
CEE511 – Structural Dynamics 
Fall Semester 2013-2014 

Homework #5 
(Due October 16, 2013) 

 
Single Degree of Freedom Systems – Periodic and Impulsive Vibrations 

 
 

1. You are hired by the City of Los Angeles to analyze the integrity of a simple frame structure 
located in close proximity to a branch of the San Andreas fault which has historically emitted 
near perfect harmonic ground excitations when ruptured.  After consulting with a local 
geologist, she tells you that for the next earthquake, you should consider the following three 
ground acceleration functions as possible:  

 
ag(t) = 20sin5t (the units are in/sec2) 
ag(t) = 5 sin10t 
ag(t) = 10sin10t 
 

The structure is a heavy fat concrete slab supported by 4 steel beams at its corners.  The 
stiffness of each column is determined to be 25 kips/in while the concrete slab is analytically 
determined to be 1 kip-sec/in2: 
 
 

 
 
The drywall is placed within the frame to separate the vast open spaces of the structure.  
While its placement is not intended to add strength to the frame structure in resisting the 
imposed ground motions, the drywall’s crushing represents structural damping.  Your 
engineering experience suggests this damping would be in the vicinity of 20%.   
 
Which ground motion controls the design of the structure?  In other words, which applied 
ground motion produces the greatest steady-state relative displacement of the frame (in 
relation to the ground motion)?    Please provide MATLAB plots to support your answers!   
 

2. A mass submerged in a liquid dissipates energy in a way which is different from the linear 
viscous damping models presented in class. A more accurate model for the viscous damping 
force is: 
 

fd(t) = D|ẋ(t)| ẋ(t) 
 



Suppose a mass-spring system is submerged in a fluid with a damping model as above, and 
an external force f(t) = F0 cos(ωt) is applied. Use the method of Equivalent Viscous Damping 
to find the steady state solution of the system. 
 
 

3. Chopra 3.26 
 

4. Chopra 4.5 
 

5. Chopra 4.13 
 

6. Chopra 4.26 


