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Abstract 

This paper focuses on problems associated with aircraft sustainment related issues and illustrates how cracks that grow from small 
naturally occurring material discontinuities in operational aircraft behave. The example discussed in this paper, which is associated 
with crack growth under a representative maritime aircraft load spectrum, when taken in conjunction with previous studies into 
cracks growing under combat aircraft load spectra illustrates how for cracks that grow from naturally occurring material 
discontinuities under such operational load spectra there is generally little crack closure so that the crack growth history from its 
initial equivalent pre-crack size (EPS) through to final failure can be easily and accurately computed.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Czech Society for Mechanics. 
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1. Introduction 

The problems arising as a result of aging aircraft, rail and civil infrastructure have focused attention on tools for 
predicting the growth of cracks from small naturally occurring material discontinuities. In general the design of 
aerospace vehicles requires that all structures be designed in accordance with damage tolerance design principles 
which for military aircraft are detailed in the Joint Services Structural Guidelines JSSG2006 and in the USAF Damage 
Tolerant Design Handbook [1]. This design philosophy has evolved as a result of a number of high profile incidents 
some of which are reviewed in [2]. However, as explained in [3] the approaches and tools required for initial design 
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and for sustainment purposes differ. When discussing the equations needed to predict the growth of cracks from small 
naturally occurring material discontinuities it has been shown that there is generally little crack tip shielding (closure, 
etc.) associated with this problem set and that the ASTM ACR (adjusted compliance ratio) method can sometimes be 
used to determine an approximate da/dN versus ∆K relationship, see [3] for details. 

 
Nomenclature 

a crack length  
ai, af initial and final crack lengths 
a0 equivalent pre-crack size (EPS) 
ACR  adjusted compliance ratio 
B number of load blocks 
Bi, Bf initial and final blocks (or flight hours) 
da/dN increment in crack length per cycle  
da/dB increment in crack length per load block  
σmax maximum applied stress in a load cycle 
σmin minimum applied stress in a load cycle 
σ stress range in a load cycle 

R stress ratio 
K stress intensity factor 
Kmax maximum applied stress intensity factor in a load cycle 
Kmin minimum applied stress intensity factor in a load cycle 
Kchar a characteristic stress intensity factor in a load cycle 
Kchar, thr the apparent threshold associated with the characteristic stress 
 intensity factor in a load cycle 

K stress intensity range in a load cycle 
Keff effective stress intensity range in a load cycle 
Krms the rms  value of the effective stress intensity range in a load block 

Kop stress intensity factor at which a crack will first open 
Kth threshold stress intensity range 
Kthr apparent threshold stress intensity range 
Keff, thr effective stress intensity threshold 
Kop differene between the opening stress intensity factor and Kmin 
Kopl long crack value of Kop 
 beta factor, i.e. the geometry correction factor 

D, m, p constants in the NASGRO crack growth equation  
ω constant in the exponential crack growth equation 
λ constant in the McEvily formulation for the decay of Kop with crack length 
A apparent cyclic fracture toughness in the Hartman-Schijve crack growth equation 
RAAF  Royal Australian Airforce 
SFH simulated flight hours 
EIFS equivalent initial flaw size 
LOV limit of validity 

 
In this context it is now known [4, 5] that for cracks that grow from small naturally occurring material 

discontinuities in operational aircraft and in full scale fatigue tests there is generally a linear relationship between the 
log of the crack depth/length and the number of cycles (or flight hours). This is shown in Figure 1 which presents the 
crack depth/length histories associated with a range of aircraft. This relationship can be written in the form [4], viz: 

 
 a = ao e(ω SFH)               (1) 
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