
	

•  Material, environmental, operational and other types of 
variability impose uncertainties on the cumulative damage, 

𝐷.

•  The time-to-failure PDF, 𝑔(𝑡), can be derived from 
the thermodynamic index of damage (i.e. normalized cumulative 

entropy) described by the PDF,  𝑓(𝐷):

  𝑃↓𝑟 (𝑇≤ 𝑡↓𝑐 )=∫0↑
𝑡↓𝑐 ▒𝑔(𝑡)𝑑𝑡 	
                       =1-	∫0↑
𝐷↓𝑓 ▒𝑓(𝐷)𝑑𝐷 		
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1.  Description  of  degradation  mechanisms and resulting  damages 
within the irreversible thermodynamics framework

2.  Improved understanding of the coupled mechanisms
3.  Development of an entropic corrosion-fatigue damage model
4.  Confirmatory testing of the corrosion-fatigue model
5.  Investigation of applications to structural integrity and reliability 

assessment
6.  Search  for  applications  to  Prognosis  and  Health  Management 

(PHM) of structures

	

 
 
 
 
 
 
 
 

•  Degradation processes leading to damage results in dissipation of 
energies that can be more generally expressed by entropy, as such 

Damage ≡ Entropy 
 

 
 
 
 
•  Entropy generation can be  expressed as: 

𝜎= 1/𝑇↑2   𝑱↓𝑞 .𝛻𝑇− 𝛴↓𝑘=1↑𝑛 𝑱↓𝑘 (𝛻 𝜇↓𝑘 /𝑇 )+ 1/𝑇 𝛕: 𝝐↓𝑝  + 1/𝑇 𝛴↓𝑗=1↑𝑟 𝑣↓𝑗  
𝐴↓𝑗 + 1/𝑇 𝛴↓𝑚=1↑ℎ 𝑐↓𝑚 𝑱↓𝑚 (−𝛻𝜓) 
 
 
•  The evolution trend of the “entropic-damage”,  𝐷↓𝑒  , in terms of 

entropy generation is expressed as: 

𝐷↓𝑒 |𝑡~∫0↑𝑡▒[𝜎| 𝑋↓𝑖 (𝑢), 𝑱↓𝑖 (𝑢)]𝑑𝑢  
•  An entropic theory thus follows:  

Failure occurs when the total entropy exceeds the  
entropic-endurance of the system  

 
•  Entropic-Endurance is the capacity of the system to withstand 

entropy  
•  Entropic-Endurance is measurable and involves stochastic 

uncertainties  
•  Normalized entropic-damage can  make the damage parameter 

dimensionless as: 
𝐷= 𝐷↓𝑒 − 𝐷↓𝑒↓0  /𝐷↓𝑒↓𝐹  − 𝐷↓0   
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Thermodynamics as the Science of Integrity and 
Reliability  

Entropic-based Damage in Corrosion-Fatigue  

During corrosion-fatigue degradation mechanism, the entropy 
generation results from: 
•  Entropy flow to the surroundings 
•  The dissipative processes:  

•  Corrosion reaction processes 
•  Electrical-chemical processes  
•  Mechanical losses 
•  Diffusion losses  
•  Hydrogen embrittlement losses 

Corrosion-Fatigue Experimental Setup and 
Measurement 
•  Fatigue tests carried out on Al 7075-T651 samples in a corrosive 

3.5% wt. NaCl aqueous solution, acidified with a 1 molar solution 
of HCl, with a pH of 4, under axial loading and load controlled 
under free corrosion potential. 

•  The Instron software and Digital Image Correlation (DIC) 
technique recorded mechanical stress and strain values. 

•  Open Circuit Potential variations 
during load-unload vs.unstrained  
reference electrode monitored using  
a Gamry potentiostat device.   
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Entropic-Damage Evaluation in Corrosion-Fatigue  
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Corrosion-fatigue Entropic-based Integrity and Reliability Assessment 
The cycle-to-failure  PDF can be derived in terms of normalized entropy- to-failure PDF as: 

𝑔(𝑁)= 𝜆/𝑁↑2  𝑓( 𝜆/𝑁 )   , 𝜆= 𝑡↓𝑐 𝐷↓𝑓  
 
 
 
 
 
 
 
 
 
 
 

Application of the Entropic PHM Framework  

Signal Processing 

Feature Extraction 

Training Data 
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Off-Line Modeling On-Line Health Assessment and 
Prediction 
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Conclusions 
•  A thermodynamic theory of damage proposed and tested  
•  Applications to reliability and structural integrity assessments explored  
•  The proposed theory offered a consistent and science-based model of damage and allowed 

for the incorporation of all underlying dissipative processes  
•  Entropy generation function derived and evaluated for corrosion-fatigue degradation 

mechanism in terms of leading dissipative processes  
•  Entropic corrosion-fatigue degradation model experimentally studied and supported the 

proposed theory  
•  Proposed a PHM framework based on entropic damage 
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