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Vibrations of engineering systems are analyzed using random vibration 

theory considering the excitation as stochastic process. The course is 

focused on practical engineering problems and is designed to develop the 

students’ appreciation for application of peak responses that often govern 

the design. Specifically, students will learn what are the Ergodic processes 

and temporal statistics; how to model the wind and earthquake 

excitations as stochastic excitations; how to evaluate the parameters of 

the probability distribution for the up crossing and first passage problems; 

how to assess the peak response of single- and multi-degree-of freedom 

systems and their incorporation in design code; The students will also 

learn simple techniques to assess non stationary responses and nonlinear 

random vibrations. The general topics are Stochastic processes: 

definition, interpretation, representation in frequency domain and power 

spectra density function; Modeling of wind and earthquake excitations: 

characteristics of commonly used power spectral density functions for 

wind and earthquake; Peak response of single-degree-of-freedom linear 

elastic system: time domain versus frequency domain approach, power 

spectral density of the response, introduction to up crossing problem and 

first passage problem, assessment of peak response; Peak response of 

multi-degree-of-freedom linear elastic system: power spectra density 

function of the response; peak response, practical combination rules; 



Codification and peak responses: discuss how the peak responses and 

combination rules are implemented or used in design codes; Non 

stationary and/or nonlinear responses: an introduction to the Priestley’s 

representation of non stationary processes, assessment of probability 

distribution of peak responses with uncertain structural properties, use of 

stochastic Newmark’s method and stochastic central difference method in 

solving structural vibration problem. 
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