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Broad objectives

= To develop a family of FE shape functions
= With arbitrary inter-element continuity

= Capable of hierarchic enrichment
= Physical field independent
= Applicable to 2-D, 3-D, shells, non-linear



Topics

= Laminated plate models tested:
= Kirchhoff
= Mindlin
= Reddy - C'(Q) kinematic model
= Aspects of GFEM with arbitrary continuity
« C”(Q) exponential functions in convex clouds
= C* (Q) polynomial functions in convex clouds
« C*(Q) R-functions in non-convex clouds
= Numerical results  — Integrability
— Energy convergence

— Pointwise stresses (transverse shear)
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Rvachev & Sheiko, 1995, R-functions in BVP In mechanics
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# Typical plate models

| Continuity in Displacement-based FEM

» Kirchhoff u(x y, 2) =u(x, y) + zw,
V(X Y, 2) =V (X, y) +ZwW,

W(X, Y, 2) = W(X,Y)

U(X,Y,2) =U°(X, Y) + z, (X, Y)
V(X,Y,2) =V (X, Y) + 2w, (X, Y)
W(X, Y, 2) = W(X, Y)

= Mindlin

N

U(x,Y,2) =W+ 2y, +2° [a(wx +w, )

r Reddy

.

V(X,y,2)=V" + Zy, + ZB[“(Wy+W,y)

W(X, Y, Z) = W(X, Y)




i GFEM — Arbitrary Continuity
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GFEM — Arbitrary Continuity

C k Cloud edge function - Polynomial
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i R (Rvachev) - Functions

Ok

Non Convex Cloud
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Boolean R-Functions

( \/g 1) def (:z: + vy + \x? + yz) (:1:2 + yz)k’m UG Ien

Analytic except at: (x=0,y=0) - ktimes differentiable
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Convex cloud

Partition of unity along y = 2
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Non-convex cloud — Polynomial edge function
Edges 1 and 2
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Enriched functions
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i Laminated plate functionals
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Base problem

= 3 orthotropic layers

= [0/90/0]
s Sinusoidal transverse load
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Kirchhoff model
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= Integrability — Gaussian integration
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Kirchhoff model

Gaussian and triangular integration rules
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Kirchhoff model - Displacement

w/w
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| Transverse shear stresses — by integration
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O=XO

Kirchhoff model - Stresses
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Mindlin Model — /& -convergence
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Mindlin Model — Thickness effect
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Mesh distortion
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Mesh distortion
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Figure 19: Variation of element aspect raio and element size ratio with distortion ratio for distorted
mesh M = 2.



Mesh distortion

-
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Figure 14: Views of non-enriched basis functions defined in convex and non-convex edges.



Mindlin Model — Mesh distortion
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Reddy Model — Transverse shear stresses
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Reddy Model — Transverse shear stresses
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Reddy and Mindlin Models -
Correction of transverse shear stresses

= Integrated equilibrium

= Constitutive equations _
equations

= Shear forces FC = Shear forces

N /
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Reddy Model — Transverse shear stresses
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GFEM — with arbitrary Continuity

Good aspects observed
= Ease and precise stress determination
= including transverse inter-layer stresses
= Excelent behavior in high mesh distortion
= The approximation functions defined in global coordinates

= Polynomial edge functions of low degrees are efficient compared to
the exponential ones

Requires attention
= Integration effort
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