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Static failure theories

Accepted failure theories that apply to ductile materials:

Accepted failure theories that apply to brittle materials:

 Total strain energy theory
 Distortion energy theory
 Pure shear-stress theory
 Maximum shear-stress theory
 Maximum normal stress theory (limited application)

 Maximum normal stress theory (even material)
 Maximum normal stress theory (uneven material)
 Coulomb-Mohr theory
 Modified Mohr theory
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Static failure theories
Ductile materials

Safety factors:
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Static failure theories
Ductile materials
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Static failure theories: experimental verifications
Ductile & brittle materials
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Static failure theories
Brittle materials

Mohrõs circle: 
pure tension
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Pure shear condition Pure shear condition

Static failure theories
Brittle materials

Mohrõs circle: 
pure shear
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Static failure theories
Brittle materials: even and uneven materials
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Static failure theories
Brittle materials: Coulomb-Mohr, modified-Mohr, 

and normal stress theories
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Static failure theories: brittle materials
Coulomb-Mohr, modified-Mohr, and normal stress theories

Experimental observations
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Static failure theories: brittle materials
Modified-Mohr theory: quadrants of interest

(+,+) quadrant

(+,-) quadrant
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Static failure theories: brittle materials
Modified-Mohr theory

Safety factor: zone I:
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Modified-Mohr
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Modified-Mohr theory: 
applicable inside this area
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Static failure theories: brittle materials
Modified-Mohr theory

Safety factor: zone II
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Modified-Mohr theory:

Understand: state 
of stresses at 

points A, B, and C.

What do pointsAô, 
Bô, andCô

represent?

Extra credit: derive 

expression for the 

SF in Zone II

Static failure theories: brittle materials
Modified-Mohr theory

Safety factor: zone II
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Static failure theories: brittle materials
Effective stress: Dowling indexes
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(Similar concept as the equivalent von Mises stress in ductile materials)
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Static failure theories: brittle materials
Modified-Mohr theory: effective stress

Safety factor:

s~
utS

NSF ==

Effective stress.  Obtained as:

Modified-Mohr theory.
Effective stress:

Ultimate strength of the 
material in tension

),,,,,(~
321321 CCCMAX ssss=

and

0~=s if MAX < 0, use a different approach
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Static failure theories: ductile & brittle materials
Review: Examples 5-1 and 5-2

Ductile case:

Al 2024-T4 (consult Appendix C)

Sy = 47 kpsi

Brittle case:

Class 50 gray cast iron (consult Appendix C)

Sut = 52.5 kpsi.  Suc = 164 kpsi

(1000 lb)

(1.5 in)

(8 in)

(6 in)



Mechanical Engineering Department

 Chapters 5 of textbook: Sections 5.2 to 5.5

 Review notes and text: ES2501, ES2502

 Author’s: 5-2

 Solve: 5-10, 5-12, 5-30, 5-35m

Reading assignment

Homework assignment


