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Lecture 6B. Requirements for the shape functions

Finite element method
(FEM1)
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Requirements for the shape functions

a) It allows to approximate a constant value of the function 𝑢 inside the finite element

b) It ensures the continuity, on the boundary between finite elements, of the 
displacement function {𝑢} and its derivatives up to one order lower than the highest 
derivative of {𝑢} appearing in the total potential energy functional V.

If requirements a) and b) are satisfied, the approximate solution tends to the exact 
solution with increasing the number of degrees of freedom.



3

Example Check the requirements for the 4-node element shape functions

𝑁1 𝜉, 𝜂 = ¼ 1 − 𝜉 1 − 𝜂
𝑁2 𝜉, 𝜂 = ¼ 1 + 𝜉 1 − 𝜂
𝑁3 𝜉, 𝜂 = ¼ 1 + 𝜉 1 + 𝜂
𝑁4 𝜉, 𝜂 = ¼ 1 − 𝜉 1 + 𝜂
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Condition a) 
is met
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Condition b) is satisfied if the function {𝑢} is 
continuous between elementscontains differential operators of 

the first order

(The first order is the highest order of the 
derivative in the functional V)
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Condition b) 
is met
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