
The transformation matrix of a two-nodes beam element is obtained with the combination of 

two rotations 𝛼  and  𝛽  using local and reference coordinates systems: 

[𝜆](3×3) = [𝑃𝑜−2] = [𝑃𝑜−1][𝑃1−2] 

Where:     [𝑃𝑜−1] = [−
𝑐𝑜𝑠 𝛼 𝑠𝑖𝑛 𝛼 0
𝑠𝑖𝑛 𝛼 𝑐𝑜𝑠 𝛼 0

0 0 1
] 

And:    [𝑃1−2] = [
𝑐𝑜𝑠 𝛽 0 𝑠𝑖𝑛 𝛽

0 1 0
−𝑠𝑖𝑛 𝛽 0 𝑐𝑜𝑠 𝛽

] 

Then:   [𝑃𝑜−2] = [−

𝑐𝑜𝑠 𝛼 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝛼    𝑐𝑜𝑠 𝛼 𝑠𝑖𝑛 𝛽
𝑠𝑖𝑛 𝛼 𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝛼 −𝑠𝑖𝑛 𝛼 𝑠𝑖𝑛 𝛽

−𝑠𝑖𝑛 𝛽 0 𝑐𝑜𝑠 𝛽
] 

 
The computations use the element nodes coordinates such that: 
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The coordinates of any element are known in the global coordinates system. 
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If the element has six degrees of freedom: 

⌊𝑑⌋ = ⌊𝑢1 𝑣1 𝑤1 𝜃𝑥1 𝜃𝑦1 𝜃𝑧1 𝑢2 𝑣2 𝑤2 𝜃𝑥2 𝜃𝑦2 𝜃𝑧2⌋ 

The transformation matrix becomes: 

[𝑇](12×12) = [

[𝜆] [0]
[0] [𝜆]

[0] [0]
[0] [0]

[0] [0]
[0] [0]

[𝜆] [0]
[0] [𝜆]

] 

 


