
EFFECT OF STRESS CONCENTRATIONS ON FATIGUE 

Most things that we design have features such as holes, fillets, keyways, and other notch shapes that cause stresses to 

be elevated relative to the nominal stress in the region surrounding the notch. Fatigue cracks commonly occur at these 

notches because this is where the stresses are highest. The stress concentration factor 𝐾𝑡 provides the amplification of 

the stress at a notch relative to a nominal stress 𝜎𝑜. 𝐾𝑡 is usually determined using charts such as those in Appendix A. 

 

 

 

 

 

 

 

 

 

 

 

The full value of 𝜎𝑚𝑎𝑥 computed above is used when evaluating static failure due to yielding by the distortion energy 

theory (von Mises) or the maximum shear stress criterion (Tresca) or when evaluating brittle static failure. 

When evaluating the effect of notches on the fatigue resistance of a part, we use the fatigue stress concentration factor 

𝑲𝒇 instead of the stress concentration factor 𝑲𝒕. The fatigue stress concentration factor is usually smaller than the 

stress concentration factor.  

 

 

We see that the value of 𝐾𝑓 depends on the size of the notch, with smaller notches having less of an effect than would 

be predicted using 𝐾𝑡. 

 

 

 

 

 

 

 

 

 



Discussion: 

1. For a notch with a large 𝑟, the stress is high at a larger number of possible damage initiation sites so that 𝐾𝑓  and 

𝐾𝑡  are approximately equal. For small 𝑟, less sites are available for damage since the stress gradient is larger. 

Remember the idea that the weakest link in a chain causes failure, and large notches have more links. 

2. Cracks may grow into a region of lower stress for smaller notches (stress drops off rapidly) for smaller notches, 

so that the driving force for additional crack growth may decrease. 

We also see that brittle materials are generally more susceptible to notches than ductile materials.  

We use the notch sensitivity factor 𝑞 to quantify the impact of notches in fatigue: 

 

 

 

The value of 𝑞 is found from Figure 6-20 (reversed bending or axial loading) or from Figure 6-21 (torsion). We can also 

determine q using equations, as shown below. 

 

 

 

 

                                                                                                √𝑎 = 0.246 − 3.08(10−3)𝑆𝑢𝑡 + 1.51(10−5)𝑆𝑢𝑡
2 − 2.67(10−8)𝑆𝑢𝑡

3  

                                                                                                       

 

               √𝑎 = 0.190 − 2.51(10−3)𝑆𝑢𝑡 + 1.35(10−5)𝑆𝑢𝑡
2 − 2.67(10−8)𝑆𝑢𝑡

3  

 

 

Comments:  

 It is always safe to use 𝐾𝑡  instead of 𝐾𝑓.  

 For cast irons, a value of 𝑞 = 0.20 is recommended. 

Suggestions for Success: 

 Carefully review examples 6-6 through 6-9 in the textbook (work these over and over until you know the 

terminology and the steps). 

 Review the terms and the equations frequently when learning fatigue. There are so many terms and so many 

steps, that you can become lost in the details. We are about half way through fatigue, so I can’t stress this 

enough … the problems can be very long. 

 Solving fatigue problems is somewhat like following a cookbook. Make a copy of section 6-17 and refer to that 

section as you solve multistep problems. 
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