NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, lIT Kharagpur

Module 02: Weak Form & Rayleigh-Ritz method
Lecture 06 : Elements of Calculus of Variations - |



Concepts Covered

* Introduction: Functional
* Euler-Lagrange Equation
* Problem
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NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, lIT Kharagpur

Module 02: Weak Form & Rayleigh-Ritz method
Lecture 07 : Elements of Calculus of Variations - Il



Concepts Covered

e Euler-Lagrange Equation and Boundary
Condition
* Problem
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NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, lIT Kharagpur

Module 02: Weak Form & Rayleigh-Ritz method
Lecture 08 : Elements of Calculus of Variations - lll



Concepts Covered

 First variation of a functional involving higher
order derivatives.

* Example: Euler-Bernoulli Beam.

 First variation of a functional involving several

dependent variables.
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NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, lIT Kharagpur

Module 02: Weak Form & Rayleigh-Ritz method
Lecture 09 : Strong Form and Weak Form



Concepts Covered

Euler — Lagrange Equation: Strong Form
Examples — Bar and Beam.
Weak Form
Bilinear and Linear Form



12 0)-_
T = j = (m,v,—u‘,y”) d % & ‘T =0
x, .
X - L — PE
> ==V P 2 AE [ Aum vo\‘x _ q,ual-:n. — P*u()
—r W A= . —> P o
/ L, A, E z LA .
W= '
T=-0 | 0% i
s & ; AE j.“__‘_r; % D L SE
“A

o =L 1, o =Y xod
Achh:-l%ﬁ-l\:‘d]l\j Cntera . N9 l =0
=0 ;
3 E —,,

HQN&MM e . ﬂg it

S - = = —> 7~ / MH ;
? B . 7 Nakwaal BC PP ANV WAk
W= Mg
n =0 |
_— z | . | '-1"
- Cvosr Formw % Linnew Torw. v 3 .
B 4(1) ~ 1'1# -T—("“""ﬂ) — (1#‘,‘]) - N 4 ‘2—7‘3

24







NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, IIT Kharagpur

Module 02: Weak Form & Rayleigh-Ritz method
Lecture 10 : Rayleigh-Ritz method - |



Concepts Covered

e Bilinear and Linear Form and Quadratic
Functional
e Rayleigh-Ritz method



Recap:
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NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, IIT Kharagpur

Module 02: Weak Form & Rayleigh-Ritz method
Lecture 11 : Rayleigh-Ritz method - Il



Concepts Covered

e Rayleigh-Ritz method
e Problem
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