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ABSTRACT 

In today’s world scenario, systems are too complex having a number of components. Due to this 

complexity increases, so new failure mode of any system, subsystem, component increasing, 

fastly. The increasing of high reliability of any system is become a challenge. Reliability 

assessment using degradation data has become a significant approach to evaluate the reliability 

and safety of critical systems. Different method for reliability prediction has been emerged with 

the passage of time. 

Physics of failure define the different models for capturing the reliability of any component. 

Damage accumulation is widely acceptable model throughout the world for prediction of 

reliability. Different factors have been involved in it with the time. This thesis considered a very 

important factor like load sequencing and load interaction for capturing the fatigue life of any 

component subjected to variable loading condition. 

Many structures are subjected to variable amplitude loading in engineering practice. The 

foundation of fatigue life prediction under variable amplitude loading is how to deal with the 

fatigue damage accumulation.  

Combining a nonlinear damage accumulation model (Using Weibull distribution model), a 

probabilistic S-N curve and one-to-one probability density functions transformation technique, a 

general probabilistic methodology for modeling damage accumulation is developed to analyze 

the fatigue reliability in this thesis. The damage accumulation is characterized as a distribution in 

a general degradation path, which captures a nonlinear damage accumulation phenomenon under 

the single and multi-level loading conditions, its mean and variability change with the time. Here 

damage accumulation is considered with the load sequencing and load interaction effects 

Experimental data of 45 steels used in the railway vehicle are then used to validate the proposed 

methodology. The fatigue reliability is analyzed and demonstrated using probabilistic model of 

cumulative fatigue damage. 

Proposed model in the present thesis is the generalized model for all other distribution and can be 

widely used in many situations for fatigue life prediction. 
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