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Probabilistic Monitoring of Fatigue Cracks in Aircraft Structures 

 
Jan D. Achenbach 

McCormick School of Engineering and Applied Science, Northwestern University 
Evanston, IL 60208, USA 

 
Structural Health Monitoring  is a product of the information age.  It has come forth,via the 
intermediate stage ofscheduled  non-destructive inspection,  from exciting developments in 
engineering analysis and design in the 1950’s and sixties in which Professor A.K. Rao was a 
participant and a leader. He and otherssubsequently recognized that  better design would 
require  better quantitative  inspection methods.The 1970’s marked the start of research and 
development to achieve a quantitative capability, which added the Q to NDE. Since that time 
significant advances have been made in methods of QNDE that are the basis of structural 
health monitoring (SHM). Recent developments  show an increasing transition from 
scheduled inspections  to continuous monitoring, particularly for safety-critical structures 
such as aircraft , bridges and nuclear reactors. 
 
After a brief discussion of the principles of SEM, we will discuss the probabilistic aspects of 
diagnostics and prognostics of fatigue loading of aircraft structures. 
 
Probabilistic considerations play a dominant role in the three stages of the diagnostics and 
prognostics of fatigue damage in metals. Considerable attention has been given to the 
evolution and detection of pre-crack fatigue damage and probabilistic aspects of subsequent 
macrocrack formation (Stage 1). For stage 2 (macrocrack growth and detection), Paris law for 
crack growth under cyclic loading conditions has been very useful, particularly if it is placed 
in a probabilistic context. By introducing the probability of detection concept, it will be 
shown that various probabilities related to the existence, after N cycles, of a crack larger than 
a critical size, can be determined in Stage 3 for purposes of prognostication. 
 
The lecture will be concluded with an assessment of the state of the art of SHM, and its 
current and near-future applications.  
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