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ABSTRACT 

Spar platform is an offshore structure most suited for deep water oil exploration and 

production. An integrated coupled Spar-mooring system is modeled as an assemblage of 

finite elements. Rigid Spar cylinder and flexible mooring lines are idealized as rigid and 

hybrid beam elements respectively. Fairlead mooring connections are modeled by six 

springs with requisite stiffnesses to maintain joint continuity. Likewise, the sea bed and 

mooring interaction is represented through contact modeling. The extreme mooring end is 

hinged to the sea bed. Wave and current induced hydrodynamic loadings are idealized 

under regular sea using Morison's approach and the procedure based on wave diffraction 

against large Spar like cylinders. Monte Carlo simulation is adopted to model random sea 

environment. All the three sea way idealization focus on various important aspects of 

Spar response uoverned by complex mooring behaviour. 

Static profile of Spar-mooring system is first obtained after aradual equilibrium of 

the structural load against buoyancy forces. Some validation studies are carried out 

against well established published results. The implicit solver involves step-by-step time 

integration of equation of motion. Salient nonlinearities due to environmental loading and 

large deformations are duly accounted for. Severe nonlinearities influence the response 

under reaular sea as evident from the irregular response of Spar and mooring lines in 

shallow and deep water conditions. Power spectra of the response record show the low 

and wave frequency responses. Mooring line tension fluctuations show its influence on 

overall stiffness matrix and resulting convergence problem. 

A significant quantum of work is dedicated to the determination of wave forces 

on large cylinder considering wave diffraction. This wave structure interaction model is 
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given in terms of complex sequence of analytical formulation. The diffraction forces 

comprise linear, mean, oscillatory and quadratic force components. A computer code 

"SPDIFF06" has been developed to obtain wave forces on large cylinders. It is fully 

validated with the published results. Various force component variations are shown 

against "ka", the product of wave number and radius of the cylinder. The dynamic 

response of Spar-mooring system under wave diffraction forces is obtained. It is found to 

be a more realistic wave force idealization for most of the sea states Spar encounters 

during its service life. Significance of diffraction approach viz-a viz the conventional one 

has been established after comparative assessment of dynamic responses. It is found to be 

more appreciable in terms of mooring tension response history. 

Idealization of sea state is adopted to be an ergodic random process and the 

consequential response is obtained and used as the basic input for cumulative fatigue 

damage. Stress histories and the Spar displacement records of random nature are 

thoroughly analyzed and concluded with important informations. Statistical 

characteristics are obtained for the wide range of random sea states representing a 

probabilistic profile. Low and wave frequency responses are shown through power 

spectra. Other characteristics of random behaviour are also highlighted. 

Risk and reliability assessment of Spar-mooring system, idealized as an integrated 

finite element assemblage, has been made. Uncertainties associated with various random 

parameters representing stress and resistance characteristics are satisfactorily modeled. 

Vital limit states identified are due to ultimate strength attainment and cumulative fatigue 

damage of mooring lines. FORM and Monte Carlo methods are employed for the 

reliability assessment. Probabilities of failure and reliability indices are obtained for the 
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twelve sea states covering the stipulated service life of 20 years. Sensitivity analysis of 

performance function with respect to random parameters has been carried out. It works as 

an effective optimization tool for the probabilistic design of the system. Correlation of 

various random parameters has also been studied as an influence on limit states under 

consideration. 

Conclusions at the end of each chapter are listed as per the detailed discussions of 

the results. Integrated system idealized as a finite element assemblage in 

ABAQUS/AQUA environment has proved to be realistic and reliable. It has been 

supported by crucial validation. Various wave force idealizations have been proved to be 

successful in producing crucial results. "SPDIFFOC, the code developed for the 

estimation of wave forces comprising first order and second order diffraction effects 

works satisfactorily. It is found to be well suited for determination of the Spar-mooring 

system response. Apart from the low and wave frequency responses, other important 

aspects have been explored and supported with authentic findings. 
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