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This paper analyses the plasticity-induced fatigue crack growth in high-strength steels with very
different yield strength, i.e., the plastic advancement of the end of a crack which is subjected to fatigue
(cyclic) loading and whose tip moves (and thus the crack does grow) due to large geometry changes in its
vicinity which promote transfer of material from the tip apex to the crack flanks, thus provoking a plastic
crack growth on the basis of large plastic deformations without considering bond breaking or material
splitting at the crack tip. Considering the cyclic loading, the plastic fatigue crack growth rate (da/dN)p can
be obtained and a Paris-like equation such as (da/dN)p = C ∆Km may be fitted with the numerical results.
Finally, an experimental validation is performed by comparing the Paris-like equation of plastic fatigue
crack growth (numerically obtained) with real Paris equations of fatigue crack growth measured in four
high-strength steels of different yield stress.

(da/dN)p puede
obtenerse mediante una ley de tipo Paris tal como (da/dN)p = C ∆Km que puede ajustarse a partir de los
resultados numéricos. Finalmente, se realiza una validación experimental comparando las leyes de Paris
obtenidas numéricamente con las leyes reales de crecimiento de fisuras por fatiga medidas en cuatro aceros
de alta resistencia con distinto límite elástico.
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Fig. 5 allows an analysis of the convergence of the
finite element analysis by representing the crack tip
displacement (key issue for obtaining the Paris law) vs.
the number of time steps of the method for steel B4.
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Fig. 5. Convergence curve of steel B4 (ideally plastic
material model).

Fig. 6 represents the advance evolution of the crack tip
during load cycles applied on steel B4, and the
convergence is better as the number of time steps
increases.
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Fig. 6 .  Advance of the crack tip during load cycles
applied on steel B4 (ideally plastic material model).

The optimum was chosen to obtain an numerical error
of the crack tip displacement lower than 10%. According
to this criterion, a number of 20.000 steps was
considered to be adequate, as shown in the detail of Fig.
7, where results for 70.000 and 20.000 steps are really
close. This time step was used in all the computations
associated with the different materials, since the four
stress-strain curves are similar in the matter of shape (cf.
Fig. 1), although they have different size.
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Fig. 7. Detail of the last load cycle of steel B4 (ideally
plastic material model).
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