
CEE511 – Structural Dynamics 
Fall Semester 2013-2014 

Homework #9 
(Due Wednesday, December 4, 2013) 

 
Multiple Degree of Freedom Systems – Modal Analysis of Damped Structures 

 
 
1. Chopra 11.1 
2. Chopra 11.3 
3. Chopra 12.1 
 
4. A three-story half-scale steel structure is designed and constructed at the National Center for 

Research on Earthquake Engineering (NCREE) in Taipei, Taiwan.  As shown in Fig. 1a and 1b, 
the three-story structure consists of a single bay with a 3 m by 2 m floor area and inter-story 
heights of 3 m.  The structure is constructed using H150x150x7x10 steel beam elements with 
each beam-column joint designed as a bolted connection (H-beam is boxed by 150mm by 
150mm and has a web thickness of 7mm and flange thicknesses of 10 mm each; hence, 
H150x150x7x10).  To apply additional dead load upon each floor, concrete blocks are 
fastened until the total mass of each floor is precisely 6,000 kg.  The entire structure is 
constructed upon a large-scale shaking table capable of applying base motion in 6 
independent degrees-of-freedom.  The floor area of the shaking table is 5 m by 5m.   

 
 

 
 

a. Determine the three modes of response of the test structure in its lateral direction 
(with the H-sections oriented with their strong axis taking flexural bending).  By 
this, we mean the direction oriented in the direction of A2, A3, A4, A5, A7, A6, 
A10, and A11 (these designations correspond to directions of accelerometers used 
to measure the lateral response of the structure under base excitations).  Mass 
normalize the modes and plot them in MATLAB. 



b. Assume that the structure is laterally loaded so that the initial displacement for 
each floor is: 0.5, 1 and 1.5 cm for floors 1, 2, and 3, respectively.  Plot 60 seconds 
of the time history response of each floor of the structure (displacement versus 
time).   Assume that every each mode has 3% damping attributed to it.     

c. Now, you wish to see if the first mode is dominant in the response of the system.  
To test this hypothesis, you decide to only consider the response of the system 
attributed to the first mode of the system.  Plot the displacement of each floor if 
you assume that only the first mode is contributing to the system response.   

d. Comment on your result from Part (c) – is the assumption a valid one? 
 
 

NOTE: 
In this homework, MATLAB will be a very valuable tool for the determination of modal 
frequencies and mode shapes.  The following function is the function you will use to determine 
this: EIG.  Here is a print-out of the help page describing its use: 
 

[V,D] = EIG(A,B) produces a diagonal matrix D of generalized eigenvalues and a full matrix V 
whose columns are the corresponding eigenvectors so that A*V = B*V*D. 

 
Here, V are column eigenvectors (mode shapes), and D is the spectral matrix.  In other words, to 
keeping with terminology from our class, V = []; D = [2].  You will need to determine what A 
and B correspond to (hint: think M and K). 


