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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.

MOMENT EQUATIONS ARE CLOSED FOR LTI SYSTEMS

Note: this is not true for nonlinear systems
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SDOF system under Gaussian white noise excitation 
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1 2

Remarks
For small times, the response is non-stationary

      Covariance is a function of  and 
      Variance is a function of time
For large times, the response becomes stationary
      Covarianc

t t





 e is a function of time lags
      Variance becomes time invariant
Note: In the present case, mean=0

We say that the system reaches a stochastic steady state
as time becomes large.

If damping=0, the syste



m fails to reach steady state.



18

 
   

 

0 0

Discuss the nature of transient and steady state 
responses of the system governed by

cos

0 ; 0
&  are deterministic

 is a zero mean Gaussian white noise process

with 

mx cx kx P t f t

x x x x
P
f t





   

 





Exercise

 

 

     1 2 2 1

Discuss the cases of 0 and =

f t f t I t t

kc
m



 

 

 



19

SDOF system under Gaussian modulated
white noise excitation 
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Let ( ) be a stationary random process with zero mean,
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f t
C 

    

Input - output relations for LTI systems 
driven by random excitations
Frequency domain relations
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 d psd .

In the steady state x(t) becomes a stationary random
process.

ffS 
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Description of Derivative Processes
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SDOF system under Gaussian white noise excitation 
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Random vibrations

• Study of failure of structures under loads such 
as those due to earthquakes, wind, road 
roughness,…

• Major tools for measurement of dynamic 
characteristics of engineering structures in 
laboratory and field conditions
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Measurement of FRF-s in laboratory
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Importance of coherence in FRF measurements

• Measurement of FRF‐s is adversely affected by 
several factors such as

• Structural nonlinearities
• Electronic noise
• Signal processing issues (leakage, time delays,..)

• Coherence serves as a valuable tool in 
assessing quality of measurements (greater 
the departure from 1 poorer is the quality of 
measurements)
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Remarks
(a) Effective model to capture ground 
resonance effects
(b) Easy to use in random vibration analysis
(c) Limitations: 
Does not allow for transient nature of earthquake 

ground accelerations.
Trea



 ts soil as a SDOF system
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 
Strategy: Use a deterministic modulating function.

( ) ( )

( )  deterministic envelope function
( )=zero mean stationary Gaussian ra
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
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How to allow for nonstationary 
nature of ground accelerations?
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Structure under earthquake support motions
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Response of a sdof system to KT earthquake excitaiton

     2 2
XX soil structureS I H H  

   
   

0

0g g b b

mx c x u k x u

m u c u x k u x

    

    

  

  


