
Finite Element Analysis- PLANAR
ELEMENTS



• Lecture Objective-

• Shape function and Strain displacement matrix for quadratic
bilinear element.

• Shape function and Strain displacement matrix for quadratic
quadrilateral element.



Bilinear Quadratic
• The Q4 element is a quadrilateral element that has four

nodes. In terms of generalized coordinates, its displacement
field is:



• Shape functions and strain-displacement matrix



• The element stiffness matrix is obtained the same way
• A big challenge with this element is that the displacement

field has a bilinear approximation, which means that the
strains vary linearly in the two directions. But, the linear
variation does not change along the length of the element.
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• So, this element will struggle to model the behavior of a
beam with moment varying along the length.
 Inspite of the fact that it has linearly varying strains - it will

struggle to model when M varies along the length.
• Another big challenge with this element is that the

displacement functions force the edges to remain straight -
no curving during deformation.



• The sides of the element remain straight - as a result the
angle between the sides changes.
 Even for the case of pure bending, the element will develop a

change in angle between the sides - which corresponds to the
development of a spurious shear stress.

 The Q4 element will resist even pure bending by developing
both normal and shear stresses. This makes it too stiff in
bending.

• The element converges properly with mesh refinement and
in most problems works better than the CST element.



Example Problem
• Consider the problem we were looking at:
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Quadratic Quadrilateral Element
• The 8 noded quadratic quadrilateral element uses quadratic

functions for the displacements



• Shape function examples:

• Strain distribution within the element



• Questions-
• 1. Explain the terms

(i) Constant strain triangle (CST)
(ii) Linear strain triangle(LST) and
(iii) Quadratic strain triangles (QST).

• 2. Explain the term Cr-continuity.
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