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4-node quadrilateral element
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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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Strain components:
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Stress components:
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Strain and stress components at the center (point C):
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analytical solution

FE model with 
shear locking


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(+extra displacement shapes functions)

Element Stress State Poisson's ratio <= 0.49
Poisson's ratio > 0.49

(or anisotropic materials)

PLANE182

Plane stress
KEYOPT(1) = 2

(Enhanced strain formulation)
KEYOPT(1) = 2

(Enhanced strain formulation)

Not plane stress
KEYOPT(1) = 3

(Simplified enhanced strain 
formulation)

KEYOPT(1) = 2
(Enhanced strain formulation)

PLANE183
Plane stress No change No change

Not plane stress No change No change

SOLID185
KEYOPT(2) = 3

(Simplified enhanced strain 
formulation)

KEYOPT(2) = 2
(Enhanced strain formulation)

SOLID186
KEYOPT(2) = 0

(Uniform reduced integration)
KEYOPT(2) = 0

(Uniform reduced integration)

SHELL281 No change No change

Element technology - linear materials
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https://moodle.umontpellier.fr/pluginfile.php/480056/mod_resource/content/0/Sun-
ShearLocking-Hourglassing.pdf


