
 

 

 

OTC 19454 

Spectral and Cycle-Counting Fatigue Damage Estimation Methods for Steel 
Catenary Risers 
T. L. Power, D. R. Maniar, D. L. Garrett – Stress Engineering Services, Inc. 
E. H. Phifer – Shell International Exploration and Production Inc. 
J. P. Vogiatzis – Independent Contractor 

Copyright 2008, Offshore Technology Conference 
 
This paper was prepared for presentation at the 2008 Offshore Technology Conference held in Houston, Texas, U.S.A., 5–8 May 2008. 
 
This paper was selected for presentation by an OTC program committee following review of information contained in an abstract submitted by the author(s). Contents of the paper have not been 
reviewed by the Offshore Technology Conference and are subject to correction by the author(s). The material does not necessarily reflect any position of the Offshore Technology Conference, its 
officers, or members. Electronic reproduction, distribution, or storage of any part of this paper without the written consent of the Offshore Technology Conference is prohibited. Permission to 
reproduce in print is restricted to an abstract of not more than 300 words; illustrations may not be copied. The abstract must contain conspicuous acknowledgment of OTC copyright. 
 

 

ABSTRACT 

Estimating fatigue damage under wind-driven sea loading is of primary importance in the design of steel catenary risers 
(SCRs) serving floating hosts.  For design, the wind-driven sea is modeled as a stationary random process.  The resulting 
dynamic stress in the SCR is also a stationary random process.  Spectral methods provide closed-form fatigue damage 
estimates in terms of statistics for stationary random stress processes.  Rainflow cycle counting provides an alternative 
damage estimation approach that is generally applicable and requires simulation of stress time series.  The rainflow approach 
requires more computation than spectral methods.  Damage estimates using the rainflow method may be lower than spectral 
damage estimates; however, a substantial amount of simulation may be required to quantify the difference.   
 
This paper considers fatigue damage in SCRs attached to both tension-leg platform and semi-submersible hosts.  Spectral and 
cycle-counting estimates are generated and compared.  Accuracy of the estimates is discussed, and guidelines for damage 
estimation are presented.  It is demonstrated that the differences between spectral and cycle-counting estimates of lifetime 
fatigue damage arise primarily from assumptions made regarding the spectral shape of the stress processes of interest.  
 
INTRODUCTION 
SCRs accommodate floating host motions through self-flexure.  Since host motions persist over the lifetime of the SCR, the 
task of estimating fatigue damage under wind-driven sea loading is of primary importance in the design of SCRs serving 
floating hosts.  This paper investigates three basic approaches to this task: 
 

1. Spectral damage estimation using results of frequency-domain analysis (Rayleigh and bimodal) 

2. Rainflow cycle counting of stress time histories obtained from time-domain analysis 

3. Rainflow cycle counting of stress time histories created from frequency-domain analysis results 
 
Cycle-counting techniques require the simulation of stress time histories.  The accuracy of the resulting fatigue damage 
estimates depends on the amount (and accuracy) of simulation.  Practical computational efficiency considerations have led to 
the development of spectral methods that match cycle-counting damage estimates for certain forms of stress spectra.  Spectral 
fatigue damage estimation procedures represent powerful and efficient tools for estimating fatigue damage caused by 
stationary random stress processes because they relate fatigue damage to the statistics of the stress process using a closed-
form relationship and do not require creation of stress time histories.  The spectral approach will overestimate damage 
(relative to cycle-counting estimates) when the spectral shape of the process is more broad-banded than the form assumed in 
developing the spectral procedure.   
 


