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Cmmm e - m— - programme SONIA
c ce programme'effectue le calcul stfuctqral d'un reservoir
c par la theorie.des coques et piaques{ce,reserVoir est compose de:
e ' -d'un dome spherique :
c "~d'un anneau spherique
c -d'un cylindre
c .
Cmm e~ definition des parametres
c E . module d'elasticite.
c POIS . coef. de poisson
c RD rayon du dome ‘
c FI1 .. angle d'inclinaison max. du dome
c RA - rayon de l'anneau ’ '
c FPO . angle d'inclinaison min. de l'anneau
c FP1 : angle d'inclinaison max. de 1'anneau
c RC ;. rayon du cylindre '
c HC ) hauteur du cylindre
e ‘TD : epaisseur du dome
< TA : epaiéseur de ['anneau
c TC . epaisseur du cylindre .
c DENS : poids specifique du ferrociment
c PL : poids specifique du liquide
c WL " surcharge du dome et de I'anneau
c ICCH : nombre de cas.-de chargements
c ' )
c———-————4r———procedure'utilisee dans . le programme
c ' _ ‘ o o , ‘
c apres la lecture et 13 determination de tous les
c parametres geometriques on procede comme ci-dessous
c -calcul des matrices de flexibilite FL et RM
c ~-determination des forces internes exteriorisees
c. . H1,M1,H2,M2,H3, M3 .
c -pour chaque element de structure,on calcule les coefficients
c " d'influence suiyant“differents_niveaqx pour connaitre les
c efforts internes et les deplacements correspondants
_é- -ces dernieres valeurs vont nousipermettre de verifier le
c choix de la variante du materiau.
c .
o ~--raeserve d'espace
c .
implicit real*8(a-h,o0-2z?
dimension dm(6,2),am(6)4),amm(4,4),cm(6,4),vd(6),va(é),
lvaa(q4) ,ve(é),£0¢4),0(2),rm(2,2),€£1(4,4),
2€fd(6),fa(é),fc(éd),vig(é),vkag(é,hé)
c ' . :
e lecture des donnees-qenérales

[l

open(unit=3,file="'donnee'?}
open(unit=é,file='resultat',status='new')
rewind(3) o C
read(2,503) e,pois,dens,pl,wl,icch

print 502,e,pois,dens,pl,wl,icch
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—--—-=~---—--donnees sur !

—————————— donnees sur le dome

read(3,501) rd,td,fil, nd

print 504,rd,td,fil

anneau
read(B,EOi) ra, ta
print’ 506,ra,ta
—————— ~---donnees sur le cylindre .

‘read(3,3%01) rec,te,he,ne

print 508, rc,tc,he

e m - —— operations intermediaires

pi=3.14139

- fil1=fi1%pi/180.d0

pr:dasin(dsin(Eil)*rd/ra)
fpl=dasin{rec/ra)

————— ;alcul-des matrices de flexibilite

fFi=fil . .
call matd(e,pois,cd,td, f1,£11,dm)
z=0.d0

~call matec(e,pois,re,tc,z,he,cm)

fp:f‘pO

call matale,pois,ra,ta,fpC,£fp,fpl,am)

do 1 i=1,2
do 1 j=1,4

Camm(i,i)=amli+d, i)

fp=fpl .
call mata(e,pois,ra,ta,fp0,.fp,fpl,am)
do 2 i=3,4

do 2 'i=1,4

amm(i,Jj)?=am(i+2,3)

call flex(fi,dm,amm,cm)

z=hce¢ -

call matc(e,pois,rc,tc,z,he,em)

"call reac{(rm,cm)
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Cmm
c.
.C.
c _____
C
3
4
.
c —————
c
10
11
12

Q——introduction des cas de chargement

~do 100 I=t,icech

read(3,501) pl,wl
print 309,1,pl,wl
wd=(td*dens) +wl
wa=(ta*dens)+wl .
we=tc*dens

~--calecul des vecteurs de charge FO,RD

fi=fi11 . )

-2all vchad(e,pois,wd,rd,td,fi,fil,vd)

z=0.d0 _ ' _
gall_vdhac(e,pois,pl,wd,fil,Wa,ra,pr,fpl,wc,rc,tc,z/vc)
fp=£fp0 ' '

call vchaa(e,pois,wd,fil,wa,ra,ta,fp0,fp,fpl,va)
do 3 1i=1,2 . .

‘vaa(ijiy=va(i+4q)

ftp=fp1l

"call vechaa(e,pois,wd,fil,wa,ra,ta,fp0,fp,fpl,va)

do 4 i=3,4
vaa(i)=va(i+2)
call chargl(fD;vd,vaa,vc)

-z=he

call'vchac(é,pois;pl,wd,?ii,wa,ra,fpo,fpi,wd,rc,tc,z,vc)
call c¢harg2(r0,ve) '

———;——fésolutipn des equétidns 'FL*E$FO' et_"RMﬁE:ROL

 neq%6

do 10 i=1,6
vig(i)=0.d0Q .
do 10 J=1,6
vkg(i,i)=0.d0
nsyms=1 i

do 11 i=1,4

vig(id)=£0¢1i)

cdo 11 J=1,4

vkg(i,3d=£1Ci;i)

.do: 12 i=1,2

vigCi+d4d)=r0Ci)

do 12 3=1,2 .
vkg(i+4,i+4)=cm(i,j).
call‘résol(nsym,neq,vkg,&fg)
print 511 '

Coprint 512,(vigli),i=1,5,23

print 9513,(vfg(i),i=2,6,2)
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——————— calcul des contraintes

--—-centraintes dans le dome.

print 515
print 514

ar=-2.d0

do 26 ki=1,nd

aréar+3.d0

fizar*pi/180.d0

call wvchad(e,pois,wd,rd,td, fi,fit,vd)
call matd(e,pois,rd,td,fi,fil,dm)
do 36 i=1,86

£d(i>=0.d0

do .34 i=1,4
fd(id=fd(id+dm(i,id*vig(j)
fd(id=fd{idY+vd (i)

print 517,ar, £fd(iy, i=1, &)
continue '

---contraintes dans 1l'anneau

print 518

print 519

br=0.d0

do 44 11=1,10

ar=fp0%180.d0/pi+br

fp=ar®*pi/180.d0 o
call‘vchaa(e,pois,wd,fil,wa,fa,ta,pr,fp,
call mata(e,pois,ra,ta,fp0,fp,fpl,am)
do 5¢é i=1,6 - '
fa(i)=0.d0

do 354 i=1,¢6

do 5% .i=1,4
fa(id=fa(id+am(i,jr*vig(3)
fa(id=falid+vacid

pTint §17,ar,(faCi),i=1,6).

br=(fpl-fp0)*180.d0/pi/9.d0+br
continue o

fpt,va)

64
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Cmmmm contraintes dans le cylindre

print 521
print 522
Zz=~-hec/10.d0
.do 66 k3=1,nc -
z=z2+hec/10.d0 . .
call vchac(e,pois,pl,wd,fil,wa,ra,pr;fpl;wq;rc,tc,z,vc)
call matc(e,pois,rc,tec,z,hc,cm) ' '
do 76 1=1,46

76 fc(i)=0.d0-
do 74 1i=1,6
do 75 i=1,4 .

75 feCid=felidl+em(i,id*vig(i+2)

74 fclid=felid+velid '
print 517uz,(fc(;),im1,6)

46 continue ’

100 continue

' close(unit=3)>

close(unit=47
stop '

6%
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1'DR' ,9x
- end

'WZ')

c
Cmmm e = format de sortie des donnees et des valeurs de contraintes
. . .
500 format('l') -
501 format(' ',3€f10.0,1i5)
503 format(' ' ,5€£10.0,1%)
502 formatd(' ', ti0, 'module d''elasticite——-—e—m-- 'L,f12.3,/7,t10,
1 "coef. de poisson--—--——-————-—- ‘', t40,£10.3,/,t10,
2 "poids specifique du mortier',t40,£10.3,/,t10,
3 ‘'poids specifique de 1''eau-',t40,£10.3,/,t10,
4 'surcharge de toiture--——---- ',t40,£10.3,/7,t10,
S 'cas de chargement ----=----- 'L, 13) .
504lformat(///"',t10,'rayon-du dome-—-—w—me—eooo o ',t40,£10.3,/7,t10,
1 " 'epasseur du dome--—-—--memam—a ',t40,£f10.3,/,t10,
z . - . 'angle d'‘'inclinaison max.——',tdO,ilOtS)
506 format(///*' *',t10, 'rayon de 1l''anneau--------- *,t40,€10.3,/7,t10,
1 . » ‘epaisseur de [''anneau----- ',t40,€£10.3)
508 format(///' ',t10;'rayen du cylindre —--—-—-—----- ‘', t40,£10.3,/,t10,
1 'epaisseur du cylindre------ ‘,t40,€f10.3,/7,t10,
) '"hauteur du cylindre-------- ',t40,£10.3)
509 format(‘;',tlo,icas de chargement NO.',12,5x,'pl=",£7.3,
1 N Sx, 'wl="',€£6 .37, *,t8,27C ' % Y/[])
Si1 format(' ',t10,'efforts enteriorises',/,' ",t8,24( ' '®%')/)
"S12 format(' ',ti0, 'Hi="',£8.3,5x, 'HM2=',£8.3,5x, 'H3=',£8.3)
513 format(' ',t10,'Ml=',£f8.3,5x, 'M2="',£8.3,5%, 'M3="',£8.3)
515 - format{(/' ',t10, 'contraintes dans 1leé dome',/,' ',t8,28('%"')/)
516 format¢' V,Zx,'FI',Bx,'NZ',?x,'NT',?X,}MZ';9x;'QZ',9x,'DR',
‘ 19%, 'WZ')
S17 format¢(' ',£f5.1,4¢(x,£10.3),2(x,d10.3))
518 format¢(/' ',t10,'contraintes dans !'‘anneau',/,"' ',t8,29('%x"')/).
519 format¢* ' ,2x,'FP",8x, 'N2',9x, "'NT',9x, 'MZ*',9x,'QZ"',9%,
1'DR', 9%, 'WZ"')
S21 format(/' ',t10, ' 'contraintes dans le“cylindre‘,/,t8)32('*‘)/)
522 format(' ',3w,'Z',8x,'NZ',9x, 'NT',9x,'MZ',9x,'QZ"' ,9x, ‘
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subroutine matd(e,pois,rd,td,fi,fil,dm)
implicit real*8(a-h, o—z) 1 '

dimension dm(é,2)

dl=dcos(fi)
d3=dcos(fil)
~dd4=dsin(fil)
dz=rd*(d3-d1)
ud=((3.d0*(3.d0- poxs**Z))/(dQW*Q*(rd*fd)**Z))*” 25
tel=dexp(ud*dz)*dcos(udx*xdz) -
. cfl=dexp(ud¥dz)*dsin{ud*dz)

dm( 1
dm(1
dm( 2
dm(2

’

'

?

’

dm( 3,
dm(3,2)=tel-cfl

S dm(4.,

1)=-d3*%(tel+cfl)

2)=2 .d0*ud*d3*cfl

1)y==-2". dO*ud*rd*dQ**Z*tel

2)=2. dO*ud**Z*rd*dQ**’*(fel+cf1)
1)=cf1l/ud

1)=dd*(tel+cfi)

dm(4,2)=-2.d0*%ud*dg*cfl

Sdm(Ss

1y =2. dO*ud*rd**Z*dQ**SWtei/e/td

dm(5,2)=-2. dO*(ud*rd)**Z*dQ*ﬂB*(tei+cf1)/e/td
"dm(6,1)u~2 dD*(ud*rd)**Z“dQ*WB*(tel—cfl)/e/td
Cdm(é,2)=4. dOkud**B*rd**deQ**SWtel/e/td
return

“end
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subroutine mata(e,pois,ra,ta,pr,fp,fpl,am)
implicit real*B8(a-h,o-2)

dimension am(é,4)

al=dcos(fp)

a2=dsin(fp)

33=dcos(fp0)

ad=dsin(fp0)

aS=dsin(fpl)

ab=dcos(2.d0*fp0)

azl=ra*(a3-ail)

azl=-ra¥*al
an((B,dO*(lﬁdﬁ—pois?*Z))/(aZW*Q*(ra*ta)**Z))**:25

ua0=((3.d0% (1 . d0-pois*%2))/(admw#ugdu(rakta)*x*x2))x%x 25
ual=((3.d0* (1 d0-pois**2))/(ad**g¥(rakta)krZ))%* 25
te2z=dexp(-ualO*az0)*dcos(ual*az0) . '
cf2=dexp(-ual*2z0)*¥dsin(uald*azl)
te3=dexp(ual*azl)xdcos(ual¥azi)
cf3=dexplual*azl)*dsin(ual*azgl)’

am(1l,1)=-34%(te2-cf2)/dtan(fpi/asd

am(1,2)=-2.d0%ua0*adq*cf2/dtan(fp)

am(1,3)=-(tel3+cf3)%a5/dtan(fp)

am(1,4)=2 . d0*ual%*aS5*%cf3/dtan(fp)

am(2,1)=-2 .d0%ual*ra%aqg**2*xte2/asb

am(2,2r=2. dOXuaO¥%2*ra%*aqx*x2%(te2-cf2)

am(2,3)=~2.d0%ual*ra¥ted*xairxi

am(ZﬂQ)xZ.dO*ual**Z*ra*(te3+cf3¥*35**2

am(3,1)=-cf2/ual/aé

am(3,2)=te2+cf?2

am(3,3)=cf3/ual

am(3,4)=te3-cf3

am(4,1)=-ad*(te2-cf2)/aé

am(4,2)=-2.d0%ua0*xad*cf2

‘am(4,3)=(te3+cf3)r*ajd

am(4,4)=-2. dO*ual*efB*aa

Lam(5,1)=2.. dO*uaO*ra**Z*aZ*aQ**Z*teZ/aé/e/ta
am(3,2)=-2. dO*uaO**Z*ra**ZWaZ*aQXWZ#(teZ-ng)/e/ta
am(5,3>=2 d0%ualkra%%2%a2*teld%aS*k2/e/ta
am(5,4)=-2.d0%ual**2%rax*x2%a2%(tel3+cf3)*as*x2/e/ta

'am(é,1)=2.dO*uaO*ua*ra**Z*aZ*aQ**Z*(teZ+ef2)[aé/e/ta'

cam(é,2)=~-4.d0*ual**2%ua*ra**xZ*xaZxaqrrz*xtel/el/ta
am(é,3)r=2. dO*%ual¥uaXra*x*x2xa2*(cf3- te3)*35**2/é/ta
am(é,4)=4. dOWual**Z*ua*ra**Z*aZ*teS*aS**Z/e/ta
return

end
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11

subroutine matc(e,pois,re,tec,z,hec,cm)
implicit real*8(a-h,o0-z)

dimension cm(é,4)
uc=((3.d0*(1 . dO0-pois**2))/(rcektc)**x2)%*%x 25
ted=dexgxp(-uc*z)*dcos{uc*zg)
cfd=dexp(-uc*xz)*dsin(uc*z)
teS5=dexp(uc*(z-hc))¥*dcos(uc*(z-hc))
cfS5=dezp(uc*(z-hcl))*dsin(uc*{(z-hc))

do 11 i=1

do 11 i=1,14

cm(i,j)=0.d0

cm{(2,1)=2 . d0%uc*rc*xted
cm(2,2)=2.d0%uck**2*rcx(ted-cfqg)
cem{2,3)=-2.d0%uc*rc*te$

cm{(2,4)=2 d0*uckx*2*rec*x(teS+cf3)
cm{(3,1)=cfd/uc

cm(3,2)=ted+cf g

cm{3,3)=cf3/uc

cm(3,4)=te5~cf5

cmi{d4,1)=ted-cf1q

cm(4,2)=-2 . d0*%uc*cfd

cem(qd,3)=teS+cf3

cm{(4,4)=~2.d0*uc*cfs
cm{S,1)=-2.d0%uckrcx*2*xteqd/fe/tc
cem(5,2)=-2 . d0*uck*x2%rck*x2%(ted~cfgdl/e/tc
cem{3,3)=2 dO0%uckre**x2%teS/e/te
cem(S,4)=-2 . d0%uck*x2*rcxx2%x(teS+cfS)/e/tc
cmf{é6,1)=-2.d0%uck*2dre**2*{ted+cfd)/e/tc
cm(é,2)=-94 . d0*uck%3xrexu2*xtad/e/tc
cm(6,3)=2 . dO*uckk2*xrcx*2%x(cfi-teS)/e/te
cm({é,4)=94 d0%ug**x3I*xrcx*x2*xtaS/e/tc

return

end

€6
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subroutine vchad(e,pois,wd,rd,td,fit,fil,vd).
implicit real*8Ca-h,o-z)

dimension vd(é§)

dl=dcos{(fi)-

d2=dsin(fi)

- d3=dcos(fil)
- dd4=dsin(fil)

dd1=1.d0/(1.d0+d1)
dd2=1.d0/ (1. d0+d3)

‘dul-d7*(d1—((1 dO0+pois)*dd1))
‘ud=¢(3:d0% (1 .d0- Doxs**Z))/(d4**4*(rd*td)**2))** 2a

du2=2. dO* Cud*pd)**2*d3xdd2*dq**3

S az=rd*(d3 dl)

tei—dexp(ud*az)*dcos(ud*a-)

cfi_dexp ud*az)*ds1n(ud*az)
vd(1)a(—dd1+(d3**2*dd2*(te1+cf1)-‘*rd*wd
vd(2)=(-di+dd1+2. dO*ud*rd*d4**2*d3*dd1*fei)*rd*wd

vd(3)=-d3%dd2*cfivrdxwd/ ud

vd(4)=-d4*xd3*ddZ*(tel+cfld)xrdiwd
vd(5)=(dul=2. dO*ud*rd*dS*d4*W3*dd2*tel)ﬂrd*VZ*wd/e’td

Tvd(6)=0((2. d0+p01s)*d2+du2*(te +cf1))*rd*wd/e/td

return

cend

6%
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subroutine vchaaf{e,pois,wd,fil,wa,ra,ta,fp0,fp,fpl,va)

implicit real*8(a-h,o-2z).

dimension vad(é)

ai:dcos(fp)

a2=dsin(fp)
" a3=dcos(fpl)

ad4=dsin(fp0) .

a3=dtan(fp)

abd=dcos(fpl)

a?7=dsin(fpil)’

azl=ra*(ald-al?

azl=ra*(aé-al’ .
aal:(wa*(al—aS)*(1.dd+dcos(fii))—wd*aQﬁWZ)/a7**2
aa2=(1.d0+dececs(fil)) ’ ’ ’
“a33=wa*(aé-a3)*(1.d0+dcos(fil))-wdkagxxy

ua=((3.d0* (1 . d0~pois**2))/(a2%¥g*(ra*ta)wkz))%xx 25
uaO:((3.d0*(1.dO-pois**Z))/(a4**2*(ra*ta)**2))*ﬁ.25
ual=((3.d0%(]l . d0-pois**2))/(decos(fpl)RXZ¥x (raxta)* ®))xx 2§
teZ=dexp(-ual*az0)*dcos(ual*az0)
cf2=dexp(~ual*az0)¥dsin(ual*az0)
te3=dexpl(ual*azl)*dcos(ual*azl)

cf3=dexp(ual*azl)*xdsin(ual*azl)

aad=dtan(2.d0%fp0)*wd

aaf=-ualb*ad*aadg :

aab=ual*ad*aal .
va(l);—ra*(;aAQ*(tez;cfZ)/2Ad0+333*(t93+cf3)/aS-aal*aS)/aaZ
va(Z):(?ra**ZW(aaS*teZ+aa6*te3/2.dO)—Z‘dOWra*(wa*a1*3a2+331))/aaZ
va(3)=ra*(al3*wdrcf2/ual/decos(2.d0+fp0)+aé*aald3*cf3/ual/a?*%2)/aal
va(4)l=ra*(-aad*(cf2-te2)/2 . d0+3a3*(cf3+tel3)/a%)/aal
va(5)=al¥ra*x*2%(ra%x(aaS*¥te2+2.d0%aaé*ted)+(wa*aal2%al+(1l.d0+pois)
1*aall))/aa2/elta T _ -
va(é)#((2,d0+pois)*na*wa*a2+ua*a2*ra*ﬁ3*(aaS*(cf2+te2)+2.dO*aaé

ik (ef3-ted)))/elta
return
end
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subroutine vchac(e,pois,pl,wd,fil,wa,ra,fp0,fpl,we,rc,te,z,ve)
implicit real*8Ca-h,o0-32) ~ )
dimension vc(é)

cl=dcos(fp0)

c2=dsin(fp0)

c3=dcos(fpl)

cd=dsin(fpil) S :
uc={((3.d0*(1.d0-pois**2))/ (rckte)hkZ)xw 25
cel=1.d0/(¢1.d0+dcos(fil))

cc2=(wa*{(c3-ci)-c2¥*2*wd*cclr*ra/cd

ve(l)=cc2-we¥g .

ve(2)=pl*rce*z+2 . d0Xuck*re¥cc2*c3*ted

ve(3)=cec2*%c3%cfd/uc .

vel(d4)=-cc2¥%(cfd-taqdi¥cl
ve(3)=s(~-pois*wokre¥g-pl¥rc**2¥zrpoiskre¥cc2-2.d0%ucHre®¥2%c3¥cc?
1xted)/e/tc ‘ -
ve(é)=(pois¥*rc¥*we+pl*re**2-2 d0*uc*®2*rc*RZ*hcc2*cI*(ted+cfdlr)/a/te
return ' ) ) i
“end
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‘subroutine flex(fl,dm,amm,cm)-
implicit real*f(a-h,o0-z) ‘
dimension fi(4,4),dm(é,Z),amm(Q,Q),cm(6,4)
£1¢(1,1)=dm(5,1)-amm(1,1) :
f1(1,2)=dm(¢5,2)-amm(1,2)
£1¢(1,3)=-amm(1,3)
f1(1,4).-:—Aarr_1m(-1,4)
£1¢2,1)=dm(é,1) > amm(2,1)
£f1(2,2)=dm(6,2)-amm(2,2)
£1¢2,3)=-amm(2, 3)
fl1(2,4)=-—amm(2,4)
f1(3,1)=-amm(3, 1)
f1(3,2)=-amm(3,2)
£1¢3,3)=em(5,1)-amm(3,3)
f1(3,4)=cm(5,2)-amm(3,4)
f1(4,1)=-amm(4, 1)
f1(4,2)=-amm(4,2)
£1(4,3)=cm(é,1)-amm(4,3)
f1(4,4)=cm(6,2)-amm(4,4)
return . L

end )

[£]
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'subroutine reac(rm,cm)
.implicit real*B8(z-h,o-2)
dimension rm(2,2),cm(6,49)
rm(1,1)=cm(5,3) S
rm(l,2)=cm{(5,4)
rm{2,1)=cm6, 37
rm{2,2)=cm{é,4)

return

end

T4
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subroutine chargl (f0,vd,vaa,ve)
implicit real®f(a-h;o0-2) :
dimension f0¢(4),vd(é),vaald),vel(é)
fF0C1)=-vd(5)+vaa(l)
£0(2)=-vd(&)svaal2)
f0(3)=-ve(S)y+vaal3d)
f0(4)=—-ve(éd)+vaal(dg?

return’ o

‘éndv
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subroutine charg2(r0,vec).
implicit real%8(a-h,o0-2)
dimension r0(2),vc(é)
r0(1Y=-ve(5)- '
r0¢(2)Y=~velg)

return
. end

33
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5ubroutine résol(nsym;neq,vkg,vig)

resolutlon d'un systeme d!' equatzons non symetrique par la

c
o _methode de gauss
c entrees’ )
e nsym ‘eq.l systeme non symetrigue
c _ neq'V nombre d'equations (.ge.2)
o C.vkg ‘matrice k stockee dans une table a3 2 dimensions
c . vig second membre '
e sortie
e vig solution
[l et el I e R R e ]

implicit Teal*B8(a- h o=1z)"
dimension vkg(neq, neq),vfg(neq)
s triangulation

data zero/0.d0/

nl=neqg-1

do 30 is=1,nl

piv=vkg(is,is)

if¢pivy 20,10,20

10 print 2000, 1is
" . stop ‘
20 Jisl=is5+1

do 50 ii=isl,neq
cl#vkg(ii{is)/piv

if(ecl eq.zero) go to S50
vigliid=vig(ii)-clkviglis?
if(nsym.ne.'1) go to 32

do 30 ij=isl,neq

30 'vchll,lj).vkg(ll,xy)—ﬂlﬁvkg<is,1j)
.. go to 50 !
‘32 . - do 40 ij=ii,neq
vkg(ii,ii)=vkg(ii,ijl-cl*vkg(is, i3
40 vkg(ii,iid=svkaglii,ij)
50 .continue i
Cm—m———- ‘resolution du systeme triangulaire

vig(neq)mvfg(neq)/vkg(neq neq)
de 70 ii=1,nl

1{1:151—1

cl=zero

iil=isl+1 .

do 40 3_131 ‘neq

60 . cl-c1+vkg(151,11)*vfg(11) .
70 vig(isl)={(vig(isl)-cl)/vkg(isl,isi)
2000 format(' PIVOT MUL,EQUATION',i5)
return ' oo

end
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module d'elasticite
coef. de poisson
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resultat

Fage 1

poids specifique du mortier

poids specifique de

surcharge de toitur
cas .de chargement -

rayon du dome

epasseur

d

u dome-~-

l'eau-
e _______
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1
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r
du
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.000
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cas de chargement NO. 1 pl
WKW KW W W R W N W R R R K KK W WK R KR KR
efforts exteriorises
HERRKKANKI R R I RNE AR KRRk W
Hi= 2.777 HZ= =~ 1 .462
M1= -.144 M2= -.221
contraintes dans le dome
HRKHRFREF KR W MR H R KW N iKWk h KR K
NZ NT MZ
-5.262 ~-5.251 .000
-5.265 -5.232 .000
-5.2746 -5.172 .000
-5.294 -5.072 .000
-3.318 -4.933 .000
-5.349 -4 .78¢6 .000
-3.390 -4.7463 -.001
-5.465 -5.122 .000
~5.601 -4.977 01t
-5.509 4.158 .027
-3.815 26 .237 -.144
contraintes dans ! 'anneau
HHKHRE KL AR KKK R E W R KW KK KKK KKK
NZ NT MZ
-10.229 $49.708 -.133
~11.891 42 .14¢0 .035
-13.920 30.198 110
-16 .449 21.166 122
-19.763 15.517 .093
-2494.160 12.525 .038
-30.293 10.4630 -.0314
-39.436 ?7.337 -, 115
-54.432 1.762 -.187
-83.120 -2.887 —-.268

coentraintes dans le cylindre
WK RO WOROKCR R R R KR R R K K R Rk R R R R R OR K kWK

NZ NT MZ
-4.165 19.373"° -.221
-4.549% 22.289 .044
-4.933 31.472 .022
~5.317 47 . 478 .000
-5.701 63 .906 -.002
-6.085% 79.754 .002
-6.46% 96 .267 .013
-6.833 116.325 .002
-7 .237 132.743 -.179
-7.621 93.845 - . 349
-8.005 -1.201 1.73%

10.000

Qz

.009
.000
000
.000
.001
.003
002 .
013
058
033
.054

Qz
.277
.187
.404
115
.445
. 660
L B0&
.B62
778
.793

Qz
462
058
093
021
.004
018
. 034
159
766
.708
11.

850

wl= 1.000

DR
-.132e-06
.586e-05
11é6e-04
.170e-04
.217e-04
.262e-04
. .321e-04
~..433e-04
.483e-04
-.4684e-04
-.34%e-03

DR
~.349e-03
~-.268e-03
~.190e-03
-.12%9e-03
~-.90%9e-04

~.697e-04

-.552e-04

~-.269e~-014

.302e~-05
-.100e-03

DR
-.100e-03
-.115e-03
-.161e-03
-.241e-03
-.324e-03
-.403e-03

'—-.486e-03

-.587e-03
-.66%9e~-03
-.475e-03
-.272e-09

36

WZ

.779e-05
.4356e-05
.276e-05
.159e~-05
.459e-~05
.388e-04
.158e-03
.343e-03
.368e-03
.506e-02
.281e-03

WZ

.281e-03
.420e-03
.37%9e-03
.263e-03
.148e-03
.898e-04
.148e-03
.372e-03
.380e-03
.193e-03

Wz

.193e-03

.346Be-04
" .178e~03
.20%9e-03
.202e-03
.198e-03
.223e-03
.274e-03
.280e-04
.114e-02
.63%9e-0°9
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cas de chargement NO. 2
ROR KKK R KK R K R R KK KRR KR KK R KK

efforts

erxteriorises

MR KK KR KR KRR ARKKKNRW KK KR

Hl=
M1l=

.73°9
-.038

HZ=
M2=

.410
-.043

contraintes dans le dome
KR KKK KK KA KR KRN KK KRN R

NZ
-1.393
-1.394
-1.397
-1.401
-1.408
-1.41¢
-1.427
-1.447
-1.482
-1.458
-1.013

contraintes

NZ.
-2.706
-3.247
-3.907
-4.737
-5.80°9
-7.239
-9.234

-12.208
-17.086
-26.4922

-1
-1
-1

-1.
-1.

-1

-1.

-1
-1

1.
6.

NT
.390
.3285
.369

343

306

267

261

.355%

.315

089

885

dans 1°
Fok R A KON R K R KM R N NN R R KK R K

14

10.
7.

- N W Wwoen

NT
.087
785
647
L2753
L7912
.00¢6
.514
721
.325
2461

contraintes dans le
HoR R K R R AR KRN R R R KK WK

NZ
-1.324
-1.708
-2.092
~2.47¢
-2.860
-3.244
-3.628
-4.012
-4 .396
-4.780
-5.164

7.
17.
31.
7 .
63.

79
96
116
132

?3.

NT

079
449
692
862
244
.732
L2460
.313
. 732
987
. 775

Kk R R KR

pl

MZ
.000
.000
.000
.000

..000
.000
.00¢0
.000
.003
.007

anneau
KK WK kKKK

038

MZ

.03%

009
029
032
.024
010

cylindr
R AN KR K

.008
.028.
.044
062

e
L

MZ

.043

019
.006

.001
.001

002
.013
.002

.178
.3679
.734

10.000

H3w=
M3=

11.817
1.734

Qz
000
. 000

.000

.000
.000
001
001
. 003
015
009
277

QzZ

. 605
.314
.105
.031
116
168
.200
.205
171
.182

QzZ

.410
.005
.031
.005
.002
.017
.034
.159
. 764
.705
11.

817

wl=

.0q0

DR

~.348e-07
.155e-05
.308e-05
.449e-05
.576e-05
. 693e-0%
.849e-05
.114e-04
127e-04
.180e-04
- 917e-04

DR

.917e-04
.700e-04
.491e-04
.330e-04
.226e~04
.167e~04
.126e-04
.469e-05
.3468e-05
.364e~-04

DR

.364e-014
.885e-04
.160e-03
.241e-03
.322e-03
.401e-03
.484e-03
.585e-03
.667e~-03
.474e-03
.825%e~10

kL

WZ

.206e-05
121e-05
. 736e-06
.428e-06
. 121e-05
©.103e-04
.419e-04
.909e-04
. 976e-04
134e-02
. 756e-04

W2

.756e-04
.113e~-03
.102e-03
.717e-04
.418e-04
.246e-04
.417e~04
.99%e-014
.770e-04
.145e-03

Wz

.145e-~03
.151e-03
.198e-03
.2049e-03
.19%e-03
.198e-03
.223e-03
.274e-03
.285e-04
-.113e-02
~.282e-0°9
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cas de chargement NO. 3 pl:
HEHR KN IR KT KRR R RKE KR KK
efforts erteriorises
FOR KR KR KR W KR KKK KR W kR NNk
H1= 2.777 H2= 1.546
-.144 M2= -.241
contraintes dans le dome
KR U KK KRR A KK KRR R KR W RN KK N K
NZ NT MZ
-5.262 -5.251 .000
~-5.265%5 -5.232 .000
-2.276 ~-5.172 .000
-5.294 -5.072 .000
-5.318 -4.933 .000
-95.349 -4.78¢ .000
-5.3%90 -4 7482 -.001
-95.465 -5.122 .000
-5.601 -4.979 011
-5.50°9 4.154 .027
-3.819%9 26 .2461 -.144
contraintes dans 1l'annezu
FRR K A H MW R KRR NN R KRR KRN KK
NZ NT Mz
-10.230 54.75¢ -.131
-11.891 92 .274 .037
-13.920 30.469 112
-16.467 21.625 . 123
-19.759 16.200 .093
-24.153 13.421 .035%
-30.285 11.644 -.042
-39 .427 8.427 -.130
-54.424 2.081 -.211
-83.115 -3.845 -.302

contraintes dans le cylindre
B WK R MR R RO R R R K KR R R K R R KOk KK kW R K K

NZ NT MZ
-4 .165 18.097 -.261
-4.549 7.107 .037
-4.933 -.32¢ .024
-9.317 -.544 .001
-5.701 -.05¢ -.002
-6.085 .031 .000
-6 .4679 .011 .000
~6.853 .032 .000
-7.237 .033 -.001
-7.621 -.38¢ -.003
-8.005 -1.201 .014

.000

.090
.014

Qz
.000
.000
.000
.000

-.001
-.003
-.0G2
.013
.0358
-.032
-1.054

Qz
2.282
1.190

.402
-.1246
-.469
~-.702
-.871
-.950
-.881
~-.89%90

Qz
1.546
.151
-.092
-.024
.003
.002
.000
-.001
-.006
.006
.090

wl=

1.000

DR

. 132e-06
.586e-05
116e-04
. 170e-04
.217e-04
. 262e-04
.321e-04
.433e-04
.483e-04
. 683e-04
.350e-03

DR

.350e-03
.. 269e-03
191e-03
. 132e-03
. 954e-04
.756e-04
. 619e-04
.328e-04
.590e-05
. 936e-04

DR

.936e-04
. 389e-04
.207e-05
. 117e-05
.400e-05
. 472e-09
.491e-05
.530e-05
.559e-05
.379e-05
. 278e-09

18

WZ

.77%9e-05
.456e~-05
.276e-05
.159e-05
.4460e~-05
.388e-014
.158e-03
.343e-03
.369e-03
.506e-02
.276e-03

Wz

.276e-03
.412e-03
.367e-03
.248e-03
.131e-03
.767e-04
.146e-03
.394e-03
.443e-03
.707e-04

WZ

.707e-04
.167e-03
.279e-04
.897e-05
.395e-05
.957e-06
.63%9e=-06
.124e-05
.629e-06
.939%9e-05
.556e-~-09
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cas de chargement NO. 4
KRR RORCR R K FOK R R KRR KK K KKK KK KR

efforts exteriorise
R K RH KR K K K KKK KK KKK K KK

contraintes dans le
R KRR KR KK W R R R kKKK kKK

NZ NT
-1.39%93 ~-1.3%0
-1.394 -1.385
-1.397 -1.36°9
~1.401 -1.343
-1.408 -1.3046
-1.41¢6 -1.267
-1.427 -1.2460
-1.447 -1.355
-1.482 -1.317
-1.458 1.0849-
-1.013 6.90¢9

contraintes dans 1
KAKKKK KKK T AR KKK KN KKK

NZ NT
-2.707 14.135
-3.247 10.919
-3.9%907 7.918
-4.735%5 5.735
-5.805 4.475
-7.233 3.903
-%.22¢ 3.528

-12:199 2.610
-17.078 . 644
-26.417 -1.218

s
K KKk

-.083

dome
Kok ok kK KK

p]_.'.'_'

MZ
.000
.000
.000

.000

.000
.000
.000
.000
.003

anneau
KK KKK KW

.07

038

MZ

034

.011
.031
.033
.024
.007

.016
.043
.068
.097

contraintes dans le cylindre
KHKEKEH AT A RNRENRRHA RN RRR AN KRN R KKK

NZ NT
-1.324 5.803
-1.708 2.267
-2.092 -.106
-2.476 -.180
-2.860 . -.018
-3.244 009
-3.628 004
~4.012 021
-4.396 022
~4.780 -.245

-5.164 . -.775%

MZ

0e3

.012
.o0c08
.000

.001

.000

.000

.000

.001
.002

.00%9

.g00¢0

Qz
.000
.000
.000
;000
.000

-.001
-.001
.003
.015
-.008
-.277

Qz
.609
.316
.103

~.042
-.140
-.210
-.265
-.293
-.274
-.280

az
.494
.048
-.02%
-.008
.001
.001
.o000
-.001
-.004
.004
.05¢8

wl=

.000

DR

-.347e-07
.155e-05
.308e-05
.449e-05
.576e-05
.693e-05

+.848e-05
114e-04

.128e-04

~179e-04

.920e-04

DR

.920e-04
.709e-04
.509e-04
. 360e-04.
. 271e-04
. 227e-04
.194e-04
. 106e-04
. 156e-05
.300e-04

DR

.300e-04
.126e-014
.104e-05
.953e-06
.206e-053
.248e-05
.274e-05
.311e-05
.341e-05%
.236e-05
.88%e-10

+3

WZ

.206e-05
.121e-05
.736e-06
.426e-06
.121e-05%
.103e~014
.419e-014
.908e-04
.979%9e-04
.134e-02
.710e-04

WZ

.710e-04
.105e-03
.901e-04
.565e-04
.253e-04
.134e-04
.399e-04
.122e~03
.13%9e-03
.224e-04

\TA

.224e-04
.530e-04
.838e-05
.336e-05
.175e-05
. b62e-06
.750e-06
.107e-05
.130e-06
.575e-05
.179e-09





