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Free Vibration of Damped Structures  

 

When taking account of damping, we noted previously that there are 

3, cases but only when ξ < 1 does an oscillatory response ensue. 

We will not examine the critical or super-critical cases. Examples 

are shown in Fig. 2.6.  

 

Fig. 2.6. Response with critical or super-critical damping  
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Free Vibration of Damped Structures  
(Cont’d) 

The general solution to Eq. (2.14), using Euler’s formula becomes: 

 

       (2.35)  

 

and using the initial conditions we get:  

 

 

       (2.36) 

 

 

Using the cosine addition rule we have:  

 

       (2.37) 
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(Cont’d) 

In which  

 

 

       (2.38) 

 

 
 

       (2.39) 

 

 

Equations (2.35) to (2.39) correspond to those of the undamped 

case looked at previously when ξ = 0.  

 



Free Vibration of Damped Structures  
(Cont’d) 

Fig. 2.7 shows the dynamic response of the SDOF model shown. It 

may be clearly seen that damping has a large effect on the dynamic 

response of the system – even for small values of ξ. We will discuss 

damping in structures later but damping ratios for structures are 

usually in the range 0.5 to 5%. Thus, the damped and undamped 

properties of the systems are very similar for these structures.  
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(Cont’d) 

Fig. 2.7. SDOF free vibration response for: (a) ξ = 0; (b) ξ = 

0.05; (c) ξ = 0.1; and (d) ξ = 0.5.  
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Fig. 2.8 shows the general case of an under-critically damped 

system.  

Fig. 2.8. General case of an under-critically damped system  
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Estimating Damping in Structures  
(Cont’d) 

for low values of damping, normal in structural engineering, we can 

approximate this:  

 

       (2.42) 

 

thus, 

 
       (2.43) 

 

 

and so, 

 
       (2.44) 



Estimating Damping in Structures  
(Cont’d) 



Estimating Damping in Structures  
(Cont’d) 

Further, if we know the amplitudes of two successive cycles (and so 

m = 1), we can find the amplitude after p cycles from two instances 

of equation (2.43):  

 
       (2.46) 



Thanks for Your Attention  

and 

Success for Your Study! 


