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1. Introduct Ion

Analytlctlly mdPllng the rtsponse of Shells tu severr ac~ident conditions requires a

nonlln@ar shell ~del that account% for both ge~trlc and material nontllledrities. Th$

Los AIMIOS National Laboratory hal dWelO~d an aaisptric, shell-of-revolution finite

●lsmnt mdel capablt of armlyzlng nanlinetr ftilurmb. Look [1 - 2] describes this ~d~l.

Th@ nonllne, shell-of-revolution theory Prosmwl by 1, Reissner in [J] and [4] wcs uwo

to develop the model.

Orginally, onr md+l was drveloped to analyze nucle~r mstvrial shlppiny contdirws with

the N@N5#P code, which uses the N@uton mthod for solving nonlinear problem: tnl Ii de-

Scribea hy Bath@et al. [5]. Lat@r the mawl was sdrleu to the ADIM UMIC ~6j, ml Ii t?~’

been used with the Broydmn-Fletcher401dfwh-r9wma (BFGS) matrix updtle SOlutlGn IWthorl.

L’se of the BFG!,sIIlutlon mrthorl has Improves thp p?rfcmnsnce O? the nu6el.

This InodPl is capab!c rd ldrgP strfiln$, laryp rrrtatimrg, nonllnrar mdtrrlal, mc ct,df+

ing Shqll thlckrws%es, 10 use thismtdwl for nuhlinedr fallurp ahalysls, wrI t.m; tu uw!rr -

Irine uhaf Msur.ptlons Wrp used III thu drupl(.pwl of the thmrv on hhl~h thl> IMJ(h.1 1!

bawl. In fkt~rmtninq thud,i%sumptlohs,ud foLr,dth~~ w LOM]IJezll.ndtt,!%IM,f%.::, III

CIUIIW thick shuns, plO%tlL hinqfx, and l!llLidr flUr~dl %~rr$% ~hd thpr~dl %fr!i-.-.l.F.

,. Iaullihriti d~a :trdlf, [ydflw%
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As%uminq that plarws mhst ranain pldnps , UP my d[,l ive the following strain+.

The normal strain is
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4. Stress Resultants, Bending Moments, and Constitutive Equations

The stress rMUltMt5 and bending MOII&nt$ can be derived as
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he define tne fcllcming functions:
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This extension can be included In the shell nmoel by adaing it to the thermal stress

When this shell Is joined to continuum elements, ano must he calculated from a
ant”
re~ction load that would have to be calculated after each iteration.

Another natural extension is to let the temperature field, and consequently o~t,

‘et’ and CInt, vary linearly in the normal coordinate.

5.

1)

c)

3)

4)

!)

t)

~

Reissner’s Shell Theory Assumptions

IR this section, 1 describe the assumptions used for Reissner’s shel

Planes are assumed to remain planes, and thus shear deformations are

mde 1.

in~luded. The

USUR1 shell theory approximation is that normals to the neutral surface remain normal.

Meridional ana hoop stre<se% are approximated as linear functiol,s and shear as an dver-

age value through the thickness. These arc the usual shell theory approximations; how-

ev~r, in Reissner’s theory these approximations are fop both deformd and undi?forrwl

conflguratlcm.
‘saJ’ ‘so’

afid I o are Lagrangiaa stresse%. This assumption is us~d ir,

sec. 4.

1 ha: no mfl!tlwatic~l limit; however, frcm a practical ~uinl of view, it Shtilild II(, II%{.

tt!,lr! *:4.

Th* f,,rmal strain, rll(,, iS as<unwd to lIr tol.’.talit in tbe nurn,al coordinate a!, Uf:lrril,m.

in %’. i’. khm th(: dpform!d fhicknt%!, f~ noPI:I,d, r,,,, .I an IIQ fnuflrl from the n: I 111,11Lw.-

stitllt”vv eguntiiw nf W. (1(1] (O
hr. = - 1’(, %h(lllld Il& itlclu(lu(:) 511(1 Loll, stltllt!, (l lIILI

Cu. (3). lh~ mat(.rid! prcpertlc:, IIrII. fiIIr: f(,l tills pvJlliJtinr, (,f [ dri. SI.[ ant Il!d:l:rl Ill
no

L1, ;,i,rtiw..
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kith these assumptions, whirh are limits on de;orn’ed a: well ?s undefurmea qu&riLltie\,

the Cs . ..G reduce to simple integrals that can he int~grater! easily. Hmever, if a plaL-

tlc hinge enists in the shell the material properties (LS.. .Le) vary through the thicL-

ness and require integration for the evaluation of L5,..G.

Cook [Z: indicates h~ the shell constitutive equations are used for incremental quan-

tities. and thus the material properties (C5.. .CO) are tangential quantities.

7) The normal stress assumptions are

I c
s 11

~ ‘11{1
I

I L:n

)(

<< 1 and

I(

c sn can+C.—.
C5-% t <o se c

n ) f eo

(lY,

I descril,ed a methud for inc,urling normal %tress itl Lee. 4.

P) A con+fant chmgr in temp[!rdture in ltw wrmdl Co(lrc!indtk is 0 l,a>iL assumption. Thut

“St’ ‘@t’
and ant are constants for rhe iltuq?dtlur in Se:. 4. luIIIv I ihums now wll tru

afsunpt inrls in this section arP sat isf ird for tM! threw uu.M. L]F prm,;en”. t~ldt Wr!’ u!. cIi LI,

Vprify ~1 is Q,ell modol. lho thr?u nnllline~r ~~an,plt probl~w’. irl r~f~:t”,flio, ~; J hwt, ~t,l.it,.

very acrlrdtcly by this nmde~.
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7. Conclusions

-0- Ff4/3

In this paper I have presented the assumptions used to develop this shell model. These

assumptions are rncre restrictive than those used for linear shell theory. In Table 1, I

sh~ that the assumptions are valid for the three example problems used to verify this con-

puter Program. These three example problems have large stra+ns and displacements, large

rotations, and shell thickness changes of 25%, 301, and 37?.

The changes necessary to extend this model to thick shells are discussed. The greatest

concern is that the shell constitutfve equdtions are rm longer symmetric. txtenuiny the

model to thick shells is accmpllshed by

1. changing the solution technique to solve nonsymetric equatio~s,

2. modifying the Iorce vector by integrating temperatures and adding pressure aru

shear at the boundaries, and

3. calculating the shell materidl matrix for geometrif changes in eactriteralior.

M.KWLEW[NT

This work wa~. tupportrc by the [PpdrtIWnt of Energy, bivi~iol, uf Military Appllcd’

and was performed by the los Alamos National Laboratory, IJniversity of Californln.

rt[riP[hcr:

((MI} h. A., “P Finite [lPmrrt Model for Nonlinear She]

lr,r.>,

5 Cf heuLlutlOIl,” Sth ~klk’

(Strurt,lral Mec.t,atics in kea:tor ‘echnrlngy), Berlin, German F6[Itral kep.J.lie, Aug.,t.!



H. P. Cook -9-

TA6LE 1

NONLINEAR EXAMPLE PR06LEW
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