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Crack growth The paper presents an evaluation based on a fractographic analysis of fracture surfaces of
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middle tension M(T) specimens from Al-alloy, which were used for the standard crack
growth rate measurement under constant amplitude loading. There are typically three
zones on the fracture surface: the flat zone that is perpendicular to the loading force and
represents the tension mode of specimen cracking, the slant zone that is approximately
45° deviated from the loading force direction and a transient zone between them. It is
shown that a significant correlation between crack length, local crack growth rate and
the sizes of the zones exist.

Crack lengths relevant to the zones and corresponding crack growth rates were pro-
cessed by statistical procedures. A continuous uniform distribution is a very good statistical
model of the logarithm of the crack growth rates on both sides of the transient zone. In the
retardation model, this distribution can be accounted for by using the means of the prob-
ability functions.

A sub-scale structural model was tested for fatigue crack growth under a random loading
process representing real operational conditions. Using the typical values of constraint fac-
tors for a “pure” plain stress and plain strain states and the crack growth rates evaluated by
the fractographic analysis as input parameters, the crack growth curves calculated by the
AFGROW code using the FASTRAN retardation model were compared with the crack
growth data measured in the experiment.

The AFGROW output crack growth curves fit to the experimental measured ones without
any additional tuning of the retardation model parameters.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

In the past few years, but mainly since the Damage Tolerance approach became preferred for aircraft structure design,
many analytical tools have been developed for fatigue crack growth analyses. The simplest model is the model without
retardation.
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The advanced models respect the fact that each overloading has a retardation effect that cannot be neglected. Due to the
complex effects of material structures and loading sequences, practically all crack growth retardation models involve an in-
put parameter, which should be tuned by special tests. The data should be obtained under the typical operational load se-
quence on a specimen that is made from the same material as the structure.

There were problems with the VZLU in-house software (PREDIKCE). The software was not suitable, even if a few modi-
fications were made.

Looking for a more suitable analytical tool, the FASTRAN retardation model, which is implemented in a commercial soft-
ware package, was identified. The FASTRAN retardation model has a significant advantage: it accounts for the stress state.

Generally, FASTRAN is a crack growth prediction approach based on a crack closure concept [2]. Physically is based on
Dugdale yield zone model, which formation depends on a stress state in the part and can be expressed by coefficient a.
To bring back to memory the stress state effect on the crack closure behaviour, there is listing of a few equations by [2]:

Kopen/Kmax = Ao + A1 x R+ Ay x R + A3 x R*; for R > 0 (1)

R = Kinin/Kmax 2)
The coefficients Ao, A1, Az, A3 are [2]:

Ao = (0.825 — 0.34 x o+ 0.05 x 0?) x [COS((T X Spax * Fu)/(2 x 00))]"* 3)

Ay = (0415 — 0.71 x &) X [(Smax % Fw)/00] (4)

Ay =1-Ay— A —As (5)

A; =2 xAg+A -1 (6)

where Ko is the crack open stress intensity factor, K, and Kiq, are the minimum and maximum stress intensity factors,
Ao, A1, Ay, As are the coefficients according to Eq. (3) up to (6), R is the stress ratio, S;;,4x is the highest algebraic value of the
stress in the loading cycle, F,, is the finite width correction, gg is the flow stress and « is the plane stress/strain constraint
factor.

The positive contribution of that model is a fact, that all parameters can be interpreted physically. Damage tolerance anal-
ysis of airplane structure, for example, is very complex task and any subjective approach should be eliminated.

2. Fractographic examination

Crack growth rates are generally measured on material specimens according to a standard. The standard ASTM E647-11
[1] is commonly used in aeronautical practice. Even if it is possible to use a compact C(T) specimen, the M(T) specimen is
recommended for this purpose because the test can be run continuously over a wider range of crack growth rates. Never-
theless, two samples are generally used to obtain data for all required range values of the stress intensity factor by changing
the load level and keeping the same stress ratio.

Using the M(T) specimen, four surface crack traces can be measured on both sides.

The crack growth rates are evaluated by the standard methodology and are published as material characteristics. At this
point, we can say that standard requirements are satisfied.
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Fig. 1. Flat, slant and transient zones on the fracture surface.
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