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CE 573 – Structural Dynamics 
Homework #2 
 
1-a) In each case, the natural period of oscillations is estimated from the numerical simulations of freely vibrating 
undamped SDOF system.  
 
First, let’s keep the mass constant (say, m = 1 lb sec sec / ft) and vary the stiffness over a range of values. 
The “data points” and a best-fit to the period vs. stiffness using a power relationship are shown in the next figure. 

Period vs. Stiffness
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Then, let’s keep the stiffness constant (say, k = 1 lb / ft) and vary the mass over a range of values. The “data points” and 
a best-fit to the period vs. mass using a power relationship are shown in the next figure. 

Period vs. Mass

y = 6.30x0.50
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It appears that the period is proportional to 0.5m and 0.5

1
k

. That is, period is proportional to 
m
k

.  

Now, let’s find the constant coefficient. Using several data points from our numerical simulations, we can estimate the 
constant coefficient/multiplier in the relationship. 

Period vs. sqrt(Mass/Stiffness Coeff.)
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We see that the multiplier is around 6.3 (=2π). 

So, we can estimate the relationship between period, mass, and stiffness as 6.3 mT
k

= . 
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1-b) In each case, the critical damping for the given system is estimated from numerical simulations of response of 
damped SDOF system to initial displacement. For a system with given m and k, the lowest damping coefficient that 
makes the system go to zero/equilibrium state without any oscillation is found by trial and error.  
 
First, let’s keep the mass constant (say, m = 1 lb sec sec / ft) and vary the stiffness over a range of values. 
The “data points” and a best-fit to the critical damping factor vs. stiffness using a power relationship are shown below. 

Critical Damping Factor vs. Stiffness
y = 2.00x0.50
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Then, keep the stiffness constant (say, k = 1 lb / ft) and vary the mass over a range of values. A graph of the “data 
points” and a best-fit to the critical damping factor vs. mass using a power relationship are shown below. 

Critical Damping Factor vs. Mass

y = 2.00x0.50
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It appears that the period is proportional to 0.5m and 0.5k . That is, period is proportional to m k⋅ .  
Using data points from our numerical simulations, the constant coefficient/multiplier can be found as follows. 

Critical Damping Factor vs. sqrt(Mass * Stiffness Coeff.)
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The multiplier is around 2. Putting all together, we estimate the relationship between critical damping factor, mass, and 
stiffness to be 2criticalc m k= ⋅ . 
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2) Let’s solve for the maximum displacement time the harder way: 
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How about the easier way? Well… From our numerical simulations we know that an initially at rest damped 
SDOF system acquires its maximum displacement at a quarter of damped period time when hit impulsively 

(i.e. acquire initial velocity very rapidly) and let respond freely. 
2 0.11secd

d

T
w
π

= = so 1 0.025 sec
4
dTt = ≈ . 
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3) Graphing the displacement response, we see that the structure was initially pulled to about 0.20 
inches and released to vibrate freely. Around 30-35 seconds into the free vibration (about 50 seconds 
into the record), the displacements fall below 1/1000 inches, the accuracy of the displacement-meter 
(LVDT – linear variable displacement transducer). 
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Let’s look at the time window 15 sec to 25 sec of the record.  
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We see that between 15.43 sec and 23.30 sec, the building makes 15 cycles of oscillations and the 
peak response drops from 16.4/100 inches to 7.6/100 inches. 
 
 

Calculating the period:  (23.30sec 15.43sec) 0.5sec
15

T −
= ≅  

 
 
Assuming that the damping is small, i.e. the building is very lightly damped, we can calculate the 

damping ratio as 

16.4ln
1 7.6 0.8%

15 2
ξ

π

⎛ ⎞
⎜ ⎟
⎝ ⎠≅ ≅ .  0.8% is small damping, indeed; so our assumption was 

correct. 
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