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Preface 
 

This licentiate thesis is the result of work performed from August 2002 to May 2006.  It 
has been done as an industrial research project in collaboration between Scania CV AB 
and KTH Solid Mechanics. 

Scania has a tradition of industrial research.  For me it has been a great opportunity to 
be part of this tradition and to hopefully have contributed further to it.  I have had an 
interesting, educational, and pleasurable time.  The external financial support from 
Vetenskapsrådet is gratefully acknowledged. 

The research has been a team effort.  This project has had a steering group consisting of 
Anders Lundström, Magnus MackAldener and Christer Olsson, all at Scania, and Bo 
Alfredsson and Mårten Olsson, both at KTH, lately also my current manager Göran 
Gustafsson, at Scania, has been part of the group.  The steering group has guided me 
and provided me with an environment in which I could focus on the research. 

My former manager at Scania, Magnus MackAldener, has been a great support during 
the work.  At Scania I have also had Christer Olsson as a guide in the worlds of fatigue 
and  statistics.  I am indebted to them both for creating this opportunity, giving it to me, 
and supporting me. 

In this project, my adviser at KTH, Mårten Olsson, has been the most important person.  
He has given me excellent guidance; we have had many fun and lively discussions that 
has brought the research forward and given me extraordinary enlightment.  He has also 
been very good to write papers with.  He has helped with the initial layout, and we have 
shared the revising.  He has also provided key phrases, such as the words in italics in 
this paragraph.  Mårten, I could not have done this without you, thank you. 

I have had great colleagues at Scania during these almost four years; there are many 
individuals worth mentioning.  Unfortunately, there is not room enough here to thank all 
individually.  All the members of the Scania groups NMBS and NMBD has made it a 
work place that I have enjoyed immensely. 
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Jessica Agde Tjernlund and Stina-Lisa Gelin who have been with me the longest time. 

Finally I owe much gratitude to my family, of which I will especially mention three 
members:  My parents, Barbro and Henrik, have supported and helped me on the 
precarious climbs on the ladders of maturity and knowledge; they have an unlimited 
belief in me.  My wife, Jaquline, is my most valuable companion and friend.  I greatly 
appreciate her support and the joy she gives me, although she sometimes hints that I 
have substantial parts left to climb on both ladders. 
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1.  Introduction 
This project has been concerned with the development of tools for computational 
predictions of the fatigue strength.  For industrial applications it is very valuable to be 
able to predict the fatigue strength with a high degree of accuracy.  It is important for 
achieving short development times and to have sufficient strength without weight and 
material cost penalties.  Due to the demands mentioned it is required that the 
computational predictions of the fatigue strength are fully trustworthy. 

The most basic requirement of a tool that can be used for fatigue strength predictions is 
that it is based on a fatigue criterion that is fundamentally sound.  This means that it 
should have a reasonable physical background, or interpretation, as well as give 
accurate predictions.  It can not be expected that a criterion should take influencing 
factors that clearly are out of its scope into account, but it should give accurate 
predictions when factors that is part of the criterion is varied. 

The fatigue phenomenon, its properties and factors that influence fatigue is discussed in 
the appended literature survey [1], along with fatigue criteria. 

2.  Methodology 
The method used in this research effort is to apply existing criteria and evaluation 
methods to known fatigue test results.  The key element of the investigation is that the 
fatigue limit of many different geometries is considered.  A test series containing 
specimens of 15 different geometries performed by Nishida et al. [2] was employed.  
All other properties, except for the different geometries, were identical.  The different 
geometries caused the stress states of the specimens to vary.  The specimens were  FE-
analyzed with the experimentally found fatigue limit load applied. 

Different criteria were used in conjunction with the results of the FE-analysis.  In each 
case the criteria give a fatigue stress.  When the maximum value of the fatigue stress at 
any point in a specimen reaches a critical value, fatigue is expected to occur.  This 
means that if the criterion is correct, this maximum fatigue stress would be the same in 
all specimens.  The only differences between the specimens are in the stress state which 
should be taken care of by the criterion. 

As an investigative tool the purpose developed fatigue post-processor FAST, Fatigue 
AnalysiS Tool, was used.  FAST is described in the appended Paper A [3]. 
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Methods that take the spatial distribution of stress into account were also implemented.  
Gradient methods [4-6] and a volume method was used.  The volume method stems 
from the statistical size effect and is based on weakest link statistics [7-10].  These non-
local methods also had free parameters that were fitted so that the used Error Index was 
minimized.  The Error Index is defined in Paper B [11].  Here, it suffice to state that it is 
influenced by all geometries under consideration and that it is a quadratic form with a 
optimum value of zero.  The parameters are thus chosen to best fulfill the criteria and 
methods for all geometries in an average sense. 

The gradient methods can be divided into relative and absolute gradient methods.  They 
both use the fatigue stress of the local criteria and adjust these stresses linearly with the 
gradient of either the fatigue stress itself or of the hydrostatic stress.  The relative 
gradient methods use a normalized gradient, the stress from which the gradient was 
computed is used in the normalization.  The gradient methods were evaluated with the 
largest field value in the specimens. 

The volume method used is a weakest link method.  It requires, as the name suggest, 
that all parts of the specimen survives in order for the specimen to avoid fatigue failure.  
Each integration point volume was used as a separate part and the probability of 
survival was computed as the product of the survival probabilities of all integration 
point volumes.  It was thus assumed that the survival of the different volumes were 
statistically independent.  The weakest link method was evaluated by determination of 
the load factor required for the survival probability to be 50 per cent. 

A combination of the weakest link and the gradient method was also implemented. 

3.  Results and discussion 
The first attempt to use established criteria and evaluate them with the largest fatigue 
stress in each specimen gave large differences in the maximum values between the 
specimens, in excess of a factor of two.  The highest values occurred in the specimens 
with severe stress concentration and the low values in the smooth specimen and also in 
specimens with moderate stress concentrations.  The specimens with high fatigue stress 
levels had them manifested in only a small part while the specimens with lower fatigue 
stress levels had substantially larger parts subjected to these levels.  The variations 
between the specimens were larger than the rather moderate differences between the 
criteria.  The Error Indices of the different criteria and methods are shown in Fig. 1. 
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Fig. 1.   Error Indices of the different methods and criteria. 

In the second attempt the distribution of the stress in the specimens was taken into 
account.  The gradient methods were divided into relative and absolute gradient 
methods, respectively.  As can be seen in Fig. 1, the improvement with the relative 
gradient method were very slight.  The absolute gradient criteria gave a distinct 
improvement, but the predictive capability is still not good enough. 

The statistical size effect, volume effect in Fig. 1, on the other hand shows quite some 
improvement, the lesser Error Indices are considerably smaller for all criteria.  The 
combined gradient and volume method finally, shows an even better result.  However, 
the results of the combined method are somewhat questionable.  The reason for this is 
that the effect of the gradient modification is opposite to what is considered normal; the 
gradient increases the fatigue stress where it already is high. 

It would be interesting to investigate whether the statistical size effect with an increased 
set of tests.  Primarily, it would be interesting to see whether the results with larger 
stressed volumes would be correct, the largest specimen here had a test section with a 
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length of about 40 millimetres and a diameter of ten millimetres.  Further, the effect of 
more varying stress states could be studied.  The specimens used in this investigation 
had largely uniaxial stress states at the most highly stressed parts, this was largely an 
effect of the notches at these points. 

It is interesting to note that well known commercially available fatigue post-processors 
are based on point criteria adjusted for gradient effects.  The volume effect is often not 
explicitly included.  This is not in agreement with the results of this thesis.  The volume 
effect should be the first to be included.  It is also important to consider the numerical 
work required to perform the post-processing.  The volume method is less numerically 
demanding than the gradient methods.  On the whole, there is one drawback with the 
volume based method; it requires determination of three Weibull parameters for the 
description of the probability of fatigue failure. 

4.  Conclusions 
Strictly local fatigue criteria are not suitable for predictions of the fatigue strength when 
there are notches and stress concentrations present. 

The gradient method are interpreted as either relative or absolute.  The relative gradient 
method does not give good results, the absolute gradient method gives a clear 
improvement, but there is room for further improvement. 

The statistical volume effect agrees well with experimental results and is also useable 
for design purposes. 
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5.  Summary of appended work 

Literature Survey 

Stress Based High Cycle Fatigue Criteria – A Literature Survey 

The literature survey consists of four parts.  The first part is an overview of the fatigue 
phenomenon.  The different stages of fatigue initiation and early crack propagation are 
discussed, along with influencing factors.  The second part is concerned with stress 
cycles caused by the load and how they are defined based on the stress tensor and also 
on cutting planes.  Further, the stresses used to quantify the cycles are given.  The third 
part is a presentation of the classical fatigue criteria.  Local criteria of different types are 
analyzed and their limitations and properties are discussed.  Most criteria are either 
based on the von Mises stress, such as the criteria by Sines [12] and Crossland [13], or 
the time history of stress on cutting planes, such as the criteria by Findley [14] and 
McDiarmid [15].  Finally, the fourth part is concerned with non-local criteria.  Here are 
the gradient and weakest link criteria most prominent.  Also critical distance, critical 
volume criteria and some commercial fatigue post-processors are discussed. 

Paper A 

A fast versatile fatigue post-processor and criteria evaluation 

This paper consists of two parts.  The first part is a presentation of a fatigue post-
processor, FAST, Fatigue AnalysiS Tool, that was developed for criteria evaluation and 
development as well as design use.  FAST interacts with the Abaqus Odb-file, the data 
needed for the fatigue criteria computations are extracted from it and the resulting 
effective fatigue stresses are inserted.  This makes it possible to view and analyze the 
data with standard viewing software.  The second part of the paper is an application of 
FAST to experiments performed by Nishida et al. [2].  Many different geometries were 
tested in rotating four point bending.  The specimens were either smooth, notched or 
double notched (a hole was drilled at the notch).  Different stress based locally 
evaluated fatigue criteria were applied to FE-computations of the specimens at the 
experimental fatigue limit.  There was a severe lack of agreement between the tests and 
the results of the criteria.  This confirmed that local criteria do not yield good 
predictions when the degree of stress concentration varies. 
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Paper B 

The effect of loaded volume and stress gradient on the fatigue limit 

In this paper the statistical volume and gradient effects are investigated.  The fatigue 
post-processor FAST that was described in Paper A is extended to incorporate the 
volume and gradient methods.  The implementations of the gradient and volume 
computation are based on the elements of the FE-computation.  The computations are 
performed with local fatigue criteria as the basis.  The free parameters of the methods 
are fitted so that an Error Index is minimized.  Several gradient methods were 
implemented, they can be divided into relative and absolute gradient methods.  The 
relative methods did not give any improvement worth noticing over the local criteria 
studied in Paper A.  The absolute gradient method gave results that were clearly better, 
but not quite satisfactory for design purposes.  The statistical size effect, i.e. the weakest 
link theory, gave good results.  It seems clear that this method captures something 
inherent to the fatigue phenomenon, and it is certainly, this far, the method that gives 
the best results.  Additionally, a combination of the gradient and the statistical size 
effect was tried.  Gradient adjusted data were used as input to the weakest link 
computation, this gave very good results but there are some questions about the 
soundness of this combined method. 
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