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Random vibrations of sdof systems-4
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In general, for LTI systems, the
knowledge of nth order moment of input is adequate
to determine the nth order moment of the response process.

Stochastic steady state
Transients: nonstationarity
Steady state: stationarity

Recall

System is damped
Excitation is stationary



Conditions to be satisfied for existence of steady state
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SDOF system under stationary random excitation 
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This agrees with the frequency domain I/O relation obtained earlier
directly using the definition of PSD function. 



11

     

   

 

   
   

   

2

22

0

2

2 22 2 2

2
2 22 2 2

0

Example: Physical psd for white noise process

( / )

2

( / )

2

xx ff

xs ff

ff

xx

xs

S H S

H S d

IS

I IS H
m

I d
m






  


 





   



   

  



   
     

 
     







12

   
2

2 22 2 2
0

( / )

2
xs

I d
m


 



 
     



Exercise

Use residue theorem and evaluate the above integral
and show that the result agrees with the one obtained 
already
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Useful integrals
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Approximation for broad band excitations.

  2
H 

   

   

22

0

2

0

xs ff

ff n

H S d

S H d









   

  





0 2 4 6 8 10 12 14 16 18 20
10

-5

10
-4

10
-3

10
-2

10
-1

frequency rad/s

ps
d,

F
R

F

FRF*FRF*

psd



15

0 2 4 6 8 10 12 14 16 18 20
10

-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

frequency rad/s

ps
d,

F
R

F
FRF*FRF*

psd

The approximation would not be acceptable here



16

SDOF system under non-stationary random excitation 
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    Structural vibration during earthquakes
    Vehicles travelling on rough roads 




SDOF systems under random support motions
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Vehicle taxiing on rough road
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Steady state Random vibration analysis
Analysis of total displacement
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Steady state Random vibration analysis
Analysis of relative displacement
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Doubly supported SDOF system under 
differential ground motions

What is relative displacement?
Total response=pseudo-dynamic response+dynamic response
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Large mass concept

Can we replace a given system with support motions
by a modified equivalent system in which support 
displacements as external forces?
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Not quite! 

May be yes, as .

Even if this were to be acceptable, we still need to evaluate
a multi-fold integral (with dimension =  and set to become large) 
which by no means is a simple task.
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