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Vibrations : dead load
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Equilibrium I > 0 Timoshenko

with shear, extension, and rotational inehia
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Vibrations (numerical study




Vibrations: brst 4 modes




Kirchhoff equations i

apply to :
- slender bodies
- not too bent




Kirchhoff equations




Kirchhoff equations




Kirchhoff equations
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Kirchhoff equations

\p(s) ds




Kirchhoff equations

\p(s) ds

S stds  r(s+ds)

Dynamics (linear momentum):

F(s+ ds,t) — F(s,t)+ p(s,t)ds
F'(s,t)+ p(s,t)
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Kirchhoff equations

\p(s) ds
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M(s) > U

Dynamics (angular momentum):
M'(s,t)+ r'(s,t)! F(s,t) = 11"Us,t)




Kirchhoff equations: kinematics
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Kirchhoff equations: constitutive relations
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Equilibrium equations (adim)
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Equilibrium: analytical study] ¢=0 Euler-Bernoull

d

12-
Tt D
1.0 d= —

~ L

0.8
0.6
0.4

0.2

0.0

1 020

101(S) + 1%02(s) + 1°05(5) + O n*,

y(s) ny1(s) + n°y2(s) + n°ys(s) + O n*

p Po+ npL+ np2+ n3ps+ O n?

41




Equilibrium: analytical study] ¢=0 Euler-Bernoull
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Equilibrium: analytical study

e =0 Euler-Bernoulli




Vibrations: analytical study =0 Euler-Bernoull

small amplitude vibrations around pre or post-buckled equilibrium
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Vibrations: analytical study =0 Euler-Bernoull
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Vibrations: analytical study ¢=0 Euler-Bernoull
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Vibrations: analytical study

e =0 Euler-Bernoulli
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Vibrations: analytical study
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Dynamics

with shear, extension, and rotational inertia

™m

P

g

—f sin! +1, cos!

fycos! +f,sin!

L fit " fufs(LY 28+ T

| > 0 Timoshenko

| 1

0<!= = —

AL? 12

cos! + "(fzcos! ! 2(1+ #)fysIn!)
sin! + "(fzsin! +2(1+ #)f1cos!)

v Poisson

(

.

~\

boundary conditions
x(0,t)=0  x(1,t)=1"! d
y@©O,t)=0  y(@d,t)=0
1(0,)=0  !(1,t)=0




Vibrations Il > 0 Timoshenko

with shear, extension, and rotational inertia
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Vibrations Il > 0 Timoshenko
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Vibrations Il > 0 Timoshenko

with shear, extension, and rotational inertia
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Vibrations Il > 0 Timoshenko

with shear, extension, and rotational inertia
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Vibrations Il > 0 Timoshenko

with shear, extension, and rotational inertia
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Vibrations Il > 0 Timoshenko

with shear, extension, and rotational inertia
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Vibrations Il > 0 Timoshenko
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Vibrations Il > 0 Timoshenko
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Perspectives

- modes -> forced osclillations |
(coupling with strings)

- beam -> plate
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