
Design of Machine Elements –I 15ME54 

Department of Mechanical Engineering, ATMECE. 

 

 

 

 

 

 

MODULE-2 
 

LESSON STRUCTURE 
 

2.1 Stress-cycle 

2.2 Endurance limit 

2.3 Effect of Loading on Endurance Limit—Load Factor 

2.4 Low cycle Fatigue 

2.5 High cycle Fatigue 

 

 

Objectives 

 

 

 Mean and variable stresses and endurance limit. 

 S-N plots for metals and non-metals and relation between endurance 

limit and ultimate tensile strength. 

 Low cycle and high cycle fatigue with finite and infinite lives. 

 Endurance limit modifying factors and methods of finding these factors 

 Design of components subjected to low cycle fatigue; concept and 

necessary formulations. 

 Design of components subjected to high cycle fatigue loading with 

finite life; concept and necessary formulations. 

 Fatigue strength formulations; Gerber, Goodman and Soderberg equations. 
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DESIGN FOR FATIGUE STRENGTH 

 
 

2.Introduction 
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2.1Stress Cycle 
 

 

 

- A typical stress cycle showing maximum, mean and variable stresses. 

 

2.2Endurance Limit 

It has been found experimentally that when a material is subjected to repeated stresses; it fails 

at stresses below the yield point stresses. Such type of failure of a material is known as 

fatigue. The failure is caused by means of a progressive crack formation which are usually 
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fine and of microscopic size. The fatigue of material is effected by the size of the component, 

relative magnitude of static and fluctuating loads and the number of load reversals. 

In order to study the effect of fatigue of a material, a rotating mirror beam method 

is used. In this method, a standard mirror polished specimen, as shown in Fig.2 (a), is 

rotated in a fatigue testing machine while the specimen is loaded in bending. As the 

specimen rotates, the bending stress at the upper fibres varies from maximum compressive 

to maximum tensile while the bending stress at the lower fibres varies from maximum 

tensile to maximum compressive. In other words, the specimen is subjected to a 

completely reversed stress cycle. This is represented by a time-stress diagram as shown in 

Fig.2 (b). A record is kept of the number of cycles required to produce failure at a given 

stress, and the results are plotted in stress-cycle curve as shown in Fig.2 (c). A little 

consideration will show that if the stress is kept below a certain value as shown by dotted 

line in Fig.2 (c), the material will not fail whatever may be the number of cycles. This 

stress, as represented by dotted line, is known as endurance or fatigue limit (σe). It is 

defined as maximum value of the completely 
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reversed bending stress which a polished standard specimen can withstand without  

failure, for infinite number of cycles (usually 107 cycles). 

It may be noted that the term endurance limit is  used  for  reversed  bending  only 

while for other types of loading, the term endurance strength  may be used when referring  

the fatigue strength of the material. It may be defined as the safe maximum stress which can 

be applied to the machine part working under actual conditions. 

We have seen that when a machine member is subjected to a completely reversed 

stress, the maximum stress in tension is equal to the maximum stress in compression as 

shown in Fig.2 (b).  In  actual  practice,  many  machine  members  undergo  different  range 

of stress than the completely reversed stress. The stress verses time diagram for 

fluctuating stress  having  values σmin  and σmax is shown in Fig.2 (e). The variable stress,   

in general, may be considered as a  combination of  steady (or  mean or average) stress and 

a completely reversed stress component σv. The following relations are derived from Fig. 2 

(e): 

1. Mean or average stress, 

2. Reversed stress component or alternating or variable 

stress, 
 

For repeated loading, the stress varies from maximum to zero (i.e. σmin = 0) in each cycle 

as shown in Fig.2 (d). 

 

 

3. Stress ratio, R = σmax/σmin. For completely reversed stresses,  R  =  –  1  and  for  

repeated stresses, R = 0. It may be noted that R cannot be greater than unity. 

 
4. The following relation between endurance limit and stress ratio may be used 
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2.3 Effect of Loading on Endurance Limit—Load Factor 

The endurance limit (σe) of a material as determined by the  rotating  beam  method  is  

for reversed bending load. There are many machine members which are subjected to  

loads other than reversed bending loads. Thus  the  endurance  limit  will  also  be  

different for different types of loading. The endurance limit depending upon the type of 

loading may be modified as discussed below: 

Let, Kb = Load  correction factor  for  the  reversed  or  rotating  bending load.  Its  value 

is usually taken as unity. 

Ka = Load correction factor for the reversed axial load. Its value may be taken as 0.8. 

Ks = Load correction factor for the reversed torsional or shear load. Its value may be 

taken as 0.55 for ductile materials and 0.8 for brittle materials. 

 

 

 

Figure- 3.3.3.1 shows the rotating beam arrangement along with the specimen. 
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3.3.3.4 F- A schematic representation of the limits of variation of endurance limit with 

ultimate tensile strength. 
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 Variation of surface factor with tensile strength and Brinnel hardness for steels with different 

surface conditions 

C
5 
is the reliability factor 

Kf is the fatigue stress concentration factor 
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2.4 Low Cycle Fatigue 

This is mainly applicable for short-lived devices where very large overloads may occur at low 

cycles. Typical examples include the elements of control systems in mechanical devices. A 

fatigue failure mostly begins at a local discontinuity and when the stress at the discontinuity 

exceeds elastic limit there is plastic strain. The cyclic plastic strain is responsible for crack 

propagation and fracture. Experiments have been carried out with reversed loading and the 

true stress strain hysteresis loops are shown in figure-3.4.1.1. Due to cyclic strain the elastic 

limit increases for annealed steel and decreases for cold drawn steel. Low cycle fatigue is 

investigated in terms of cyclic strain. For this purpose we consider a typical plot of strain 

amplitude versus number of stress reversals to fail for steel as shown in figure-3.4.1.2. 
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2.5 High Cycle Fatigue 
 

 

 
 

 



Design of Machine Elements –I 15ME54 

Department of Mechanical Engineering, ATMECE. 

 

 

 

 



Design of Machine Elements –I 15ME54 

Department of Mechanical Engineering, ATMECE. 

 

 

 

 



Design of Machine Elements –I 15ME54 

Department of Mechanical Engineering, ATMECE. 

 

 

 

 
 

 
 

 



Design of Machine Elements –I 15ME54 

Department of Mechanical Engineering, ATMECE. 

 

 

Stress Concentration Factor 
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Problems: 
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Outcomes 

 Analyze the behaviour of machine components under static, impact, fatigue loading. 

 

Questions  

1. Derive Soderberg Equation. 

2. Explain the various forms variable stresses 

3. Define Endurance strength. 

4. State and explain the factors for modifying endurance limit. 

5. Explain with a neat graph the S-N curve 
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