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Abstract-Use in the determination of stress intensity 

factors for threaded connections. A generic solution is 

proposed valid for the fatigue crack growth from any 

thread root under any symmetrical stress system. Its 

development and discussion is examined in detail, 

remaining close to its proposed application. The results 

of these are analyzed and used to validate the fatigue 

crack initiation and propagation models. Useful 

observations which are helpful to understanding the 

fracture mechanisms operating during the fatigue of 

threaded connections. Material and environmental 

considerations are examined and a survey of relevant 

materials and their behavior in environments associated 

with threaded fasteners is presented. A method has been 

developed for predicting fatigue life in large threaded 

connections under random loading. Experimental results 

have been gathered on two types of components used on 

certain oil rigs, tether joints and drill strings. 

 
Keywords- Threaded, fatigue, S-N approach, MRS. 

 

I.INTRODUCTION 
Fatigue of structures in service is a truly 
multidisciplinary problem and study of crack 
initiation is generally outside the scope of the 
structural design engineer. However it is essential 
that aspects of metallurgical and material behavior 
are understood so that the engineer can design to 
counteract mechanisms that contribute to crack 
generation. This chapter does not aim to develop a 
conclusive solution to quantify the fraction of 
component life implicated with fatigue crack 
initiation, but hopes to identify the instrumental 
elements associated with crack initiation 
specifically from thread roots. Identification of 
contributing   factors means that empirical 
behavioral relations can be evaluated to describe 
their effects. These in turn can indicate the relative 
fatigue resistance of similar components with regard 
to certain aspects, assuming other quantities are 
unchanged. Knowing the effect of these aspects on 
the crack resistance of a thread root is of immense 
importance when designing against fatigue failure. 
In order to appreciate the significance and 

interaction of these material and surface conditions 
on crack generation, some basic metallurgical and 
cyclic material properties must be understood. 
The screw form is a highly significant mechanical 
principle in that it is a basic relation between 
rotational and translational motion. Its applications 
are numerous, ranging from gears to conveyors. 
With the development of modern manufacturing 
techniques, the screw form could be utilized as an 
efficient reversible fastener. These fasteners or 
threaded connections are available in many different 
forms and types to suit their designed operation. 
Because the number of applications for these is 
vast, categorization of the different connection 
types is difficult. However, connections are usually 
required to satisfy one or both of the following 
functions: 
(a) To make a strong structural joint.  
(b) To make a pressure sealed joint.  
 

II. STRESS ANALYSIS OF THREADED 

CONNECTIONS 
Normally when assessing the structural integrity of 
a mechanical system, a global stress analysis is  
carried out on the system as a whole, determining 
the nominal static and dynamic stresses on 
individual members. This type of analysis can often 
be carried out using simple beam theory. However, 
as fatigue failure is a local phenomenon, detailed 
stress information is required at critical regions of 
the structure. These critical areas can usually be 
identified relatively easily using simple framework 
models. But quantifying the effects of local stress 
raising geometrical features is a far more complex 
process. Local stresses are important for crack 
initiation but are less influential on the crack growth 
rates and general characteristics of crack 
propagation. crack initiation may account for up to 
seventy percent of the total fatigue life for smoothly 
finished bodies, on the other hand, initiation effects 
may be negligible for fatigue in welded joints. 
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III. FATIGUE ANALYSIS 
Structure or component failure can occur through 
many different modes. These failure modes can be 
expressed as static, e.g. yielding and buckling or 
dynamic e.g. impact and fatigue. Because of 
different areas of uncertainty associated with 
materials and loading on a structural component, the 
philosophical approach to strength assessment 
demands the need for a probabilistic or reliability 
analysis. Such a study attempts to compute the 
probability of structural failure. This approach can 
be applied in two ways: 
(i) Directly to the overall component by defining a 
probability density function in terms of static 
applied load or fatigue life for the overall structure. 
(ii) As an aid to determining partial safety factors 
for each area of uncertainty within the design.  
A. S-N Approach 

When dealing with fatigue failure of a structure, it is 
necessary to define foremost what constitutes 
failure. For example, with offshore steel platforms, 
sections of the structure may fracture. However, 
because of the high degree of redundancy in the 
structure, the overall platform is rarely in a situation 
where overall failure might occur. Also with 
threaded connections, the most highly stressed tooth 
may fracture, redistributing the overall load among 
its successive teeth, but does not necessarily mean 
overall failure of the connection. For this reason the 
constant amplitude cyclic stress range 'S' to the 
number of cycles to failure 'N' relationship has to be 
specific for a structure/component as well as for the 
material from which it is fabricated. For ferrous 
alloys and metals, their strength under cyclic 
stressing is usually given by the endurance or 
fatigue limit, i.e. the maximum stress range that can 
be repeatedly applied an infinite number of times 
without causing fracture. 
B. Deterministic Approach 

This design method identifies average nominal load 
ranges. The most damaging of these are chosen and 
used to determine the nominal stress ranges they 
induce on a component. Using S-N curves or 
otherwise the damage fraction for each average 
stress range is calculated using their associated 
number of cycles. Using Miner's rule the total 
damage can be calculated, hence predicting fatigue 
life. 
C. Probabilistic Approach 

Fatigue analysis may involve modeling of uncertain 
parameters e.g. environment, loading, structural 

response and fatigue strength. As fatigue strength is 
generally formulated for constant amplitude 
stressing, a probabilistic approach is required to 
define a damage accumulation law for random 
loading encountered in practice. 

 
Fig.1.ISO Metric Waisted Shank 

 
Fig.  2. Rain flow Cycle Counting 

 
Fig. 3.ISO Metric Thread Form 
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IV. Fatigue Life from Materials Data 
The total strain range is a simple summation of 
elastic and plastic components but unlike its 
constitutive parts does not have a straight line on 
logarithmic axes relationship with the number of 
cycles to failure. The curve of total strain range 
against life is asymptotic to the plastic line in the 
lower cyclic-life range, and the elastic line in the 
higher cyclic-life range. Knowing that the elastic 
and plastic strain components to life relationships 
are approximately straight lines, only two points are 
required to define each case. 

 
Fig.4.Uniform Uniaxial Tension 

 
Fig.5. Pure Bending 

 
Fig.6. Surface Shear 

 

V.Fatigue Crack Propagation in Threaded 

Connections 
This new multiple reference states (MRS) technique 
requires at least two reference stress intensity factor 
distributions and corresponding stress distributions 
from distinct symmetrical loading modes. The 

second set of reference data effectively eliminates 
the necessity of a formal derivation of crack 
opening displacement. A further adaptation is to 
directly define the derivative of crack opening 
displacement, as it is this, not the actual crack 
profile that is needed for the weight function. The 
resulting weight function is considerably less 
involved mathematically and far more 
computationally stable than traditional or  
contemporary approaches. This stability is due to 
the elimination of the numerical differentiation 
normally associated with the other approaches. 
Published reference stress intensity factors were 
compiled for geometries related to threaded 
connections. By virtue of the definition of the 
weight function being a unique property of 
geometry, the influences it represents can be 
isolated and combined. This mathematical 
manipulation of related solutions resulted in a 
dedicated generic weight function for two and three 
dimensional cracks in threaded connections.  

 

CONCLUSION 
Hopes to establish a usable fatigue crack initiation 
and propagation procedure that will enhance the 
engineering designer's understanding of the 
behavior of threaded connections in service. 
Generation of fatigue cracks from thread roots, 
rather than their subsequent growth. The 
mechanisms of fatigue crack initiation were 
discussed with regard to metallurgical and 
mechanical aspects of material structure and 
behavior. Mathematical representation of cyclic 
material performance was explored and constants 
specific to individual materials were defined. A 
concise history of the development of a strain-life 
approach to fatigue analysis was reported, giving 
reference to typical values of material constants and 
approximations to these. Stress-strain relationships 
were investigated for inelastic behavior. Notch 
sensitivity and fatigue concentration factors were 
identified as important aspects of fatigue crack 
initiation. Mean, residual and variable amplitude 
stresses were discussed in terms of their effect on 
fatigue crack generation. Methods of quantifying 
these effects were also considered. Finally a 
discussion examined the consistency of published 
cyclic material properties and studied the sensitivity 
of predicted fatigue life on the accuracy of material 
data. 
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