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Fatigue ---- Paris « law »







Generalized Barenblatt & Botvina dimensional analysis 
approach to fatigue crack growth.

Dependence of the Paris’ law parameter m  on the 
dimensionless number Z.

Dependence of the Paris’ law parameter C on the dimensionless 
number Z: complete vs. incomplete (power-law) dependence.

Correlation between C  and m  based on the dimensionless 
number Z. 

OUTLINEOUTLINE



Classical Paris’ “law”: 

Generalized representation of fatigue crack growth derived 
according to dimensional analysis:  

Z = Π5
2



Incomplete self-similarity in Π1, Π5, Π6 and Π7 gives:

Therefore, the experimentally observed deviations from the simplest 
power-law regime suggested by Paris is the result of incomplete self-
similarity in the various dimensionless numbers:

where the exponents βi can be functions of Πi.



Π1-dependence of the Paris’ law parameter m



Ζ-dependence of m: ductile materials
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Ζ-dependence of m: quasi-brittle materials



Exponential vs. power-law Z-dependence of C
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Exponential vs. power-law Z-dependence of C



Correlation between C and m
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Are these “predictions”?

So what we predict with state-of-the-art 

numerical methods?



So what is the way forward?

Michele ciavarella

Some free speculationsSome free speculations



In engineering, how often a pure power law can be the solution?

Remember the lesson of the greatest Engineer of all times....



LEONARDO HAD FOUND BEAM 
THEORY MUCH BEFORE 
BERNOULLI, EULER, and THE 
WRONG THEORY OF 
GALILEO !!!

But LEONARDO da VINCI  -- code Madrid  Da Vinci's discussion 
of the deformation of a  beam/spring with rectangular cross-
section.  (Image taken from the book "The Unknown  Leonardo," 
McGraw Hill Co., New York, 1974.)

For the specific case he considered of a rectangular cross-
section, da Vinci argues for equal tensile and compressive 
strains at the outer fibers, the existence of a neutral surface, 
and a linear strain distribution. Of course, da Vinci did not 
have available to him Hooke's law and the calculus. If he did, 
it is conceivable that he would have derived the formulas listed 
above, so that beam theory would be referred to as Da Vinci 
Beam Theory. 
Mechanical engineering web 4/18/03 The Da Vinci-Euler-Bernoulli Beam Theory? by 
Roberto Ballarini 
http://www.memagazine.org/contents/current/webonly/webex418.html

http://www.memagazine.org/contents/current/webonly/webex418.html


"Observe the motion of the surface of the water, which resembles that of hair, 
which has two motions, of which one is caused by the weight of the hair, the other 
by the direction of the curls; thus the water has eddying motions, one part of which 
is due to the principal current, the other to random and reverse motion". [Trans. 
Piomelli in Lumley, J.L., 1997. Some comments on turbulence. Phys. Fluids A 4, 
203-211.] 

LEONARDO da VINCI  ALWAYS USED ANALOGIES
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ABSTRACT

In one of his lesser-known studies of flow, Leonardo da Vinci in 1513 came upon yet 
another question he could not answer: When blood hits the wall of the heart, does the 
flow split in two? In 1977, this question was answered by Albert Libchaber in an 
experiment that became a cornerstone of chaos theory. Can Leonardo's question, 
Libchaber's solution and notions of integrated systems be drawn together to create a 
whole? While this trajectory has its limitations, the journey has some rewards, taking 
in Leonardo's cosmology, chaos theory, poststructuralist philosophy, the Polynesian 
worldview, the Internet and the weather.

Code Madrid unknown since 1967, and still largely unknown....


