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Contents of this lecture

* Derivation of Potential energy expression in beam element
* Minimization of Potential Energy to get element equations
* Derivation of Stiffness Matrix by MPE approach

* Introduction of D.E. of Beam into Galerkin’s Method

* Derivation of Stiffness Matrix by Galerkin’s approach
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Minimum Potential Energy to Derive Beam ot
Element Equations in Local Coordinates

Step 4: Derive the Element Stiffness Matrix and Equations

* Direct Approach ,
[- Minimum Potential Energy] Mo, b2
. E,1I N
* Galerkin’s Method C,Z—n?
Tp = (1] + '(11 nyv&Zy
’ internal strain energy | | Work of External Forces |
The work done by the The work performed by
internal forces through the external forces during
deformations. deformations.
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Derivation of Potential Energy in Beam !j
Element
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Derivation of Potential Energy in Beam !j
Element

i: Surface Displacement

T,: Surface Force
Uity
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E (Young’s modulus)
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Minimization of Potential Energy of

Beam Element
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Stiffness Matrix by Minimum Potential
Energy Approach
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Galerkin’s Method to Derive Beam
Element Equations in Local Coordinates

Step 4: Derive the Element Stiffness Matrix and Equations

* Direct Approach

* Minimum Potential Energy

[+ Galerkin’s Method ] \,2_.;?
Differential Equation for Beam fay,day

adx

E: Young’s modulus
I: moment of inertia
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Galerkin’s Method to Derive Beam .i
Element Equations in Local Coordinates
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Galerkin’s Method to Derive Beam .i
Element Equations in Local Coordinates
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Galerkin’s Method to Derive Beam
Element Equations in Local Coordinates
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Surface Force m,

[K] Local Stiffness Matrix for Beam Element
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Summary

* Element Equations obtained by Minimum PE as well as Galerkin’s
Method.

* The details of each method are presented in the lecture.

Further Readings:
Sections 4-7 and 4-8 from “A first course in finite element”
by Logan

Chapter 3: Bar Element, By Maryam Mahnama, PhD




