges reparties • *
* sortie: W
* - fl(i),i=1 a 6:forces equivalentes planaires *
*************************************_**************** *t *

..
do 35 j=I,6
fl(i)=O.dO
t emp ( i ) =0 . dO

ehargesequivalenles dues au poids
do 5 i=1,2
~v( i )=h*.pv( i)
temp(3*i-~)=pv(i)*aint(I,I)+temp(3*i-2)

temp(3*i-1)=pv(i)*aint(2,1)+temp(3*i-l)
~empC3*i)=pv(i)*a1~tC1,2)+temp(3*i)

continue

charges equivalentes laterales
dO'10 i=1,3
j1.=i+l
if (jl.1t.4) go t o 15
j 1 =1
go to ZO
i f (.j 1 . 1 t . 3) g 0 t 0 2 0

. j 1=1
'j 2=3
go to 25
j2=i1+1
a c e t s t f t ,lc)+l1(j2,k>') 12.
yc=(yCjl.k)+y(j2,k»/2.
1l1=K( j2,k)-s(j1 ,le)
P=.( y ( j 2 , le ) - y ( j 1 , k ) ) 1 fi 1
a (1) = ( ba (1, i, le) +bs (2, i , k ) 12. dO
.a ( 2 )=(b Y( 1 , i r k )+ by ( 2 , i , Ir ) ) (2 : dO
b (1) = ( b a (2, i , k ) -bl! (1, i , k ) 1B 1
b(Z)=(by(2,l,Ir)-by(l,i ,k»/gl
d 030 i i =1 , OZ

. temp(3*ii-2)=temp(3*ii-2)+a(ii)*xl
t~mp(3~ii-l)=temp(3*ii-1)+a(ii)*xc*EI+b(ii)*xl**3/12.

temp(3*ii)=temp(3*ii)+a(ii)*yc*xl+p*b(ji)*sl**3/1Z.
continue
continue
do 40 i=1,6 ••
do 40 j=I,6
f 1 ( i ) = f 1 ( i ) +c c ( , , i ) * t .mp ( j )
return
ei'tc:l

•

"

If' .' .',

"

..



6 Jun 16:20 19B6 trandem.f Page 1

subroutine trandem(cc,R3,y3,yi,n)
c

c
c
c
c
c
c

implicit real.R(a-h,o-~)

dimension cc(6,6),1(6),m(6)
•••••••••••••••••••••• *.*••••••••*•• *••
• Calcul de la matrice de trans-.
• formation des deplacements en c~s de.
• forces dans.le plan. •••••••••••••••••••••••••••••••••••••• *.
do 10 i::1,n
do 10 j=l,n
c c t i . j)=D.dO

10 continue
cc(I,I)=I.dO
cc(2,4)=I.dO
cc(3,1)=1.dO
cc(3,3)=yZ
cc(4,4)=1.dO
cc(4,6)=yZ
cc(S,I)=l.dO
cc(S,2)=B3
cc(S,3)=y3
cc(6,4)::1.dO.
cc(6,S)=1l3
cc(6,6)=y3
nfn=n·n
ca II dm i n v ( cc , 6 , n f n , 1 , m)

c
return
end ",

. _ ....... -"&.4. ........ •~.. .I.~· =. ....l';,.;...~~._. - •• ... . ..~ .., A. !l. ,,"'!t __ .:
, .l':!II:o..~_. ".

.' ~.." ..

c
c
c
c

subroutine transfo(tg,a})

c~lcul de la matrice de transformation
geometrique

implicit real.B(a-h,o-z)
dimension tg(tB,tB),al(3,3)
do S i::1,lB
do S j=1,lB

5 tg(i,j)=O.dO
do 10 j::1,3
do 10 k=O,2
do ZO i=l,2
tg(i+2·k,j+6.k)=al(i,j)

20 tg(i+3.k+7,j+6·k+3)=al(i,j)
i =k .. 1
tg(3·i+4,6·i+j-6)=al(3,j)

10 t~(i+lS,6.i+j-3)=al(3,j)

return
end

. '. '-.' ", .",. '~"""'!"':-:':.. ": .. ".'::~' .~ .... ' .

./100



c

c
c
c
c
c

6 Jq,n 16:171986 trandef.f Page

subro~tine trandef(cc,Hj,y3,y2,n)

implicit real*8(i\-h,o-r.~

dimension cc(9,9) ,1(9),m(9)
*******************************************
* Calcul de la matrice de transfor- *
* mation des deplacements en cas fJeRien *
*******************************************

lU

c

de 10 i=l,n
do 10 j=l,n
cc<i,j>=O.dO
continue
cc(l,1)=l.dO
cc(2,3)=1.dO
cc(3,2)=-1.dO
cc<4,1)=1.dO
cc(4,3)=y2
cc(4,6)=y2**2
cc(4,9)=y,2**3
cC<S,3)=1.dO
cc(S,6l=2.dO*y2
cc(S,9l=3.dO*y2**2
cc(6,2l=-l.dO
cC<6,Sl,=-y2
cc(6,Bl=-1*(y2**2l
cc(7,ll=1.dO
cc(7,2l=1l3
ccP,3l::y3
cc(7,4l=1l3**z"
cc(7,Sl=H3*y3
cc(7,6l=y3**2
cC(7,7)=1l3**3

" cc(7,Bl=1l3*y3**2
cc'( 7, 9,l =y3**3
cc(B,3l=1.dO
cc'( 8, S l ::113

cc(8,6l=2.dO*y3
cc(8,8l=2,dO*x3*y3

,cc(8,9l=3.dO*y3**2
cc(9,2l=-1.dO
c~(9,4l=~2.dO*1l3

c.c(9,Sl=-y3
cc(9,7l=-3.dO*Jll~**2l

cc ( 9 ,8 l =- 1* ( y 3** 2 l
nfnç::n*n
ca Il dm i n v ( cc , 9 , n f n,l, ml

return
end

•

•

'.

"

•

•

..

•

.'



105

108

. 100

c
c final row and column int.erchange

c
k=n

k=k-l
ifO:l '150,150,105
i=1(kl
jf(i-kl 120,120,108

jq=n*<k-ll
jr=n*(i-ll
do 110 'j=l,n
jk'=jq+j
b o l d e a t f k ï

ji=jr+j
a(jkl=-a(jil

110 a(jil=hold
120 j=m(kl

if(j-kl 100,100,125

125 ki=k-n
do 130 i e I j n

ki=ki+n
ho 1d =.a ( k i )
ji=ki-k+j

.,A0 2,."



2B M~i ·17:22 19B6 dminv.f Page 3

a(ki)=-a(ji)
130 a(ji)=hold

go to 100
1~ 0 r e't li r n

end
: ·ar..... :·:.~,·.~:~·_~-œ..tl...;~, .... ..:....., .................1.:....0- ......... ~ . ~.'

- .,. ,

c
c

c
c
c
c
c
c
c

5 JlIn 17:10 19B6 rigel.f Pnge 1

subroutine rigel(stif,n,np,nf)rcP,rcf,tg,alfa,em,t,K~,y2)

**********************.**********************~****~******

* calcul de l~ matrice de rigidtte elementaire dans le *
* lOcal ,puis global.on tient com~te des effets menbrâne*
* et de fleKion. *
* rcp: rigidite plct.e • *.
* rcf: -//~ e~ fleKion *
* tg: transformation geometrique *
*i***i***********.*****************.*****~************ ** _

- .

10

20

40

implicit real*B(a-h,o-z)
di men 5 i on tg (n , n ) , t emp ( 18, 18), 5 tif (n , n ) t r ~ p ( n p,n p ) , r c { (n f , n f l
do 10 i::l,n
do.l0 j=l ,n

stif<i,j)=OdO
'd o· '20 i = l,n p

do 20 j=i ,np
5 t i·f (.i 1 j l =r cp ( i 1 j )

st i f (j,i) =s tif (i 1 j l
do 30 i =1 r n f
do 30 j=i,nf
st '1 f ( i +n p 1 j +n p ) =r cf ( i , j l
stif(j+np,i+np)=stif(i+np,j+np)
const=alfa*em*t*y2*K3/2.dO
do 40 i=16,18
do 40 j:i,18

.stif(i ,jl=const
if(i.ne.jl stif(i,jl=stif(i,jl*-O.5dO
st i f ( j , i l= 5 tif ( i , j l
c a Il pro du i te s tif 1 tg 1 t emp r 18 l

return
end

•

•.

•

.'

,. .
.~~
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subrouline dminv(a,n;nfn,l,m) .
. implicit real*8(a-~,o-z)

dimension a(nfn),l(n~.'m(ril

c

interchange rows

d=l.dO
nk=-n
do 80 k=1,n

nk=nk+n
l(ld=k
m<lc)=k
lck=nk+k
b i q a e e ïk k ) ..
do 20 i=k,n

iz=n*(j-l)
do. 20 i=k,n

ij=iz+i
if(dabs(bigal-dabs(a(ij»~ 15,20,20

biga=a(ij)
l<lc)=i

m(k)=j
continua

j=l(k)
if(j-k) 35,35,25
Jfi~lc-n

do 3.0 i= l, n
ki=lci+n .
hold=-a<ki)
ji=ki-k+j
aÙ:i)=a(ji)

30 <>.<ji)=hold

. 10

15

20
·c
c
e

25

c
c
e

interchange colums

35 i =m ( le1
if(i-k) 45,45,38

38 jp=n*(i-l)
do 40 j=I,n
jk=nlc+j
ji=jp+j
h o l d e v a t f k )

a(jk)=a(ji)
40 a( j i )=hold

c
c
e
c

divide colums by pivot(the ~ivot element villue is
contained in biga

45 if(biga) 48,46,48
46 d=O.dO

return
48 do 55 i=1,n

if(i-k) 50;55,50
50 ik=nk+i

a(ik)=a(ikl/(-biga)
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140
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flanl t

c

ku

b

120

- Ici
60

klc
1 )

ki
D.dO

kk

\ )

\

, .
,r

.1
"

iD 50
.,

= Itu
80 j = 1 !ch

= ie .+ 1
......0·

ie
kIt = kIt 1

·'.'-lei =_.;.zn-a B a. ( If ) .

nd. = ma'sa(k+l)
if< 11 d ) 80 80.

k le = min ( t.c, n d )
e = O.dO
do 70 1 1

c=,c+a·'<lri+
a (k 1 t> ':::. a (leI t>
Ir =k + 1

'k =n

b =
do 100
k = . le 1
le i=mall,a.( le)

c à<k~)1 a(ki)

.b = h'+ c * a t k k )
a t k k ) ' = c

,.aUnl.= a t kn )
it( a<lrn) )"120
prin t : lOD 0 n
formil.t< 'OMATRICESINGULIEREA LA RANGEE' ,i5),

Pr i nt * 1 ri d', a (k n )

stop'
con t in u e
return
end
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6 Jun 16:Z4 1986 sigmap.f Page

subroutine sigmap(ebc,em,pc,cc)
implicit real*8(a-h,o-z)
dimension ebc<3,6),temp(3,6),cc(6,6)
*****************************************
* Calcul de la matrice liant les con- *
* traintes planes aux deplacements plans*
*****************************************

do 5 i=l,6
do 5 j=1,6

5 temp(i,j)=O.dO
t emp ( 1 , 2 >= e'm 1 ( 1 . dO - Pc fi *Z)
tempe) ,6)=pc*temp(1 ,2)
te~p(2,2)=temp(1,6)

temp(Z,6)=temp(1,Z)
temp(3,3)=temp(1,2)*.5dO*(ldO-pc)
temp(3,5):temp(3,3)

do )0 i=1,3
do 10 j:l,6
ebc(i,j)=O.dO
do 10 "=1,6
ebc(i,j)~ebc(i,j)+temp(i,t)*cc(k,j)

10 con ti nue
r e t u r n '

...... ~. 4 ~fI!.,.'J".~i ••..,.; ~ll d,,_. • e Ô. -' .~~••••• ~ ,,~,~ •• C'••r... ·A. *; ~"•. .0 LJ.':A& s!&. aLI..~_:..H'"

.6 JUJl 16:31 1986 assell!b.f Page 1

• ' •• 8. ,.-'II.--'>l.,.............. & ... ~ . '-; ..

subroutine assemb(iad,nk,ptk,grk,nwk,maxa,na,nn)

implicit real*8(a-h,o-zl
dimension i a d t n k ) ,ptk(nk,nk) ,grlc(nw!r.l ,maxa(nxl

c ***************************~*~****************

c * Assemblage vectoriel des rigidites *
c *********************************-************

·c
do 3 i=l,nk
i i e i a d t i )
do 2 j=l,nk
jj=iad(jl
if(jj.lt.iil go to Z
bmu a ( j j l + j j - i i
grt(tl=grk(tl+ptk(i,jl

2 continue
3 continue

return
end



5 Jun 17:07 1986 coplag.f Page

c:
c
.c
c
c
c
c

c
c

subroutine coplagCrkalfa,n,em,pc,t,B3,y3,yZl

*******-************************************
* la sous-routine calcule la matrice de ri-*.
* gidite elementaire en contraintes planai-*
* res dans le syst. locale de 1 element. *
***********************************-********

implicit real*8Ca-h,o-zl
d i men s ion r ka 1 fa Cn , n l , c c t 6 , 6 l , t emp C6 , 6 l

calcul de cc etde cinv
calI trandem<cc,x3,y3,yZ,nl

c:
c calcul de rkalfa

const=0.5dO*em*t*x3*y2/C1.dO-pc**Zl
do 20 i=l,n
do ZO j=1,n

ZO rkalfaCi,jl:O.dO
rlralfaC2,Zl=const
rkalfaCZ,6l=con~t*pc:'

rlralfa(3,3l=const*<1.dO-pcl*O.5dO
rkalfaC3,5l=rk~lfaC3,3l

rkalfaC5,3l=rkalfaC3,5l
.. rlralfa<5,5l=rkalfaC3,3l

rkalfaC6,Zl=rlralfaCZ,6l
rlralfa<6,6l=const

c
c

c

calcul de rcp
calI produitCrkalfa,cc,temp,nl

return
end

6 Jun.15:59 1986 adres.f Page

,..' .~.:.::.'

c
c
c

su br 0 u tin e ad r es <j i , n dl, n " i ad, nel, Ir l

calcul des adresses des colonnes

dimension jiC3,nell,iadCnl
do 1 i=Lnlfl
do 1 j=1,3
iadCi+Cj-1l*ndll=ndl*CjiCj,kl-1l+i
ieturn
end

•
••

t :
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c

c
c
c
c

c
c
c
'c

. c
c

6 Jun 16:09 1986 cheflex.f Page 1

su b r 0 u tin e che fIe x ( t l . pv r a i nt, h , ps s , x , y , ne J', k , cc)
impliclt real*8(a-6,o-zl
d i mens i on t emp ( 91 , f 1 ('1 8 r , pv ( 3 1 , a i nt ( 5 , 5 1 , Ps z ( 3 , ne 11 , c c ( 9 , 9 1
dimension x(3,ne!l,y(3,nel)
***************************************~***********

* rentree: *
* _p v ( 31.: c omp0 san te du poids en z *
* _psz :pression de surface *
* _x, Y. :coord'onnees locales *
* cc :matrice transformation *
* des deplacements *
*. aint :integrales de 'surface *
* sortie *
* _.fl(il:for.ces equivalerites *
*************************************************** .

a e p s s t I ç k )
c = ( ps z ( 2 , k ) - aIl Y' ( 2 , k 1
b=(psz(3,k)-a-c*y(3,kll/x(3,tl

a=a+.h *pv (3)
,\

. temp(ll=a*aint(1 ,11+b*.int(2,II+c*aint(1 ,21
temp'(21=a*aint(2,1)+b*~int(3,1)+c*aint(2,21

t emp ( 3 1=a ~ il, j n t ( 1 , Z ) +fJ *a 1nt ( Z , Z 1+C *a i nt ( 1 , 3 1
temp(41=a*aint(3,II+b*aint(4,1)+c*ai~t(3,Z)

temp(S)=a*alnt(2,Z)+b*alnt(3,Z)+c*aint(2,3)
tèmp(6)=a*aint(I,3)+b*aint(2,3)+c*aint(I,4)
t emp ( 7) =a fia 1n t ( 4 , 1 ) +b *a i nt ( 5 , 1 ) +C *a 1id ( 4 , Z )
temp(8)=a*alnt(2,3)+b*alnt(3,3)+c*alnt(2,41
temp(91=a*aint(I,4)+b*aint(Z,4)+~*ajnt(I,51

doS 1= 1" 9 .
fI (1+6):;:0. au

, J':'

do 5 j=I,9
f 1 ( 1+6 ) =f l ( 1+6 ) +c c ( j , 1 ) * t emp ( j )

coritinue
return
end'

'A08
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subroutine r~s~lv(a,v,~axa,nn,nwk,nnm)

c
c
c
c

c

a-matrice decomposee
v-vecteur chargement

implicit real*B(a-h,o-:)
dimension a t nwk ) .raa a a t nnm ) .v t nn )

do 180 n=l,nn
kl=maxa(I\)+l
ku=malla(n+l)-l
if<ku-kl) 180,160,160

160 k e n
c=O.
do 170 k k e k l i ku
k=lc-l

170 c=c+a(lrk)*v(k)
v(n)=v(n)-c

180 co,tinUe
c

e .

-.

c
c

200

210

220
230

0.0

substitution a rebours

do 200. n e I ,nn
k=maBa(n)
v(n)=v(n)/a(k)
n=nn
do 230 1=2,nn
kl=maBa(n)+l
ku=maxa(n+1)-l
if(ku-kl) 230,210,210
k=n
d Q 2 2 0 kt= k 1 , k u
k=k-l
v(k)=v(k)-a(kk)*v(n)
n=n-l
return
end

•

..

•
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",
-i'

"

::" .

"'., ......

c
c
c
c
c
c .'

c

10
c

..-.. ....,.

subroutine sigmaf(ebc,em,pc(h,K,y,~C)

:"iinpl i ~..tt -real *8< a-'h ,'o-z) .'
d imens i on I!~C (3,'9 l ;'t emp,h, 9 l ,'CC (9,9)
********************~**********************

* Çalcul de la matr~~e reliant les con- *
* traintes de flesion(momentsl aus depla~ ~

* cements ' *
*******************************************

d CI 5 i =1 ,9
do 5 j=1,9
t emp ( i , j l =0 . dO
c=-em*h**3/1Z.dO/(1.dO-pc**Zl
temp( l,4l=2,*c
t emp ( 1 , 6 l ~ 2*c *pc
temp(1,,7)=6*x*c
t emp ( 1 , 8 l '= 2* x*Pc *c
temp(1,9l=6*y*pc*c
1ei~(2,4l=2*pt*c

temp(2,6>=2*c
temp(Z,7l=6*pc*s*c
temp (2,8 l=Z*a*.c
temp(Z,J9>=6*y*c ..
,t li! mp ( 3 , 5 l =< pc - 1 . dOl·* c .

. temp(3,8l=2*y*(pc-l .dOl*c

do 10 i=1,3
do 10 j =1, 9
ebc<i,jl=O.dO
do 10 k=1,9
ebc(i,jl=ebc<r,jl+t~mp(i,k>*cc(k,jl

continue

return
end
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Donn"!es des noeuds

**********************

noeud coordB ~oordy coordz
1 .aaO" . .000 .000
2 .. aaa 2.500 .000

3 .000 5 . aaa .000
4 .000 7.500 .000
5 .000 1a .a~o .00 0 .

6 s.ooa .000 .000
7 5.000 2.500. .000
8 5.000 5.000 .000
9 5.000 7.500 .000

la 5.000 10.000 .000
Il 10.000 .000 .000
12 10.000 2.500 .000
13 10.000 5.000 .000
14 10.000 7.500 .000
15 10:000 10.000 .000
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*************************
restreintes aUB noeuds

*************t***********
noeud dB dy dz rota.1I rota.y rota.z

1 1 1 1 1 1 1
2 1 1 1 1 1 1
3 1 1 1 1 1 1

4 1 1 1 1 1 1
5 1 1 1 1 1 1
6 0 0 0 1. 0 0

10 0 0 0 1 0 0
Il a 0 0 1 0 0
15 0 0 0 1 0 0
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'espace requis :::2259

~ombre d. equations 90

1I11charges aux noeuds ll*
11111111*111111111111111\'11111111111111*11

rt ~-::-~'-__~'T"~.- \_~~-"T""'J-'--';-'-'------ ..... ----.--..........-----.,....~ ..-. ---.-.
noeud l ' noeud 2 noeud 3 epaisseur

6 1 2 .2000
Z 7 6 .2000
7 2 3 .2000
3 8 7 .2000
8 3 4 .2000
4 9 8 .2000
9 4 5 .2000
5 la 9 .2000

Il 6 7 .2000
7 12 Il .2000

12 7 8 .2000
8 13 12 .2000

1 3 8 9 .2000
9 14 13 .2000

14 9 la .2000
la 15 14 .2000

de noeuds charges 3

fx fy f z Mx My Mz
.000 .000 .0 1a .000 .000 . aa0;
.000 .000 .040 .000 .000 . aa0;
.000 .000 . a1a .000 .000 .00 0:'

.~

e lmt
1 .

Z
3
4

5
6
7

8

9

la
Il
1Z

13
14
15

:.~ . 1 6

>~j.
.: ~,

~I

, ....•~'
"

." ..:.;11111111111111.1111111111111111111111111111.1111111111

t CAS DE' CHARGEMENT NO
. :'111111111111111111111111111111*111111111111111\'11

",~~'
" .

"'~ombr e
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12
13
14
15

1I111111111111~1I*1I1\'1I111111

Deplacements
1111*11111111111111111111111111

dx dy dz r o t a i a. rota.y rota.z
.0000 .0000 0.0000 0.0000 0.0000 .0000
.0000 .0000 O. 0000 0.0000 0.0000 .0000
.0000 .0000 0.0000 O.OOOll 0.0000 .0000
. 0000 .0000 0.0000 ." 0.0000 0.0000 . 000 a .
.0000 .0000 0.0000 0.0000 0.0000 .0000
.0000 .0000 .0838 0.0000 -.0323 .0000
.0000 .0000 . 085.3 . .0003 -.0312 .0000
.0000 .0000 .0870 .0002 -.0314 .0000
.0000 " . 0000 .0883 O. 0000 -.0314 .0000
.0000 .0000 .0893 0.0000 -.0301 , 0,000
.0000 . 0000 .2741 0.0000 - .. 0417 .'. ,i.on aa. .- ;.;.:~

-:-~ .. ' . .... "01:"•

.'\ ~,~'~ a~ ~.'
..

.0000 .0000 .. 276 a ..0aa7 - .0 416
','

.0000 .0000 .2796 .0007
,.

-.0420 '. a0aa
.0000 .0000 .2785 -.0011 -.0415 ~,O'OOO

. 0000 ." .0000 .2788 0.0000 ,. . 0410 , .0000
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