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1. Intr oduction

Thenumerical simulation ofthin textile reinforcedconcrete(TRC) strengtheninglayers is the
objectof this research. Its mechanicaldescription is implemented bya shell formulation demanding
an efficient numerical solutionstrategy. The shell model isformulatedwith respect to oneof the
outersurfaces,i.e. the shell formulation is surface-related. The discretizationandinterpolation of
the associated variational formulationare sourcesof several locking phenomena.Extensionsand/or
adjustmentsof well-known techniquesto preventor at least toreducelockinglikethe assumed natural
strain (ANS) methodandthe enhancedassumedstrain (EAS)method have to bemade.

2. Governing Equations

Sinceshellsare three-dimensionalbodiesthe field equationsof continuum mechanicsare the
starting point for the mechanicalmodel. They can befound in manytextbooks,e.g. [1]. This set
of partial differential equationswith pertinent boundary conditionshasto be solved for the TRC
strengtheninglayer. An efficient numerical solution ofthis problembecomeseasierif theproblemis
reformulated usingabackground ofvariationalcalculus.

3. Variational Formulation

Theweakformulation ofthegoverningequationsis gained bythestandard procedure andleads
for hyperelasticityto thewell-known generalizedHU-WASHIZU functional:

ΠHW (U, Ẽ,S, t0) =

∫

Bt

(ρtf(E(U) + Ẽ) − symS .. Ẽ)dV +

∫

Bt

ρt(Ü − f) · UdV

−

∫

∂tBt

t̂0 · UdA +

∫

∂UBt

t0 · (̂U − U)dA → stat.,(1)

whereby a re-parametrizationfollowing thesuggestion of [5] wasmade:

E = E(U) + Ẽ ⇔ E
U − E = −Ẽ(2)

introducingthe residuumof the kinematicalfield equationẼ. The demandfor stationarity of this
functional isequivalent withthefield equationsandthepertinentboundary conditions.But now the
residuumof thekinematicalfield equation:Ẽ = 0 appears asEULER-LAGRANGE equation.Further
following the suggesting of [5]a L2-orthogonality betweenthe secondPIOLA-K IRCHHOFF stress
tensorS and the residuumẼ of the kinematicalfield equationis enforced. Therefore the second
term in the first integral on the right-handsideof equation(1) vanishes.This resultsin a modified
stationarity conditionthatrepresentsthefollowing abstractvariationalformulation:

Find

(U, Ẽ) ∈ X1 ×X2 = H
1(Bt, E

3) × L2(Bt, E
3 ⊗ E3)

(t0,S) ∈ M1 ×M2 = L2(Bt, E
3) × L2(Bt, E

3 ⊗ E3),
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such that

a(U, Ẽ; η, δẼ)+b1(η, t0) = F(η, δẼ) ∀(η, δẼ) ∈ X1 ×X2

b1(U, δt0) = G1(δt0) ∀δt0 ∈ M1

andtheorthogonality condition
∫

Bt

S .. Ẽ dV = 0 is fulfilled.
This abstractmathematicalformulationallows to investigatetheproblemfrom a mathematical

pointof view andshows thestructureof thethree-dimensionalproblem.

4. Surface-Related ShellFormulation

The displacementfield U representingthe motion of the shell continuum,i.e. of the TRC
strengtheninglayer, is restricted byakinematicalassumption:

U = V + Θ3
W,(3)

Correspondingto theparticular position ofthereferencesurfaceit follows for thenormal coordinate
Θ3 ∈ [0, H]. Thedisadvantageof this shellkinematicsis that it causesPOISSON thicknesslocking.

Starting from the kinematics(3) a surface-relatedshell formulation is derived, i.e. surface-
relatedstrain tensors, surface-relatedstressresultant tensors etc. are defined.Furtherdetailscan be
foundin [2, 3].

5. Finite ElementFormulation and Further Locking Phenomena

The discretization ofthe functional isonesource of locking phenomenathat can bereduced
or evenavoided byanenhancementof thestrain tensor, cp. [5], or of thefinite elementformulation,
cp. [4]. Sincewe are dealingwith a surface-relatedshell formulationextensionsand/oradjustments
of thesetechniqueshaveto bemade andarepresented.Thisprocedurefinally leadsto avery efficient
surface-relatedfinite volumeshellelement thatcan beusedin its respectiveframework of application,
i.e. thesimulation ofTRCstrengtheninglayers.
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