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---APPENDICE 2---c

c
c ----------------rROGRAMME MAMK-----------------------------
c
c ce programme effectue le calcul structural d'un reservoir
c par la theorie des coques et plaques, ledit reservoir etant
c compose '-d'un dome spherique superieur
c -d'un anneau spherique

c -d'un cylindre
c -d'une calotte spherique inferieure
c -d'un dome spherique inferieur
c

c----------------DEFINITION DES PARAI1ETRES---------------------,
c
c E :module d'elasticite
c Pois :coefficient de Poisson

c DS :poids specifique du mo r t i e r

c PL :poids s pe ci f i que du liquide

c T :variation de 1 a temperature

c TE coefficient de dilatation thermique
r:. NCH :nombre de cas de chargement
c RD rayon du dome
c TD .epaisseur du dome
c FIl :angle d' incl inaison mal{ du dome
c RA rayon de l'anneau
c TA epaisseur de l'anneau
c FPO angle d'inclinaison min de 'anneau
c FPI angle d'inclinaison mal{ de 'anneau
c RC rayon du cylindre

c TC epaisseur du cyl indre
c He 'hauteur du cylindre
c RA1 rayon de 1 a calotte spherique i n fer 1 e ure
c TA1 .epaisseur de 1 a cal sph i n f
c FSO :angle d'inclinaison min. de 1 a cal sph.
c FSl angle d'inclinaison maK de 1 a cal sph
c RD1 rayon du dome Inferieur
c TD1 epaisseur du dome inferieur
c FTO angle d'inclinaison min.
c
c-~--~--~--------PROCEDURE UTILISEE DANS LE PROGRAMME------------------

.. ~ .....
c ;.~~~~.;, i.
c apres la lecture et la determination des differents parametres
c geometriques ,on procede comme suit
c -calcul des matrices de fleKibilite FL etAMR
c ~calcul de hd4 et de md4
c -detèrmination des forces d'interaction H1,M1,H2,M2,H3,M3,H4,M4

c -pour chaque element de structure,on calcule les coefficients
c d'influence suivant differents niveaul{ pour connaitre les ef-
c forts internes et les deplacements correspondants
c -ces dernietes valeurs vont nous permettre de verifier le choiK
c de· la variante du materiau

•
• •

. ., .~ ~
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c

e-----------------RE5ERVE D'E5PACE ET FRECI3ION-----------------------
c

implieit real*BCa-h,o-tl
dimension vd(6) ,va(6) ,ve(6) ,val(6) ,vdi(6) ,dmI6,2) ,amI6,4),

lemI6,4) ,amiI6,4) ,dmiI6,2), fl14,4) ,seI4,4) ,amrI4,4) ,es(4,4),
2 fol 4 ) ,ma 1 4 ) , r o t 4 ) ,sa 1 4 ) r v kg 1 8 s 8 ) , v f 9 1 8 ) , f d 1 6 ) , fa 1 6 ) , f c 1 6 ) ,
3fai(6),fdiI6)

c

e--~---------------LECTURE DE DONNEE5 GENERALES-----------------------
c

openlunit=5, file='donnees')
openlunit=6, file='resultats')
rewind(5)
r ew in dl 6 )

read * e,pois,ds,pl, t,te,n~h
print 502,e,pois,ds,pl, t, te,neh

e
e
c

c
c.

c

read
p ri n t
p ri n t

.donnees sur le dome superieur

* rd,td,fil
250
504,rd,td,fil

.donnees sur l'anneau

c
c.

c

c

c
c

read "/( ra, ta, fpo, fpl
p r in t 300
p r in t SOS, ra, ta, fpo, fpl

.donnees sur 1 e cylindre

read "/( r c i t c i h c
p ri nt. 350
'p r in t 506,re,te,he

.donnees sur la calotte spherique inferieure

c
c.

c

read
p r i n t
p ri n t

"/( ral,tal,fso,fsl
400
50S, r a t , tal, fso, fsl

donnees sur le dome inferieur

c

•.,

read '"
p r in t
print

r dl, t dl, f t c

450
5 0 B , r dl, t dl, f t 0

..,
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c.

c

.calculs necessa1res

pi=3 111159
fil=fil*pi/lBO
fpoZ=Z "'fpo
fsoZ=Z."'fso
f t 0 Z=Z . '" f t 0

c
c----------CALCUL DES MATnICES DE FLEXI8ILITE-------------------------
c

fi=fil
c a Ll ma t d r e , po i s , rd, t d , f i 1 , fi, dm)
fp=fpo
calI mata1e,pois,ra. ta, fpo, fpl, fpo2, fp,aml
do i=1,2
do j=I,11
s c t i, j )=aml l+Q, j)

f p =f p 1
calI mata(e,pois,ra, ta,ipa, fpl, fpa2,fp,am)
do Z i=3,11
do Z ;=1,11

2 scli,;)=am(i+2,j)
z=O.
calI matcle,pois, rc, tc,hc,z,cm)
calI flexldm,sc,cm, fI)
z=hc
calI matc(e,pois,rc, tC,hc,z,cm)
fs=fso
cal l ma t ail e , po i s t r a i , t -3. 1 , f s o , f 5 1 , f sa 2 t f 5 , ami)
do 3 i=l,Z
do 3 j=l,l1

3 cSli,j)=ami(i+lI,j)
fs=fsl
cal 1 ma t a i ( e , p 0 i s , r a t t t al, f s 0 , f si, f s 0 2 , f s , ami )
do Il i=3,11
do Il j=l,11
cs ( r , j) =ami 1 i +2, j )

calI baclcm,cs,amr)

,
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c

c

c

c
c

------------------INTRDDUCTIDN DES CAS DE C.IARGEMENT-------------:---------
p Le d c c s r f a t )
pZ=dcoslfto)
do 50 11=I,nch
read * pl,wl
print 509, Il ,pl ,wl
wd=td*ds+wl
wa=ta*ds+wl
wc=tc*ds
wal=ta*ds
wdl=tdl*ds+(hc-ral*pl+rdl*< 1 +pZII*pl

.calcul des vecteurs de charge

fi=fil
calI vchadle,pois,t, te,rd, td, fil,wd,fi ,vd)
fp=fpo
calI vchaale,pois, t, te, rd, fil, ra, ta, fpo, fpl, fpoZ,wd,wa,fp,val
po 5 i=I,Z

S mali)=vali+4)
f p e t p I

calI vchaale,pois, t, te, rd,fil, ra, ta,fpo, fpl, fpoZ,wd,wa,fp,val
do 6 i=3,4

6 mali)=vali+Z)
%=0
calI vchacle,pois,pl t, te, rd, fi 1 ra, fpo, rc, tc,wd,wa,wc,z,vcl
cali c fol v d , ma , v c r fol
z=hc
calI vchac(e,pois,pl, t, te,rd, fil, ra, fpo,rc, tC,wd,wa,wc,z,vcl
fs=fso
c a Ll vchaaile,pois,pl,t,te,rd,fil,ra,fpo,fpl,hc,ral,tal,

1 fso, fsl, fsoZ ,wd ,wa ,wc:, fs, val)
do 7 i=1,2

7 sa(i)=vaili+'1)
fs=fsl
cali vchaaile,pois,pl,t,te,rd,fil,ra,fpo,fpl,hc,ral,tai,

1 fso,fsl,fsoZ,wd,wa,wc,fs,vai)
do 8 i=3,4

8 sa(i)=valli+2)
calI cro(vc,sa,ro)
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c.

c

c
c

.determlnation de hdq et mdq

f t = f t 1

calI vchadi(e,pois, t, te, rd, fil, ra, fpo,he,ral, fso, fsl,
1 rdl, tdl, fto, f to2 ,wd,wa,we,wal ,wdt, ft ,Vdl)

cal l ma t d i ( e , po i s , rd l r t dl, f t 0 , f t 0 2 , ft, dm i )

de t=dmi (5,1) 1Idmi (6,2) -dmi (5,2) 1Idmi (6,1)
hd q = ( v di ( 6 ) 11 dm i ( 5 , 2 ) - v di ( 5 ) '1< dm i ( 6 ,2) ) ,. deI.

md q = ( v d i < 5 ) '1< dm i ( 6 , 1 ) - v d i < 6 ) li< dm i < 5 , 1 ) ) 1 de t

resolution des equations 'FL*I3=FO' et 'AI1R*8=RO'

neq=8
do 10 i=1,8
vfg(i)=O.

do 10 j=1,8

10 vlcg(i,jl=O.

nsym=l

do Il i=l,q

v f 9 < i ) = f 0 < i )
do Il j:l,q

Il vkg(i,j)=fl(i,j)

do 12 i=l,q

vfg<i+q)=ro<
do 12 j=l,q

12 vkg< i+q, j+ql=amr< ,j 1

calI resol(nsym,neq,vkg,vfg)
hdq=O

mdq=O

vfg(7):vfg<7)+hdq

vfg(S)=vfg<S)+mdQ

print 511

print 512,(vfg(i),1=1,7,2)

print 513,(vfg(il,i=2,8,2)

c
c.

c
c.

c

calcul des contraintes

contraintes dans le dome

print 515

P r i n t 516

da=-3
do 13 le=l,ll
aa:da+3

,f i = da 11 pi Ils 0,

calI vchad<e,pcis, t, te,rd, td, fil ,wd, fi ,vd)
cal l ma t d ( e , p ci i s , rd, t d r fil, fi, dm)

do lq i=1,6
14 r e cr i s o

do 15 i=1,6
do 16 j=1,2

16 fd<i)=fd(i)+dm(i, )*vfq(j)
15 fd(i)=fd<i)+vd(i)

print 517,da,(fd( ),i=I,6)

13 continue
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c
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contraintes dans l'anneau

c

c

1 8

20

1 9

1 7

p r i n t 518

orint 519
1
x2=0

do 17 1=1,10

ar=fpo*180./pi+x2

f p = a r *p i 1 180
calI vcha.a(e,pois, t, te,rd, fil,ra, ta, fpo, fpl, fpo2,wd,wa,fp,va)

calI mata(e,pois,ra, ta,fpo,fpl ,fpo2, fp,am)

do 18 i=I,6
fa(i)=O

do 19 i=I,6

do 20 ;=1,4
fa(i)=fa(i)+am(i, )*vfg(;)

far i )=fa( i )+va.( i)

print S17,ar,lfa(1),1=1,6)

x2::(fpl-fpo)*20 Ipi+x2

continue

contraintes dans le cyllndre

p r i n t 521

print 522

z::-hc/l0

do 21 m=1,11

z::z+hc/l0

calI vchac(e,pois,pl, t, te, rd, fi 1, ra, fpo, rc, tC,wd,wa,wc,z,vcl

c a Ll matcle,pois,rc,tc,hc,z,cm)

do 22 i=1,6
22 fc(i)=O

do 23 i=1,6

do 24 ;=I,lI
24 fc(i)=fc(i)+cm(i, )*vfg()+2)

23 fc(i)=fc(i)+vc(i)

print 517,z,(fc(i),i=1,6)

21 continue
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c.

c.

contraintes dans la calette spherique inferieure

26

28

27

c

print 523

print 521l

r=O

do 25 n=1,10

K3=fso*180 / p t s- r

fS=K3*pi/180

calI vchaai(e,pois,pl, t, te, rd, fil ,ra, fpo,fpl,hc,ral, tal, f50

1 r f s 1 , f s 0 2 , wd , wa , wc r f s , va i )
ca. lIma ta i ( e , po i 5 , rai ta. l , f 50 , f si, f s 0 2 , f 5 , ami)

do 26 i=l,6

fai(i)=O.

do 27 i=l,6

do 28 j=l,1l
fai(i)=fai(i)+ami i,j)'I<vfg(j+4)

f a i ( i ) = f a i ( i ) + v a i ( i )

peint 517,K3,(fai(i),i=1,6)

r=(fsl-fso)*20 Ipi+r
2'5 continue

c.

c
contraintes dans le dome inferieur

print 525

print 526

xll=O

'K 5 = f t 0 * 1 8 0 1 P l

do 29 nl=l, 11

x6=x5+xll

ft=x6"'pi/180

c a I I vchadi(e,pois,t,te,rd,fil,ra,fso,hc,ral,f5o,fsl,rdl,tdl,

1 f t o , f to2 ,wd ,wa,wc ,wal,wdl, ft, v d L)

cal l ma t d i ( e , po i s , rd! , t dl, f t 0 , f t ° 2 , ft, dm i )

d 0 3 0 i = l , 6
30 r e i c i i e o

do 31 i=1,6
do 32 ;=1,2

3 2 f d i ( i) =f d i ( i ) + dm i ( i r j ) '1< V f 9 ( j + 6 )
31 fdi(i)=fdi(i)+vdi(i)

p r r n t 517,x6,(fdi(i),1=1,6)

xll=:{1l+3.

2 ? con t rn u e
50 continue

c Lo s e <unit=5)

c I o s e ( un 'i t ='6 )

stop

..<•.
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c
c---~------------FORMATS DE SORTIE DES DONNEES ET DES VALEURS---------------
c----------------------------DE CONTRAINTES----------------~------~----------

c
2S0

300
3S0

400

IlSO

f o r m a t r , t. 2 0 t 'valeurs retenues pour l e d ome superieur' , 1 t 1 7 ,
q S ( , - ' ) )

t o r ra a t v ' t20, 'valeurs retenues pour l ' 'anneau' t 1 t17,36( ) )

format(' t 20, 'valeurs retenues pour l e cy l indre' , l , t 1 7 ,
39 ( , - ' ) )

forma t ( , t 2 0 , 'va.leurs retenues pour la calotte sph i n f ,
, l , t 1 7

Il B ( , - ' ) )

format(' t20, 'valeurs retenues pour l e dome inferieur' , 1 , t 1 7 ,
4S('-'»

S02 format(' ',tl0, 'module d' 'elasticite--------------=' f12 3,I,tl0,
l 'coefficient de poisson------------=' ,flO 3, l,tl0,
2 'poid5 specifique du mortier-------=', flO 3, l, tlO,
3 'poids specifique de l' 'eau--------=', flO 3,1, tlO,
Il 'variation de la temperature-------=', flO 3, l, tlO,
S 'coefficient de dilation thermique-=' ,dlO 3,1 ,tlO,
6 'nombre de cas de chargement-------=', iS,III)

501l format(lll' tlO, 'rayon--------------------------=' ,tSO,fl0 31
l tl0, 'epaisseur----------------------=' ,t50,fl031
2 ,tl0, 'angle d" inclinaison maximal---=', tSO,fl0 21
3 , 1 1 1 )

SOS format(III' tl0,' rayon------------------------------', t50, flO 3,
l l ,tl0, 'epaisseur--------------------------' ,tSO,fl03,
2 1 tl0, 'angle d" inclina.ison minimal--------' t50, fl0 2
3 ,1 ,tl0, 'angle d" inclinaicon maKimàl--------' ,tSO,fl0 2
Il ,111)

506 format(III' tl0,' rayon------------------------------' tSO, fl0 3,
1 tl0, 'epaisseur--------------------------', t50,fl0 3,
2 ,tlO, 'hauteur----------------------------', tSO,fl0 3,
3 1 1 1 )

508 format( III' tl0, 'rayon------------------------------' t50, fl0 3
1 l ,tl0, 'epaisseur--------------------------', tSO, flO 3
2 l, tlO, 'angle d" inclinaison minimal--------', tSo, fl0 2
3 , 1 1 1 )

,
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t 8 ,

523 format(/'
1

524 format('
1

525 t o r me. t r v '
526 for ma t ( ,

c
end

509

5 1 1

5 1 2

513

SI 5

SI 6

517
518
519

521
522

t o r m a t t v t

formate
formate'

format('

for ma t ( l '

f o r rn a t t ,

format ('
format c t :
Aormat('

1
for ma t ( / '
format('

',t10,'cas de chargement no ',i2,5x,'pl:','f7 3,
5 x, 'wl:' , f 6 .3, l , t 8,26 ( , -' ) , Il)

t10, 'efforts exteriorises', l,' ',t8,24( '-'),/)
t10, 'Hl:' ,d144,Sx, 'H2:' ,d14 4,Sx, 'H3:' ,d144

,Sx,'H4:',d14 '1)
t10, 'Ml:' ,d14.'I,5x, 'M2:' ,d1'1.4,5x, 'M3:' ,d14.4

,5 x , 'M4: ' , d 1 4 .4)
',t10, 'contraintes dans le dome superieur' ,1

38('-'),/)

, , 2 x , ' FI' , 1 0 x , 'N Z' , l'Ix , ' NT' , 1 5 x s 'M Z ' , 1 5 x r ' 0 Z ' , 1 4 x , ' DR' ,
l'Ix, ''-lZ ' , 1 )

, , f 5 . l , 4 ( 1 li , dIS . 4 ) , 2 ( 1 x , d 1 5 . 4 ) )
',t10, 'contraintes dans l' 'anneau', /,' ',t8,29( '-') ,1

',2x, 'FP' ,10x, 'NZ'. l'Ix, 'NT' .15x, 'MZ' ,ISx, 'OZ' .14x, 'DR',
14x,'w:z;',/)

. ,tIO, 'contraintes dans le cylindre' ,l, t8,32( '-' ,/)
',3x, 'z' ,IOx, 'NZ' ,l'Ix, 'NT' ,lSx, 'MZ' ,15x, 'OZ' ,l'Ix, 'DR',

l'Ix. ''-lZ ' • / )

',t10, 'contraintes dans la calotte sph. inf ',l, t8,
41('-'),/)

, • 2 x , ' F 5 ' , l °x , 'N Z ' , l '1 x ,'NT', 1 5 x , 'M Z ' r 1 S x , '0 Z ' , 1 4 x , ' 0 R '
l 4 x , ''-lZ ' , 1 )

',t10, 'contraintes dans le dome inferieur', / ,38( '-'), /)
. ,2x, 'rs' ,IOx, 'NZ', l'Ix, 'NT', 15x, 'MZ', lSx, 'OZ', 14x, 'DR',

1 4 II • ''-lZ' , / )
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subroutine vc.haa(e,pois, t, te,rd, fil ,ra, ta, fpo, fpl,
fpoZ,wd,wa, f p v v a )

implic.it real~8(a-h,a-z)

dimension v a r é )

a 1 =d c.0 s ( f p )
aZ:::dsin(fp)
a3=dsin( f p o )
a4=dsin(fpl)
a5=al"1raZ"Ir"lrZ
a6=dc.os (fpo)
a7=dcos(fpl)
c.fa=e"'ta"''''3/(lZdO'''(1 dO-pois"'"lrZ»
ua::: (3 dO'" ( 1 . dO - P 0 i s'" * Z ) 1 ( <a 4 "'"Ir 4 ) "Ir < r a "Ir ta) "Ir "Ir 3) ) "'"Ir 2 5
a:z;0=ra"'(a6-al)
a :z; 1 = r a "Ir <a 7 - al)
teZ=dexp(-ua"'azo)"'dc.os<ua"'azo)
c.f2=dexp(-ua*azo)"'dsin(ua*azo)
le3=dexp<ua*azl)*dc.os(ua*azl )
c.f3=dexp(ua*azl)"'dsln(ua"'azl)
bl:::dc.os(fil)
bZ:::dsin(fiU
b3:::rd"'wd/(1 +bl
b4=dc.os (fpaZ)
b5=1/(b4"'a3"'*Z)

tx=l l(a4"''''Z)

abl:::-a6*<ra*wa/( 1 +a6)+b3)
abZ=-a7"'(ra"'wa/(1 +a7)+b3*(a3/a4)*"'Z)
b6=1 le/ta

ro:::t'"te
b8=1 dO/(ZdO"'c.fa"'ua"'*3)
b9=1 .dO/(l .dO+al)
axl=-(aZ"'b9"'*Z"'ra"'wa-Z "'a3"''''2'''b3"1ral/aZ'''*3)
ax=-ra"'wa"'b9+(a3/aZ)"''''Z'''b3
bx:::-(wa"'ra"'al"'aZ+ax/a2)
~x~ra"'aZ"'(b6"'(wa*ra"'ol+ax"'(pois+llaZ"''''Z) )+ro)
fx~b6"1r(wa"'ra"'al-(poi5+1 laZ)"'axl+Z *al/aZ*"lrZ"'ax

1 al/a2*(1 +pois)"'(wa"'ra"'al+ax"'(1 +1 laZ"'*Z»)

va(1)=ax+a5*(abl"'(teZ-cfZ)*b5+abZ*(te3+cf3)"'tx)
va(ZI=bx+e*ta*b8/ra"'(b5"'abl"'teZ+tx"'abZ"'te31
va(31=aZ"''''Z/ua'''(b5'''abl'''cfZ-lx*abZ'''cf3)
va(41=-aZ"''''3*(b5'''abl*(cfZ-teZ)+tx'''abZ*(te3+cf3)
va(5)=dx-b8*aZ"'(b5"'a.~I"'teZ+t3*ab2*le3)

va(6i=fx+ua*bB*a2"'(-abl*b5"'< teZ+cfZ)+abZ*(te3-cf3)"'txi
return
end
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subroutine vchae(~,pois,pl,t, te, rd, fil, ra, fpo, re, te,wd,wa,we,z,vcl

impllcit real*B(a-h,o-zl
dimension ve(6)

c I e d s Ln r t p o i

e2=deos(fil)

e3=e1**2*rd*wd/(1 dO+c2l
e q = 1 / e / t e
e5=pois*we
e6=pl"'re

e7=re*t*te
ve(l )=-wc*z-c3-wa~ra
v c ( 2 l =c 6 * z

vc(3)=0
vc(q)=O

vc(S)=-c4*rc*( (e6+cSI Wz+pais*!wa*ra+c3l l-c7
vc(6l=cq*(cS+c6,*rc

return
end

,
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subroutine vchadle,pois, ,te,rd,td, fil,wd, fi ,vdl
irnplicit real*8Ia-h,o-zl
dimension vdl61
d 1 = d cos 1 fil
d2=dsin( fil
d 3 = de 0 sI fil 1
d4=dsin(fil1
d5 = 1 . dO/ ( 1 . dO + dl 1
d6=ldO/(1 dO+d3)
d7=1/e/td
d8=rd*wd
ro=te*t
dd=rd*d2*ro
dr=2dO*d3*d6*d4**3
dz:=rd*(d3-dll
ud=(3dO*(1 .dO-pois**21/(d4**4*lrd*tdl**31 1** 25
d9=ud*rd
tel:dexp(ud*dzl*dcoslud*dz)
efl=dexp(ud*dzl*dsinlud*dz)
v dl 1 1 = ( - d5 +d 3 * * 2 * d 6 * 1 tel + e fil 1 * d 8
vd(2)=(-dl+d5+2 .dO*d9*d4**2*d3*d6*tel l*d8
;d(31=-ldOfud*d3*d6*cfl*d8
vd(Q)=-dQ*d3*d6*1 tel+cfl l*d8
vd(5)=d7*( (dl-(l .dO+pois)*d5)*d2-d 9*dr*tell*rd*d8-dd

vd(6)=d7*«2 dO+P01S)*d2+d9**2*dr*(tel-cfll l*d8
return
end
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subroutine t Le a c d rn r s c v c m v f L)

impli~it real*8(a-h,0-z)
dimension fl(q ,q) ,dm(6,Z) ,s2(4,4) ,cm(6 ,q)

t I ( 1 , 1 ) =dm( 5,1) - sc ( 1 , 1 )

e i c i ,Z)=dm(5,Z)-sc(1 ,Z)

f l ( 1 , 3 ) =- s c ( 1 ,3)
fl(l,q)=-sc.(l,q)
f 1 ( 2 , 1 ) = dm ( 6 , 1 ) - sc ( 2 , 1
fl(2,2).dm(6,2)-sc(Z,Z)
f 1 ( Z , 3 ) • - s c ( 2 ,3)

f l ( 2 , q ) = - s c. ( 2 , 4 )

f l ( 3 , 1 ) =- s c ( 3 , l )

f l ( 3 , Z ) =- s c. ( 3 , Z )
r i (3/3) =cm( 5, 1) -sc. (3,3)
fI ( 3,4) =cm (5 / Z ) - s c ( 3 , q )

f l ( 4 , 1 ) =- s c ( 4 / 1 )

f l ( q / Z ) =- s c ( q 1 Z )
f l( q , 3 ) = cm ( 6 , l ) - s c ( q / 3 )

fl(q,4)=cm(6,Z)-sc(q,4)

return
end

c

subroutine cfo(vd,ma,vc, fa)
implicit real*8Ia-h,0-z)
dimension fo(4) ,vd(6) ,ma(4) ,vc(6)

f 0 ( 1 ) =ma ( l ) - v d (5 )

f 0 ( 2 ) = ma ( Z ) - v d ( 6 )

f 0 ( 3 ) =ma ( 3 ) - v c ( 5 )
f 0 ( 4 ) e m a ( 4 ) - v c ( 6 )

return
end

,
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subroutine matai(e,pois,ral, ta1 ,fso,fs1, fso2,fs,ami
implicit real*B(a-h,o-z)
dimension ami(6,4)
f1=d~os(fs)

fZ=dsin(fs)
f3=dcos(fs1)

,f 4 = d sin ( f si)
f 5 =1 . dOl ( 1 . d 0 + f 1 )

f8=d~os( f s o )
cfa1=e"'ta1*io':3/(12 "'(: -pois**2)
z 0 =r a 1 * ( f 8 - f 1 )
u a 1 = ( 3 . d 0 * ( 1 . d 0 - p 0 i s '" * Z ) 1 f 4 * * 4 1 ( rat * t al) * * 3 ) * * . Z 5

g6=1 I(Z .*cfa1*ua1**3*f4**Z)
zl=:l:o
te6=deHp(+ua1*zo)*d~os(-ual"'zo)

cf6=deHp(+ua1*~o)*dsln(-u31*zo)

te7=dexp(ual*zl)*dcos(-ua1*zl )
cf7=dexp(ua1*zl)io':dsin(-ua1*zl)
g7=f1*fZ*io':Z
g8=e"'ta1/ra1
g9=1 dO/(ZdO*cfa1*ual**3)
h1=1 dO/(ua1*f4**Z)
hZ=dcos(fsoZ)
ami (1,1 )=g7*( te6-cf6)
ami(l ,Z)=-Z .dO*g7*ua1*cf6
ami(l,3)=g7/f4**Z*( te7+cf7) 1hZ

ami(l ,4)=2 .dO*g7*ua1*cf7/f4**Z
ami(Z,l )=g8*g9*te6
ami(Z,Z)=g8*g9*ua1*( te6-cf6)
ami(Z,3)=g8*g6*te7/h2
ami<Z,4)=gS*g6*ua1*(te7+cf7)
ami (3,1 ) = f Z * * Z 1 ua 1 * cf 6
ami(3,21=fZ**Z*(te6+cf61
ami(3,31=-fZ**2*h1*cf7/hZ
am i ( 3 , 4) = f Z * * Z * ( te 7 - cf 7) 1 f 4 * * Z
ami(4,ll=<te6-cf61*fZ**3
ami(4,ZI=-2.dO*ua1*~f6*f2*"'3

ami (4,31 =-f2**3io': (te7+cf7 1 1 f4**Z/hZ
ami(4,4)=-Z.dO*ual*cf7*fZ**3/f4**Z
ami(S,1)=-fZ*g9*té6
ami(5,ZI=-fZ*ual*g9*( te6-cf6)
ami<5,3)=-fZ*g6*te7/hZ
ami(5,41=-fZ*g6*ual*(te7+cf71
ami(6,l 1=-f2*g9*ual*( te6+cf6)
ami (6,2)=-fZ*te61 c c t a i s u a i c
ami<6,31=f2*g6*ua1"'<te7-cf7)/hZ
ami<6,41=2.dO*ual**2*g6*te7
return
end
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subroutine vchaai(e,pois,pl, t,te,rd,ti1,ra, tpo,tp1 ra1,

ta1 ,tso,ts1, tsoZ,wd,wa,wc,ts,vai

implicit real*8(a-h,0-z\

dimension vai(6)

a1=dcos(tso)

a2=dsin(tso)
a3=dcos( f s )
a4=dsin(fs)

aS=dcos( t s t »
a ë e d s Ln t f a t )

a7::dcos(ti1)
a ë e d s t n c t Lt )

a9=dcos(tpo)

a x t e d s i n t t p o )
ax2::a8*rd*wd/( 1 .+a7)

ax3=dcos(tp1 )

ax4=dsin( tp1)
axS::(ax1/(1 +a91-ax4/(1+ax3»*wa*ra

ax6=1 Ira1/a4

b1=1 1(1 +a3)

b2=1 le/ta1

c t a 1 = e * t a 1 * * 3 1 ( 1 2 * (1 - pOl 5 * * Z ) )

ua 1 = (3 * ( 1 . - po i s * * 2) ! a 6 * * 41 ( ra 1 * ta 1 ) * 1( 3) * * 25

z = r a 1 * ( a 1 - a 3 )
az=ual*ra1*(a1-a3)
dz::az

ca1=a2*(ax2+ax5+wc*hcl

ca2=(a3+a4)*pl*ra1*(hc+z)*ax6+pl*ra1*(a4-a3>

ca3=(1 .+pois)*( «a4-a3)*(hc+~)*pl*ra1+2 *a3/a4**31(ea1)*aK~
l' -(a3+a4)*pl*ra1)

a=-(a3+a4)*(hc+z)*pl*ra1-ca1/i4**2
b=-a5*(-(aS+a6)*«a1-a5)*ral+hc)*pl*ra1-ca1/a6**2)
c:: ra 1 * pl * (he + z ) * (a 4 - a 3) - a

d::-ra1*a4*(b1*( (a4-a3)1o:(he+z)*pl*ra1-( 1 +pois)*a)+t*te)
f::b1*(ra1*a4*(ca2-ca3)+a3/a4*(1 +pois)*( (a4-a3)*pl*ral*(hc+z>

1 -2 *a»
te6=deKp(-az)*deos(-az)
ct6=deKp(-az)*dsin(-az)
te7=deKp(dz)*dcos(-dz)

ct7=dexp(dz)*dsln(-dz)

b3=1 1(2*cta1*ua1**3*a6**2
b4=dcos ( t s02)

vai(1)=a-b*a3*a4**2/a6**2*( te7+c(7)/b4

vai(2)=c-e*tal/ra1*b*b3*te7/b4

vai(3)=b/ua1*(a4/a6)**2*ef7/b4

vai(4)=b*a4**3/a6**2*( te7+cf7) Ib4

vai(S)=d+b*a4*b3*te7/b4
vai(6)=f-a4*b*b3*(te7-cf7)*ualib4
return

end
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c.
subroutine resol<nsym,neq,vkg,vfg)

c----------·-----------------------------------------------------
c resolution d'un systeme d'equations non symetrique
~ par la methode de gauss
c
c
c
c
c

c
c

entrees nsym
neq
vkg

-vfg
sor t i e v f 9

eq systeme non symetrique
nombre d'equations ( ge 2)
matrice k stockee dans une
table a deuK dimensions
second membre
solution

c---------------------------------------------------------------

triangulaire--------------------

32

l 0

30

20

60
70

2000

implicit real~8(a-h,0-z)

dimension vkg(neq,neq) ,vfg<neq)
c-------------------trlangulation--------------------------------

data zero/O.dOI
nl=neq-l
do 50 is=l.nl
plv=vkg(is, lS)
if ( p r v ) 20,10,20

print 2000, is
stop
i s 1 =i s + 1
do 50 ii=isl,neq
c Le v k ç ï i i, r s ) / p i v

if <cl.eq zero) go to 50
v f 9 < i i ) =v f 9 < i i ) - c l ~ v f 9 < i s)
if <nsymne. 1) go to 32
do 30 ij=isl,neq
v k 9 < i i , i j ) = vk 9 ( i i ,i ) - c 1 ~ v k 9 ( i s , i j )

go to 50
do 40 lJ=ll,neq
v k 9 ( i i , i j ) : V k 9 ( i i , l j ) - c 1 * v k 9 < 1 s , i j )

40 vkg(ij,ii):vkg(ii,ij)
50 continue

c---------------resolution du systeme
vfg<neq)=vfg<neq)/vkg<neq,neq)
do 70 ii=l,nl
i s 1 = i s 1 - 1
cl=zero
ijl=isl+l
do 60 ij=ijl,neq
c I e c Ls v k ç c isl, ij )~vfg( 1 j)

v f 9 < i sI) = <v f 9 < i 5 l ) - cl) / v k 9 < i sI, i 5 1
format<' PIVOT NUL,EQUATION', i s :
return
end

,
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subroutine matdiCe,pois,rdl ,tdl, fto,fto2, ft,dmil
impli~it real*BCa-h,o-zl
dimension dmiC6,2l
d 1 = d cos Cft 0 l
d2=dsinCftol
cfdl=e*tdl**3/C12*Cl -pols**2»
ud1=C3.*Cl -pois**2>/d2**q/Crdl*tdll**3)l"* 25
d3=e*tdl/(2 *cfdt*udl**3*d2**2l
dq=dcosCftl
d5=dcosCfto2l
ad=udl*rdl*Cdq-dll
teB=dexpCadl*dcosCad>
cfB=dexpCadl*dsinCadl
dm iCI, 1 l= dl '1< Cte B+ c f 8 ) / d 5
dmiCl,2l=2.*dl*udl'l<cfB
~miC2,ll=d3/rdl*te8/d5

dmiC2,2l=d3/rdl*udl*< te8+cf8)
dmi(3,ll=-cf8/udl/dS
dmiC3,2l=teB-cf8
dmiCq,ll=-d2*CteB+cfBl/dS
dmiC4,2l=-2.*udl*d2*cfB
dm i CS, 1 l = - d 3 * d 2 * te B / d 5
dmiC5,2l=-d3*d2*udl~C teB+cfBi
dmiC6,ll=d3*udl*d2*CteB-cfBl/d5
dmiC6,2>=2 *udl~*2*d2*d3*te8

return
end
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subroutine vc:hadi(e,pois, t, te, rd, fil, ra, fpo,hc:,ral, fso, fsl ,rdl,
tdl, fto,ft02,wd,wa,wc,wal ,wdl, ft ,vdi 1

implicit real"'B(a-h,o-zl
dimension v d i v é )

fl:=dcos(fto)
f2:=dsin(fto)
f 3:= d co s ( ft 1
fll:=dsin(ft)
f5=dcos(fsl1
f6=dsin(fsl)
f 7:= d co s ( fil 1
f8=dsin(fpol
f 9 := 1 / e / t d 1

q t e d s I n c f s o :
cfdl=e"'tdl"''''3/(12 "'(1.-pois"''''21)
u d 1 := ( 3 . '" ( 1 . - P 0 i 5 '" '" 2 ) 1 ( f 2 '" '" Il '" ( r dl'" t d 1 l '" '" 3 1 l "'.~ 2 5
ad=-udl"'rdl"'( fl-f31
cal:ql"''''2'''(wc'''hc+wa'''ra+fB''''''Z'''rd'''wd/(1+f71)
a:=- r d l "'wd 1 1 ( 1 . + f 31 - ( f 21 fil l '" '" 2 '" ( rai *wa 1 1 (1 + f 51 + calI f 6'" '" 2)
da 1 = f 2 '" '" 2 '" ( ra l "'wa 1 1 ( 1 . + f 5 ) + calI f 6'" '" 2 1
da2=-fll"'rdl"'wdl/(1 +f3)"''''2+2 "'f3"'dal/f4"''''3
dall=-wdl"'rdl"'f4-(pois+l If4"''''21'''daZ+Z'''f3'''a
b:=wdl"'rdl"'f3-a/f4*"'2
d = - r dl'" fil'" ( f 9'" ( wd l '" r d 1 * f 3 - ( po i s + 1 / f 4 "'~ 2 l '" a ) + t '" te)
f:=f9*(da4+f3/f4"'(1 +poisl"'(wdl"'rdl"'f3-(1 +1 /f4"'*2)*a)
teB=dexp(adl"'dcos(adl
c:f8=dexp(adl"'dsin(ad)
gl=e"'tdl/(2.*cfdl*udl"''''3'''f2'''*21
q2=dcos(ft021
vd i (11 =a '" (1 . - f 1'" '" 2 / q2 '" (t e8 +c i 81

vdi (21=b-gl/rdl"'a"'fl"'teBlq2
vdi(31=a"'fl*cf8/udl/g2
vdi (1I1=a"'fl"'f2"'( teB+cfBI Ig2

vdi(5)=d+gl"'f2*a"'fl"'teB/g2
vdi (6)=f-gl"'udl"'f2"'a"'fl"'( te8-cfBI/g2
return
end

,
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" .

subroutine b a c t c m i c s v a m r )
rmplicit real*8(a-h,o-z)
dimension amr(4,4) ,cm(6,4) ,cs(4,4)
amr ( 1 ,1 ) = c s ( 1 ,1 ) - cm (5,3 )

...,' _~, am r ( 1 , 2 ) = c s ( 1 , 2 ) - cm ( 5 , 4 )
amr(1,3)=cs(l,3)
amr(1,4)=cs(1,4)
amr (2 , 1 ) = c s (2, 1 ) - cm ( 6 , 3 l
amr(2,2)=cs(Z,Z)-cm(6,4)
amr(2,3)=cs(Z,3)
amr(2,4):cs(2,4)

do 10 i=3,4
dol 0 j =1 , 4

10 amr(i,j)=cs(i,
return
end

c
subroutine cre eve,sa,rol
implicit real*8(a-h,o-zl
dimension ro(4) ,vc(6Isa(4)
r 0 ( 1 ) =v c ( 5 ) - s a ( 1 )

r 0 ( Z ) = v c ( 6 l - s a ( 2 )
r 0 ( 3 ) =- s a ( 3 l
ro(4)=-sa(4)
return
end

,
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.~..

subroutine mata(e,pois,ra,ta,fpo, fpl ,fpoZ, fp,am)
implic.it rea1"'8(a-h,o-z)
dimension am(6,4)
al=dcos(fp>
aZ=dsln(fp)
a3=dsin(fpo)
a4=dsin(fpl)
aS=a.l"'aZ"''''Z
a ë e d c o s r f p o )

a7=dc:os(fpl)
a8=dcos(fpoZ)
cfa=e"'ta"''''3/(lZ dO"'(1 dO-pols"''''Z) i

ua = ( 3 . dO'" ( 1 . dO - 9 0 i s ~ ~ Z ) / ( ( a 4 * * 4) * ( r a ~ ta) '" ~ 3) ) '" ~ Z 5
a z û e r a x t e é i- a t )

azl::-ra*(al-a7)
teZ::dexp(-ua"'azO)"'dcos(ua"'azO)
c:fZ=dexp(-ua*azO)"'dsin(ua*azO)
te3::dexp(ua"'azl )"'dcos(ua"'azl)
cf3=dexp(ua*azl)"'dsin(ua"'azl)
am(l, 1)=-a5"'( teZ-cfZ)/(a3"''''Z'''a8)
am(l,Z)=-Z dO*a5*ua"'cfZ/a3"'*Z
am(1,3)=-aS"'(te3+cf3)/a4"''''Z
am(l,4)=Z.dO*a5*ua*cf3/a4*"'Z
~m(Z,l )=-e"'ta*teZ/(Z dO"'cfa*ra*ua*"'3"'a3"''''Z'''a8)
am(Z,Z)=e*ta"'(teZ-cfZ) / (Z dO*cfa*ra*(ua*a3)*"'Z)
am(Z,3)=-e*ta"'te3/ (Z dO"'c.fa"'ra"'ua"''''3*a4''''''Z)
am(Z,4)=e*ta*(te3+cf3)/(Z dO*c:fa*ra*(ua*a4)"''''Z)
am(3, 1 )=-aZ**Z*c.fZ/(ua*a3"''''Z'''aB)
am(3,Z)=aZ**Z*(teZ+c:fZ)/a3*"'Z
am(3,3)=aZ**Z"'c.f3/Cua"'a4*"'Zl
am(3,4)=(aZ/a4)"''''Z*(te3-cf3)
am(4,l )=aZ*"'3"'(c.fZ-te2) /(a8*a3"''''Z
am(4,Z)=-Z dO*aZ**3*ua*c.fZ/a3**Z
am(4,3l=aZ*"'3*( te3+c.f3) la4**Z
am(4,4)=-Z.dO*aZ*"'3*ua*c:f3/a4~*2

amIS, 1)=aZ*teZ/(2 da*cfa*ua**3*a3~"'Z*a8)

am(S,Z)=-aZ"'( teZ-cfZ) / (Z dO*c.fa*(ua~a3)"'~Z)

am(5,3)=aZ*te3/ (Z dO*cfa*ua**3"'a4**Z)
am(5,4)=-aZ*(te3+cf3l I(Z dO~cfa*(ua~a4)**Z)

am(6, 11=aZ*(teZ+cfZ) / (2 dO*c.fa*(ua*a3)**Z*a8)
am(6,Z)=-aZ*teZ/(cfa*ua~a3**Z)

am(6,3)=-aZ"'(te3-c.f3)/ (Z dO*cfa*(ua*a4)**2)
am(6,4)=a2"'te3/ (cfa*ua~a4**2)
return
end



30 Mai 10 23 1985

c

mam. Fage 21

su br 0 u tin e ma t c ( e t po i s , r c r t c , h c t z , cm)
iroplicit real*8(a-h,o-z)
dimension cm(6,1l)
cfc:e*tc**3/(12 dO*(l dO-pois**2)
uc:(3.dO*(1 .dO-pois**2)/( rc*tc)**3)** 2S
tell:dexp(-uc*z)*dcos(uc~z)

cfll:deKp(-uc*z)*dsin(uc*~)

te5:dexp(uc*(z-hc) )*dcos(uc*(z-hc)
cf5:dexp(uc*(z-hc) )*dsin(uc*(z-h~)

cl:uc*rc
~2:2 dOle/tc

do 10 i:l
do 10 j:l,1l

10 cm(i,j):OdO
cm(2,l):2 dO*cl*te4
cm(2,2):2dO*uc*cl*(te4-cf4)
cm(2,3)=-2dO*cl*te5
cro(2,4)=2 dO*uc*cl*(te5+cf5)
cm(3,l)=cf4/uc

cro(3,2)=te4+cf4
cm(3,3)=cf5/uc

cm(3,4)=te5-cf5
cro(4,l)=te4-cf4
cm(4,2)=-2 dO*uc*cf4
cm(4,3)=te5+cf5
cm(4,4)=-2 dO*uc*cf5
cm(S,1)=-cl*rc*c2*te4
cm(S,2)=-cl**2*c2*( te4-cf4)
cm(5,3)=cl*rc*c2*te5
cm(S.4)=-cl**2*c2*(te5+cf5)
cm(6,1)=-cl**2*c2*(te4+cf4)
cm(6.2)=-2 dO*uc*cl**2*c2*te4
cm(6.3)=-cl**2*c2*( te5-cf5)
cm(6,4)=2.dO*uc*cl**2*c2*te5
return
end

,
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subroutine matdle,pois,rd, td,fil, fi,dm)

i mp lie i t r e al * 8 1 a - h , 0 - oz; )
dimension dml6,Z)

d1=dcoslfi)

dZ=dcoslfi1)

d3=dsinlfi1)
doz;:::-rd*ldl-dZ)

ud=13 dO*ll .dO-pois**Z) !ld3~*411«rd*td)**3»**0 Z5

~ tel:::deKplud*dt)*dcos(ud*doz;)

cf1=deKplud*dz)*dsinlud*dz)
dm ( l , 1 ) = - d Z * 1 te 1 + c f 1 )

dmI1,Z):::2.dO*ud*dZ*cfl

dmlZ, 1)=-Z.dO~ud*rd*d3**Z*tel
dm ( Z , Z) = Z . dO * ( ( u d '" * Z ) * r d s d 3 11< '" Z ) * ( tel + cf 1 )

dml3,l )=cf1!ud

dm C3.Z)=tel-cfl

dm 1 4 , 1 ) = d 3 * ( te 1 + c f 1 )
dmI4,2>=-ZdO*ud1l<d3"'cfl
dmlS,1)=12 dO*ud*rd*~Zl\:d3l<*3"'telI{(e*td)
dm ( 5 , Z ) = 1 - Z . dO'" ( ud * rd) "' ... Z #< d 3 * '1< 3 { <: e- t d ) ) '" ( tel + c: f 1 )

dm16,1 )=l-Z dO*lud"'rd)**2*d3"'*3! ( e v t d ) )'.-( tel-cfl)
dm 1 6 , Z ) ::: (4 d 0 * 1 u d 11< d 3 ) .~ '1< 3 11< r d * ... Z ! ( e '" t ct ) ) * tel

return

end



mojule d'elastic:te--------------:l0000000 000
coefficient de poisson------------: 150
pOids specifique du mortier-------: 24.000
poids specifique de l'eau--------: 10.000
variation de la temperature-------: 10.000
coefficient de dilation thermique-: C. I~Od-04
nombre de cas de chargement-------: 3

valeurs retenues p~ur le dome superieur

~.

rayon--------------------------:
epaIsseur----------------------:
anqle d'inclinaison malimal---:

,aleurs retenues pour l'anneau

rayon------------------------------
epaisseur-------------------------
anqle d'inclinaison minimal-------,
anqle d' inclinaicon malimll--------

,aleurs retenues pour le cylindre

rayon------------------------------
epaisseur--------------------------
hauteur----------------------------

7.738
010

30.oa

4.005
.J15
131
157

.000
02~

.000

valeurs retenues peur la ~alotte sph. Iut

rayon------------------------------
epaisseur-------------------------
angle d'inclinaison minimal-------
angle d' inclinaicon malisal--------

4 COS
.030
1.57
1.83



~06 ,

fileurs retenues pour le dome inlerieur

,

tiJon------------------------------
epaisseur-------------------------
angle d'inclinaison minlma!--------

7 738
.040

2 62
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clS de chlrgeaent no. 1

efforts elteriorises

pl: 10.000 wl= 1.000

",.

H1=
H1=

.4956d+01

.8662d-Ol

H2= -0.2291d+01
H2: 0 ~756d-Ol

H3=
H3:

0.e049d+01
0.5779d+00

H4:

H4=

o 2OS7d.Ol
o 3197d+01

contrlintes dlns le dome superieur

FI NI lIT HI 01 OR 'JI

o, a. I18Sd-01 0. mSd-01 0.~501d-0~ o.1910d-07 0.5534d-l0 -0 5B35d-09
30 0 1186d-01 0 m1d-01 0.1&55d-08 O. J743d-07 -0.9711d-04 -0.1484d-07
6.0 a .11BH-01 0 .116Bd-01 0.486Bd-OB o 6315d-07 -0.1942d-OJ -0.1776d-07

9.0 0.1193d-01 0 1147d-01 0.1194d-07 0.4597d-07 -0.1906d-OJ -0.352Bd-07

110 a.1300d-01 O. 112ld-01 -0.1333d-07 -0.5603d-06 -0.JB61d-03 -0 4110d-07

15.0 0.1308d-01 o 1163d-01 -0.1573d-06 -0.13S0d-05 -0.4BOBd-03 -0.1l44d-06

18 0 0.13134-01 0.95434-01 o 1636d-05 0171Jd-04 -0 5740d-03 o.114Bd-07

110 0.137Id-01 o 400Bd-01 -0.3161d-05 -0.2410d-OJ -0 6661d-03 o. e696d-OS

240 o ~131d-02 -0.446Bd+00 -0.9249d-04 0.24B5d-02 -0.7466d-03 -0.1971d-OJ

270 o.1053d+00 0.101Bd+02 o 2J2Bd-02 -0.51944-01 -0 1040d-02 0.4S00d-02
JOO -0.42B9d+01 -O. J3Z2d+OJ OB662d-Ol o.14B4d.01 0.549Bd-Ol -0.1110d+00

contrlintes dlns l 'lnnelu

FP NI NT

7S0 O. 14634+01 0 .3131d+Ol
76.7 -0 lS9Bd+00 0.3191d+01
7B4 -0.16164+00 -0 .2168d+Ol
800 -0.2176d-01 -o.6B61d+00
817 -O. S089d-Ol O. 98204-01
BU -0.799Sd-Ol O. IS02d+00
8S 0 -0.1113d-01 -0 .13464+00

B67 -O. J434d-01 -0.1393d+01
88.3 -0 4193d-01 o 71014-01

90 0 -0 13Z7d-01 o.1736d+02

l'lZ

0.86S8d-OZ
O.lS28d.OO
0.3050d-Ol

-O.7219d-Ol
-0.3B9~d-02

-0 190?d-Ol
-0.5675d-Ol
o B59Bd-Ol
09161d-Ol
O. nS5d-01

oz

o S511d+01

-0.1039d+Ol
-0.715Bd+00
-0.4BS34-01
0.4B30d-01

-0.17644-01

-0 m7d-01
03S91d+00
0.9B67d+00

-0.119ld.Q1

DR

o S117d-03

O. B9J9d-03
0.9697d-03
0.95S6d-03
0.949Bd-03
o 9517d-03
o 9606d-03
0.97Bld-03
0.9S98d-OJ
0.7194d-OJ

-0 4S6Sd-Ol
-01711d-OZ
0.5637d-04

016l4d-03
0.3Z03d-04

-0.1310d-04
-0 8894d-04

-0.1316d-03
o 75SSd-03
0.3283d-02

contraintes dans le cylindre
-,--------------------------------. '."

Z NI ·1 t.ï l'lZ 01 OR 'JI

0 o.1146d-0l'<:', -0.91S9d+Ol 0 97S6d-01 -0.119Id+01 -0.1193d-03 -0 .4609d-02.... ;,'r '.'
4 0,163Id+04~t 0.,1034d+02 -0.71S4d-02 o 1171d+00 0 1034d-02 -0.7641d-OZ
8 O.S16Id+04 0,3181d+Ol 0.4786d-03 -0.67804-01 o sand-Ol -0.7S73d-Ol
1 0.7892d+04 0.4B01d+Ol -0.1931d-04 0.3474d-03 0.8116d-02 -0.7S7Id-02

1.6 0.1051d+05 0.6400d+Ol 0.1714d-OS -0 170Z4-04 O.lIISd-OI -0.7571d-Ol
2.0 0.13ISd+OS '0. eOO04+01 -0.397Bd-06 -0.836Sd-06 0.1418d-01 -0 7S72d-Ol
1.4 O.IS78d+OS 0.9600d+02 O.5959d-OS 04100d-04 o 17114-01 -0.7S72d-Ol
2 8 0.1841d+OS 0.11104+03 -0 1122d-03 -0.9377d-03 0 20Z4d-Ol -0.7S74d-02
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3 2 0 %I04d+05 0 1277d+03 O. 2DJld-Ol 0.10IId-01 0.2J21d-01 -o. 75lBd-02
3.6 0 2368d+05 O. 1529d+03 -0 .3520d-01 -0 4110d+00 0.2613d-01 -0.7943d-02

-..
40 0 .16l1d+OS -0 &350d+D2 0 .57Hd+OD 0 8049d+Dl OJll1d-Ol -0.5991d-02

contraintes dans la ca lot te sph . IDI.

---~-------------.-----------------------

rs HZ NT MZ OZ DR "'Z

90 0 0 1812d-D8 -O. 1048d-07 -0.4nld-09 -0 J487d-OB 04074d-1J -0 1906d-II
91 .7 0 .2!1Bd-IO -0 .1304d-07 -0 930Id-10 0.2194d-09 o 4370d-13 -0.5141d-12
933 0 9876d+ll -0 124Jd+14 0.44Hd+10 -0.6J25d+ll -0 1474d+08 o.1647d+10
95 0 -0.4490d-04 -0 1713d-02 -0.2133d-04 -0 49J7d-OJ -0.1047d-07 o.5653d-07
96 .7 o 9746d+11 -0 1270d+14 0.4242d.t0 -0.6109d+11 -0 1494d+08 0.16J9d+10
98.3 O.H35d+07 -0 .2833d+08 0.5995d+06 0.2249d+08 0.1630d+OJ -0.1730d+03

100 0 0.1003d+ll -0 .1894d+14 -O. !675d+10 0.6677d+10 o !4Hd+08 0.S871d+09
101 .6 O. SI94d-IO -0.1416d-07 -0.1090d-09 0.1884d-09 o 4795d-13 -O.S98!d-12
103.3 0.1786d+Ol -O.2264d+03 -0.2S65d-Ol o.1540d+03 o.1509d-02 -0.7897d-02
lOS 0 -0.1428d-10 0.8776d-09 o 46S7d-ll o 9616d-11 -0.lB57d-14 o 9341d-13

,
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, cas de chargnen\ no. 2

efforts elterlorises

pl: 10 000 wl= .000

Ao9

i.

HI:

KI=

0.1886d+01

0.2619d-01

H2: -0.2269d+01

K2: o 9667d-01

H3:

113=

o S015d+01

0.5754d+00

H4=
114:

o H49d+Ol

0.3184d+01

contraintes dans le dome superieur

FI

o
3.0

6.0
90

12.0
15 0
180
21.0

240
27.0

300

NZ

3763d-02
3765d-Ol

.3773d-Ol
0.3186d-02
0.380Sd-Ol

o 3818d-Ol
0.3843d-Ol
O.4D44d-Ol
O.1022d-Ol
0.4S64d-01

-0.16)14+01

NT

0.3762d-02
0.3749d-02

0.371Id-Ol
0.3650d-Ol
0.3573d-Ol
0.3376d-Ol

0.2960d-Ol
0.1155d-01

-0.1433d+00

0.3188d+01
-0.9815d+Ol

HZ

0.4866d-09
0.7160d-09

o.164Sd-OS
0.2967d-Oa

-0.8304d-08

-0.677H-07

0.6109d-06
-0.3031d-05

0.4883d-05
-0.2859d-04

0.2619d-01

QZ

o 9780d-Oa
o 1185d-07

o 1676d-07
-0.904Id-09
-O.19S3d-Q6

-0.1308d-06

7911d-05
-D.8804d-04

0.1103d-Ol

-0.2405d-01
O.9446d+DO

DR

0.1452d-10
-D 9720d-04

-0.1941d-03

-0 2905d-03
-0.386 1d-03

-0.4807d-03

-0.S739d-03
-0.6657d-03

-0.7526d-03

-0 9067d-03
0.970Id-03

IJZ

-0.5134d-IO
-04190d-08

-0.7856d-08
-0 1009d-07
-0.1457d-07
-D.7218d-07

0.1173d-06
o.1589d-D5

-0.4842d-04

o 1121d-Ol
-0 2274d-01

contraintes dans l'anneau

FP

75 . 0
76.7

784

800
81.7
83,3

85.0
867
88 .3

9D .0

K'l.

o SSlld+OO
-0.1197d+00
-0 6609d-01
-0.6H5d-Ol

0.2413d-03
0.4721d-03

-0.lS9Id-Ol
-0.2465d-01
-0.3223d-01

-0.3836d-Ol

Ni

0.1367d+Ol
0.9715d+00

-0.9965d+00

-0.1743d.00
0.6867d-OI
O.IOlld+OO

-0.2471d.00
-0.1387d+01

06139d-01

0.1719d+Ol

H'l.

0.2619d-01
O.6699d-OI
o.1137d-01

-O.3471d-Ol
-0.151Id-Ol
-0.1761d-Ol

-0.5795d-Ol
0.8473d-Ol
0.9174d-01

0.9666d-OI

QZ

o 210Id+01
-0.5311 d+OO
-O.2999d+OO

-0.108H-OI
0.1930d-01

-0.2606d-OI

-0.1639d-01
O.)S66d-OO
0.9776d+OO

-0.1269d+01

DR

7512d-03
0.9127d-03
0.9H4d-03

0.95024-03
0.9S01d-03
o 9534d-03

0.9608d-03
0.978Id-03

0.960ad-03

0.7317d-03

WI

-02119d-Ol

-0 6906d-03
0.4709d-04

0.7089d-04
o.1537d-04

-0.8630d-05

-0.8593d-D4
-0.1314d-03
0.7482d-03

D.3253d-Ol

r--''',
contrà'(ntes dans lt cyl indre

--------------------------------

'l. N'l. Ni HZ QZ

0 o. H99d-02 -0 9168d.Ol 0.9667d-DI -0 .2269d+01
.4 0.2993d+04 . 0 1030d+Ol -0.7186d-Ol 0 1259d+00

8 0.5986d+04 0 .318Id.Ol 0.474ld-03 -0 6714d-Ol

1 0.8918d+04 6 H01d+Ol -0.2903d-04 o 3440d-03
.& 0.1197d+D5 0 6400d+Ol O.1698d-OS -0.1685d-04

20 0.1496d+05 0.8000d_Ol -O. m6d-06 -D8377d-06
.,'!

1.4 o. t 796d+05 D 9600d+Ol 0.5934d-05 0.4081d-04
28 0.209Sd-OS O.IIIOd+03 -0.1117d-03 -0.9338d-03

.,

DR

-0.1265d-D3

O.246'd-Ol
D.S968d-02

0.9430d-Ol
o.1289d-01

a . 1636d-01
0.1981d-01

0.1328d-01

IJZ

-0.5727d-Ol
-0.8728d-Ol
-0.86S9d-D2

-0.8658d-02
-0.8659d-Ol

-0.8658d-Ol
-0.8658d-Ol

-0.8661d-Ol
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3.2 0.2394d.OS 0 1277d.03 0.2D23d-02 0.2003d-OI 0.267Sd-01 -0 .8625d-02
3. 6 0.2694d.OS 0.lS29d.03 -0 3505d-01 -O. 4093d.00 O.3014d-Ol -0 .90Bd-02

4.0 0.2993d.05 -O. 62S7d.02 0 .S7S4d.00 O. 801Sd.01 0.354Sd-01 -0 .7086d-02

~ontrlintes dlDS Il ca l et t e sph . inl.

-----------------------------------------

r5 NZ NT IlZ az DR \lZ

900 0 8&S3d.03 0 .3840d.OS o. IS70d.04 -0 .S482d.0~ .2498d.00 0.6S8Id.Ol
91.7 0. S821d.09 O. 1119d.11 0.2780d.09 -O. 1097d.10 0.S31Id.OS 0 .2240d.07
933 0.S699d-13 0 .SOSld-09 0.3496d-12 -O . 3637d-12 -O. S4S7d-15 0.1968d-13
95.0 0.170Sd-Oe 0 .1400d-07 -0.3730d-09 -0.6471d-08 -0.S629d-IJ -O. ISS7d-11
96.7 -0 3738d-10 0 3771d-09 O.?4Sld-11 -0.4060d-10 0.9293d-IS 0 lS70d-12
983 -0.1017d.06 0.9170d.07 o 1698d.06 0.1710d.07 OS60Sd.Ol 0 .1646d.03

1000 o 1807d.03 0.2917d.OS o 8917d.03 o.1782d.04 0.1912d+00 0 2677d.01
101 .6 -0.980Sd-01 0.679ld.02 0.2642d.01 -O.SOOOd.OI 0.4S32d-03 o. 1008d-01
103.3 -O. Il SSd.03 0.IS03d.04 -0.7704d.02 -0.l'79d.04 -0.9921 d-02 0 .H2Id-01
lOS 0 0.1510d-ll 0.4349d-09 0.1749d-ll 0.2066d-ll 0.3763d-IS 0 1333d-13

,

'_.. -,

.. ,

.; , .

. i~.J·I~·
: ~

...
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cas de chargement no. 3

efforts elteriorises

p[=OOO wl= 1.000

i.

HI=
KI =

0.4956d+01
0.8662d-02

H2= -0.226Id+OI
K2= 0 9157d-Ol

H3=

li3=

o 3H 3d+Ol
0.255Id+00

Hh
114=

o 9027d+01
o 1404d+Ol

contraintes dans le dome superieur

FI KI NT KZ QI DR Io'l

.0 0.5314d-05 0 2511d-05 .9479d-09 o 2913d-07 0.5520d-l0 -0 5820d-09
3.0 0.5303d-05 O. 2225d-05 0.165Id-08 0.3734d-07 -0.9719d-04 -0.3814d-09

6.0 0.5270d-05 0.2575d-05 0.4856d-08 0.6299d-07 -0.1941d-03 0.1114d-08

90 0.5318d-05 o 1353d-04 0.1191d-07 0.4584d-07 -0.2905d-03 0.7919d-08

120 0.6391d-05 0.6585d-04 -0.1330d-07 -0.5589d-06 -0 3861d-03 o.1530d-07

15.0 0.7841 d-05 -0.1211d-03 -0 2566d-06 -0.1376d-05 -0.4807d-03 -0.1515d-06

18.0 -0.4137d-04 -0.1721d-01 o.1631d-05 0.2706d-04 -0.5738d-03 0.977ld-07

21.0 OU20d-03 0.293Id-Ol -0.3156d-05 -0.2405d-03 -0 6661d-03 o.8771d-05

24.0 -0 4188d-02 -0.4557d+00 -0.9223d-04 0.2479d-02 -0.7465d-03 -0.1965d-03
27.0 0.9148d-Ol 0.1015d+02 o.1321d-Ol -0.5181d-Ol -0.1039d-Ol 0.4489d-Ol

30. 0 -0.4291d+Ol -0 3314d+03 0.8661d-01 o.1478d+Ol 0.5481d-02 -0.l107d+00

contraintes dans l'anneau

-~------------------------~--

FP NZ NT III QI DR WI

75.0 0.1478d+Ol 0.3233d+02 .8658d-02 0 5526d+Ol 05116d-03 -0.4568d-02
76.7 -0.H61d+00 0 3179d+Ol o.1529d+00 -0 .1040d+Ol o 8941d-03 -0.1712d-02
78.4 -0.1480d+00 -0 .2184d+Ol 0.3052d-Ol -O. 7163d+00 0.9700d-03 0.5639d-04

80.0 -0.9158d-02 -0.7002d+00 -0 7240d-02 -0.4864d-Ol 0.9558d-03 0.1615d-03

817 o.83Ud-02 0.8370d-Ol -0.3913d-02 0.4841d-Ol 0.9500d-03 0.3180d-04
83.3 D5173d-02 o.1337d+00 -0.1863d-02 -0.1657d-Ol 0.9529d-03 -0 1330d-04

85 0 0.1060d-02 -0.243Id+00 -0.5444d-02 -0 1582d-Ol O. "08d-03 -0.8640d-04

86.7 -0.1050d-Ol -0.1358d+Ol 0.8567d-01 0.3495d+OO 0.9777d-03 -0 1159d-03
883 -0.2750d-Ol O.1060d+OO o 8970d-Ol o 9462d+00 o 9594d-03 0.7389d-03

90.0 rO.l059d-04 0.1686d+01 09156d-Ol -0.2260d+Ol 0.73Hd-03 0.3164d-02

cont ra in t ~s .d.ans le cylindre
____ • _________________ 4 _________

,
. :'

Z NZ NT tU OZ DR Io'Z

0 o 8442d-05 . ·~O. 9341d+02 o 9157d-Ol -0 226ld+Ol -0.2l17d-03 0 .3165d-02
.4 -0.3119d+00 ·0.4413d+Ol -0.6964d-02 o. 1262d+00 -0 9957d-03 -0 8126d-04
.8 -O.6139d+OO :"~~O .1967d+00 0.46531-03 -0.6765d-02 -0.9592d-03 O. 6471d-06
2 -0.9358d+00 ).8~69d-02 -0.2874d-04 0.3485d-03 -0 9612d-03 0.1194d-05

16 -0.1148d+Ol .-02863d-03 o 1684d-05 -0.1721d-04 -0.H15d-03 .9102d-06
2.0 -O. 1560d+0 1 -0.8733d-05 -0.2257d-06 o 1130d-06 -0 H19d-03 o 9335d-06
2. 4 -O. l871d+Ol 0.8511d-04 0.16031-05 0.l764d-04 -O. "22d-03 0.1007d-05
2.8 -0.1184d+Ol' o 2621d-02 -0.4909d-04 -0.4057d-03 -0.9616d-G3 -O. l618d-06
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U
36
4.0

-0 2496d+Ol
-0.1807d+Ol
-0.3119d+01

-0 1182d+00
o 3818d+Ol

-0.9629d+02

0.8910d-03
-0.IH8d-01
o.2551d+00

0.8734d-02
-0.1789d+00

0.3513d_01

-0.9620d-03

-0.9940d-03
-0.1934d-03

o 1611d-04
-0.1685d-03

0.8375d-03
-4.

contraintes dans la calotte sph. in! .

rs NZ NT KZ az DR Io'Z,
90 0 -02116d-l0 -O. 1178d-10 0 .3407d-ll -0 .2591d-l0 -0 .3027d-16 0 .1259d-12
91. 7 -0.2955d-l0 -0 4831d-09 0 268Id-l1 -0 .4412d-l0 -o. 1323d-14 O.1373d-12

93.3 -0.2527d-10 -0.2139d-09 0 3233d-ll -0 3414d-l0 -0 5676d-15 0 1336d-12

95.0 -0.2739d-10 -0.3382d-09 0.3017d-ll -0 3886d-l0 -0.9117d-15 0 .1360d-12

967 -0.2633d-l0 -0.274ld-09 O. 3138d-11 -0.3645d-10 -0.7331d-15 0.1349d-1>

98.3 -0.2686d-10 -0.3055d-09 0.30811-11 -0.3764d-10 -0.820ld-15 0.1355d-12

100.0 -0.2659d-l0 -0.2897d-09 0 3110d-11 -0.3704d-10 -0.7764d-15 0.1351d-12
tGl .6 -0.2672d-10 -0.1975d-09 0.30Hd-11 -0 3734d-10 -0.7980d-15 0.1354d-12
103.3 -0.2666d-10 -0.2936d-09 0 3103d-1\ -0.3719d-10 -O. 7872d-1 5 0.1353d-12
105.0 -O.2669d-IO -0.2956d-09 0 .3099d-ll -0.3727d-10 -0.7926d-15 o 1354d-12

')1..'
.:.-~

. ~~. ~.~~.~(
'r~
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