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ABSTRACT  
 
The present paper focuses on the different issues encountered when 
assessing the failure probability of a moored system. The example of a 
moored FPSO is considered. Uncertainties associated with the 
description of the mechanical system, the load calculations and 
environmental conditions are discussed. Methods to perform reliability 
analysis and to assess the failure probabilities are presented.  
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INTRODUCTION 
 
The present paper focuses on the different issues encountered when 
assessing the failure probability of a moored system. The framework of 
reliability analysis allows computing the failure probability of a system 
and to calibrate the safety factors which are required to reach a given 
level of reliability. However, assessing accurately the failure 
probability of a system requires all the involved uncertainties to be 
considered and possibly included in the limit state function.  
 
The first goal here is therefore to identify and characterise the main 
uncertainties present in the modelling of a moored structure. Though 
somewhat theoretical, a distinction between the different uncertainties 
can be made by considering those related to: 
(i) the mechanical system, i.e. the FPU and the mooring system 

hardware characteristics,  
(ii) the loadings which apply to the mechanical system, i.e. the 

hydrodynamic and aerodynamic loadings, and 
(iii) the environmental conditions which generate these loadings.  
 
Uncertainties associated with the mechanical systems may evolve with 
time. For example, the maximum breaking load (MBL) for a mooring 
chain depends on the corrosion status of the chain link which initial 
mechanical properties will weaken with time.  Examples of failure 
probability computations for chain link and steel wire rope will be 
presented. 

Hydrodynamic and aerodynamic polar coefficients or any other 
coefficient such as added mass and inertia, damping parameter and 
restoring force and moment carry their own level of uncertainty. But it 
should be kept in mind that exposed areas to wind and current loadings 
are also involved in the hydrodynamic force calculation. These last 
quantities depend on draft and trim of the FPU, which may in turn 
depend on other parameters such as oil and water volumes stored in 
each of the compartments as in the case of a FPSO hull. The marginal 
distributions for these high level state variables are in practice given by 
the field production profile and the FPU storage capacity. Note that for 
practical reasons, it may be required to assess the failure probability for 
a given draft, e.g. in ballast condition as is the case during FPSO 
installation. 
 
Uncertainties are also associated with the parameters used to describe 
the marine environment i.e. wind speed, surface current and wave 
systems. Singular events such as squalls have also to be considered in 
the analysis as they often lead to the extreme design conditions. 
 
Most mathematical methods used to assess the failure probability of a 
system have relative limitations in their range of application. Existing 
methods to perform reliability analysis include among others Monte 
Carlo Simulations based on Direct Simulation Approach (DSA) or 
Response Surface Models (RSM), First/Second Order Reliability 
Method (FORM/SORM) and Inverse-FORM, together with other 
methods that have often been specially developed to address one 
specific problem. It is therefore necessary to consider the problem of 
extreme prediction as a whole if one wishes to develop a practical 
methodology to assess the failure probability of a mooring system. 
Most of these issues will be briefly addressed here through synthetic 
charts, literature review and examples. 
 
WORKFLOW ANALYSIS 
 
The general workflow presented in Fig. 1 illustrates the different 
components required to build the model of an offshore Floating 
Production Unit (FPU) with its mooring system and associated 
Umbilicals Flowlines and Risers (UFR). In the following sections, a 
step-by-step analysis of this flowchart is performed and additional 
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