
Homework no. 2

To have your homework corrected, please hand it on Thursday, April 4ts.
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A single,uniform, simply supported beam supports two masses𝑚ଵ = 𝑚 and
𝑚ଶ = 3𝑚. Neglecting the axial deformability and the beam’smass, the system
has two dynamic degrees of freedom, 𝑥ଵ and 𝑥ଶ as indicated in sub-ϐigure (a).
For the degrees of freedom 𝑥ଵ, 𝑥ଶ and 𝑥ଷ (again, see sub-ϐig. (a)) the ϐlexibility
matrix is

𝐅 = 1
6
𝐸𝐽
𝐿ଷ ቎

48 27 58
27 16 32
58 32 72

቏

1. For the dynamic 2DoF systemdetermine: (a) themassmatrix𝐌, (b) the
stiffnessmatrix𝐊, (c) the eigenvalues, normalizedwith respect to𝜔ଶ

଴ =
ா௃/௠௅య, (d) the eigenvectors, normalized using 𝜓ଵ௜ = 1 for ∀𝑖, (e) the
modal mass matrix𝐌∗ and (f) the modal stiffness matrix 𝐊∗.

With reference to sub-ϐigure (b), the system is at rest when it is affected by a
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dynamic load acting on the non-dynamic DoF 𝑥ଷ; with 𝜔଴𝑡଴ = 4𝜋 it is

𝑝(𝑡) = ቐ
0
0
P଴
ቑ 𝑓(𝑡), with 𝑓(𝑡) = ቐ4

௧
௧బ
൬1 − ௧

௧బ
൰ 0 ≤ 𝑡 ≤ 𝑡଴,

0 otherwise.

2. Find the equivalent load vector, acting on the dynamic degrees of free-
dom, using the static condensation procedure.

3. Write the two equations of motion in modal coordinates.

4. Determine the particular integrals and write the expressions of modal
responses for 0 ≤ 𝑡 ≤ 𝑡଴.

5. Plot the modal responses in the same interval.

6. Write the expressions of themasses’ displacements in the same interval.

7. Plot the masses’ displacements.

8. Compare with the results of numerical integration — use the constant
and the linear acceleration algorithmwith the same time step ℎ = భ்/ଵଶ,
where 𝑇ଵ = ଶగ/ఠభ is the natural period of vibration.

With reference to sub-ϐigure (c), the system is at rest when it is affected by an
imposed horizontal displacement of the hinge at the bottom right,

𝑢(𝑡) = 𝛿 ൞
0 𝑡 ≤ 𝑡଴,
௧
௧బ
− ௦௜௡(ଶగ ೟/೟బ)

ଶగ 0 ≤ 𝑡 ≤ 𝑡଴,
1 𝑡଴ ≤ 𝑡,

where 𝛿 is the ϐinal value of the imposed displacement (note that the horizon-
tal displacement of the roller is equal to zero).

9. Plot 𝑢(𝑡) and 𝑢̈(𝑡) in the interval 0 ≤ 𝑡 ≤ 𝑡଴.

10. Sketch the rigid motion of the beam that is possible when you down-
grade the hinge to a roller to permit its horizontal displacement.

11. Determine the inϐluence matrix 𝐄.

12. Write the equations of motion in modal coordinates.

13. Write the expressions of the particular integrals and of the modal re-
sponses.

14. Plot the total displacement of the left mass.
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