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1. Intr oduction

We investigatethedeformatiorof loadedcylindrical anisotropicelasticshells,in theframewvork
of the Cosseratheory Within thelineartheory we approachherelaxed Saint—\énants problemand
the problemof Truesdell.

Thetheoryof Cosserashellsis aninterestingapproactto the mechanicof elasticshell-like
bodies,in which the thin three—dimensionddody is modelledasa two—dimensionatontinuum(i.e.
a surface)endaved with a deformabledirector assignedo every point. For a detailed analysi®f
the theory of Cosserasurfacesand its relation with other shell theories,we refer to the classical
monograplof Naghdi[1] andthe modernbookof Rubin[2].

Due to its importancein engineeringthe Saint-\énants problemhasbeenstudied inmary
articlesin the contet of classicaltheoriesof shellsor in the theory of Cosserasurfaces[3]. For
isotropicandhomogeneou€osserashells, thesolutionof Saint—\énants relaxedproblemwasgiven
in [4].

In the presentwork, we consideranisotropicand inhomogeneousy/kindrical Cosserashells.
The cylindrical surfacescan be opetror closed,andthe cross—sectioiis not necessarilycircular. We
assumehatthe constitutive coeficientsof the Cosserashellareindependentf the axial coordinate.

2. The relaxedSaint—Venant’s problem

For ary Cosserashell, we denoteby r andd the positionvectorandthe directorassignedo
every point of the deformedsurface. Let R and D designate thgosition vector and the director
fields associatedo the referenceconfigurationS of the Cosserasurface. Then,the (infinitesimal)
displacement: anddirectordisplacemend aredefinedby

1) u=r—R, §=d-D.

We considerthatthe referenceconfigurations is a generalcylindrical surface(openor closed),and
we denoteby > ands theaxial coordinateandthe circumferentialcoordinateon S, respectiely.

Thewell-known Saint—\énants problemconsists irdeterminingheequilibriumof suchshells
underthe action of prescribedcontactforcesand contactdirector couplesdistributed over its end
edgesIn therelaxedformulationof this problem,we considerthattheterminalloadsaregivenin the
form of theresultanforcesandresultantmomentsactingontheend edges.

We determinea solutionof the relaxed Saint—\énants problemfor anisotropicCosserashells
usingthe methodestablishedby lesan[5] in the context of three—dimensionadlasticity Our solution
is presentedn the form of the displacement field) = (u,d) andit is expressedn termsof the
solutions tosomeauxiliary boundary—alue problemsfor ordinary differentialequationgcalledthe
cross—sectioplaneproblems).

In orderto obtain the solutionwe separatehe relaxed Saint—\énants probleminto two prob-
lems: (P;) theextension—bending—torsigoroblem,and(?,) theflexure problem.

First, we searchfor a solutionv = (u,d) of the problem(P;) suchthat dv/0z is a rigid
body displacement fielaf the Cosserashell. As in the three-dimensionatheory this solutionis
determinedn termsof four constantssaya, , as , a3 anda, , which can benterpretedas the global
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measuresf axial curvature,axial strainandtwist. We denotethe solutionof the extension—-bending-
torsionproblemby v = v{ay, as, a3, a4} , indicating thusts dependencen the constants, .
For theflexure problem(7,), we obtaina solutionof theform

2 v :/ v{b1, ba, b3, by} dz + v{cy, o, 3,4} + w(s),
0

where{by, bs, b3, b4} and{cy, ca, 3, ¢4} areconstants, whilev(s) is a displacement fieldiepending
only on s, which aredeterminedn the paper

3. Truesdell'sproblem

We notice that the solution obtainedfor the relaxed Saint—\énants problemin the theory of
Cosserashellspossessesomepropertieswhich areanalogougo the characteristigropertiesof the
classicalSaint—\énants solutionfor cylinders. For instance,we prove that our solutionscan be
characterizegs minimizersof the strainenepgy on certainclasseof solutions(in correlationwith
the correspondinghree—dimensionaksultsfor cylinders,seee.qg.[5, 6]).

Further we extendthisanalogyandderive asolutionfor theproblemof Truesdelfor anisotropic
cylindrical shells.In [7], Truesdellproposedhefollowing problemfor thetorsionof elasticcylinders:
to definethe functional 7 (-) on the setof all solutionsu of the torsion problem,correspondingo a
scalartorque M , suchthat

@) T(u) = —

where uD is the torsionalrigidity of the cylinder. Podio—Guidugli[8] rephrasedhe problemfor
extensionand bendingwhile lesan[5] consideredheflexure of elasticcylinders.

We presenta solution of Truesdells problemformulatedfor the extension—bending—torsio
problemandfor the flexure problemof anisotropiccylindrical shells.

Examplesaregivenfor orthotropiccylindrical shellsandfor the specialcase ofCosseraplates.
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