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Introduction



3

Prof. Antoine GUITTON

v Instability phenomenon characterized by a
sudden lateral deformation of a structure
under compressive loading when a critical
load is exceeded.

v Buckling may be global (columns) or local
(plates, shells).

v Structural collapse may occur.

v Failure by instability can occur well before
material yielding.

Definition

Ä Geometry often matters more than material strength.
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Measure of the deflection
Beam with a thickness of 0.4 mm, a width of 39 mm, and a length of 310 mm.
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Measure of the deflection
Beam with a thickness of 0.4 mm, a width of 39 mm, and a length of 310 mm.

Critical load
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The Euler theory of buckling
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The Euler theory

𝑣(𝑥)
𝒊�

𝒋

𝒌 𝐹

𝐴 𝐵

𝐿
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The Euler theory

vCohesion torsor at 𝑿(𝒙, 𝒗 𝒙 , 𝟎) ∈ 𝑨𝑩 :

𝒯! = 𝒯" =
−𝐹 0
0 0
0 0

⇒ 𝒯"#$% =
𝐹 0
0 0
0 0

⇒ 𝒯"→'#$% =
𝐹 0
0 0
0 −𝑣 𝑥 𝐹

Ä Combined compressive loading and pure bending.
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Ä Combined compressive loading and pure bending.

Ä
d)!(#)
d#) + %

&'*
𝑣(𝑥) = 0

(Second-order differential equation with constant coefficients)
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The Euler theory

vLet:

𝜔 =
𝐹
𝐸𝐼+

⇒
d(𝑣(𝑥)
d𝑥( + 𝜔(𝑣(𝑥) = 0

Ä
d)!(#)
d#) + %

&'*
𝑣(𝑥) = 0

(Second-order differential equation with constant coefficients)
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The Euler theory
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vSolutions:
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The Euler theory

vLet:

𝜔 =
𝐹
𝐸𝐼+

⇒
d(𝑣(𝑥)
d𝑥( + 𝜔(𝑣(𝑥) = 0

vSolutions:
𝑣 𝑥 = 𝐴 cos𝜔𝑥 + 𝐵 sin𝜔𝑥

vLimit conditions:
@𝑣 0 = 0
𝑣 𝐿 = 0 ⇒ @ 𝐴 = 0

sin𝜔𝐿 = 0 ⇒ 𝜔𝐿 = 𝑘𝜋: 𝑘 ∈ ℕ,

Ä
d)!(#)
d#) + %

&'*
𝑣(𝑥) = 0

(Second-order differential equation with constant coefficients)

Ä 𝑣 𝑥 = 𝐵 sin ()
*
𝑥

𝑣(𝑥)
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The Euler theory

vCritical loads:
o The solution is substituted back into the differential equation.

Ä
d)!(#)
d#) + 𝜔+𝑣 𝑥 = 0;𝜔 = %

&'*

Ä𝑣 𝑥 = 𝐵 sin ()
*
𝑥

𝑣(𝑥)
𝒊�

𝒋

𝒌 𝐹

𝐴 𝐵

𝐿

Ä 𝑭𝒄,𝒌 =
𝒌𝟐𝝅𝟐𝑬𝑰𝒙

𝑳𝟐
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𝑘 = 1

𝑘 = 2
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Thanks for your listening!

If you need further information:

Prof. Antoine GUITTON
Full Professor at Université de Lorraine

Phone (LEM3): +33 372 747 826

Email: antoine.guitton@univ-lorraine.fr
Website: www.antoine-guitton.fr
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