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Fig. lO.L Typical stress~time plot for the lower wing~skin of a 
transport aircraft. (After de Jonge & Nederveen, 1980.) 



Variable amplitude fatigue 
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Fig. 10.1. Typical stress-time plot for the lower wing-skin of a 
transport aircraft. (After de Junge & Nederveen, 1980.) 
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High Cycle Fatigue 

Example: 

A plain bar member in a machine for a production process is made of a high strength steel with 
an ultimate tensile strength, cru = 1180 MPa, and yield stress, cry = 960 MPa. The bar is designed 
for a 99% probability of survival. The S-N fatigue data from experimental tests for 99% 
probability of survival of this steel under fully reversed cyclic axial stresses are given below: 

Stress amplitude, S (MPa) 
850 
750 
700 
620 
550 
500 
420 
350 
300 
270 

Cycles, N 
4000 
8200 
14500 
30000 
56300 
60800 
220000 
445000 
1950000 

00 

(i) During each period of continuous operation (a duty cycle), a spectrum of fully reverse 
cyclic loads which gives rise to the following maximum stresses are obtained: 

CJmax n, cycles 
650 800 
560 2400 
240 60000 

After how many duty cycles should this bar component be replaced? 

(ii) An identical machine is also used in the manufacture of another line of products. The load 
spectrum, however, is one of zero-tension cyclic loading with the following maximum 
stresses in each duty cycle. 

CJmax n, cycles 
750 1000 
650 2500 
280 90000 

What is the corresponding duty cycle interval for the replacement of the bar? Use the 
Soderberg criterion for the mean stress effects. 
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Solution: 

(i) Fit straight line for the S-N data between X and Y (850 MPa - 420 MPa stress amplitude): 

cra =A logroN + B A= -241 B = 1706 

Compile table for Miner's rule: 

<Jmax(MPa) 
650 
560 
240 

Ni 
24084 
56910 
00 

ni 
800 
2400 
60000 

L:C n/Ni) = 

n/Ni 
0.037 
0.042 
0 
0.075 

Let number of duty interval cycles for replacement of the bar be Nd. 
Therefore, 

Nd (0.075) = 1, giving Nd = 13.33 

Thus the bar member should be replaced after 13 duty cycles. 

(ii) Soderberg criterion: 

For the first load cycle 

For the second load cycle 

For the third load cycle 

Using Miner's rule again: 

Therefore, 

cra(MPa) 
619.4 
491.3 
163.9 

Ni 
33520 
109711 
00 

375 + 375 = 1 
aN 960 

325 + 325 = 1 
aN 960 

140 + 140 = 1 
aN 960 

ni 
1000 
2500 
90000 

L:C n/ND = 

Nd (0.053) = 1, giving Nd = 19, 
i.e. the bar should be replaced after 19 duty cycles. 

=> 

=> 

n/Ni 
0.030 
0.023 
0 
0.053 

aN= 615.4MPa. 

aN = 491.3 MPa. 

aN =163.9MPa. 
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