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Lecture 10B. 2D frame element

Finite element method
(FEM1)
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Examples of frame structures

Motor hang glider structure Engine bed

Bicycle frameFrame construction of the hall
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2D frame element in local coordinate system – local stiffness matrix
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Local vector of nodal parameters:

Global vector of nodal parameters:

2D frame element in global coordinate system – local and global nodal parameters
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𝑢1

𝑣1
𝑞2 𝑞1

𝑞1 = 𝑢1 · 𝑐𝑜𝑠𝛼 + 𝑣1 · 𝑠𝑖𝑛𝛼 = 𝑐 · 𝑢1 + 𝑠 · 𝑣1

𝑞2 = −𝑢1 · 𝑠𝑖𝑛𝛼 + 𝑣1 · 𝑐𝑜𝑠𝛼 = −𝑠 · 𝑢1 + 𝑐 · 𝑣1

1

(𝑐 = 𝑐𝑜𝑠𝛼 ; 𝑠 = 𝑠𝑖𝑛𝛼)

1′

Transformation of degrees of freedom from global to local coordinate system
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Local vector of 
nodal parameters:

Global vector of 
nodal parameters:
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Transformation matrix:

2D frame element in global coordinate system – transformation matrix

𝑐 = 𝑐𝑜𝑠𝛼
𝑠 = 𝑠𝑖𝑛𝛼
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Elastic strain energy of an element:
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2D frame element in global coordinate system

     
Tg

r ee
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Element stiffness matrix:

r

Local vector of 
nodal parameters:

Global vector of 
nodal parameters:
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Global 2D frame element stiffness matrix
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