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Abstract 

For nonlinear single degree of ffleedom system subjected to both multiplicative and additive 

random excitations, use of stochastic averaging technique faces few difficulties. Firstly, the 

size of excitations should be small so that the response of the system converges weakly to a 

Markov process. Secondly, the excitations should preferably be broad banded so that the 

analytical results are reasonably accurate and ffinally, the nonlinear functions should be 

integrable if closed form expressions for the result are desired. As these issues are not 

widely reported in the literature, there is a need to examine them with a view to (i) show 

limiting values of the size parameter of excitations for which stochastic averaging technique 

can be applied to obtain reasonable estimates of PDF and mean square value of response; (ii) 

the eLect of the nature of the fflequency contents of excitation on the response and stability, 

and (iii) the use of the stochastic averaging method employing generalized harmonic 

functions for non-integrable functions representing the dynamic system. Further, there is a 

need to evolve a technique by which stochastic averaging procedure can be applied to 

practical problems having large size excitation. Although in recent years some numerical 

based techniques like intelligent Monte Carlo simulation with variance reduction technique 

are available for solving nonlinear stochastic diLerential equation without any limitation on 

size of excitation, the method requires large computational time for considering strongly 

nonlinear systems. Further, these methods cannot be efectively used for studying the 

stability of the system under diffierent parametric variations. Close form solutions offer 

greater insight and advantage in studying the stability of the system. From these points of 

view stochastic averaging technique is useful at least for SDOF systems. Computational 



time required is extremely small compares to the simulation analysis (as observed in the 

present study also). OEe other motivation for choosing stochastic averaging method for the 

present study is to show that there are many practical problems which can be adequately 

modeled as SDOF system and whose response and stability analyses can be elegantly 

pe雨rmed using this technique. In fact application ofthe stochastic averaging technique for 

such kinds of problem form the challenge in research in this area. With the above 

requirements in view, the present work is under taken . Overall objectives of the work are (i) 

to sUtむ diLerent limitations of the stochastic averaging method in obtaining the response 

and stability of SDOF system, (ii) to develop a method to correct the errors resulting from 

the limitations of the procedure and (iii) to carryout stochastic response and stability 

analyses of a class of flexible offshore structures namely, Articulated leg platform, Mooring 

lines and TLP tether under random wave loading. 

In order to realize the objectives, a semi analytical method along with an error minimization 

technique is presented to perform response and stability analyses of nonlinear SDOF system 

in probability domain, which to a great extent, can overcome the limitations ofthe stochastic 

averaging procedure mentioned above. The semi analytical method consists of evolving a 

computational strategy to ffind averaged driifi and di伽sion coefficients in analytical forms 

using FFT and curve fitting technique for nonlinear functions, which cannot be integrated in 

closed form. The proposed error minimization technique is aimed at correcting the errors in 

driifi and di伽sion coefficients introduced due to sizable excitations. OEe procedure consists 

of flnding a replacement system which is closest to the original system in some statistical 

sense and is obtained by classical optimization techniques. The proposed method is useful 

for determining the response ofthe nonlinear system whose nonlinearities cannot be handled 
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in closed form and whose sizes of excitation and 	ping are not small. Further, 

proposed method enables one to study the stability of the system by examining 
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asymptotic stability ofthe two boundaries ofthe system even when the nonlinearities cannot 

be handled in closed 	. A number of numerical studies with different types of 

nonlinearities and diffierent types of excitations namely, broad to narrow band are conducted 

in order to investi 
	

the limiting size of excitation for which stochastic averaging 

technique can be applied and illustrate the performance and effficiency of the proposed 

technique for diLerent cases of stuみ． As an application to real life problems, the proposed 

techniques are used to perform the response and stability analyses of two articulated 

platforms, a taut and a flexible mooring systems, all modeled as a SDOF system. Further, 

stochastic stability of transverse oscillation of a TLP tether is investigated. For the purpose 

of above study, three random sea states with 2 1 m, I 6m, and 8m signifficant wave heights are 

considered. 

OEe work is presented in seven chapters. In the first two chapters, an introduction to the 

work done and pertinent review of literature is presented. Third chapter deals with the 

development of the semi analytical method and error minimization technique for ffinding the 

response and stability of the system subjected to large size excitation. Fourth chapter deals 

with detailed parametric「 study to bring out the limitations of the application of stochastic 
f 

averaging technique to different cases. Also, the effectiveness of the proposed method for 

solving diLerent types of nonlinear SDOF system subjected to I 	size additive and 

multiplicative loading for obtaining their responses and investigating their stability 

conditions is illustrated. Chapters ffive through seven show the application of the 	osed 
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method for performing response and stability analyses of flexible oLshore structures 

namely, Articulated Leg Platform, Taut and Flexible Mooring systems and TLP tether. 

Numerical studies conducted in diffierent chapters show that the proposed semi analytical 

technique along with the error minimization procedure can be used for practical problems 

which may be idealized as SDOF systems subjected to sizable additive and multiplicative 

excitations without any restriction on the form of nonlinearities. 
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