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Chapter 6: buckling
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Introduction
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Definition

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

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

¢ Structural collapse may occur.

* Failure by instability can occur well before
material yielding.

2 som

&, Geometry often matters more than material strength.
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Definition

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

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

¢ Structural collapse may occur.

* Failure by instability can occur well before
material yielding.
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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.
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The Euler theory of buckling
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The Euler theory
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The Euler theory

k < I > F
% Cohesion torsor at X(x,v(x),0) € [AB]:
—F 0 F 0 F 0
{Te}={Tu}={0 0 :{ﬂjf"h}:{O 0}:{:7;103)’} ={0 0 }
0 0 0 0 0 —v(x)F

% Combined compressive loading and pure bending.
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The Euler theory

k < I > F
% Cohesion torsor at X(x,v(x),0) € [AB]:
—F 0 F 0 F 0
{Te}={Tu}={0 0 :>{7;foh}=§0 0}:{:734%)’} ={0 0 }
0 0 0 0 0 —v(x)F

% Combined compressive loading and pure bending.

“ Deflection equation:
d’v(x) Bx,(x) —v(x)F

dx? EL EL
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The Euler theory

k < I > F
% Cohesion torsor at X(x,v(x),0) € [AB]:
—F 0 F 0 F 0
{Tp} = {74} ={ 0 0} = {70 = {0 0} = {7,000} = {0 0 }
0 0 0 0 0 —v(x)F

% Combined compressive loading and pure bending.

“ Deflection equation:
d’v(x) Bx,(x) —v(x)F

dx? EL, EL

d2v(x) F
G RS v(x) =0
(Second-order differential equation with constant coefficients)
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The Euler theory

k< 7 > F
2
% dd’;(j‘) +2-0(x) = 0
(Second-order differential equation with constant coefficients)
 Let:
| F d*u(x) , B
w = EIx:> 2 + wv(x) =0
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The Euler theory

k< 7 > F
d2v(x)  F
G RIS v(x) =0
(Second-order differential equation with constant coefficients)
 Let:
F  d?v(x) + wtu(x) = 0
w = = wv(x) =
EIL, dx?
+»» Solutions:

v(x) = A cos wx + B sin wx
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The Euler theory

Kk < I > F
d2v(x)  F
G RIS v(x) =0
(Second-order differential equation with constant coefficients)

 Let:

F  d?v(x) + wtu(x) = 0

w = = wv(x) =

EIL, dx?

+»» Solutions:

v(x) = A cos wx + B sin wx
¢ Limit conditions:
[v(0) =0 - A=0
(v(L) =0 sinwL = 0= wL = km: k € Nt

. km
& v(x) = Bsin (Tx)
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The Euler theory

dzv(x) 2 o | F
S 1o T wv(x) =0w =

L v(x) = B sin (k—Lﬂ x)
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The Euler theory

dzv(x) 2 o | F
N 1o T wv(x) =0w =

L v(x) = Bsin (k—Lﬂ x)

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

k2m?El,

% Fc,k — LZ
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The Euler theory

L v(x) = Bsin (k—Lﬂ x)

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

k2m?El,
Q>Fc,k= 122
K<+ L ~——__ - F
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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.quitton@univ-lorraine.fr

Website; www.antoine-quitton.fr
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