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83

ce programme effectue le calcul structural d'un reservoir

par la
compos

NCH
RD
TD
FI1l
RA
TA
FPO
FP!L
RC
TC
HC
RA1l
TA1l
FSO
FS1
RD!
TD1
FTO

geometr
-cale
~cale
~-dete
-pour

fort
-ces

DoLmas

ccoefficient de Poisson

:poids specifique du mortier

:poids specifique du liquide
cvariation de la temperature
ccoefficient de dilatation thermigque
nombre de cas de chargement

:rayon du dome

cepaisseur du dome

rangle d'inclinaison max. du dome
crayon de |'anneau

epaisseur de | 'anneau

:angle d'inclinaison min. de ['anneau
rangle d'inclinaison max de |l'anneau
crtayon du cylindre

cepaisseur du cylindre

"hauteur du cylindre

rayon de la calotte spherique inferieure

epaisseur de la cal. sph. inf.
cangle d'inclinaison min. de la cal. sph.
cangle d'inclinaison max. de la cal sph.

rrayon du dome infertireur
repaisseur du dome inferieur
cangle d'inclinaison min.

iques ,on procede comme suit:

ul des matrices de flexibilite FL etAMR

ul de hd4 et de md4

rmination des forces d'interaction Hi M1
éhaque element de structure,on calcule

d'influence suivant differents niveaux pour

theorie des coques et plaques,ledit reservoir etant
e :-d'un dome spherique superievur
-d'un anneau spherique
-d'un cylindre
~-d'une calotte spherique inferieure
-d'un dome spherique inferieur
——————— DEFINITION DES PARAMETRES--------
module d'elasticite

PROCEDURE UTILISEE DANS LE PROGRAMME - - - - - - - - oo oo o

”éprés la lecture et la determination des differents parametres

JH2 M2 ,113 , M3 ,H4 , M4
les coefficients
connaitre les ef-

s internes et les deplacements correspondants

dernietfes valeurs vont nous permettre de
de. la variante du materiau

verifier le choix
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30 Mai 10:23 1985 mam.f Page 2
<
Cmmm e e e - RESERVE D'ESPACE ET PRECISION
<

implicit real*8¢a-h,o0-2z?

dimension vd(é6),va(é) ,ve(éd),va1r(é),vdi(é)

fcm(é6,4),ami(6,4),dmi(é6,2),€1¢(4,4),s5¢c(4,4)

fo(d4) ma(d4),ro(4d),sa(4),vkg(8,8),vfg(8),£fd(é),€fa(é), fc(b),

3faiCé),£dicé)
c
Cmm e e e - = - LECTURE DE DONNEES GENERALES
c

open{unit=5,file="'donnees ')

open(unit=6,fijle="'resultats’')

rewind(S)

rewind(6)

read *, e,pois,ds,pl,t,te,nch

print 502,e,pois,ds,pl.t,te,nch
¢
S donnees sur le dome superieur.
<

read *, rd,td,fit

print 250

print 504, rd,td, fil
<
c. ..donnees sur [ 'anneau.
c

read *, ra,ta,fpo,fpl

print 300

print 505, ra,ta,fpo,fp!
e
oL donnees sur le cylindre .. .. ..
e

read %, rc,tc,he

print 350

Brint 906, rc,te he
c
C . donnees sur la calotte spherique
¢

read *, ral,tal,fso,fsl

print 400

print 505, ratl,tal, fso,fs1
c
Co donnees sur le dome inferieur. .
¢

read *, rdi,td!, fte

print 4590

print 508, rdi,tdl, fto
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e calculs nNecessalTIes. . . . . . . . .

pi=3. 14159
fii=fil*pi/180.
fpo2=2 *fpo
fso2=2 *fso
fto2=2 *fto

c
Qe m - CALCUL DES MATRICES DE FLEXIBILITE-=-----cm-mm e e e e o — o — -
c
fi=fit
call matd(e,pois,rd,td,fit,fi,dm
fp=fpo
call matate,pois,ra, ,ta,fpo,fpl,fpo2,fp,am)
do 1 i=1,2
do 1 3j=1,4
i scli,j)=am(1+4, i)
fp=fpl
call mata(e,pois,ra,ta,tpo,fpl!,fpo2,fp,am)
do 2 1=3,4
do 2 3j=1,4
2 scl(i,j)=am(i+2,73)
z=0.
call matc(e,pois,rc,tec,hec,2z,cm)
call flex(dm,sc,cm, fl)
z=hce
call matc(e,pois,rec,tec,he,z,cm)
fs=£fso
call matai(e,pois,ral,tal,fso,fsl,fso02,fs,ami)
do 3 i=1,2
do 3 3j=1,4
3 cs(i,j)=ami(i+4,3)

fs=fst
call matai(e,pois,ral,tal,fso,fsl, fsoZ2,fs,ami)
do 4 i=3,14
do 4 j=1,q
q cs(i,j)=ami(i+2,73)
call bac(em,cs,amr)
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C —mm e - — INTRODUCTION DES CAS DE CHARGEMENT - --cococmmmmm o m o m - = — =
pl=dcos(fsi)
p2=dcosf{fto)
do 530 I1l=1,nch
read *, pl,wl
print S509,11,pl ,wl
wd=td*ds+wl
wa=taxds+wl
we=tchds
wal=taxds
wdl=tdi*ds+(hc-ral*pli+rdl*(1l +p2))*pl

................. calcul] des vecteurs de charge .. . .. . .. ... ...
fi=fil
call vchad(e,pois,t,te,rd,td,fil,wd,fi,vd)
fp=fpo
call vchaa(e,pois,t,te,rd,fit,ra,ta,fpo,fpl,fpo2,wd,wa,fp,va
Ao § i=1,2
3 ma(id=va(i+4)
fp=fpl
call vchaa(e,pois,t,te,rd,fi!l,ra,ta,fpo,fpl,fpo2,wd, wa,fp,va’
do 6 1i=3,4
6 ma(i)=va(i+2)
z=0.
call wvchac(e,pois,pl.t,te,rd,fil.ra,fpo,rec,tc,wd,wa,wec,z,ve}
call cfo(vd,ma,vec, fo)
z=hc
call vchac(e,pois,pl,t, te,rd,fil, ra,fpo,rc,te,wd,wa,wc,z,ve)
fs=fso
call vechaai(e,pois,pl,t,te,rd,fil,ra,fpo,fpl,hec,ral,tat,
1 fso,fs!l,fso2,wd,wa ,wec,fs,va1)
do 7 i=1,2
7 sa(i)=vai(i+4)
fs=fs1
call vchaai(e,pois,pl,t,te, rd,fil,ra,fpo,fpl,hc,rat, tatl,
1 fso,fs!l,fso2,wd,wa,wec,fs,vai)
do 8 1i=3,4
8 salid)=vai(i+2)
call crolve,sa,ro)
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S determination de hd4 et mwdd . .. . .. ... ...
c
ft=£f¢t1
call vchadi(e,pois,t,te,rd,fil,ra,fpo,hec,ral, fso,fs!,
1 rdl1,td1l,fto,fto2,wd,wa,wc,wal,wdil,ft,vdi>

call matdi(e,pois,rdl, tdl,fto,fto2,ft,dmi)
det=dmi(5,1)*dmi (é,2)-dmi(5,2)*dmi(6,1)

hdd=(vdi(é6)*dmi(5,2)~-vdi(S)*dmi(6,2))/det
mdd4=(vdi(S)*dmi(é6,1)-vdi(é)*dmi(5,1))/det

c
C. resolution des equations 'FL*BE=FO' et 'AMR*B=RO*' . . .. .. . ...
neg=3=8
do 10 i=1,8
vig(i)d=
do 10 =1,8
10 vkg(1,33=0.
nsyms=1

do 11 i=1,4
vig(id=fo(i)
do 11 j=1.4
11 vikg(i,jd=€1¢i,3)
do 12 i=1,4
vig(i+d4)=ro(i)
do 12 j=1,4
4,j+4)=amrc (i, j>
call resol(nsym,neq,vkg,vfg?

—
[
<
Y

Qa
-~
-
+

vig(7)=vfg(7)+hd4

vig(8)=vfg(8)+md4g

print S1t1

print 512 ,(vfg(i),i=1,7,2)
5

print 13, (vigli) , 1=2,8,2)
¢
S ... .....calcul des contraintes . . ... . ... ... ...
[}
Coo contraintes dans le dome. .. . . . . . . . .. ... ...
¢

print 515
print 5146
da=-3.
do 13 k=1,11
da=da+3.
fi=da*pi/180.
call vchad(e,pcis,t,te,rd,td,fil,wd,fi,vd)
call matd(e,pois,rd,td,fil,fi,dm)
do 14 i=1,4%
14 fd(i)=0.
do 15 i=1,6
do 16 j=1,2
16 fd(id)=fd(id)+dm(i.jr*vig(j)
15 fd(id)=fd(i)+vd (i)
print S517,da, (fd(i),i=1,6)
13 continue
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19

22

21
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AAAAAA S ..contraintes dans l'anneau. . .. ... .. ... ... ... .

print 518

Print 519

¥2=0.

do 17 1=1,10

ar=fpo*180 /pi+=xl

fp=ar*pi/180.

call vchaa(e,pois,t,te,rd,fil,ra,ta,fpo,fpl,fpol wd,wa,fp,va)
call mata(e,pois,ra,ta,fpo,fpl,fpo2,fp,am)
do 18 i=1,4%

fa(i)=0.

do 19 i=1,4%

do 20 3i=1,4

fa(id=fa(id+am(i,jd*veig(j
fa(id=fa(id+vali)

print S17,ar,(faCi),1=1,464"

R2=(fpl-fpo)*20 /pi+x2

continue

.......... contraintes dans le cylindre. . .
print 521

print 522

z=-hec/10.

do 21 =1,11

z=z+hec/ 10

call vechac(e,pois,pl.t,te,rd,fil,ra,fpo,rc,te,wd,wa,we,z,vc)
call matec(e,pois,re,te,he,z,cm)

do 22 i=1,4%

fc(i)=0.

do 23 i=1,%

do 24 j=1,4

felid=faCid+cm(i, ) *veig(j+2)

felidY=fc(i)+ve (i)

print S17,z,(fc(Ci),i=1,6)

continue
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.contraintes

print 523

print 5214

r=0.

do 25 n=1,10
k3=fso*180 . /pi+r
fs=x3*pi/180.

call vchaai(e,pois

call matai(e,pois,
do 26 1i=1,6
fai(id)=0.

do 27 i1i=1,4

do 28 ji=1,4
fai(id=fai(i)+ami(
fai(id)=fai(i)+vail
print 517,x3,(fai(
r=(fs1-£fso0)*20./pi
continue

,,,,,,,,,,, contraintes

30

32
31

29
50

1

print 3235

print 526

x4=0 .

#5=fto*x180./pi

do 2% ni=1,11

16=x5+%x4

ft=x6*pi/180.

call vchadi(e,pois
fto,

call matdi(e,pois,

do 30 i=1,6

tdi(i)=0.

do 31 i=1,6

do 32 j=1,2

fdi(i)=£fdi(i)+dmi (

fdi(id)=fdi(i)+vdi(

print 517 ,x6,(fd1i(

2d=x4+3.

continue

continﬁe

close (unit=5)

close(unit=é)

stop )

Page 7

dans la caloctte spherique inferieure... ... . ... .

;pl,t, te, d,fil , ra,fpo,fpl,hec,rat,tal,fso
,fs!1,fs02 ,wd,wa,wc,fs,vai)
ral,tatl,fso,fs!,fs02,fs,ami)

i,1)%vfgCi+4)
i)

i),i=1,6)

+T

dans le dome inferieur

,t,te, rd,fitl, ra,fso,hec,ral,fso,fs1,cdl,tdt,
fto2 wd,wa,we ,wal ,wdl,ft,vdi)
rd! ,tdi,fto,fto2, ft,dmi)

1, 30%vEg(i+é)
i)
id,i=1,6)

X9
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c
Cmmmm e s e - — - FORMATS DE SORTIE DES DONNEES ET DES VALEURS---------woeuom-
i DE CONTRAINTES------mmmmem e m o -
c
250 format(' ',t20, 'valeurs retenues pour le dome superieur',/,tl?,
1 45¢*~-"))
300 format(' ' ,t20, 'valeurs retenues pour !l''anneau',/, t17,36C"'~-"))
350 format¢(' ',t20, 'valenurs retenues pour le cylindre',/,t1{7,
1 39¢C' - )
400 ftormat{(' ', t20, 'valeurs retenues pour la calotte sph. inf. ',/,t17,
1 48C'-"))
450 format(' ' ,t20, 'valeurs retenues pour le dome inferieur',/,t17,
1 45('-"))
502 format(' ' ,t10, 'module d''elasticite-—--ceceewaa———-="',£12.3,/,t10,
i 'coefficient de poisson------------ =',£10.3,/,t10,
2 'poids specifique du mortier-------=',€10 3,/,t10,
3 ‘poids specifique de 1l''eau--------="',€10.3,/,¢t10,
q 'variation de la temperature------- ='",£f10.3,/7,t10,
5 ‘coefficient de dilation thermique-=',d10.3,/,¢t10,
é 'nombre de cas de chargement-—------="',i5,///)
504 format(///*' ' ,t10, ' rayon--—-—-—-—------oe-—w_————-——-="',t50,€10.3/
1 t10,'epaisseur—------—-———~— - —--="',4t50,€10 . 3/
2 ,t10,'angle d''inclinaison maximal---="',t50,f10 .2/
) '
505 format(///*' *,t10, 'rTayonN--—-—--—cc e o e e e mm ', t90,f10. 3,
1 /,t10, 'epaisseUrl——c—--m e e e e -~ ', t50,€10.3,
2 /,t10,'angle d''inclinaison minimal--—-—----- "L t50,£10 .2
3 /., t10,'angle d''inclinaicon maximal-------- ', t50,€10.2
q L)
504 format(///' ' ,t10, ' TaYyON-c-mm e e e e e e m e - 'Lt50,110 .3,
1 /I ,t10,'epaisseUr————---ce oo m s e ‘L,t50,£10. 3,
2 /,t10,'hauteur-—------—- - e - ', t50,€10.3,
3 111
S08 format(///' *,t10, [TAYOMomme-om—om—mcm e m oo e e o 'LtS0,£10.3,
1 /,t10, 'epalsseUr——-—-——-— - -~ -~ ', 150,£10. 3,
2 /,t10, 'angle d''inclinaison minimal-------- ', t50,£10.2

3. : LD
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subroutine vchaa(e,pois,t,te,rd,fil,ra,ta,fpo,fpl,
1 fpoZ2 ,wd,wa,fp,va)
implicit real*8(a-h,o0~z)

dimension va(é)

al=dcos(fp)

a2z=dsin(fp)

a3=dsin(fpo)

a4=dsin(fpl)

aS=al*a2*x*x2

ad=decos(fpo)

37=dcos(fp1l)

cfa=zeXta*xx3 /(12 d0O*(1 dO0-pois*x2))

ua=(3.d0%(1 dO-pois**2)/((ad**g)*x(raXxta)*x*3))%x 25
azo=ra%(aé-al)

azl=ra*(a7-al)

teZ=dexp(-ua*azo)*dcos{(uaXazo)
cfZ=deup(-ua*azo)*dsinl(ua*azo)
te3=dexp(ua*azl)*dcos(ua¥azl)
cf3=dexp(ua*xazl)*dsin(ua*azil)

bl=dcos(fil)

b2=dsin(fil)

b3=crd¥*wd/ (1 . +b1l)

bd=dcos(fpo2)

bS=1./(b4q*xa3x*x2)

tx=1./Cad%x%x2)

abl=—-aé*(ra*wa/ (1 +36)+b3)
ab2=-a7*(ra*wa/ (1 +a37)+b3%(a3/ad)**x2)

bé=1. /e/ta

ro=t*te

b8=1.d0/(2 d0*cfa*ua**3)

b9=1.d0/(1.d0+al)
AX1=-(32%bP " X2 Nxrakwa-2 *a3xk2xph3*z)/a2%x%x3)
aXz-raXwa*b9+(a3/a2)%x*x2%p3
bx=-(waX%ra%al*a2+ax/az2)
ﬁx;ra*az*(b6*(wa*ra*al+ax*(pois+1,/32**2))+ro)
fr=bé*(waXra¥Xal-(pois+1. /a2d%axl+2 ¥al/a2%*2%ax
1 al/a2*(1 . +pois)*(waXra*al+ax* (1l +1. /a2*x%2)))
va(l)=axgx+aS*x(abi*x(teZ-cf2)*bS+ab2*(teld3+cf3)*tx)
va(2)=bx+exta*b8/rax{bS*xabi*xte2+tu*xab2*te3)
va(3)=a2*x*2/uya*x(bS*abi*Xcf2-tx*ab2*cfld)
va(d)=-a2**3% (bS*x3bl1*(cf2-teZ)+tu*ab2*x(teld3+cf3))
va(3)=dg-b8xa2Z*x(bS*abi*xteZ2+tu*abl2rxteld)
va(éd)r=fx+ua*xbB*xa2*x{-abi¥bS5*(te2+cf2)+ab2*(ted-cf3)*txn)
return

end
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subroutine vchacf¢e,pois,pl,t,te,rd,fil,ra,fpo,1¢c,tc,wd,wa,wc,z,vc)
implicit real*8(a~-h,o0-z)
dimension vc(é)
cl=dsin(fpo)
c2=dcos(fil)
cd3=ciwx2xrd¥*wd/ (1t d0+c2)
cd=1 . /el tec

cSd=pois%we

cé=pl*re

c7=rchtute
vel(l)=-we*z-c3-wa*ra
ve(2)=céXz

ve(3)=0

ve(4)=0
ve(S)=-cd¥reX((cb+cS)*z+poiskiwa*ra+cldd)-c7
ve(bdl=cqd*(cS+cbi¥re

return

end
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subroutine vchad(e,pois,t,te,rd,td,fil,wd, fi,6vd)
implicit real*8Ca-h,o-12)

dimension vd(é)

di=dcos(fi)

d2=dsin(fi)

d3=dcos(fil)

d4=dsin(fil)

dS5=1.d0/(¢(1.d0+d1)

dé=1.d0/(1 .d0+d3)

d7=1/e/td

d8=rd*xwd

ro=text

dd=rd*d2*ro

dr=2.d0%d3xdé*xdgq**x3

dz=rd*(d3-d1)

ud=(3 . dO0%(1 dO0-pois**2)/(d4u*xgx(rdxtd)**x3))%xx 25
d9=ud*rd

tel=dexp(ud*dz)*dcos(ud*xdz)
cfli=dexp(ud*dz)*dsin(ud*xdz)
vd(1)=(-dS5+d3**2xdé*x{(tel+cfl))xd8
vd(2)=(-d1+d5+2 . d0*xdoxdgx*x2*xd3xdée*xtel)*xds
Yd(3)=-1.d0/ud*xd3*dé*xcf1*ds
vd(4)=-d4g*d3*ds*x(tel+cfl)*xd8

vd(5)=d?7*((d1-(1 .d0+pois)*d5)*xd2-d9*%dr*xtel)*rd*dB8-dd
vd(4)=d7*( (2 . d0+pois)*xd2+do*x*2xdr*x(tel-cfl1))%d8
return

end
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c

subroutine flex(dm,sc,cm, fl)
implicit real*8(a-h,o0-2)
dimension f1(4,49),dm(6,2),5c(4,44),cm(6,4)

" £1(1,1)=dm(5,1)-sc(1,1)
f1(1,2)=dm(S5,2)-5c(1,2)
f1(1,3)=~5c(1,3)
f1(1,4)=-5c(1,4)
f1(2,1)=dm(é,1)-5c(2,1)
£1(2,2)=dm(é6,2)-5¢c(2,2"
f1(2,3)=-5c(2,3)
f1(2,4)=-s5c(2,4)
fl(3,1)=-5(3,1)
£1(3,2)=~5¢(3,2)
f1¢(3,3)=cm(S5,1)-5¢c(3,3)
f1(3,4)=cm(5,2)-5¢(3,4)
fl1(4,1)=-5c(4,1)
f1(4,2)=-5c(4,2)
fl(4,3)=cm(é,1)~-s52(4,3)
f1(4,4)=cm(46,2)~-5c(4,4)
return
end

c

subroutine cfo(vd,ma,vc, fo)
implicit real*8(a-h,o0-1z)
dimensicn fo(4),vd{(é6) ma(qd),vec(s)
fo(i1)=madl)-vd(3)
fo(2)=ma(2)-vd(é)
fo(3)=ma(3)-vec (S
fo(4)=ma(4d)-ve(éd)

return

end
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subroutine matai(e,pois,ral,tal,fsc,fsl,fso2,1is,ami)
implicit real*8(a-h,o~-z2)

dimension ami(é,4)

fl=dcos(fs)

fZ=dsin(fs)

f3=dcos(fsl)

HAd=dsin(fsl)

f5=1.d0/(1 .d0+£f1)

f8=dcos(fso)

cfal=e*xtal*x®3/(12 *(i . -poisx*Z))
zo=ral*x(f8-£f1)

ual=¢(3 d0*(1 . d0-pois¥**2)/f4qw%gd/(ral¥tal)xxJ)xx 235
gé=1./(2 *cfal*ualx*x3xfqghkz)

zl=zo
teé=dexp(+ualxzo)*decos(-ual*zo)
cfé=dexp(+ual*xzod)*dsin(-ual*zo)
te7=dexp(uat*zli)*dcos(-ual*xzl)
cf?7=dexp(ual*xzl)*dsin(~-ual*xzl)
g7=f1xf2¥xw2 '

g8=e*tal/ral

g?=1 d0/(2 . d0*cfal*xuaix*x3)

hi=1 . d0/(ualxfqg%xx2)

hZ=dcos(fso2)
ami(1l,1)=g7*%(teé-cfé)
ami(1,2)=-2.d0%g7*%ual*xcfé
ami(1,3)=g7/fax*x2%(te?7+cf?)/h2
ami(1l,4)=2 d0Oxg7*%uai*cf?/f4%*2
ami(2,1)=g8*%g?*ted
ami(2,2)=g8%g?%*%ual*(teébé-cfé)
ami(2,3)=g8xgé*xte?/h2
ami(2,4)=g8%gé*xual*(te?7+cf?)
ami(3,1)=€f2%%2/uai*xcfé
ami(3,2)=f2%x%2%x(tebd+cfb)
ami(3,3)=-f2%%2%hi*xcf?/h2
ami(3,4)=f2%x%*2%X(te7-cf7)/f4%x%x2
ami(4,1)=(teb-—cféd)*f2x*x3
ami(4,2)=-2 . d0%uairecfgnf2x*x3
ami(4,3)=-f2%%3 ¥ (te?7+cf?)/f4%x*2/h2
ami(4,4)=-2 . d0*ual*cf7*f2%%3/fqxx3
ami(5,1)=-f2%g9%teé

ami(5,2)=-f2%ualxg?2*(teé-cfé)
ami(5,3)=-f2%gé*xte?/h2

ami(5,4)=-f2%gb6*ual*x(te7+cf?)
ami(é,1)=-f2%g9%ual*x(teb+cfé)

ami(é,2)=-f2%teé/ (cfal*ual)
ami(é6,3)=f2%gé*ual*(te?7-cf?7)/h2
ami(6,4)=2.d0%ual*xk2xgixte?
return )

end
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subroutine vchaai(e,pois,pl,t,te,rd,fil,ra,fpo,fpl,ratl,
1 tal ,fso,fs!,fso02,wd,wa,wc,fs,vai)
implicit real*8¢(a-h,o0-2)
dimension vaic(é)
al=dcos(fso)
a2z=dsin(fso)
a3=dcos(fs)
ad4=dsin(fs)
aS=dcos(fsi)
aé=dsin(fsil)
a7?7=dcos(fil)
a8=dsin(fil)
a9=dcos(fpo)
axl=dsin(fpo)
axl2=a8*rd*xwd/ (1. .+a7)
ax3=dcos(fpl)
axd=dsin(fpl)
axS=(axl/ (1 +a9)-ax4/¢1 +a3x3))*wa*ra
aré=1./ral/aqg
bi=1./¢1. +a3)
b2=1./e/tal
cfal=extal**3/(12 *(1. -pors%*x2))
ual=(3.%(1 -pois**2)/aéx*xqg/(ral*xtal)x*x3)xw 25
z=ral*(al-a3)
az=ual*rai®(al-a3)
dz=az
cal=a2*(ax2+axgxS5+wc*he)
ca2=(a3+ad)*pl*xrat*(hc+z)¥axb+pl*ral*x(ag-a3
cad=(1 +pois)*(((ad4-a3)*(hc+z)¥pl*ral+2 %a3/agq*x*3I*cal)*axé
1’ -(al3+ag)*xpl*xral)
a=-(a3+ad)*(hc+z)¥pl¥*ral-cal/agix2
b=z-ad*(-(aS+aé)r*((al-aS)*ral+he)*xpl*xral-cal/ag*x*x2)
c=ral*pl*(hec+z)*(ad4-a3)-a
d=-rat*agdgx(bi1*((ad-a3)*(hc+z)*pl*ral-(1 +pois)*a)+tXte)
f=bl*(ral*aqd*x(ca2-ca3)+ald3/agq*x(1l +pois)*((ad-ad)*pl*ral*(hc+z)}
1 -2 .%a))
teb6=dexp(-az)*dcos(-3z)
~cfé=zdexp(-az)*dsint-az)
"te?=dexp(dz)*dcos(-dz)
cf?7=dexp(dz)*dsin(-dz)
b3=1. /(2 *cfal*ual**x3vagax2)
bd=dcos(fso2)
vai(l)=za-b*al3*agqx*2/ag**x2%x(te?7+cf7)/b4
vai(2)=c-e*xtal/ral*b*xb3*xte?/b4
vai(3)=b/ual*(ad/abéd)*x*x2*xcf?7/b4g
vai(4)=b*agqx*3/aé*x*2*x(te7+cf?)/b4q
vai(5)=d+b*aq*xb3*xte?/byg
vai(é6)=f-a34*b*pb3*(te7-cf?7)%ual/b4
return
end
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c
subroutine resol(nsym,neq,vkg,vig)
€ s m o o e e e e e e e o —  — — — ——— ——— —m——
e resolution d'un systeme d'equations non symetrique
< par !a methode de gauss.
c
c .entrees: - nsym .eq.1 systeme non symetrique
c - negq nombre d'equations (. .ge . 2)
c - vkg matrice k stockee dans une
c table 3 deuxr dimensions
¢ -vig second membre
c sortie:. - vfg solution
£ = e e m e e e e e e e e e e e e e e e e e e e o — o —

implicit real*8(a-h,o-z)
dimension vkg(neq,neg),vfg(neq)
[ it triangulation---—-—-—-- - m oL -
data zero/0 .d0/
ni=neg-1
do 50 is=1,n1
piv=vkg(is,is)
if (piv) 20,10,20
10 print 2000,is
stop
20 isl=is+1
do S50 ii=isl,neq
cl=vkg(ii,is)/piv
if (cl. eq. zero} go to SO
vig(iid=veig(ii)-cl*xvig(is)
if (nsym . ne.1) go to 32
do 30 ij=isl,neg
30 vkg(ii,ijd=vkg(ii,ij)-cl*Xvkg(is, i)
go to 50
32 do 40 ij=ii,negq
vkg(ii,1J)d=svkg(ii,1jd)-cl*vkg(is,ij?
40 vkg(ij,iid=vkg(ii,ii3)
50 continue
Commm e e m e — resolution du systeme triangulaire--—-—--—--coeoooooo-_
vig(neq)=vfg(neq)/vkg(neq,neq)
do 70 11=1,nl
isi=isti-1
cl=zero
ijl=isl+1
do 60 ij=1i31,negq
60 cl=cl+vkg(isl,ijixvig(ii)
70 vig(isl)=(vfg(isl)-cl)/vkg(isl,isi)
2000 format(' PIVOT NUL,EQUATION',i5)
return
end
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subroutine matdi(e,pois, rdl,tdl,fto,fto2,ft,dmi)
implicit real*8(a-h,o-2)
dimension dmi(é,2)

dli=dcos(fto)

d2=dsin(fto)
cfdlze*td1**x3/ (12 %(1.-pois¥*2))
udl=(3.%(1 -pois**x2)/d2*x*xq/(rdixtdil)H)*x*x3)*x 25
d3=extd1/(2 *cfdl*udl**x3xd2*x%x2)
d4=dcos(ft)

dS5=dcos(fto2)

ad=udi*rdi*x(d4-d1)
te8=dexp(ad)*dcos(ad)
cfB8=dexp(ad)*dsin(ad)
dmi(1,1)=d1%*(te8+cf8)/d5S
dmi(1,2)=2 . *di*xydi*cfs
Ami(2,1)=d3/rdi*xteB8/d5
dmi(2,2)=d3/rdi*udi*(te8+cfB)
dmi(3,1)=-cf8/udl1/dS$5
dmni(3,2)=te8-c{8
dmi(4,1)=~-d2*%(te8+cf8)/d9
dmi(4,2)=-2 *udi*d2*cf8
dmi(5,1)=-d3%d2*te8/d5S
dmi(5,2)=-d3*d2%ud1*(teB+cE8"
dmi (4 ,1)=d3*udi*xd2*(te8-cf8)/d5
dmi(é6,2)=2 *udi**2xd2lxd3x*xteld
return

end
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subroutine vehadi(e,pois,t,te,rd,fil,ra,fpo,he,ral, fso,fsl,rdl,
1 tdl,fto,fto2,wd,wa,we,wal, wdl, £t vdi)
implicit real*8(a~h,o0-12)

dimension vdi (6)

fi=dcos(fto)

f2=dsin(fto)

f3=dcos(ft)

fd=dsin(ft)

fS5=dcos(fsl)

f4=dsin(fsl)

f?7=dcos(fil)

f8=dsin(fpo)

f9=1./el/tdl

ql=dsin(fso)

cfdli=zextdi**x3/ (12 *(1. ~pois**2))

ud1=(3 *(1 -poisg*¥2)/ (f2%*qx(rdl*xtdl)*xx3))*xk 25
ad=-udli*rdi*x(f1-£3)
cal=qlr*2x(wec*hc+waXra+f8u w2 rdhwd/ (1 +€71)

a=-rdli¥*wd1 /(1 . +£3)-Cf2/f4)**x2%(ral*wal/ (1 +£3)+4cal/f6%x%x2)
dal=f2%*2%x(ral*wal/ (1 +£5)+cal/fe%xx2)
daZ=-f4*rdi*wdl1 /(1 +£3)%%24+2 xf3xdal/fqx*3
dad=-wdi*rdi*f4-(pois+1 /[/€4n*2)*xda2+2*%f3*3
b=wdi*grdl*xf3_-a/fqaxx2

=—rdi*fqx (9% (wdli*rdi*f3-(pois+l /f4xk2)*agls+t*hte)
f=f9*(dad+£f3/£4*% (1 . +pois)*(wdli¥*rd1*f3-(1. +1./€f4%*x2)¥*a))
te8=dexp(ad)*dcos(ad)

cfB8=dexp(adi)*dsin(ad)

gl=e*td1 /(2 *cfdl*rudl **x3*xf2x%2)

g2=dcos(fto2)

vdi(i)=a%*(1l ~f1**2/g2%(teB8+cf8))
vdi(2)=b-gl/cdi*axfi*te8/g2

vdi(3)Y=a*xfi*xcfB/udl/g2

vdi(4)=axfixf2%x(teB+cfB8)/g2

vdi(S)=d+gi*fl2*arxfi*xted/ig2
vdi(é)=f-glXhudi*f2xaxfi*x(teB-cf8)/g2

return

end-

Id
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c
subroutine bac(cm,cs,anmr)
rmplicit real*B(a-h,o0-2)
dimension amr(4,4),cm(é,4) ,cs(4,4)

. amr(!,1)=cs(1,1)-cm(5, 3)
“rh amr(1l,2)=cs(1,2)-cm(5, 4)

Joowsamr(1,3)=es(1,3)

. amr(1,4)=cs(1,4)

” amr(2,1)=cs(2,1)-cm(é,3)
amr(2,2)=cs(2,2)-cm(é,4)
anmr(2,3)Y=cs(2,3)
amr(2,4)=¢cs(2,4)
de 10 1=3,4
do 10 i=1,4

10 amr(i,j)=cs(i, 1)
return
end
c

subroutine croc (va,sa,ro)
implicit real*8(a-h,c-~-2z)
dimension ro(4) ,vec(é) . sa(4q)
ro(!)=vec(S)-s5a(l)
ro{(2)=vec(é)-s5a(2)
ro(3)=-5a(3)

ro(d4)=-5a(4)

return

end
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subroutine mata(e,pois,ra,ta,fpo,fplt,fpo2,fp,am)
implicit real*8(a-h,o0o-2z)

dimension am(é,4)

al=dcos(fp)

a2=dsin(fp)

a2=dsin(fpo)

a4=dsin(fpl)

aS=al%azxw

aé=dcos(fpo)

a7=dcos(fpl)

a8=dcos(fpol)
cfa=e¥ta*x*3/(12 .d0*x(1 d0-pois**x2))

ua=(3 . dO0*(1 dO0-pois**2)/((aq*x*qg)*(rarta)*xr3))kw*
azl0=ra*(aé-al)

azl=-ra*X(al-a?)

te2=dexp(-ua*az0)*dcos(ua*xaz0)
cf2=dexgp(-ua*az0)*dsin(ua*az0)
te3=dexp(ua*azl)*dcos(ua*azf)
cf3=dexp(uarazi)*dsin(uarazl)
am(1l,1)=-aS%(te2-cf2)/Ca3**xZ2%ag)

am(l,2)=-2 d0O*aS*%ua*xcf2/a3*x*x2
am(1,3)=-a%*(te3+cf3)/agu*x2
am(1,4)=2.d0*%aS%ua*xcf3/agux2
Aam(2,1)=-e*taxte2 /(2 dO0*cfaXrakuyua¥xx3ka3nxwyzixag)
am(2,2)=eX*ta*X(te2-cf2)/(2 dO0*cfa*ra*x(ua%xad)*x2)
am(2,3)=z-e*taxteld/ (2. d0*xcfa* rakxua*x*x3*xagdxrxxyz)
am(2,4)=e*ta*(te3+cf3)/(2 dO*cfa¥*rakx(ua*ag)*x*x2)
am(3,1)=-a2%*x2%xcf2/(ua*xa3d*x*xz2*xap)
am(3,2)=a2¥%* 2% (te2+cf2)/a3*x2
am(3,3)=z=a2X*2xcf3/(uaXxagrx2)
am(3,4)Y=(a2/agdq)**xZ2*x(tel3-cf3)
am(4,1)=a2**3*x(cf2-te2)/(aB8*a3x*x2,

am(4,2)=~2 dO0%a2*x*x3%yaxcf2/a3Ixx2

am(4,3)=a2* *3%x(te3+cf3)/agr*2
am(4,4)=-2 . d0*a2%*x3J*vyuyakxcf3/agqr*ri
am(S,1)=aZ%te2/ (2 dO*cfa*yak*x3xag3«x2xah)
am(5,2)=-a2%(te2-cf2)/ (2 dO0*cfa*(ua*al3)*x+¥2)
am(% ,3)=za2*tel3/(2 dO0*cfakua*xkx3Ikagh%x3z)
am(9,4)=-a2%(te3+cf3)/(2 .d0¥*cfa*X(ua*adq)**2)
am(é,11=a2*(te2+cf2)/ (2 dO*cfa*(ua*a3)¥xzwzg)
am(é,2)=-a2*te2/(cfarua*ald*x*2)
am(é,3)=-a2%(te3~cf3)/ (2 dO*cfa*(ua*xagdg)xxy)
am(6,4)=32*te3/(cfa*ua*aqﬂ*Z)

return

end

2

[
o
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subroutine matc(e,pois,rc,te,hec,z,cm)
implicit real*8Ca-h,o0-2)

dimension cm(é,4)
cfec=eXte**3/(12 .d0O*(!1 dO-pois**x2))

uc=(3.d0*(1 . d0-pois*x*2)/(raXtec)*w3)ww,

ted=dexp(-uc*z)*dcos(uc*z)
cfd=dexp(-uc*z)*dsinluc*z)
teS=dexp(uc*(z-hc))*dcos(uc*x(z-hec)>’
cfS=dexp(uc*(z-hc))*xdsin(uc*(z-ha))
cl=uc*rc

c2=2.d0/e/ tc

do 10 i=1

do 10 j§=1,4

cm(i,j)=0.d0

cm(2,1)=2 d0*cl*xteq
cm(2,2)=2 . d0*uc*cl*(ted-cfqg)
cm(2,3)=~-2 . d0%c1*xte5
em(2,4)=2 d0*uc*cil*(teS+cf9)
cem(3,1)=cfq4/uc
em(3,2)=ted+cfd
cm(3,3)=cf5/uc
cm(3,4)=teS5~cf5
cm(4d4,1)=ted-cf4
cm(4,2)=-2 . d0%uc*cfq
cm(4,3)=teS+cf5

cm(4,4)=-2 dO*uc*cf5
cm(5,1)=-cl*rc*c2*ted
cm(3,2)=-cl**2%c2%(ted-cfq)
cm(S,3)=cl*Xrec¥*c2*te$
cm(S,4)=-cl**xZ2*kc2%(te5+cf5)
cm(éd,1)=-cl* k2 %c2*%(ted+cfqd)
cm{6,2)=-2 . d0%uchciXx*2*xec2%xteq
cm(éd,3)=-cl¥*2%c2%(teS~-cfS)
cm(é,4)=2.d0*uc*kgl*xZ2%kcZ%xteH
return

end
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subroutine matd(e,pois,rd,td,fil,fi,dm)

implicit real*8(a~-h,o0-~-2)

dimension dm(é,2)

di=dcos(fi)

d2=dcos(fil)

d3=dsin(fil)

dz=-rd*x(d1-d2)

ud=(3 d0*(1 d0-poisg**x2)/(d3%*xq¥(rdxtd)**3))**x0 25
tel=dexp(ud*dz)*dcos(udxdz)
cfl=dexp(udxdz)*dsin(udxdz)

dm(1l,1)==-d2*(tel+cfl)

dm(1,2)=2.d0*ud*xd2*cfl
dm(2,1)=-2 . d0%ud*xrd*d3*x*2%tel

dm(2,2)=2 dO0*x((ud**x2)*xrdxd3**x2 ) *x(tel+cfl)
dm(3,1)=cfl/ud

dm(3,2)=tel-cfl

dm(4,1)=d3*(tel+cfl)

dm(4,2)=-2 d0*ud*di*cfl

dm(S,1)=(2 d0*ud*xrd*x%2*d3xx3%te])/(extd)
dm(S5,2)=(-2 dO*(ud*rd)**2xgd3*x*3/{e*td))*(tel+cfl)

dm(é,10=(-2 dO*(ud*xrd)*x*x2xd3**x3/(e¥td))*(tel-cfl)
dm(é,2)=(4 dO*(ud*d3 )»**3¥rd**2/(extd))*xtel
return

end
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module d'elasticite-e-vnammo-om--=20000000.000
coefficient de poisson------------z 130
poi1ds specifique duw mortier-------= 14.00¢0
poids specifique de ['edu--------= 10.000
variation de la temperature-------= 10.000
coefficient de dilation thermique-= €.1204-04
nombre de cas Je chargement-------= 3

valeurs retenues pour le dome superieut

T3JOR----~cceommscomacconooncn = 7.738
L ER 1T R 010
angle d'inclinaison matimal---= 30.60

valeurs retenues pour !'anneau

[3J0M-==mcmscememccmacce oo 4003
[ R 1 e s A1
angle d'inclinaison minimalee------ 1.3
. angle d'inclinaicon marimalo-v----- 1.9

valeurs retenues pour le cylindre

1S L) e bR L P 4 000

ePaiSSRUl~mcmem e 028

hagteur----- R Rt R L 4.000
~

€S R Rl 4 005
3 11 R it 030
angle 4'inclinaison minimaf-------- 1.37

angle d'inclinaicon magimaf-------- 1.83
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valeurs retenues pour le dome inferieur

1Y L B L GE L E E L L P 7 738
EPAISSRUT ~mmmommmcmm oo oo 044
angle d'inclinaison min:mal-------- .61
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FI

o O s

11.
15.
18.
1.
4.
7.
30.

LT N I~ I I I — T — B = B — I

FP

7%.
7.
7.
80.
L}
83.
LY

Bé

8.
0.

P R Y

o e D O e D e D

3 "2 ea e

cas de chargemeat no. ! pl= 10.0

00 wi=1.000

Hi= 0.4954d+01 Hl=  -0.2191d+01
M1= 0.86624-02 M1= 0. 97544-0!
contraintes dans le dome superieut
NI NT Ml
, 0.12854-01 0.12854-01 0.95014-0°9
0.1286d-01 0.12814-01 0.14554-08
0.12894-01 0.1248d-01 0.4848d-08
0.1293d-01 0.12474-0! 0.11944-07
0.13004-0¢ 0.12214-01 -0.1333¢-07
0.13084-01 0.11634-01 -0.25734-24
0.13134-01 0.95434-02 0.16364-0%
0.1371d-01! 0. 40084d-01 ~0.3162d-0%
0.91324-02 -0.44484400 -0.92494-04
0.1053d+00 0.1018d+02 0.23284-02
-0.4289d+01 -0.33224+03 0.8662d-02
contraintes dans 1'anneau
NI NT MZ
0.14¢634401 0.32312d402 0.8658d-02
-0.25984+00 0.3191d+01 0.1528d.00
-0.1616d+00 -0.2168d+01 0.3050d-01
-0.22744-01 -0.68414d+00 -0.72194-02
-0.50894-02 0.98204-01 -0.38994-02
-0.7995d-02 0.1502d+00 -0.19074-02
-0.12134-01 -0.2346d+00 -0.56734-02
-0.34344-01 -0.13934+01 0.8598d-02
-0.4193d-01 - 0.72024-01 0.9241d-01
-0.13274-01 0.1736d+02 0.9755d-01
cdntra(ptes dans le cylindre
NT |
0. -0.92594+02 0.9754d-01
0. 10-20344+02 -0.72544-02
0.5261d+04 0.3181d+02 0.4784d-03
0.7892d+04 0.4201d+02 -0.29314-04
0.1052d+08 0.4400d+02 0.17144-05
0.1315d+08 0.08000d+02 -0.39784-0¢4
0.1578d+08 0.9600d+02 0.5959d-0S
0.1841d+05 0 11224-03

11204403 -0.

Hi=
N3=

0.80494+01
0.57794+00

a1

.19204-07
.317434-07
43154-07
45974-07
.5603d-06
.13804-03
.17134-04
.2410d-03
.14854-02
.51944-0!
1484401

az

.55224+01
10394401
71584400
.4853d-01
.A8304-01
.17644-01
1737401
35914400
.9867d+00
J11914d+01

az

11914401
121714400
.4780d-02
.34744-03
.1702d-04
.8345d-0¢
.41004-04
.93774-03

H4
M=

o O O O O OO o O A S

o O o0 O o 9 o

= 0.2057d+02
0.31974+01

OR
.95344-10 -0
.97224-04 -0
.19424-03 -0
.19044-03 -0
.38424-03 -0
.48084-03 -0
37404-03 0
6662d-03 0
. 74664-03 -0
.10404-02 0
.54984-02 -0

ER
3117403 -0
.89394-03 -0
.§4974-03 0
.93544-03 0
.94984-03 0
.93274-03 -0
.9406d-03 -0
.97814-03 -0
.9598d-03 0
.11944-03 0

DR
.11934-03 -0
.10344-02 -0
.50994-02 -0
.8126d-012 -0
J1118d-01 -0
J1418d-01 -0
17214-01 -0
10244-0t -0

vl

.$8354-09
.14844-07
177464-07
.35284-07
41104-07
.12444-0¢
12484-07
B694d-03
19714-03
.43004-02
.1110d+00

Wy

45654-01
A7114-01
.5837d-04
16144-03
.32034-04
.1320d-04
. 88944-04
13264-03
.73554-03
.31834-02

L1

.46094-02
.76424-02
.7573d-02
.15714-02
.75724-02
J13724-02
.75724-02
.75744-02
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i

90.
1.
93
93.
94
9.
100.
181,
103
105,

D W o O W S S W - &3

(]

contraintes dans

21044403
0.
16314403

1368d+05

Page 4§

1277d+03 0.
15294403 -0.
63304401 6.

calotte sph. inf.

10324-02
35204-01
57794400

o o o

- O o S o

N1

1812d-08
.1318d-19
.9874d+11
.44904-04
L9744d 1
38334907
.2003d+11
.38944-10
1784401
-1

14184-10

NT
.10484-07 -0.
.13044-97 -0
.1243d+ 14 0.
1723d-02 -0.
12704414 0.
18334408 0.
.1894d+ 14 -0.
(1414407 -0.
11644403 -0
.8774d-09 0.

M1

4321409
93014-10
§498d+10
21334-04
41424+10
5995d+08
1673d+10
1090d-09

.134534-01

44374-11

o o o o o

.10124-01
LA110de00
80494401

tY4

.34874-08
21944-09
63254411
.493174-02
6109441
12494408
66774414
.18844-0°
1540d+03
9616d-11

0.23274-0¢
0.26234-0¢
0.31124-0%

DR

0.4074d-13
0.4370d-13
-0.1474d+08
-0.10474-07
-0. 14544408
0.1630d+03
0.:496d408
0.47934-13
0.15094-02
-0.1857d-14

-0
-0

.75384-02
.719434-02
39914-02

Vi

S19044-11
.3141d-12
16474+ 10
J34834-07
16394410
17304403
38714409
S984d-12
.78974-02
9341d-13
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Fl

17.
15.
18.
1!

1.
17.
0.

P I — T — I N = - )

£e

7%.
76.
8.
80.
81

83.
85.
8¢.
8.
50.

P O T L I — TR R = )

P- N T

[ e

cas de chargement no. 1

resultats Page 3§

pl= 10 000  w

Hi=  0.1884d401 Hi=  -0.2249d+01
M= 0.26194-01 Ml=  0.9447d-01
contraintes dans le dome superieur

N2 NT M2
0.3763d-02 0.37424-02 0.4864d-09
0.37654-02 0.37454-02 0.71404-09
0.3773d-02 0.37114d-02 0.1645d-08
0.3786d-02 0.36504-02 0.2967d-08
0.3805d-02 0.35734-02 -0.8304d-08
0.38284-02 0.33764-02 -0.47764-07
0.38434-02 C0.29404-02 0.6109d-06
0.40444-02 0.1155d-01 -0.30314-05
0.10224-02 -0.14334400 0.48834-05
0.45644-01 0.32884+01 -0.28594-04

-0 .18374408 -0.9815d+02 0.2619d-01
contraintes dans ['anneau

NL NT ¥4
D.5581d+00 0.1367d+02 0.26194-01

-0.12974+00 0.9725d+00 0.4699d-01
-0.6409d-01 -0.9945d+00 0.1137¢-01
-0.64654-02 -0.27434+00 -0.34714-01
0.24134-03 0.48474-01 -0.15214-02
0.47224-03 0.10114d+40 -0.17424-02
-0.25914-02 -0.2472d+00 -0.57954-02
-0.24454-1 -0.1387d4+01 9.84734-02
-0.3223d-01 - 0.42394-01 0.91744-01
-0.38364-02 - 0.17194+02 0.9646d-01
.
contrdintes dans le cylindre
N\

KL NT Lt/
0.3699d-07 -0.91684+02 D.96474d-01
0.2993d+04 7. 0.2030d+02 -0.7184d-02
0.5986d+04 10.31814+02 0.47414d-03
0.8978d+04 0.4801d402 -0.2903d-04
0.1197d405 064004402 0.16984-05
0.1496d+05 0.8000d+02 -0.3956d-06
0.1794d4+05 0°.9400d+02 0.5934d-05
0.2095d408 0.1120d+03 -0.11174-03

i=

Hi=
hEE

000

0.8013d+01
0.3754d+00

a2

97804-08
.11854-07
(16764-07
-0.90414-09
-0.1953d-0¢
-0.13084-0¢

0.79114-05
-0.88044d-04

0.1103d-02
-0.24054-01

0.9446d+00

o o o

a7

0.11014+01
-0.53114+00
-0.1999d+00
-0.108%4-01
0.1930d-01
-0.24044-01
-0.14394-01
0.35664400
0.97764+00
-0.2249d+0t

az

-0.2169d+01
0.12594d+00
-0.67144-01
0.34404-03
-0.16854-04
-0.83774-04
0.40824-04
-0.93384-03

Hd=
M4=

o O O O 0 o0 o o o o

o o o o o o o

0.206494+01
0.31844d+01

DR
(1452810 -0
97204-04 -0
.1941d-03 -0
.2905d-03 -0
.38414-03 -0
.4807d-03 -0
37394-03 ]
. 6657d-03 0
75164-93 -9
90674-03 q
.97014-03 -0

DR
.75214-03 -0
92274-03 -0
.95444-03 0
.95024-03 0
.95024-03 0
.95344-03 -0
.9608d-03 -0
J97814-03 -0
.96004-03 0
.73174-03 0

DR
.1245d-03 -0
24494-02 -0
.3948d-02 -0
.94304d-02 -0.
.1289%4-01 -0
14344-01 -0.
.19824-01 -0.
.13284-01 -0

vl

3234d-190
4190d-0¢8
7854408
.1009d-07
.14574-07
.1228d-07
A1734-04
.1589d-03
.48424-04
A1721d-03
L11744-01

wi

J11194-02
6906d-03
.4709d-04
.70894-04
1537d-04
. 84304-05
.8593d-04
13144-03
.74814-03
J31834-02

Wl

L5717d-01
8728d-02
.8659d-01
8658d-02
.8659d-01
846584-01
8658d-02
.B8681d-02

A0g
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FS

90.
1.
3.
93.
¢,
8.
100.
101.
103.
103,

L LD

S LW o O L O e O

0.
0.
0.

1985 resuitats

23944403
16944405
1993d+03

0.
0.
6257d+02

-0

contraintes dans la

Page ¢

12774403
15294403

caiotte sph.inf.

.10234d-02
.3505d-01
37544400

NI

86534403
58224409
.56994d-13
.17054-08
.3738d-10
10174406
.1807d+03
.9805d-01
11554403
15104-12

O O O O O O O o O o

NT

38404405
119411
.50514d-09
.14004-07
.37724-09
.921704+07
19274403
67914402
15034404
.43494-09

M1

13704404
.1780d+09
S3496d-12
.37304-09
CT451d-11
16984404
89174403
18414401
77044401
17494412

.10034d-01
.4093d+00
.8015d+01

az

.5482de 04
(10974410
23837411
.64714d-08
. 4060d-10
17204407
1782404
.5000d+01
14794404
.10664d-12

.16754-01
.3014d-01
. 3345401

DR

14984400
33114403
5457413
.36194-13
92934-15
.5605d+02
19124400
.45314-03
.99214-02
.37634-15

-0.86154-02
-0.90284-02
-0.70864-02

o o o

=]

o o o o o o

Vi

.6881d+01
12404407
.1968d-13
1357d-11
.15704-12
16464403
18774401
.10084d-01
.3e11d-01
.13334-13
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Pl

~© O

11.
1§.
18.
13!

1.
17.
30.

o O O O o O O 0o O o O

FP

75,
1.
78,
80.
81,

, 83

g5,
86,
18
90

e Lr 3 O G ) D - O

- 3 o e e

cas de chargement no. 3 p

[z

Hi= 0.4956d+01 Hl=  -0.22614+01

Ml 0.86624-02 Ml=

tontraintes dans le dome supe

0.9157

rieut

d-01

NI NT
0.53144d-0% 0.25114-0%
0.53034-05§ 0.22234-0%
0.5270d-03 0.23734-03
0.53184d-05 0.1353d-04
0.6391d-05 0.645834-04
0.78414-05 -0.12114-03

-0.41374-04 -0.17214-02
0.42204-0% 0.29314-01
-0.42884-02 -0.4557d+00
0.91484-01 0.1013d+02
-0.42924+01 ~0.33144+03

contraintes dans |'anneag

N1 NT
0.14784d+01 0.3233d+02
-0.24614400 0.31794+01
-0.1480d+00 -0.21844d+01
-0.91584-02 -0.70024+00
0.8388d-02 0.83704-01
0.52734-02 0.13374+00
0.1060d-02 -0.24314+00
-0.20504-01 -0.1358d+01
-0.27504-01 0.1060d+00
<0.10394-04 0.1686d+02

contriiptés dans le cylindre

Nz T
0.8442d-05 "7 -20.9341d+02
-0.31194400 0.44134+01
-0.62394+00 19674400
-0.93584+00  .0.80494-02
-0.12484+01  -002843d-03
-0.1560d¢01  -0.87334-05
-0.18724401 0.8511d-04
S0.2184d40177 0.26214-02

.94794-09
.16514-08
.483¢6d-08
C11914-07
.13304-07
. 2344d-0¢4
.1632d-03
.31364-03
.92234-04
.13224-02
.86624-02

Ml

.8658d-02
13294400
.30524-01
71404-02
.39134-02
.18434-02
. 34444-02
.85674-02
.89704-01
.91364d-01

M

91574-014
6964401
.46334-03
.18744-04
. 16844d-03
1257404
.16034-0%
. 4909d-04

Hi:=
hikH

.a00 wi= 1.000

0 3513d+01
0.2551d+00

a1

.19134-07

L3734d-07

.62994-07
.43844-07
.35894-06
.1376d-03
.2704d-04
.1405d-03
.24794d-02
.31814-01
14784401

a1

33244401
10404401
J11463d+00
.48644-01
.48414-01
.16574-01
13824-01
.3493d+00
94624400
.1260d+01

a1

L1361d+0!
11614400
.67434-02
.34854-03
1721404
1130404
.17644-04
.40574-03

H
"

QO A O o 9O o O o o

LE 0.9027d+01
4= 0.1404d+01

DR

.3520d-10
L97194-04
(19414-03
.19034d-03
.38414-03
.48074-03
.37384-03
66614-03
.7445d-03
.10394-02
.34824-02

DR

91164-03
.3941d-03
.9700d-03
.93384-03
.9500d-03
.93294-03
.9408d-03
97174-03
.95944-03
.13624-03

DR

21274-03

99574-03
.93924-03
96124-03
.96154-03
9619d-03
.96124-03
96246403

o o S a o

Wl

.5820d-09
.38144-09
J11144-08
J7919d-08
13304-07
1525d-04
97714-07
87724-03%
19454-03
L44894-02
.1107d+00

wi

.45684d-02
17124-02
.94394-04
.16134-03
.3180d-04
. 13304-04
. 8640d-04
.12594-03
.73894-03
J31444d-02

W

.3165d-012
-0.
.6471d-0¢
.11944-03
9102d-06
. 9335d-0¢4
.1007d-09
.1618d-04

81264-04

A4
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3.1 -0.24944+01 -0.1282d+00 0.89104-03 0.8734d-02 -0.94204-03 0.1811d-04

3.8 -0.2807d+01 0.38284+01 -0.15484-0¢ -0.1789d+00 -0.99404-03 -0.1685d-03

4.0 -0.31194+01 -0.94194+02 0.25514+00 0.35134d+01 -0.19344-03 0.83734-03

contraintes dans la calotte sph.inf.
S N NT M2 az DR Wi
’

90.0 -0.21144-10 -0.11784-10 0.34074-11 -0.25924-140 -0.30274d-1¢ 0.1259d-12
91.7 -0.29554-1¢8 -0.48314-09 0.26814-11 -0.4412d-10 -0.13213d-14 0.1373d-12
93.3 -0.25174-10 -0.21394-09 0.32334-11 -0.34144-10 -0.54744-18 0.13344-12
5.0 -0.27394-10 -0.33824-09 0.30174-11 -0.38864-10 -0.91174-1% 0.13404-12
96.7 -0.24334-10 -0.27414d-09 0.31384-11 -0.36454-140 -0.73314-15 0.13494-12
98.3 -0.24844-10 -0.3835d-09 0.30814-11 -0.37644-10 -0.8201d-13 0.1355d-12
100.0 -0.26594-10 -0.28974-09 0.31104-11 -0.37044-10 -0.77644-13 0.13524-12
101.4 -0.26724-10 -0.29754-09 0.3096d-11 -0.37344-10 -0.79804-13 0.13544-12
103.3 -0.28444-10 -0.2934d-09 0.31034-11 -0.3719d-10 -0.7872d-15 0.13534-12
105.0 ~0.26494-10 -0.2954d-09 0.3099d-1! -0.3727d-10 -0.7926d-13 0.13344-12
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