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Strain-displacement matrix:
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Strain-displacement matrix:
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Strain-displacement matrix:
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Stress components:
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Strain and stress components at the center (point C):
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NUHELZICAL  INTEGCATION =2
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Summary
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Conclusion:
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Mixed quadrature rule
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— shear locking:

FE model with
shear locking
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— hourgalssing: analytical solution

— volumetric locking in nearly incompressible materials
(v=0.5)
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Element technology - linear materials

Poi 'sratio> 0.4
Element Stress State Poisson's ratio <= 0.49 0|s-son > rar >0 ,9
(or anisotropic materials)
KEYOPT(1) = 2 KEYOPT(1) = 2
Plane stress . . ; .
(Enhanced strain formulation) (Enhanced strain formulation)
PLANE1S2 KEYOPT(1)=3
_ ()= _ KEYOPT(1) = 2
Not plane stress (Simplified enhanced strain , ,
. (Enhanced strain formulation)
formulation)
Plane stress No change No change
PLANE183
Not plane stress No change No change
KEYOPT(2) =3
KEYOPT(2) =2
SOLID185 (Simplified enhanced strain ,( ) .
. (Enhanced strain formulation)
formulation)
SOLID186 ' KEYOPT(Z)‘: 0 ' ' KEYOPT(Z)‘= 0 '
(Uniform reduced integration) (Uniform reduced integration)
SHELL281 No change No change

(+extra displacement shapes functions)
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Shear Locking and Hourglassing in MSC Nastran, ABAQUS, and
ANSYS
Eric Qiuli Sun

Abstract

A solid beam and a composite beam were used to compare how MSC Nastran, ABAQUS, and ANSYS
handled the numerical difficulties of shear locking and hourglassing. Their tip displacements and first
modes were computed, normalized, and listed in multiple tables under various situations. It was found
that fully integrated first order solid elements in these three finite element codes exhibited similar
shear locking. It is thus recommended that one should avoid using this type of element in bending
applications and modal analysis. There was, however, no such shear locking with fully integrated
second order solid elements. Reduced integration first order solid elements in ABAQUS and ANSYS
suffered from hourglassing when a mesh was coarse. If there was only one layer of elements, the
reported first mode of the beam examples from ABAQUS and ANSYS was excessively smaller than
the converged solutions due to hourglassing. At least four layers of elements should, therefore, be used
in ABAQUS and ANSYS. MSC Nastran outperformed ABAQUS and ANSY'S by virtually eliminating
the annoying hourglassing of reduced integration first order 3D solid elements because it employed
bubble functions to control the propagation of non-physical zero-energy modes. Even if there was only
one layer of such elements, MSC Nastran could still manage to produce reasonably accurate results.
This is very convenient because it is much less prone to errors when using reduced integration first
order 3D solid elements in MSC Nastran.

https://moodle.umontpellier.fr/pluginfile.php/480056/mod resource/content/0/Sun-
ShearLocking-Hourglassing.pdf
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