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Rod vs Ribbon vs Plate

ODE ODE PDE

Rod h~w<L convention:
Ribbon hkw<kL L>w>h

Plate h<<w ~ L
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2D plate -

@ 3D block

convention:
L>w>h




Ribbons at all length-scales
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Ribbons at all length-scales




Ribbons at all length-scales
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Ribbons at all length-scales
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Ribbons at all length-scales
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Ribbons at all length-scales
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Up to now: Inextensible Ribbon models

plate theory: extension Is expensive

hypothesis: no extension at all
==> equilibrium: develrn~hln erifana
==> presence of lines

Here, we discuss this
Inextensibility hypothesis

Roger Fosdick
Eliot Fried Editors
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R. Fosdick & E. Fried
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Lateral Torsional Buckling

total weight
_ Mg
- Dw/L?

buckling force
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Lateral Torsional Buckling
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| ateral
Torsional
Buckling

w/L = 0.1
h/L = 0.001
v =0.35
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Lateral Torsional Buckling
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start with
plate model

The Ribext model

Ribbon / with \ extension
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The Ribext model: Kinematics
[

deformation of

the centerline: K 1 (S ) KZ(S ) K3 (S )




The Ribext model: Kinematics
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deformation of _
e soction u(s,t) = u(s,t)d; + v(s, ) d, + w(s, 1) ds




The Ribext model: two-scale expansion

| 1
V: J [EMaﬁKaﬁ_l_E aﬁeaﬁdﬂ — J' J Wplatedg
s Yl

S YL
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with Maﬁ = D [(1 — V) Kop + VK, 5(14 and Naﬁ = K [(1 — V) €Eqp TVE, 5aﬁ]

S— i

Kop = Kap(K123(8), u v w(s, t))[; P, x, x,(U(2) V() W(1))
|

|

two-scale expansion

€ap = €qp(K123(8), uvW(s, )= ¢, (u(1) v(1) (1))

slow variable s

rapid variable t

\ K123CX<) are ‘parameters’
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plate
model

The Ribext model: two-scale expansion

1 1
V — J' J 2 Maﬁ ,B + 5 Olﬁ (lﬁ dQ J' [ Wplate dﬂ
sYt SYl

Wplate o K123(u V W(t))

V ~ [ [J W, (v w(t)) dt] ds

W—/
[1(2) v() w(1)]

’<123

End Result

Euler-Lagrange equations

usol(t) Vsal(t) Wsol(t) # ’<123[ sol Vsol WSOI] — FSOZ(KI Ko KB)
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The Ribext model: two-scale expansion )

2D 1 1
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model 2 2
1D
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1R8] = 5 = (T (1 — 12) k2 HLKq

h3w i B
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relaxation of stiff mode
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The Ribext model: limits )
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The Ribext model: limits )
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The Ribext model: limits )

(wclz + K32)2
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The Ribext model: limits

1
F(Kl K3) — EEll K12 +

n<<l -0 Rod

u>1 w-l1 Ribbon
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The Ribext model: limits

Shield number S/
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Conclusion

e Ribext, a model between rod and ribbon

e Even a plate may behave as a rod or as a ribbon,
it depends on the actual curvature

Thank you
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