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Random vibration analysis of MDOF systems-3
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Structures under differential support motions
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Total response= pseudo-dynamic response + dynamic response
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( ) ( ) ( )

( ) ~ 1: vector of stationary random process with zero mean

and PSD matrix
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Random vibration analysis in frequency domain
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Pseudo-dynamic response
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Total response

Variance of total response=
variance of pseudo-dynamic response+
variance of dyna
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contributions due to correlation between
pseudo-dynamic and dynamic responses
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( ) ( ) ( )

( ) ~ 1: vector of stationary random process with zero mean

and auto-covariance matrix
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Random vibration analysis in time domain
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Total response= pseudo-dynamic response+dynamic response
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Variance of total response=
variance of pseudo-dynamic response+
variance of dynamic response+
contributions due to correlation between
pseudo-dynamic and dynamic responses
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RANDOM VIBRATION ANALYSIS OF CONTINUOUS 
MDOF SYSTEMS

Chimney under
wind and earthqukae 
loads
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Vehicle structure interaction
Guideway unevenness
Vehicle motion
Vehicle parameters
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Re view of dynamics of Euler-Bernoulli beams 
under deterministic excitations
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Statically loaded beam



19

         

 

 

       

2 2 3 2

2 2 2 2

2

2

0 0

,

0, 0; ( , ) 0

0, 0; ( , ) 0

,0 ; ,0

y y y yEI x a x m x c x q x t
x x x t t t

BCS
y t y l t

yy t EI l t
x

ICS
yy x y x x y x
t

     
          

 

  



 



Dynamically loaded beam



Strain rate dependent
viscous damping

velocity dependent
viscous damping
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Undamped free vibration analysis
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tan tanh :  characteristic values

cosh cos sinh sin
cos cosh
sin sinh

n n

n n n n n n

n n
n

n n

l l

x x x x x
l l
l l

  

     

 
 




  

   








25

 

 
 

2
4

5

1
5

1

;

15.4118, 49.9648,104.2477,178.2697, 272.0309

1.000777,1.000001,1.000000,1.00000,1.00000

n n n n

n n

n n

EIC C l
ml

C

 






 







26

2 2

2 1, 2,

( ) sin

n

n

n EI n
L m

n xx
L





  





Homogeneous simply supported beam

Exercise
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Orthogonality conditions
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Forced response analysis using eigenfunction expansion
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(Damping force proportional to time rate of bending strain)
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(Damping force is proportional to velocity)
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Proportional damping model
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Initial conditions
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Final solution

Remark:

Once the displacement field is found, 
we can easily find stress resultants (BM and SF) 
and the required bending/shear stresses



37

Example 1: An undamped simply supported beam 
carries an udl. The load is suddenly
removed. Determine the ensuing vibrations.

Solution:
The initial deflection of the beam satisfies the equation

qEIyiv 0

Assume that the initial velocity of the beam is zero.
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Example 2: An udl is suddenly applied on an 
undamped simply supported beam.
Determine the ensuing vibrations. 
Assume that the beam is at rest at t=0.
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Seismic wave amplification through soil layers
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