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Module 11: Locking 
Lecture 52 : Shear Locking 



Concepts Covered

• Locking in 1D beam
• Parasitic Shear in Q4 – Shear locking



Cantilever Beam Problem

Timoshenko & Goodier



a/L = 0.15 a/L = 0.015
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Module 11: Shear Locking 
Lecture 53 : Selective reduced Integration and Modes of Q4 Element



Concepts Covered

• Parasitic Shear in Q4 – Shear locking
• Selective Reduced Integration
• Modes of Q4 Element



Cantilever Beam Problem

Timoshenko & Goodier
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Module 11: Shear Locking  
Lecture 54 : Incompatible Elements



Concepts Covered

• What is Incompatible Elements ?
• Q6 and QM6 Element



References:

1. Wilson, E. L., R. L. Taylor, W. P. Doherty, and J. Ghaboussi. "Incompatible displacement models." In 
Numerical and computer methods in structural mechanics, pp. 43-57. Academic Press, 1973.

2. Taylor, Robert L., Peter J. Beresford, and Edward L. Wilson. "A non‐conforming element for stress 
analysis." International Journal for numerical methods in Engineering 10, no. 6 (1976): 1211-1219.

3. Taylor, R. L., J. C. Simo, O. C. Zienkiewicz, and ACH Chan. "The patch test—a condition for assessing 
FEM convergence." International journal for numerical methods in engineering 22, no. 1 (1986): 
39-62.

4. Ibrahimbegovic, Adnan, and E. L. Wilson. "A modified method of incompatible modes." 
Communications in Applied Numerical Methods 7, no. 3 (1991): 187-194.







FINITE ELEMENT METHOD
Biswanath Banerjee & Amit Shaw

Department of Civil Engineering, IIT Kharagpur

Module 11: Volumetric Locking  
Lecture 55 : Nearly Incompressible Material 



Concepts Covered

• Volumetric Locking
• Selective Reduced Integration
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Module 11: Volumetric Locking  
Lecture 56 : B-Bar Method



Concepts Covered

• B-Bar method – Strain projection method 






