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Random vibration and random fatigue play important roles 
in structural mechanics. A deterministic world, so-called, ex
isted three decades ago, but now random vibration and ran
dom fatigue have superceded this deterministic world. 
Probability frature mechanics is another up-and-coming 
discipline which will supplant the fracture mechanics as we 
know it of yesterday and today. The combination of all three 
require new aspects as well as a change of thinking. As stated 
by the editors, "It has been recognized that the theory of ran
dom vibration has developed over a number of years to 
become a useful tool for the dyanamic analysis of systems 
characterized by uncertainties." The reviewer agrees. 

This little volume contains 15 papers presented at a sym
posium in December 1984. Paper no. 1 that considers the 
analytical and graphical methods plus use of time transforma
tions; they are combined with their stationary B models of 
cumulative damage. This continues with the properties of 
nonstationary behavior resulting from these transformations. 
Application of time transformation used in fatigue and fatigue 
crack growth complete the picture. Paper no. 2 reports on the 
steady-state response of a class of oscillations having 
nonlinear damping and subjected to random excitation. Ap
proximate concepts are used on solving problems employing 
the method of equivalent nonlinear differential equations. 
Paper no. 3 considers the response of inelastic structures hav
ing random parameters. The structure which is modeled by a 
bilinear hysteretic system is subject to a random blast-type ex
citation. A decaying exponential with random parameters acts 
as the excitation with the mean, and variance of some of these 
response measures is approximated. Incorporated in this 
analysis is the peak displacement, permanent offset and the 
energy dissipated by the structure. The next paper covers the 
parametric excited vibration of a hanging string in a fluid. 
During random motion of the heavy string, the vertical 
straight configuration can become unstable. Under the 
assumption of linear damping, one obtains the stability condi
tions and the probability density function of the amplitude of 
a number of orders. Continuing with nonlinear damping, one 
investigates the response of the string to random parameter ex
citation. In addition, one derives the analytical expression for 
stationary probability density function and the nth moment of 
amplitude. Based upon this study, nonlinear damping can 
limit the amplitude growth. Paper no. 5 focusses upon the 
mean-square velocity response of a lightly damped uniform 
equilateral triangular plate subject to wide band random ex
citation. The response appears to be approximately uniform 
except in certain specific areas where there are increased or 
decreased responses. These specific areas rely on the location 
of the driving point. In the case herein, there is a strengthened 
response along a median. This occurs when the driving point 

resides on that median. If the driving point happens to be at 
the centroid of the triangle, the strengthened response lies on 3 
medians. The localized concentration acts at the drawing 
point. If the excitation bandwidth grows larger due to the 
large number of higher frequency plate resonances, the driving 
point intensification ratio increases rather slowly but is no 
limit. 

Paper no. 6, a most interesting one, considers the stochastic 
and deterministic factors which play important roles in the 
material fatigue life. The authors discuss the experimental 
design aspects that are employed in increasing the experimen
tal fatigue life under the imprint of a number of factors. In ad
dition, the stochastic and variance analysis employed in deter
mining the legality in forcasting the equation for fatigue life. 
This is necessary to create the confidence levels of the estima
tion. The new technique can be utilized in fatigue analysis 
when exposed to multiple deterministic factors and narrow 
and broad-band random excitations. 

Paper no. 7 describes a time domain modal identification 
which uses a small number of measurements resulting in a high 
identification accuracy and repeatability. The author changes 
the operational responses to a form applicable for identifica
tion. He uses multimeasurement wide-band random decre
ment technique. This is the Ibrahim Time Domain (ITD) 
technique. 

Paper no. 8 considers a method of stochastic dynamic 
analysis in a primary secondary system. This method reports 
on tuning, interaction, nonclassical damping and spatial 
coupling in the primary-secondary system. Employing modal 
synthesis and perturbation methods, one derives the modal 
properties of this complex system via subsystem properties. 
The next paper covers the maximum likelihood estimates of 
parameters when linear and nonlinear systems are exposed to 
white noise excitation. The author builds those type of 
estimates plus their asymptotic properties. Based upon his ex
periences, the stable damped oscillator indicates that the 
spring constant is considered to have a smaller relative error 
than the damping constant. This stems from the use of a sim
ple least squares technique founded on the method of 
moments for general forced oscillations. 

Paper no. 10 presents approximate answers to a number of 
random vibration problems including fatigue crack equations. 
This is gotten by employing a general idea where the 
cumulants of the unknown random processes of a higher order 
are equal to zero. This is approximated by that of the lower 
order cumulant terms. The next paper presents a generalized 
method of stochastic averaging as applied to a class of 
nonlinear oscillators. The latter contains linear plus quadratic 
damping and linear plus cubic stiffness. The spring has a 
softening characteristic. In coming close to the total energy 
evelope of the oscillator, we consider it to be a one-dimen
sional Markov process. One obtains statements for the various 
stochastic responses. The shape of the input spectrum can be 
altered by modifying the proposed method. This modified 
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concept betters the approximation. In balancing simulation 
and theory, the first passage time bares the fact that this 
stochastic response is reponsive to both magnitude and input 
spectal bandwidth. Paper no. 12 investigates the probabilistic 
analysis of vehicle vibration. One examines the nonlinearities 
via statistical linearization technique. The variances of car 
body acceleration, human feeling and wheel load deviation 
can be calculated by both stochastic and covariance analysis. 
The author's example indicates that covariance analysis is 
more appropriate than spectral density used in numerical 
calculations. 

Paper no. 13 presents a lightly damped oscillator exposed to 
broad band random. It also contains a time-variant specturm. 
By employing the Fokker-Plunck equations, one obtains 
analytical solutions. In order to check the trustworthiness of 
the analytical solutions. In order to check the trustworthiness 
of the analytical technique, the author compares appropriate 
data as compiled by a digital Monte Carlo study. Paper no. 14 
presents a unique procedure in exhibiting analytically or data-
based covariance kernals of absolute stochastic processes in a 
condensed form. This permits it to be employed in soon-to-be-
obtained analytical stochastic response studies. This technique 
utilizes the Karthunen-Loeve expansion plus later employment 
of the least squares approach. We then employ the condensed 
analytical equaties of the random procedure of a damped 
SDOF harmonic oscillator. In computing both the excitation 
and mean square response, the analytically derived covariance 
kernals of nonstationary stochastic processes. 

The last paper discusses the dynamic instability of a liquid 
free surface in a rectangular container exposed to a combined 
stochastic longitudinal and harmonic excitations. By consider
ing the coupling between the elastic tank bottom and the liquid 
surface, one ascertains that the difference of frequency and 
stability of liquid free surface relies upon the ratio of liquid 
height to the tank transverse direction. Under certain cir
cumstances the instability of the liquid caused by the harmonic 
parametric stimulus can be condensed by certain prescribed 
condition of .the coupling. However, new unsteady areas 
which consider both subharmonic resonance and combined 
resonance of a differential pattern may exist. If a very low 
ratio of liquid height to tank transverse dimension occurs, one 
may have a very side region of instabililty. Damping con
structs the width of the unstable region of the subharmonic 
resonance. However, the area of instability of the combined 
resonance may be broadened. Finally, the coupled system may 
become disestablished by the random component of the 
parametric excitation. Without damping, instability is ever 
present. 

In summary, this is an excellent symposium. The editors 
and authors have fulfilled the objective and intent of the sym
posium. The reviewer would have liked to see more papers on 
experimental random fatigue and probabilistic fracture 
mechanics. This little volume is recommended to those in ran
dom vibration and fatigue. 

H. Saunders 
Scotia, NY 12302 
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