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Stefano Burzio 2025

Problem set 8

Problem 1

Consider the free vibration analysis of a square Reissner-Mindlin plate discretized using a structured
mesh of 2× 2 bilinear quadrilateral finite elements, as illustrated in the figure below. The domain
is divided into four bilinear elements.
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For each of the following boundary conditions, determine which degrees of freedom in the system
are free:

1. Clamped on all four edges. This boundary condition is often referred to by the acronym
CCCC.

2. Two edges parallels to the x-axis are simply supported and two edges parallels to the y-axis
are free. This boundary condition is often referred to by the acronym SFSF.

3. Corner nodes are simply supported only. This boundary condition is often referred to by:
corners-SSSS.

For which boundary conditions do you expect the lowest first fundamental frequency?

Problem 2

Consider a moderately thick square isotropic plate of dimensions 2 × 2 × h (length × width ×
thickness), as shown in the figure below. The plate is clamped at three of its corners—specifically
at nodes x2, x3, and x4—while the fourth corner at x1 remains free. This boundary condition
is often referred to by the acronym FCCC. Discretize the plate using a single bilinear thick-plate
finite element. Proceed to compute the reduced stiffness and mass matrices associated with this
boundary condition.
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The following expressions may be useful in the calculation of the matrices:∫ 1

−1

∫ 1

−1

ah2
1 dξ2dξ1 =

4

9∫ 1

−1

∫ 1

−1

(∂ξ2
ah1)

2 dξ2dξ1 =
1

3∫ 1

−1

∫ 1

−1

(∂ξ1
ah1)

2 dξ2dξ1 =
1

3

∫ 1

−1

∫ 1

−1

(∂ξ1
ah1)(∂ξ2

ah1) dξ2dξ1 =
1

4∫ 1

−1

∫ 1

−1

(ah1)(∂ξ1
ah1) dξ2dξ1 = −1

3∫ 1

−1

∫ 1

−1

(ah1)(∂ξ2
ah1) dξ2dξ1 = −1

3

The materials parameters of the plate are: E Young’s modulus, ν Poisson ratio and ρ mass density.
Moreover the shear correction factor is k.

Problem 3

Analyze the effect of the span-to-thickness ratio on the accuracy of the fundamental frequency of
a simply supported isotropic square plate using the finite element method. Modify the provided
MATLAB code to evaluate plates with dimensions 1×1×h, where the thickness h takes the following
values:

h Span-to-thickness ratio Description
0.01 100 Thin plate
0.02 50
0.05 20
0.075 13.333
0.100 10 Moderately thick plate
0.125 8
0.150 6.666
0.5 2 Thick plate
1 1 3d solid plate

Discretize each plate using an 8 × 8 mesh of bilinear finite elements. For each thickness value,
compute the approximated fundamental natural frequency and compare it with the corresponding
analytical (exact) value. Discuss the accuracy of the numerical approximation as a function of the
span-to-thickness ratio.
To facilitate the implementation, you may employ the provided functions: createRectangularMesh,
getConstrainedDOFs SSSS, formStiffnessThickPlate, formMassThickPlate and
computeExactFrequency.
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