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Case of bending in the x-z plane: Common case of crossed beams
2.5. : Bending and Torsion Bar Element (crossed beam element)

and crossed beam structures

2.5.1 : Definition, Notations and sign conventions

Element Stiffness Matrix By approaching 0, by polynomials or by Lagrange interpolation we find:
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So, for the torsion bar element:

The bending and torsion bar element is a superposition of the torsion bar element and the
bending element.
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So, for the bending and torsion bar element and considering that the bar is in the x-y plane

(bending in the x-z plane):
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The transformation matrix for this element is obtained as follows:

d,,D,
In the 2 direction

cos(a) cos(B)=m

dipy
Inthe z direction

projectionon z': dy =Dy car z' ||l z

projection on x' at node 1:

d, = D, cos(a) + D3 cos(f) =1D; + mD;

projection on x' at node 1: dz= —D, cos(B) + D3 cos(a) = —mD; +1D;

Likewise at node 2 ford, ; ds et dg
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The stiffness matrix of this element in global coordinate is:
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Example:

Ny

E =32 x 105kN/m

| ok
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J=1944 x 10 % m*
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Continuity of displacements:
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Boundary conditions:
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Equivalent nodal loads:
Element 1: nodal loads equivalent to the transverse load (bending load)
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(el =)

Element 2: nodal loads equivalent to the transverse load (bending load)
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Element 2 :
E=32x10%N/m; v=0.2;1=0.0016m*J=2.817m* L=5m,1=0.8; m=0.6
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To simplify the calculations and lighten the writing of the assembly, let's introduce the

boundary conditions into the elementary systems:
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Forces in the Elements:
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