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ANALYSIS OF SHORT AND LONG FATIGUE CRACKS GROWTH KINETICS UNDER

NON-REGULAR LOADING

V. V. Panasyuk”, 0. Ye. AndreyKiv®, O. 1. Darchuk® and P. S kn*

A mathematical model for description of the long and
physically short fatigue cracks propagation Kinetics
under non-regular 1oading was proposed. It is based on
the &, _wpdel of fatigue plastic zone at the oarack tip
genex:alized for fatigue loading and the energetic
fracture criterion. This model reflects the main
features of the reverse elastic-plastic deformation of
materials in the prefr‘acture zone, particularly, the
residual stresses presence at the crack tip due to
plastic flow of material, partial crack closure during
unloading etc. and takes into consideration their
influence on the crack growth rate.

INTRODUCTlON

Elaboration of the methods for evaluation of the structures integrity
under time-variable random loading is one of the urgent problems of
fracture mechanics. The recent experj.mental and analytical investigation
allowed to obtain the main factors defining the peculiarities of the
influence of the loading amplitudes variation influence on structural
materials fracture at different stages of fatigue damages development.
Residual stresses, arising near the crack tip due to plastic deformation
of the material and crack closure - partial 1inkage of its edges during
unloading (Budiansky and Hutchinson (), Fuhring and Seeger (2), Russel
(3), Wang and Blom (4)) stand for such factors primarily when
considering the development of long and physically short cracks (sizes
of which exceed the sizes of structural parameters of material). In this
case thin strips in front of the crack are modelled by the lines of
discontinuity in normal displacements within the framework of the Known
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dc—rmdel (Panasyuk (5), Dugdale (6)), generalized for a case of cyclic
loading effect. This mndel is now most often used for evaluation of the
effective SIF range Aepf = Kmae - ¥on ), which s the  main
calculational parameter that determines crack growth rate under regular
loading. However, the employment of the dependence v - f(AKaps)
describing Kinetic diagram of fatigue fracture in the "effective"
coordinates for evaluation of the crack increment at every loading cycle
under non-regular loading is not. sufficiently substantiated and does not,
provide reliable data. Particularly, ths simplified approach does not
1llustrate the non-uniform (Jump-like) character of the crack
Propagation, typical of non-regular loading. Energetic fracture
criterion allows to account. for these peculiarities more completely. In
this case the calculation is based on determination of plastic strain
energy which is adsorbed by the prefracture zone at every loading cycle,
and a cycle number required for a subsequent crack increment. (Jump) is
obtained from the energy balance equation.

n the present study, the deformation model of the cyclic plastic
zone and energetic fracture criterion form the basis of the
calculational model of fatigue crack growth under variable loading
amplitudes.

ANALYSIS OF ELASTIC-PLASTIC DEFORMATION
OF MATERIAL NEAR FATIGUE CRACK TIP

The main peculiarities of the stress-strain state at the fatigue crack
tip are schematically illustrated in Figure 1. As a result of plastic
deformation of the material in fracture, the crack growth is accompanied
by forwation of the plastic stretches u-~qsg(x) on its edges. During
unioading the camressive stresses dppear on  the crack extension which
are equal to the vield stress G, of the material within the plastic zone
area. On save area adjacert me' crack tip, the crack edges interact. If
we use d,-model for description of the presented monotonous  and cyclic
plastic zones, the analysis of the stress-strain situation is rediced to
the solution of some boundary value problem of the crack theory. Figure
2 shows the boundary conditions that are assumed as the additional ones
on the external surface of a body and determine its loading conditions.
The sought values are the size of maximm plastic zone lemax: Cyclic
plastic zone ‘~f; contact zone Trens and  distribation 'of contact
stresses f')r;m{w,!' Proceeding fram a condition of smooth linkage of the
rack edges in the contact zone
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and using the Green’s function, a probilem is reduced to a Cauchy type
singular integral equation. In the case of self-similar crack (plastic
Zone sizes are velatively small as compared with crack sizes) the
equation takes the form:

SN T

() § i2)

.
where Um,n 1S the orack edges Aisplacement after unloading withaat
accoamting for contact. stresses.

The additional conditions that provide the sjngle—vamed solution
of a problem are these of contimuity at the ends of the maximum and
cyclic plastic zones and at the end of contact area.

Fquation i2) admits of the closed. form solution in quadratures both
1n the case of mentioned gelf-similar crack and rectilinear crack, which
length 18 rather small as compared to those of the plastic zones
(physically short crack! This substantially simplifies the future
analysis of crack growth as compared with the similar numerical
solitions by the finite element method. the most frecquuently uged in
Literature.

For example, this solution 1s realized 1n the case of crack
p(‘opagat'mn under vegular l1oading with a given stress ratio The obtained
results, in particular, dependence of the SIF range on stress ©atio T
Figure 3) check well with the Known theoretical and experimental Adata.

ENERGETIC FRACTURE CRITERTON

Fatigue fracture energetic criterion 18 founded on the nhypothesis that
the required plastic Aeformation energy for the formation of new «urtace
area ‘crack increment; unit 18 a constant vahie for a given material.
According to the ment ioned above, the fatigue crack increment. A7 after
AN cycles of 1oading 18 obtained fran the energy halance Aquation:

A

W o+ —
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where Wp- 18 the specific energy of fatigue fracuwe; w., is @
quasistatic part of the specific enersgy in the prefracture zone, 1€
the energy accumulated during one-time loading to the level of maxinmam
loading; 3¢ 1s the energy accumilated in the cyclic plastic 7o ATing
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the |-th cycle of loading:

() O
q (o - i “v"‘a ‘1)
f Yol max min "

The energy criterion is the basis for modelling of a real elastic-
prlastic material with hardening by an elastic--pet‘fect,ly plastic
mterial. The =, value of the model material 1s obtained fram the
condition that the specific fracture energy of the model material is
equal to the energy, obtained from the fracture curve for a given
material.

The presented dependencies allow to analyse cvcle by cycle the
fatigue crack growth under arbitrary variation of the loading amplhitude.
The effectiveness of these dependencies is rroved, first of all, by the
results of fatigue crack growth rate calculations in 9xd steel under
regular loading with a constant stress ratio (Figure 4).

CONCLUSION
In this paper a complete system of criterial dependencies for description
of fatigue cracks Kinetics 1n elastic-plastic bodies under non-regular
loading was established using the generalized model of the prefracture
Zone near the fatigue crack tip, solution of the corresponding boundary
value problems of the crack theory for evaluation of the stress-strain
state parameters in this zone and energy fracture criterion.
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Figure 1 Geometry of crack-tip deformation at maximum (a) anad
minimum (b) applied loads.
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Figure 2 Boundary conditions near fatigue crack tip
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Figure 3 Effective stress ratio

as a function of load ratio

Figure 4 Carmparisan of experimemntal
and calculated crack growth rates
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