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Introduction to Fatigue in Metals – Ductile Fracture
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Fatigue: When parts are subjected to fluctuating stress, the parts are
likely to fail at stress levels that are much less than yielding or ultimate
strengths if subjected to large numbers of cycles.
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Introduction to Fatigue in Metals – Ductile Fracture
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Necking Formation 
of 
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Coalescence of microvoids
to form a crack

Crack propagation by
shear deformation
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Introduction to Fatigue in Metals – Fracture
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Ductile Fracture
Brittle Fracture
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Trees
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Trees
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Introduction to Fatigue in Metals - Example
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Fatigue fracture of an AISI
4320 drive shaft. The fatigue
failure initiated at the end of
the keyway at points B and
progressed to final rupture at
C. The final rupture zone is
small, indicating that loads
were low.

⮚ A fatigue failure has an appearance similar to a brittle fracture, as the
fracture surface are flat and perpendicular to the stress axis with
absence of necking
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Introduction to Fatigue in Metals - Example
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Fatigue Failure Surface:
- Crack Propagation 

Zone  Smooth 
Surface

- Final Fracture Zone     🡪
Rough Surface like 
Brittle Fracture
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6-4 The Stress-Life Method
Chapter 6 – Fatigue Failure Resulting from Variable Loading

There are 3 major fatigue life methods
- Stress Life Method
- Strain Life Method
- Linear Elastic fracture mechanics method

⮚ This machine subjects the
specimen to pure bending (no
transverse shear) by means of
weights (The specimen should be
carefully machined and polished).

⮚ The mostly used fatigue testing device is the R. R. Moore high speed
rotating beam machine.

⮚ To establish the fatigue strength at the materials, quite a number of
tests are necessary because of the statistical nature of fatigue
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R. R. Moore High-Speed Rotating Beam Machine
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R. R. Moore High-Speed Rotating Beam Machine
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6-4 The Stress-Life Method
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6-4 The Stress-Life Method
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6-4 The Stress-Life Method
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6-7 The Endurance Limit
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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Figure 6 -17 – Endurance Limit (Wrought Irons and Steels )
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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Figure A-24

Mechanical Properties of Three Non-Steel Metals
(a) Typical Properties of Gray Cast Iron

Chapter 6 – Fatigue Failure Resulting from Variable Loading
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Aluminum alloys do not have an endurance limit. The fatigue strengths of some aluminum alloys at 
5(108) cycles of reversed stress are given in Table A–24. 18

Figure A-24

(b) Mechanical Properties of Some Aluminum Alloys
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6-8 Fatique Strength
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Chapter 6 – Fatigue Failure Resulting from Variable Loading

6-8 Fatique Strength

(1000, f Sut)

(1e6, Se)
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Figure 6-18: Fatigue Strength fraction f of Sut at 103 cycles
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Chapter 6 – Fatigue Failure Resulting from Variable Loading

6-8 Fatique Strength

(1000, f Sut)

(1e6, Se)
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6-9 Endurance Limit Modifying Factors
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6-9 Endurance Limit Modifying Factors
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Table 6-2: Parameters for Marin Surface Modification
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Surface Factor ka
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Size Factor kb

⮚ The results for bending and torsion may be expressed as:

⮚ For axial loading there is no size effect, so

Rotating Components
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Table 6-3: Areas of Common Nonrotating Structural Shapes
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Size Factor kb
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Load Factor kc

When torsion is combined with other loading, such as bending, set kc = 1,
and the combined loading is managed by using the effective von Mises
stress as described in Sec. 6-14
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Figure 2-9: Effect of operating temperature on Sy & Sut

Chapter 6 – Fatigue Failure Resulting from Variable Loading

Temperature Factor kd
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Table 6-4: Effect of operating temperature on Sy & Sut

Chapter 6 – Fatigue Failure Resulting from Variable Loading

Temperature Factor kd
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Figure 6 -17 – Endurance Limit (Wrought Irons and Steels )
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Table 6-5: Reliability Factors Ke

Chapter 6 – Fatigue Failure Resulting from Variable Loading

Reliability Factor ke
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Miscellaneous Effects Factor kf
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6-9 Endurance Limit Modifying Factors
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Miscellaneous Effects Factor kf
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6-9 Endurance Limit Modifying Factors
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

In the development of the basic stress equations for tension, compression, bending,
and torsion, it was assumed that no geometric irregularities occurred in the
member under consideration. But it is quite difficult to design a machine without
permitting some changes in the cross sections of the members.
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Rotating shafts must have shoulders designed on them so that the bearings can be
properly seated and so that they will take thrust loads; and the shafts must have
key slots machined into them for securing pulleys and gears. A bolt has a head on
one end and screw threads on the other end, both of which account for abrupt
changes in the cross section. Other parts require holes, oil grooves, and notches of
various kinds.
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Stress Concentration factors:
▪ This index at stress concentration is referred as the stress concentration 

factor Kt or Kts

▪ The stress concentration factors Kt or Kts  are taken from experiments
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Stress Concentration Factor kts
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kts

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 55

6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kts
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kts
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kt
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6-10 Stress Concentration and Notch Sensitivity
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Stress Concentration Factor kts
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Stress Concentration factors:
▪ This index at stress concentration is referred as the stress concentration 

factor Kt or Kts

▪ The stress concentration factors Kt or Kts are taken from experiments

▪ The Fatigue stress concentration factors Kf or Kfs
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Notch Sensitivity q
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6-10 Stress Concentration and Notch Sensitivity
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Notch Sensitivity qs
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6-10 Stress Concentration and Notch Sensitivity
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Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity

(1000, f Sut)

(1e6, Se)
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration and Notch Sensitivity
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6-10 Stress Concentration - Example 6-9
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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6-10 Stress Concentration - Example 6-9
Chapter 6 – Fatigue Failure Resulting from Variable Loading
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6-10 Stress Concentration - Example 6-9
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6-10 Stress Concentration - Example 6-9
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Size Factor kb

⮚ The results for bending and torsion may be expressed as:

⮚ For axial loading there is no size effect, so

Rotating Components

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 83

6-10 Stress Concentration - Example 6-9
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6-10 Stress Concentration - Example 6-9
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 86

6-10 Stress Concentration - Example 6-9
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 87

6-10 Stress Concentration - Example 6-9
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6 – 11 Characterizing Fluctuating Stresses
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Q (0 Degree)

Q (180 Degree)
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6 – 11 Characterizing Fluctuating Stresses
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6 – 11 Characterizing Fluctuating Stresses
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6 – 11 Characterizing Fluctuating Stresses
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6- 12 Fatigue Failure Criteria for Fluctuating Stress
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6- 12 Fatigue Failure Criteria for Fluctuating Stress
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6- 12 Fatigue Failure Criteria for Fluctuating Stress
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ASME-
Elliptic line

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 99

6- 12 Fatigue Failure Criteria for Fluctuating Stress
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Langer First 
Cycle 

Yielding
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6- 12 Fatigue Failure Criteria for Fluctuating Stress
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Surface Factor ka
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6- 12 Fatigue Failure Criteria for Fluctuating Stress
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Size Factor kb

⮚ The results for bending and torsion may be expressed as:

⮚ For axial loading there is no size effect, so

Rotating Components
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Load Factor kc

When torsion is combined with other loading, such as bending, set kc = 1,
and the combined loading is managed by using the effective von Mises
stress as described in Sec. 6-14
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6-10 Stress Concentration and Notch Sensitivity
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Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 109

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 110

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Modified 
Goodman 

line

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 111

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 112

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 113

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Gerber 
line

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 114

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Uploaded By: anonymousSTUDENTS-HUB.com



4/13/2021 115

6- 12 Fatigue Failure Criteria for Fluctuating Stress
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Ductile MaterialsQuestion: Are these Theories for Brittle or Ductile
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6-12 Fatigue Failure Criteria for Fluctuating Stress
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Brittle Materials  🡪 Smith Dolan
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6-13 Torsional Fatigue Strength under Fluctuating Stresses
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6-9 Endurance Limit Modifying Factors
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Load Factor kc

When torsion is combined with other loading, such as bending, set kc = 1,
and the combined loading is managed by using the effective von Mises
stress as described in Sec. 6-14
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6-12 Fatigue Failure Criteria for Fluctuating Stress
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Gerber 
line

ONE TYPE OF LOAD IS ALLOWED
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6-14 Combinations of Loading Modes
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6-14 Combinations of Loading Modes
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a  = 
d  =
D  =  

6 mm
34 mm 
42 mm 
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6-14 Combinations of Loading Modes
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a  = 
d  =
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6-14 Combinations of Loading Modes
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Stress Concentration
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Stress Concentration Factor kt
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Stress Concentration
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Stress Concentration Factor kts
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Stress Concentration
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Notch Sensitivity q

Notch Radius
a  = 
d  =
D  =  

6 mm
34 mm 
42 mm 3 mm
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Stress Concentration
Chapter 6 – Fatigue Failure Resulting from Variable Loading

Notch Sensitivity qs

Notch Radius
a  = 
d  =
D  =  

6 mm
34 mm 
42 mm 3 mm
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Fatigue Stress Concentration factors
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Fatigue Failure Criteria for Fluctuating Stress
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Fatigue Failure Criteria for Fluctuating Stress
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