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HISTORICAL BACKGROUND 

• 1847 - August Wholer, director of German Imperial 
Railways, conducted experiments related to fatigue failures in 
railroad axles. 
• 1903 - First flight of Wright Flyer postponed due to fatigue 
failure of hollow propeller shaft. 
• 1920 - A.A. Griffith of the Royal Aircraft Establishment 
publish the first theory on fracture mechanics. 
• 1942-45 - Loss of over 200 Liberty transport ships during 
WWII due to fatigue failures in hull welding. 
• 1954 - Catastrophic in-flight fatigue failure of first jet 
commercial transport. 
• 1969 - USAF bomber suffered catastrophic failure due to 
manufacturing induced flaw.



HISTORICAL BACKGROUND 

  

• The DeHavilland Comet was the first operational jet 
commercial transport in the world. 

• Comet design suffered from poorly designed structural 
details and high operating stresses which resulted in the 
catastrophic failure of the fuselage on two occasions. 

• Industry allarmed to dire consequences of metal fatigue in 
airframes. All future airframes were subjected to thorough 
structural fatigue testing. In addition, structures were 
analyzed for fatigue using stress-life methods and by 
accounting for stress concentrations (Kt).



HISTORICAL BACKGROUND 

 

 

• Comet failures attributed to unexpected high corner stresses near 
window cutouts. Out-of-plane bending was not accounted for in 
initial analysis. This was later verified by testing.



HISTORICAL BACKGROUND 

• Catastrophic failure of F111 occurred due to a manufacturing 
flaw in the lower wing cover root. Flaw was not detectable due to 
honeycomb panelling on outer surface. 

  

• The results of this investigation led the USAF to completely 
change their fatigue design criteria to one which incorporated 
fracture mechanics and the damage tolerance philosophy.



HISTORICAL BACKGROUND 

• The primary objective of the damage tolerance philosophy can be 
stated as: 

“A fracture mechanics evaluation of the structure under typical 
load spectra must show that catastrophic failure due to fatigue 
and accidental damage will be avoided throughout the 
operational life of the aircraft.”  

• This approach is accomplished by performing crackgrowth 
analyses and establishing periodic structural inspections based on 
the time to reach the critical crack length. 

• The damage tolerance approach was adopted by both the USAF 
and the FAA because it is the most reliable method by which 
inspections can be performed.



HISTORICAL BACKGROUND 

• In 1988, a 737 in Hawaii experienced catastrophic failure of the 
forward fuselage upper cabin.  

• Failure of the upper fuselage skin of the Aloha 737 was 
precipitated by disbonding of the longitudinal skin splices and 
multi-site fatigue cracks.  

• The Aloha 737 had over 60000 flight cycles which was well 
above the original design goal of the aircraft. 

• The large number of multi-site fatigue cracks in the skin 
precluded the arresting of the cracks by adjacent frame members. 

• As a result of this disaster, the issue of aging aircraft operation 
and the effect of wide spread fatigue damage have gained a great 
deal of attention by the entire industry.
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HISTORICAL BACKGROUND 

• August 1985, Japanese Airlines Flight 123, a 747 registered as 
JA8119, flying from Tokyo to Osaka crashed into the side of 
Mount Osutaka killing 520 passengers. 

• Cause of crash due to loss of cabin pressure and flight controls 
following separation of aft fuselage and empennage. Cause of 
separation attributed to fatigue failure of aft pressure bulkhead. 
Fatigue failure caused by incorrectly installed repair. 

 



FATIGUE ANALYSIS METHODS 

• Stress life methods have been employed by the aircraft industry 
for decades in determining the basic fatigue life of structural 
components. 

• S-N Curves have been developed for numerous materials and 
stress concentrations identified for many structural configurations. 

• Typically the basic Palgrin-Miner’s damage accumulation 
method is employed to determine fatigue life from these curves. 

• The limitation of this method is that it can only determine the 
time to total failure. This results in life limited components. This 
method does not account for accidental damage either.



FATIGUE ANALYSIS METHODS 

• Fatigue analysis example: 
Stress concentration effects can include: holes, pin loading, 
countersinks, fillets, ect. 
Determine Kt for an open hole with r/c=.45 and e/c=1:   Kt=4.0 
 



FATIGUE ANALYSIS METHODS 

Determine number of life cycles for 7075-T6 sheet: 
     applied stress = 10 ksi, R ratio = -1.0 
     Kt x 10 ksi = 40 ksi, Life = 100000 cycles 

 
























































