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Aspect ratio and element shapes

Use of symmetry 

Natural subdivisions at discontinuities

Stress equilibrium and compatibility in FEM solutions
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• Aspect ratio = longest dimension/ shortest dimension

• Beam with loading: effects of the aspect ratio (AR) 

illustrated by the five cases with different aspect ratios

Aspect ratio and element shapes
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• Inaccuracy of solution as a function of the aspect ratio
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• Comparison of results for various aspect ratios
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• Elements with poor shapes
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• Avoid abrupt changes in element sizes

Abrupt change in 

element size

Gradual change in 

element size
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• A soil mass subjected to foundation loading

Use of symmetry in modeling
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• A uniaxially loaded member with a fillet



University of Golpayegan

Mechanical Engineering

• A plate with a hole subjected to tensile force
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Natural subdivisions at discontinuities
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Natural subdivisions at discontinuities
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Equilibrium and Compatibility

• Equilibrium of nodal forces and moments is satisfied.

• Equilibrium within an element is not always satisfied.

• For CSB and CST and Beam elements is satisfied.

• For LST, Rectangular and Axisymmetric elements 

is not satisfied.

• Equilibrium is not usually satisfied between elements.
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illustrating violation of equilibrium of a differential element and 

along the diagonal edge between two elements
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Equilibrium and Compatibility

• Compatibility is satisfied within an element as long as 

the element displacement field is continuous

• Compatibility may or may not be satisfied along 

interelement boundaries.

• For line elements such as bars and beams, interelement

boundaries are merely nodes.

• CST and Rectangular elements remain straight-sided an are 

compatible at the boundary.
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Convergence of a finite element solution based on the

compatible displacement formulation

Convergence of solution
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Convergence of solution



University of Golpayegan

Mechanical Engineering

19

Excercise

• 7.1

• 7.7


