








A fl at plate subjected to a tensile force of 5 kN is shown in Fig.. The plate 
material is grey cast iron FG 200 and the factor of safety is 2.5. Determine the 
thickness of the plate. 





A non-rotating shaft supporting a load of 2.5 kN is shown in Fig. The shaft is 
made of brittle material, with an ultimate tensile strength of 300 N/mm2. The 
factor of safety is 3. Determine the dimensions of the shaft. 







Stress Concentration Near an Elliptical 
Hole 





Fluctuating Stress  
 

It is observed that about 80% of failure of mechanical components are due to fatigue 
failure .  
There are three types of cyclic stress.  
1.Fluctuating or alternating stress  
2.Repeated stress  
3.Reversed stress  
 
Fluctuating Stress  
• Varies in sinusoidal manner with respect to time  
•It Fluctuate between two limits max. and min.  
•The stress can be Tensile or Compressive or Partially Tensile and Compressive  

𝑀𝑒𝑎𝑛 𝑠𝑡𝑟𝑒𝑠𝑠 ∶  𝜎𝑚 =  
𝜎𝑚𝑎𝑥 + 𝜎𝑚𝑖𝑛

2
 

𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠𝜎𝑣 =  
𝜎𝑚𝑎𝑥 − 𝜎𝑚𝑖𝑛

2
 



Repeated stress:  
Varies in sinusoidal manner with respect to time but variation is from zero to some 
max. value  
The half portion of cycle consist of Tensile stress and remaining half of Compressive 
stress  

𝑀𝑒𝑎𝑛 𝑠𝑡𝑟𝑒𝑠𝑠 ∶  𝜎𝑚 =  
𝜎𝑚𝑎𝑥

2
 

𝑅𝑒𝑣𝑒𝑟𝑠𝑒𝑑 𝑜𝑟 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠𝜎𝑣 =  
𝜎𝑚𝑎𝑥

2
 

𝜎𝑚𝑖𝑛 = 0 



Cyclic or Reversed stress  
Completely reversal from tension to compression between two values  

𝑀𝑒𝑎𝑛 𝑠𝑡𝑟𝑒𝑠𝑠 ∶  𝜎𝑚 = 0 

𝑅𝑒𝑣𝑒𝑟𝑠𝑒𝑑 𝑜𝑟 𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠𝜎𝑣 =  
𝜎𝑚𝑎𝑥  − 𝜎𝑚𝑖𝑛

2
 







FATIGUE 
 When a material is subjected to repeated stresses (repeated loads/alternating loads), it 

fails at a stress far below the yield point stress. Such type of failure is referred to as 
fatigue. 

      The failure is caused by means of a progressive crack formation which are usually 
fine and microscopic size 

 Fatigue failure is always brittle and catastrophic in nature with no visible warning prior 
to failure . 

 It is observed that about 80 % of failures of mechanical components are due to fatigue 
failure resulting from fluctuating stresses. 

 The decreased resistance of the materials to cyclic stresses is the main characteristics 
of fatigue failure . 

 Fatigue failure is defined as the time delayed fracture under cyclic loading 
 Transmission shafts ,connecting rods ,gears ,vehicle Suspension springs, ball bearings 

are subjected to fatigue failure. 

 Automobiles in Mechanical Engineering 
 Bridges in Civil Engineering 
 Aircrafts in Aeronautical Enginnering 
 Ship hull in Marine Engineering 
 Pressure vessels in Chemical Engineering 
 Tractors involving Agricultural Engineering 





FACTORS TO BE CONSIDERED TO AVOID 
FATIGUE FAILURE 

 Variation in size of the component should be as gradual as possible. Holes , notches and 
other stress raisers should be avoided. 

 Proper stress deconcentrators such as fillets and notches should be provided wherever 
necessary. 

 Components should be protected from corrosion.  
 Provide smooth finish on the outer surface of the component ,thereby increasing fatigue 

life.  
 Materials with high fatigue strength should be selected. 
 Residual compressive stresses over the parts surface increases its fatigue strength 







Endurance Limit and Endurance 
Strength  

 The fatigue or endurance limit of a material is defined as the maximum amplitude of 
completely reversed stress that the standard specimen can sustain for an unlimited 
number of cycles without fatigue failure. 

  
 It is the strength of a material to resist the propagation of cracks under stress 

reversals.  
       Endurance Limit Is the stress value below which an infinite number of cycles will not      
cause failure    



• In order to study the effect of fatigue of a material, a rotating mirror beam 
method is used called R.R. Moore rotating beam machine 

• In this method, a standard specimen machined and polished as shown in Fig.  
• The final polishing is done in axial direction in order to avoid circumferential 

scratches  



Specimen is rotated in a fatigue testing machine while the specimen is loaded in bending.  
As the specimen rotates, the bending stress at the upper fibers varies from maximum 
compressive to maximum tensile while the bending stress at the lower fibers varies from 
maximum tensile to maximum compressive.  
In other words, the specimen is subjected to a completely reversed stress cycle .The 
number of revolutions before the appearance of the first fatigue crack is recoded on a 
revolution counter. In each test. Two readings are taken viz. stress amplitude S and umber 
of stress cycles (N). These readings are used as two co-ordinates for plotting a point on S-N 
diagram. This point is called failure point. To determine the endurance limit of a material, a 
number of  tests are to be carried out.  



S-N curve 
The results of these tests are plotted by means of a S-N curve. The S-N curve is the 
graphical representation of stress amplitude (S versus the number of stress cycles (N) 
before the fatigue failure on a log-log graph paper  

The endurance limit, is not exactly a property of material like ultimate tensile strength.  
It is affected by factors such as the size of the  component, shape of component, the 
surface finish, temperature, and the notch sensitivity of the material  



LOW-CYCLE AND HIGH-CYCLE FATIGUE  
 

The S-N curve illustrated in Fig. is drawn from 103 cycles on log-log graph paper. The 
complete S-N curve from 100 cycle to  108 cycles is shown in Fig. There are two regions of 
this curve namely, low cycle fatigue and high-cycle fatigue.  

(i)Any fatigue failure when the number of stress cycles are less than 1000, is called 
low-cycle fatigue.  
(ii)Any fatigue failure when the number of stress cycles are more than 1000, is called 
high-cycle fatigue.  
 
 Failure of studs on truck wheels, failure of setscrews for locating gears on shafts 

or failures of short-lived devices such as missiles are the examples of low cycle 
fatigue.  
 

 The failure of machine components such as springs, ball bearings or gears that 
are subjected to fluctuating stresses, are the examples of high-cycle fatigue.  





 The low-cycle fatigue involves plastic yielding at localized areas of the components. 
There are some theories of low-cycle fatigue.  
 

 In many applications the designers simply ignore the fatigue effect when the number 
of stress cycles is less than 1000.  

 Such components are designed on the basis of ultimate tensile strength or yield 
strength with suitable factor of safety.  

 
Components subjected to high-cycle fatigue are designed on the basis of endurance 
limit stress. S-N curve, Soderberg line, Gerber line or Goodman diagram are used in 
design  



Fatigue Stress Concentration Factor  
 

When a machine member is subjected to cyclic or fatigue loading, the value of 
fatigue stress concentration factor shall be applied instead of theoretical stress 
concentration factor. Since the determination of fatigue stress concentration factor is 
not an easy task, therefore from experimental tests it is defined as Fatigue stress 
concentration factor  
 

𝐾𝑓 =  
𝐸𝑛𝑑𝑢𝑟𝑎𝑛𝑐𝑒 𝑙𝑖𝑚𝑖𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑆𝑡𝑟𝑒𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑎𝑟𝑡𝑖𝑜𝑛 

𝐸𝑛𝑑𝑢𝑟𝑎𝑛𝑐𝑒 𝑙𝑖𝑚𝑖𝑡 𝑤𝑖𝑡ℎ 𝑆𝑡𝑟𝑒𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑎𝑟𝑡𝑖𝑜𝑛
 

 
 
This factor 𝑲𝒇 is applicable to actual materials and depends upon the grain size of 
the material  



Notch Sensitivity  
 

Notch sensitivity is defined as the susceptibility of a material to succumb to the 
damaging effects of stress raising notches in fatigue loading.  



(i)When the material has no sensitivity to notches 
 q = 0 and 𝐾𝑓   =  𝟏  

(ii)When the material is fully sensitive to notches, 
 q = 1 and 𝐾𝑓    =   𝐾𝑡 





Correction Factors for Specimen’s 
Endurance Limit 

 
Se = ka kb kc  kd ke Se’ 

Where, 
• Se = endurance limit of component 
• Se’ = endurance limit experimental(Test Specimen) 
• ka = surface finish factor  
• kb = size factor 
• kc = reliability  
• kd = modified factor to accounts for stress concentration 
• ke = operating T factor 



Modifying Factor to Account for Stress Concentration  
 
The endurance limit is reduced due to stress concentration. The stress concentration 
factor used for cyclic loading is less than the theoretical stress concentration factor due 
to the notch sensitivity of the material. To apply the effect of stress concentration, the 
designer can either reduce the endurance limit by ( 𝐾𝑑 ) or increase the stress amplitude 
by (𝐾𝑓 ). We will use the first approach. The modifying factor 𝑲𝒅 to account for the effect 

of stress concentration is defined as  
𝐾𝑑  = 1/ 𝐾𝑓  

The endurance limit (𝑺𝒔𝒆) of a component subjected to fluctuating torsional shear 
stresses bending (𝑺𝒆) using theories of failures.  

According to the maximum shear stress theory, 
Sse = 0.5 Se 
 According to distortion energy theory, 
Sse = 0.577 Se 

For axial loading, 
(Se)a = 0.8 Se 



surface finish factor : 

The rotating beam test specimen has a polished surface. Most components do not have 
a polished surface. Scratches and imperfections on the surface act like a stress raisers 
and reduce the fatigue life of a part. Use either the graph or the equation with the table 
shown below. 



Size factor, kb 



Reliability factor 



REVERSED STRESSES-DESIGN FOR 
FINITE AND INFINITE LIFE  

Case I: When the component is to be designed for infinite life, the endurance limit 
becomes the criterion of failure. The amplitude stress induced in such components 
should be lower than the endurance limit in order to withstand the infinite number of 
cycles. Such components are designed with the help of the following equations  



Case II : When the component is to be designed for finite life, the S-N curve used 
  











A component machined from a plate made of steel 45C8 (Sut = 630 N/mm2) is shown in 
Fig. 5.29. It is subjected to a completely reversed axial force of 50 kN. The expected 
reliability is 90% and the factor of safety is 2. The size factor is 0.85. Determine the 
plate thickness t for infinite life, if the notch sensitivity factor is 0.8. 






