A 4-node geometrically nonlinear degenerated
shell element for fabric modeling

This work is aimed at creating FEM-like fast methods for
calculating deformations (wrinkling/draping) for clothing worn by
soldiers in Nuclear, Biological, and Chemical (NBC) warfare.
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Objectives

* Formulate a geometrical nonlinear thin shell element for
fabric modeling.

- Test the model to simulate drape over complex arbitrary
surfaces.

- Test the model to capture buckling and wrinkles.

- Extend the model to analyze fabrics with seams, stitches and
multiple ply fabric assemblies.

end the model to include contact with surfaces.
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Degenerated shell element

Assumptions are:
1. Fibersremain straight (modified Mindlin-Reissner assumption)

2. The stress normal to the midsurface vanishes (also called the plane
stress condition)

Note: Selective reduced integration is used to avoid membrane and
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Shell geometry
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Shell geometry

x(X,h,z) = x(x,h)+ X (x,h,2)

Top surface
x(E n, +1)

X(x.h) =2 N,(x,h) Xa

a=1

X(h,2) = 8 Nalh) X, (2)

a=1 ha

Xa(z):Za(Z)Xa ;.H_'I \‘\
. Reference surface
x(E, n, ) =¥lE, )

(2)=N,(2)2+N. (2) 2

Bottom surface
x(k 0, =)

% :%(1- Z) N+(Z):%(1+Z)
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Lamina and fiber bases 17
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Sheall kinematics

nen nen
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Hyperelastic material model
The particular strain energy function used hereisthat of Ciarlet, wherein
the volumetric (U) anddeviatoric (W) strain energy functions are

assumed to be decoupled and of the forms;

E(F) =U (J) +W(?)

1 él1, .,
U(J)—EKg—(J 1 - In (J)H
— 1
W = Em[tr(’?) 3]
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Stiffness, stress, and elasticity tensor expressions

From the strain energy function, we can find expressions for the

stress tensor, elasticity tensor, and the stiffness matrix .

S:g(Jz-l)C'1+ (5)1-:13 (E)tr(C)Cl

2 -
2 ( )

f 9 p i 3" b
2 ( 5) 1
- gmj (Cxidy; +dKLCIJ)

X1 = OBCux BrLdWg + (\j\l,?SJ N,?(dILdWS

Ws

= o
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