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Quote of the Day:
Even if you are on the right track, you will get run over if you just sit there.
- Will Rogers



Before we get started…

n Last Time:
n Out of town, Professor Engelstad covered for me

n Topic discussed: Tuned-Mass Dampers in Buildings
n This topic is more like a chapter 5 topic (2DOF system)

n Today:
n Response of forced undamped and underdamped MDOF systems

n Short review followed by examples
n HW Assigned: 6.60, 6.61, and 6.62

n Due on Apr 30.
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[Putting Things in Perspective]

General Modal Analysis Procedure 
for Obtaining the Forced Response

n Recall the framework in which we operate
n A system with p generalized coordinates
n A set of forces is acting on our system
n Interested in finding the time evolution of the system
n Apply Modal Analysis approach to decouple the equations of motion

n This is a eight-step approach
n Input given to you is as follows

n Model is known to you (you know the system that you are dealing with)
n Forcing term {f(t)}
n Modal damping coefficient b (if proportional damping assumed)
n Initial conditions 
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[Cntd]

General Modal Analysis Procedure 
for Obtaining the Forced Response

n Step 2
n Solve the eigenvalue problem to get the natural frequencies wn(i) (sqrt of 

eigenvalues) and the modal matrix [u] (columns are the eigenvectors)

n Step 3
n Get the generalized mass matrix [M]:
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n Step 4
n Get the generalized forces {F(t)}

n Step 1
n Obtain the mass matrix [m] and the stiffness matrix [k]

n Alternatively, you can get the flexibility matrix [a] instead of [k]



[Cntd]

General Modal Analysis Procedure 
for Obtaining the Forced Response

5

n Step 5
n Get coefficients of the equations of motion that govern the PCs

n Step 6
n Get new set of initial conditions associated with the PCs:

n Step 7
n Solve the corresponding IVP for each PC (i=1,2,…,p)

n Step 8
n Recover the time evolution of the original set of generalized coordinates: 



[AO]

Example
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n Introduce notation:
n [D] is called dynamical matrix, in general not symmetric

[Short Detour (Story)]

The Universe, According to [a]
n How can we go about finding the eigenvalues (natural frequencies) and 

eigenvectors (vibration modes) if we insist on using [a] instead of [k]?
n The problem at hand (free undamped vibration):
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n Solution will be harmonic in nature:

n Then by using the harmonic nature of the solution (after some massaging),



[Short Detour (Story Cntd)]

The Universe, According to [a]
n Then, the “characteristic equation” becomes:
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n In other words, first solve for l the equation…

n … and then compute the natural frequencies as

n Finally, compute the eigenvectors (the modal vectors) that together will 
make up the modal matrix [u]



[AO]

Example
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