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Fatigue IIFatigue II
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Finite Life EstimatesFinite Life Estimates

mσ Stress,Mean 

aσ Stress,
gAlternatin

utS

eS

ytS

ytS

How can the life 
of a part be 
estimated if the 
mean stress-
alternating stress 
pair lie above the 
Goodman line?

Goodman DiagramGoodman Diagram

Infinite Life
Stress State

Finite Life
(Cycles to failure?)

SS--N CurveN Curve

Shigley, Fig. 7-6

Completely reversed cyclic 
stress, UNS G41200 steel

The S-N curve gives 
the cycles to failure 
for a completely 
reversed (R=-1) 
uniaxial stress state.

What do you do if 
the stress state is not 
completely 
reversed?
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Note that R=-1 for a 
completely reversed 
stress state with zero 
mean stress.

FluctuatingFluctuating--Stress Failure Stress Failure 
Interaction CurvesInteraction Curves

Shigley, Fig. 7-16

The interaction curves 
provide relationships between 
alternating stress and mean 
stress.

When the mean stress is 
zero, the alternating 
component is equal to the 
endurance limit.

The interaction curves are 
for infinite life or a large 
number of cycles.
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Any combination of mean and 
alternating stress that lies on or 
below Goodman line will have 
infinite life.
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Note that the fatigue stress 
concentration factor is applied 
only to the alternating 
component.
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Master Fatigue PlotMaster Fatigue Plot

Shigley, Fig. 7-15

Constant 
cycles till 
failure 
interaction 
curves.

Equivalent Alternating StressEquivalent Alternating Stress

mσ Stress,Mean 

aσ Stress,
gAlternatin

utS

eS

ytS

ytS
0σa

m
σ

=
Alternating stress at zero 
mean stress that fails the part 
in the same number of cycles 
as the original stress state.

The red and blue lines are estimated fatigue interaction curves 
associated with a specific number of cycles to failure.

cycles 106

cycles 105

Number of Cycles to Number of Cycles to 
FailureFailure

Once the equivalent 
alternating stress is 
found, the S-N curve 
may be used to find 
the number of cycles 
to failure.

Equivalent Alternating Stress Equivalent Alternating Stress 
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ExampleExample
(Continued)(Continued)

Completely reversed cyclic 
stress, UNS G41200 steel

Shigley, Fig. 7-6
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Part has finite life at base.Part has finite life at base.
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Section 2 (Fillet)Section 2 (Fillet)
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Part has finite life.Part has finite life.
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Calculation of Equivalent Calculation of Equivalent 
Alternating StressAlternating Stress
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Cycles to Failure EstimateCycles to Failure Estimate
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Stress StatesStress States

Everything presented on fatigue has been based on 
experiments involving a single stress component.

What do you do for problems in which there are 
more than one stress component?

Marin Load Factor, Marin Load Factor, kkcc

The endurance limit is a function of the 
load/stress component used in the test.
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Alternating and Mean Von Alternating and Mean Von 
Mises Mises StressesStresses

1. Increase the stress caused by an axial force by 
1/kc.

2. Multiply each stress component by the 
appropriate fatigue stress concentration factor.

3. Compute the maximum and minimum von Mises 
stresses.

4. Compute the alternating and mean stresses based 
on the maximum and minimum values of the von 
Mises stress.

5. Use the Goodman alternating and mean stress 
interaction curve and S-N curve to estimate the 
number of cycles to failure.  Use the reversed 
bending endurance limit.
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What is the cumulative effect of these different load cycles?
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Cumulative Damage LawCumulative Damage Law
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C is usually taken as 1.0C is usually taken as 1.0
Minor’s Rule is the simplest and most widely used Minor’s Rule is the simplest and most widely used 

Cumulative Damage LawCumulative Damage Law
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ExampleExample
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1.1 Part will fail

AssignmentAssignment
(Problem No. 1)(Problem No. 1)

A rotating shaft is made of 42 x 4 mm AISI 1020 cold-drawn 
steel tubing and has a 6-mm diameter hole drilled transversely 
through it.  Estimate the factor of safety guarding against 
fatigue failure when the shaft is subjected to a completely 
reversed torque of 120 N-m in phase with a completely 
reversed bending moment of 150 N-m.  Use the stress 
concentration factor tables found in the appendices, and 
estimate the Marin factors using information in the body of the 
text. 

AssignmentAssignment
(Problem No. 2)(Problem No. 2)

A solid circular bar with a 5/8 inch diameter is subjected to a 
reversed bending moment of 1200 in-lb for 2000 cycles, 
1000 in-lb for 100,000 cycles and 900 in-lb for 10,000 
cycles.  Use the S-N curve used in this lecture.  Determine 
whether the bar will fail due to fatigue.  Assume all Marin 
factors are equal to 1.0.

AssignmentAssignment
(Problem No. 3)(Problem No. 3)

Same as Problem No. 2 except there is a constant 
axial force of 5,000 lb acting on the bar in 
addition to the completely reversed bending 
moment.


