
TUTORIAL – FATIGUE DESIGN -1 

 

Problem 1: The figure shows a section of an AISI 1050 CD steel shaft with dimensions D=30mm and 

d=25mm. The shaft section at the shoulder is subjected to a completely reversed bending moment of 

60 Nm and a torsion fluctuating between -30 and 50 Nm. Determine the factor of safety for infinite life 

based on the modified Goodman diagram. (Operating temperature is 100 °C and reliability is %90). 

 

 

Answer 1: 

AISI 1050 CD → Sut=690 MPa , Sy=580 MPa (Shigley A-20) 

 



Bending Stress (Reversed) 

 

 

Maximum and minimum stresses; 

𝜎𝑚𝑎𝑥 =
𝑀𝑐

𝐼
=

32𝑀𝑚𝑎𝑥

𝜋𝑑3
=

32.60000

𝜋. 253
= 39.1 𝑀𝑃𝑎 

𝜎𝑚𝑖𝑛 = −39.1 𝑀𝑃𝑎 

 

Alternating and mean stress components; 

𝜎𝑏𝑎
=

𝜎𝑚𝑎𝑥 − 𝜎𝑚𝑖𝑛

2
=

39.1 − (−39.1)

2
= 39.1 𝑀𝑃𝑎 

𝜎𝑏𝑚
=

𝜎𝑚𝑎𝑥 + 𝜎𝑚𝑖𝑛

2
=

39.1 + (−39.1)

2
= 0 𝑀𝑃𝑎 

 

 

 

Torsional Stress (Fluctuating) 

 

Maximum and minimum stresses; 

𝜏𝑚𝑎𝑥 =
𝑇𝑟

𝐽
=

16𝑇𝑚𝑎𝑥

𝜋𝑑3
=

16.50000

𝜋. 253
= 16.3 𝑀𝑃𝑎 

𝜏𝑚𝑖𝑛 =
𝑇𝑟

𝐽
=

16𝑇𝑚𝑖𝑛

𝜋𝑑3
=

16. −30000

𝜋. 253
= −9.7 𝑀𝑃𝑎 

 



Alternating and mean stress components; 

𝜏𝑎 =
𝜏𝑚𝑎𝑥 − 𝜏𝑚𝑖𝑛

2
=

16.3 − (−9.7)

2
= 13 𝑀𝑃𝑎 

𝜏𝑚 =
𝜏𝑚𝑎𝑥 + 𝜏𝑚𝑖𝑛

2
=

16.3 + (−9.7)

2
= 3.3 𝑀𝑃𝑎 

 
Endurance Limit (Se); 

𝑆𝑒 = 𝑘𝑎𝑘𝑏𝑘𝑐𝑘𝑑𝑘𝑒𝑆𝑒
′ 

𝑆𝑒
′ = 0.5𝑆𝑢𝑡 = 0.5.690 = 345 𝑀𝑃𝑎     (𝑆𝑢𝑡 < 1400 𝑀𝑃𝑎) 

 

 Surface factor (ka) 

 

𝑘𝑎 = 𝑎𝑆𝑢𝑡
𝑏 a=4.51, b=-0.265  for machined surface 

 

𝑘𝑎 = 4.51(690)−0.265 = 0.79 

 

 

 Size factor (kb) 

 

𝑘𝑏 = 1.189𝑑−0.097      (8 < 𝑑 < 250 𝑚𝑚, 𝑏𝑒𝑎𝑚 𝑖𝑠 𝑟𝑜𝑡𝑎𝑡𝑖𝑛𝑔) 

 

𝑘𝑏 = 1.189(25)−0.097 = 0.87 

 

 Reliability factor (kc) 

 

𝑘𝑐 = 0.897   (𝑓𝑜𝑟 90% 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒 𝐴3 − 19) 

 

 



 Temperature factor (kd) 

 

𝑘𝑑 = 1.02  (𝑇 = 100 °𝐶 < 350 °𝐶) 

 

 

 Stress concentration factor (ke) 

 

𝑘𝑒 = 1     

(Stress concentration factor must be taken as 1, because there are two alternating stress 

components. Therefore, fatigue strength reduction factor values (Kf) for each types of stress 

will be calculated and multiplied with the corresponding alternating stress components). 

 

 Fatigue strength reduction factors (Kf) 

For bending 
𝑞 = 0.82    
From table A3-17 based on r&Sut 

 

 
 
 

For torsion 
𝑞 = 0.995    
From table A3-18 for Quenched and drawn 
steel, r=3mm 

 
 



Kt=1.5 
From table A3-10 based on r/d & D/d 

 
 
 
𝐾𝑓𝑏

= 1 + 𝑞(𝐾𝑡 − 1) 

𝐾𝑓𝑏
= 1 + 0.82(1.5 − 1) = 1.41 

 
 

Kt=1.5 
(from table A3-9 based on r/d & D/d) 

 
𝐾𝑓𝑏

= 1 + 𝑞(𝐾𝑡 − 1) 

𝐾𝑓𝑏
= 1 + 0.995(1.3 − 1) = 1.3 

 

 

According to Modified Goodman Theory; (for infinite life, N>106 cycles) 

𝑛 =
1

𝜎𝑎
′

𝑆𝑒
+

𝜎𝑚
′

𝑆𝑢𝑡

 𝜎𝑎
′ = √𝜎𝑎

2 + 3𝜏𝑎
2 

𝜎𝑚
′ = √𝜎𝑚

2 + 3𝜏𝑚
2 

Now we need to calculate equivalent stresses (Von Misses Stresses) for both alternating and mean 

components; 

Alternating 
𝜎𝑎 = 𝜎𝑏𝑎

. 𝐾𝑓𝑏
= 39.1(1.41) = 55.1 𝑀𝑃𝑎 

𝜏𝑎 = 𝜏𝑎 . 𝐾𝑓𝑡
= 13(1.3) = 16.9 𝑀𝑃𝑎 

 

𝜎𝑎
′ = √𝜎𝑎

2 + 3𝜏𝑎
2 =  √55.12 + 3(16.9)2 

𝜎𝑎
′ = 62.4 𝑀𝑃𝑎 

Mean 
𝜎𝑚 = 𝜎𝑏𝑚

= 0 

𝜏𝑚 = 𝜏𝑚. 𝐾𝑓𝑡
= 3.3(1.3) = 4.29 𝑀𝑃𝑎 

 

𝜎𝑚
′ = √𝜎𝑚

2 + 3𝜏𝑚
2 =  √02 + 3(4.29)2 

𝜎𝑎
′ = 7.43 𝑀𝑃𝑎 

Note: Stress concentration effects both alternating and mean components, because the material is not annealed 

material, it is quenched material!!! 

𝑆𝑒 = 𝑘𝑎𝑘𝑏𝑘𝑐𝑘𝑑𝑘𝑒𝑆𝑒
′ =(0.79) (0.87) (0.897) (1.02) (1) (345) =212.7 MPa 

𝑛 =
1

𝜎𝑎
′

𝑆𝑒
+

𝜎𝑚
′

𝑆𝑢𝑡

=
1

62.4
212.7 +

7.43
690

= 3.28 > 1       𝑠𝑎𝑓𝑒 𝑓𝑜𝑟 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 𝑑𝑒𝑠𝑖𝑔𝑛 ‼! 



Problem 2: A car axle carries a load of 235 kN. The material is medium carbon forged steel. Its Brinell 

Hardness number is 179, the ultimate strength is 620 MPa and the yield strength is 500MPa. All 

dimensions are in mm. 

a) Find the value of factor of safety for infinite life at the center of the axle as the car is proceeding 

along a smooth straight-level track. 

b) Estimate the expected life under a completely reversed stress of 200MPa and 400MPa 

separately. 

 

Answer 2: 

Material= Medium carbon forged steel 

HB=179 

Sut=620 MPa, Sy=500 MPa 

 

 



Reversed type of bending stress occurs; 

 

Alternating and mean stresses; 

𝜎𝑎 = 𝜎𝑚𝑎𝑥 =
32𝑀

𝜋𝑑3
=

32 (
235

2
250) 1000

𝜋1603
= 73.1 𝑀𝑃𝑎 

𝜎𝑚 = 0 

 

Von Misses stresses; 

𝜎𝑎
′ = 𝜎𝑎 = 73.1 𝑀𝑃𝑎 

𝜎𝑚
′ = 0 

 

Endurance Limit (Se); 

𝑆𝑒 = 𝑘𝑎𝑘𝑏𝑘𝑐𝑘𝑑𝑘𝑒𝑆𝑒
′ 

𝑆𝑒
′ = 0.5𝑆𝑢𝑡 = 0.5.620 = 310 𝑀𝑃𝑎     (𝑆𝑢𝑡 < 1400 𝑀𝑃𝑎) 

 

 Surface factor (ka) 

 

𝑘𝑎 = 𝑎𝑆𝑢𝑡
𝑏 a=272, b=-0.995 for forged steel 

 

𝑘𝑎 = 272(620)−0.995 = 0.453 

 

 Size factor (kb) 

𝑘𝑏 = 1.189𝑑−0.097      (8 < 𝑑 < 250𝑚𝑚, 𝑏𝑒𝑎𝑚 𝑖𝑠 𝑟𝑜𝑡𝑎𝑡𝑖𝑛𝑔) 

𝑘𝑏 = 1.189(160)−0.097 = 0.72 

 Reliability factor (kc) 

𝑘𝑐 = 1   (𝑛𝑜𝑡ℎ𝑖𝑛𝑔 𝑖𝑠 𝑚𝑒𝑛𝑡𝑖𝑜𝑛𝑒𝑑) 

 



 Temperature factor (kd) 

𝑘𝑑 = 1   (𝑛𝑜𝑡ℎ𝑖𝑛𝑔 𝑖𝑠 𝑚𝑒𝑛𝑡𝑖𝑜𝑛𝑒𝑑) 

 

 Stress concentration factor (ke) 

𝑘𝑒 = 1    

There is no stress concentration at the middle point, such as; 

 Reduction in diameter, 

 Keyway 

 Hole, etc. 

𝑆𝑒 = 𝑘𝑎𝑘𝑏𝑘𝑐𝑘𝑑𝑘𝑒𝑆𝑒
′ 

𝑆𝑒 = (0.453)(0.72)(1)(1)(1)(310) = 101.1 𝑀𝑃𝑎 

 

From Modified Goodman Theory; 

𝑛 =
1

𝜎𝑎
′

𝑆𝑒
+

𝜎𝑚
′

𝑆𝑢𝑡

=
1

73.1
101.1 + 0

= 1.38 > 1       𝑠𝑎𝑓𝑒 𝑓𝑜𝑟 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 𝑑𝑒𝑠𝑖𝑔𝑛 ‼! 

 

 


