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ON A SURFACE-RELATED SHELL FORMULATION
FOR THE NUMERICAL SIMULATION OF
TEXTI LE REINFORCED CONCRETE LAYERS

R. Schlebsud and B. Zastrau
Instituteof Mechanicsan ShellStructues,DresdenGermany

1. Introduction

The numeical simulation ofthin textile reinforcedconceete (TRC) strengthenindayers is the
objectof this reseach. Its mechanicablesciption is implemented bya shellformulation demanding
an efficient numercal solution strategy. The shell model isformulatedwith respect to onef the
outersuifaces,i.e. the shellformulationis suface-elated. The discretizationand interpolation of
the associatedaniational formulationare sourcesof several locking phenomenaExtensionsand/or
adjustmentsf well-known techniqueso preventor at least taeducdocking like the assumed natalr
strain (ANS) methodandthe enhancedssumedtrain (EAS) method hae to bemade.

2. Governing Equations

Sinceshellsare three-dimensionabodiesthe field equationsof continuum mechanicare the
stating point for the mechanicaimodel. They can befound in manytextbooks,e.g.[1]. This set
of pattial differential equationswith pettinent bounday conditionshasto be solved for the TRC
strengthenindayer. An efficient numeical solution ofthis problembecomesasierif the problemis
refomulated usingibackgound ofvariationalcalculus.

3. Variational Formulation

Theweakformulation ofthegoveming equationss gained bythe standad procedue andeads
for hypeelasticityto thewell-known genealizedHu-WAsHIzu functional:
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wherby are-paametizationfollowing the suggestion of [bwasmade:

2 E=EU)+E <« EY-E=-E

introducingthe residuumof the kinematicalfield equationE. The demandfor stationaity of this
functional isequivalent withthe field equationsandthe pettinentbounday conditions.But now the
residuumof the kinematicalfield equation:E = 0 appeas asEULER-L AGRANGE equation.Further
following the suggesting of [5la Ls-orthogonality betweerthe secondPioLA-KIRCHHOFF stress
tensorS and the residuumE of the kinematicalfield equationis enforced. Therefore the second
tem in thefirst integgral on the right-handside of equation(1) vanishes.This resultsin a modified
stationaity conditionthatrepresentghefollowing abstactvarationalformulation:
Find
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sud that

a(U, E;n, 6E)+bi(n,t0) = F(n,0E) V(n,dE) € X x X,
by (U, 5t0) = gl((gto) Véty € M,

andtheorthogonality conditionf,, S: E dV = 0 is fulfilled.
This abstact mathematicaformulationallows to investicatethe problemfrom a mathematical
point of view andshaws the structure of thethree-dimensiongbroblem.

4. Surface-Related ShellFormulation

The displacementield U reprsentingthe motion of the shell continuum,i.e. of the TRC
strengthenindayer; is resticted bya kinematicalassumption:

(3) U=V +6’W,

Correspondingo the paticular position ofthereferencesurfaceit follows for the nomal cooinate
©3 € [0, H]. Thedisadwantageof this shellkinematicsis that it caused?01SsON thicknesdocking.

Stating from the kinematics(3) a sufface-elatedshell formulationis defived, i.e. suiface-
relatedstrain tensos, suface-elatedstressresultant tensaretc. are defined. Further detailscan be
foundin [2, 3].

5. Finite Element Formulation and Further Locking Phenomena

The discretization ofthe functional isone source of locking phenomen#hat can bereduced
or evenavoided byanenhancemertf the strain tensor cp. [5], or of thefinite elemenformulation,
cp.[4]. Sincewe ae dealingwith a sufface-elatedshell formulationextensionsand/oradjustments
of thesetechniquedave to bemade andire presentedThis procedue finally leadsto avery efficient
suiface-elatedfinite volumeshellelement thatan beusedin its respectie framevork of application,
i.e. thesimulation of TRC strengthenindayers.
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