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2 6 : Bar element of tension-compression and bending in two
orthogonal planes and torsion (3D Frame element)

2.6.1 : Definition, Notations and Sign Conventions

This element is the combination of a tension-compression bar element, a torsion bar element

and a bending bar element in two mutually orthogonal planes

The displacement field is:
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The stiffness matrix of this element is therefore:

0 0 0 0 0 -4 0 0 0 0 0

The transformation matrix is obtained as follows:
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Ay, Bx, Yx angles that x makes with x,y and z
N cos(ay) = Iy, cos(By) = my, cos(yx) = ny
\\\O‘x The same goes for the axes.: y' and z'
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The projection of the first three degrees of freedom (the translations at node 1) onto the

x',y" and z' axes gives:

dy =14D; +my D, + ny D5
d; =1,D; + myD, +ny, D
d; =1,D; +m, D, +n, D3

A similar work for rotations at node 1 as well as for translations and rotations at node 2 gives:
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Continuity of displacements:

Boundary conditions:
D; =D, = D3= D,= Dg = D=0
Di3 = Dy4 = Dy5= D1g= D17 = D1g=0

Dig = Dy = Dp1= D2p= Dp3 = Dy =0

To simplify the calculations, let's introduce the boundary conditions at the element level
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Element 1: L=4A= 0.12,Iy/ = 0.0009,1,» = 0.0016, J = 0.001994
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The reduced matrix [T] is then :
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The reduced matrix [k]" is then[k]*!
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Element 2: L = 4,4 = 0.12,1,» = 0.0016,1,» = 0.0009, ] = 0.001994
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element3: L = 4,A = 0.12,1,, = 0.0016,1,» = 0.0009, ] = 0.001994
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Assembly:
Since the reduced stiffness matrices of the three elements involve the same degrees of freedom, then:
K] = [k]*1 + [k]*z + [k]*3 Formation of the Reduced Force Vector
Reduced Nodal Forces:
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Equivalent Nodal Loads for Element 3 (Flexion in the y-z Plane)
Equivalent Nodal Loads for Element 2 (Flexion in the x-z
Plane):
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Determination of displacements at node 2;
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Forces at the Nodes of the Element 2: Beam//x :
Forces at the Nodes of the Elements:
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Forces at the Nodes of the Element 3: Beam//y:
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