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ABSTRACT 
 
Fatigue crack growth of a metastable austenitic stainless steel was investigated in thin 
specimen under positive stress ratio. Annealed and Cold rolled conditions were used to test 
the influence of the microstructure. The influence of load ratio and load history on 
propagation behavior was analyzed using the Elber`s closure approach, the Donald and 
Paris partial crack closure and the empirical Kujawski (∆K•Kmax)α parameter. Results show 
that load ratio effects could be explained by two parameters concepts. It seems that the 
amount of martensite transformation is responsible for the observed differences in fatigue 
crack growth resistance. 

 

KEYWORDS 

 

Fatigue crack propagation, metastable austenitic stainless steel, crack closure 

 

INTRODUCTION 

 

AISI 301LN stainless steel is one of the materials that fulfill the exigencies of the automotive 
sector for the development of components that can be used to lead to weight reductions [1]. 
However, the use of thin walled light components requires an approach to fatigue design 
much more conservative that the one based on the cyclic stress range ΔS, like the one 
based on fracture mechanics. 
 
Another important feature that has to be into account in the fatigue design of components 
made of metastable austenitic stainless steel is related with the microstructural aspects.  In 
the annealed state the AISI 301LN have an austenitic structure which confers them an 
excellent ductility, while in the cold rolled state, the martensitic transformation that this steel 
suffer cause an increase of yield stress, with a decrease of the ductility.  
 
In the past, several studies have been conducted on fatigue behavior of metastable 
austenitic stainless steel [2-7], and the studies realized in high cycle fatigue (HCF) regime 
have been focused on the influence of martensitic transformation in the FCGR. However, 
only few studies have been dedicated to the relationship between martensitic transformation, 
FCGR and mechanical variables like load ratio [5], stress level [6] and load history [7]. 
 
In the presented work the influence of microstructure on fatigue crack growth behavior was 
evaluated in annealed and cold rolled austenitic stainless steels in thin specimen under 
positive stress ratio. The influence of load ratio on propagation behavior was analyzed by 
using the Elber`s closure approach, the Donald and Paris partial crack closure approach and 
the empirical Kujawski (∆K•Kmax)

α parameter. The results analyzed using this macroscopic 



parameters look to indicate that martensitic transformation is the key to find an unique 
relationship between fatigue crack propagation rate and applied driving force in this kind of 
steel, and that the driving force must take into account at least two independent parameters. 
 
SPECIMEN, MATERIAL AND TESTING 
 
The material utilized in the current study was an austenitic stainless steel AISI 301LN 
provided by OCAS NV, Arcelor-Mittal R&D Industry Gent (Belgium). The chemical 
composition of this material is shown in table I. The microstructure of the material is shown in 
Fig. 1 in cold rolled and in annealed state.  
 

 FE Cr Ni Mo C Si P S Mn Cu 

Annealed bal 17.94 6.30 0.18 0.016 0.513 0.032 0.005 1.481 0.135 

Cold Rolled bal 17.86 6.42 0.24 0.015 0.471 0.031 0.007 1.495 0.173 

Table 1: Chemical Composition 

 

  

 
Fig.1: Microstructure of 301 LN stainless steel in annealed (left) and after cold rolling (right). 
 

 σys σUTS Elongation (Pct) Ms (oC) Md30 (
oC) Md (

oC) 

Annealed 343 MPa 973 MPa 39,39 -66.015 49.042 100* 

Cold Rolled 926 MPa 1113 MPa 24 -66.015 49.042 100* 
*For AISI 301 stainless steel. 

Table 2: Mechanical and thermo-mechanical properties 
 
Fatigue crack growth rate test were carried out with SENT specimens with two different 
thickness (1 mm and 1.5 mm), and two width (35 mm and 40 mm). The specimens were 
machined with the rolling direction parallel (T-L) and perpendicular (L-T) to the notch. The 
fatigue tests were performed at a frequency of 20 Hz. Three different values of load ratio R 
(σmin/σmax = 0.1, 0.3, 0.5), and different stress levels for the same load ratio were employed.  
 
The FCGR test were conducted in an Instron‘s servo-hydraulic machine with closed loop to 
computers for automatic test control and data acquisition. The crack extension was 
measured with a krak-gages® technique [8]. The crack extension was also measured using 
the compliance technique by means of a clip gage in the crack mouth. The crack closure 
measurement were made by using a sampling rate of 400 data pairs (load and displacement) 
per cycle according to some of the recommendations made by Song et al [9].  

 
For the specimen type used in this investigation and for the grid constraint of our test‘s 
machine, the stress intensity factor for the specimen of this investigation is not tabulated in 



books, therefore the finite element method (FEM) was employed to obtain the value of the 
stress intensity factor. Figure 2 shows the ΔK solutions used for the two configurations that 
have been used for test and the typical solution available in literature for SENT.  
 

 
Fig 2: Stress intensity factor obtained by finite element models for the used configurations. 
 
EXPERIMENTAL RESULTS 
 
Results using the range of the stress intensity factor 

 
Fig 3 shows the results of fatigue crack growth experiments in an AISI 301LN at room 
temperature, at 3 different load ratios, different load levels in annealed (a) and cold rolled 
state (b), in different crack plane orientations. The results show that the influence of load 
level and crack plane orientation is negligible, in spite of it found some papers that mention 
that this aspects are important in fatigue crack growth behavior [6,7]. If the FCGR at the 
same range of stress intensity factor and the same load ratio are compared, it can be seen 
that the austenitic stainless steel in annealed condition has a lower FCGR than the FCGR in 
cold rolled state. For example, to a range of stress intensity factor of about  ΔK = 20 MPa√m, 
the crack propagates between three and five times faster in the cold rolled condition than in 
the annealed one, depending on the load ratio. 
 

  

Fig 3: Fatigue crack growth rate vs stress intensity factor range at different load ratios in the 
stable crack propagation region (a) for annealed and (b) cold rolled condition. 
 
 

a b 



Results using the effective stress intensity factor 

  
The fatigue crack growth rate was plotted also by using the conventional Elber’s approach 
which defines the effective stress intensity range as: 
 

               (1) 

 
Fig 4 shows the obtained results using the ΔKeff proposed by Elber, with an offset criterion of 
4% (This offset criterion provides a more physical meaning of driving force, and this analysis 
will be detailed in a paper that will be soon submitted for publication).  For the configuration 
analyzed in this work (annealed specimen of 1mm thickness and cold rolled specimen of 1.5 
mm thickness), the crack closure is only important at low load ratio (R = 0.1 and 0.3 for 
annealed condition and 0.1 for cold rolled condition). The test carried out at R = 0.5 for the 
annealed condition and R = 0.3 and R = 0.5 for the cold rolled condition are free of crack 
closure. 

 

  
Fig 4: Fatigue crack growth rate as a function of the effective stress intensity factor (a) for 
annealed and (b) cold rolled condition. 
 
Results using the Donald`s effect 
 
Considering that the interference of crack surfaces do not completely shield the crack tip 
form fatigue damage [10], K. Donald and P. Paris has proposed to calculate an effective 
stress intensity factor range as: 
 

             
 

 
           

(2) 

 
Although this method has provided successful correlation of the crack growth rate data for 
aluminum alloys, does not provide a better correlation of the R-ratio effects than the 
traditional ΔKeff calculated by Elber`s concept, as shown in Fig 5. Even the approaches 
based in the crack closure tend to reduce the difference in FCGR between annealed and 
cold rolled condition, the crack closure cannot explain the observed differences in FCGR. 
 

a b 



  
Fig 5: Fatigue crack growth rate as a function of the effective stress intensity factor proposed 
by Donald et al in the stable crack propagation region in (a) annealed and (b) cold rolled state. 
 
Results using the Kujawski`s Parameter 
 
To describe uniquely a fatigue behavior, it should be necessary to use two independent 
loading parameters, which could be σmax, σmin, Δσ or R, or (by using LEFM parameters) Kmax, 
Kmin, ΔK or R. The contributions of these parameters to fatigue crack depend on the material 
properties and the test conditions. To have into account the effect of mean stress and 
because of there is no agreement among research with respect to the real damage associate 
to a crack partially open, D. Kujawski proposed a crack driving force parameter that is 
calculated by using Kmax and ΔK as follows [11]:    
 

         
         (3) 

 
In which α is an empirical parameter that determines the importance of ΔK and Kmax on the 
driving force. The average α value found for the AISI 301LN in the annealed condition was 
0.6, while in the cold rolled condition was 0.7. Fig 6 shows the results using this parameter.  
 

  
Fig 6: Fatigue crack growth rate as a function of the Kujawski`s parameter with (a) α equal to 
0.6 in the annealed condition and (b) α equal to 0.7 for the cold rolled condition. 
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CONCLUDING REMARKS 
 
The fatigue crack growth behavior of an austenitic stainless steel AISI 301LN was analyzed 
on two different microstructural conditions and different load ratios. It was attempted to 
explain the effect on FCGR of those different variables using traditional approaches based 
on crack closure and the two driving force concepts. 
 
The explanation based on crack closure by using the Elber parameter or the Donald and 
Paris parameter, even though diminishes the difference in FCGR versus driving force, does 
not explain satisfactorily the effects of neither of the variable studied in this work. 
 

The kujawski’s parameter with different values of  (depending of the microstructural 
condition), can explain satisfactory the effect of load ratio. However, this is an empirical 
parameter which is only based on macro mechanical driving force, and it is not formulated to 
account the difference in microstructural characteristics. It is necessary further investigation 
in the relationship between crack growth and microstructure, which in this steel is strongly 
marked by the martensitic transformation. 
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