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A 3D 12-freedom beam element defined in a local system
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L= \/(Xz - X1)2 +(Y, — y1)2 +(z, - Zl)2

G is the torsional modulus of the material and Jis the torsional proportional
constant for the cross section.
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A 3D global 12-freedom beam element
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A 3D global 12-freedom beam element k — TT k'T

A0 0 0 Il m,_ n
L_[0 400 A=[l, m n
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Direction cosines in A.: o7 ys a8

| =cos(x’,x), m, =cos(x’,y), n, =cos(x,z)
|, =cos(y’,x), m,=cos(y’,y), n,=cos(y’,z)
| =cos(z’,x), m =cos(z’,y), n,6 =cos(z’,z)
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If a distributed load with components w), w, is applied on the element
Then the equivalent point loads at the ends of the member are:

w L wl?2 wl® wlL 2w L?
fropoths Wb g Wl Wb o Wb WL o Wl WE o
2 2 12 12 2 2 12 12

f=T"f'
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Input data for beam-bar elements.

« (X, Y, 2) for each node

£, A G, J 1, | foreach element in local coordinates

Calculate:

* The directional cosines

 The element stiffness matrix in global coordinates

 The element force vector in global coordinates

» Assemble the stiffness matrices to obtain the global stiffness matrix
» Assemble the load vectors to obtain the global load vector

« Solve the final equation to obtain the displacement at different nodes
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Two-Dimensional Problems
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Plane stress:
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which means that there are only two
Independent materials constants for
homogeneous and /sotropic materials.
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A plate is supported and loaded
p

with distributed force p as
shown In the figure. The
material constants are £and 1.
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Strain enerqy of the elastic body

Using the stress-strain law |0 = E &

_ ;jvo-rg av= ;jverEe av

In 2D plane stress/plane strain: U= 1jva e dv
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Principle of minimum potential energy: Among all admissible
displacement fields the one that satisfies the equilibrium equations
also render the potential energy IT a minimum.

“admissible displacement field”:

1. first derivative of the displacement components exist
2. satisfies the boundary conditions on S,
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t=thickness of the element
A=surface area of the element




