
Author’s Accepted Manuscript

Reliability Estimation of Fatigue Crack Growth
Prediction via Limited Measured Data

Lei Wang, Xiaojun Wang, Huan Su, Guiping Lin

PII: S0020-7403(16)30881-5
DOI: http://dx.doi.org/10.1016/j.ijmecsci.2016.11.020
Reference: MS3499

To appear in: International Journal of Mechanical Sciences

Received date: 7 July 2016
Revised date: 24 October 2016
Accepted date: 23 November 2016

Cite this article as: Lei Wang, Xiaojun Wang, Huan Su and Guiping Lin,
Reliability Estimation of Fatigue Crack Growth Prediction via Limited Measured
D a t a , International Journal of Mechanical Sciences,
http://dx.doi.org/10.1016/j.ijmecsci.2016.11.020

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/ijmecsci

http://www.elsevier.com/locate/ijmecsci
http://dx.doi.org/10.1016/j.ijmecsci.2016.11.020
http://dx.doi.org/10.1016/j.ijmecsci.2016.11.020


Reliability Estimation of Fatigue Crack Growth Prediction via Limited Measured Data 

 1 

 

Reliability Estimation of Fatigue Crack Growth Prediction via Limited 

Measured Data 

 

Lei Wang
a*

, Xiaojun Wang
a
, Huan Su

a
, Guiping Lin

b 

 

a
Institute of Solid Mechanics, Beihang University, Beijing 100083, China 

b
Department of Human Machine and Environment Engineering, Beihang University, Beijing 100083, China 

 
*
Corresponding author: Lei Wang. Tel: +86-10-82339510, Email: leiwang_beijing@buaa.edu.cn 

 

ABSTRACT 

In view of limited uncertainty information, a time-dependent reliability estimation 

procedure that combines the determined crack growth model with interval mathematics is 

presented as a theoretical basis for structural damage tolerance design. Firstly, by virtue of the 

theory of non-probabilistic interval process, an interval process model of fatigue crack 

propagation is investigated, in which we describe uncertain crack length ( )a N  at any load 

cycle N  as interval variable and define the corresponding auto-covariance function and the 

correlation coefficient function to further characterize the correlation of ( )a N  at different 

cycles. By comparison of the critical crack length criticala , the uncertainty properties of the 

time-varying limit-state function can be given as well. Furthermore, inspired by the 

first-passage approach in random process theory, a new measure index of non-probabilistic 

time-dependent reliability is proposed as a feasible way for precisely evaluating the safe life 

of in-service engineering structures with crack. The corresponding solution algorithm is 

further discussed. Some application examples demonstrate the usage, efficiency and accuracy 

of the developed methodology eventually. 
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1 Introduction 

The fatigue fracture problem, as one of the most common case of structural failure, has 

been widely concerned and investigated in the fields of mechanics, aviation, shipping, etc [1, 

2]. With the continuous development of structural design technology, the early concepts of 

static strength design and fatigue strength design are also gradually updated by the philosophy 

of damage tolerance design. People in both engineering and academic domain mainly focus 

on the characteristics of structures with initial crack, including fatigue crack propagation, 
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