· Failure
· Can someone give a definition of failure?

· For engineering there are three main types of failures

· Excessive elastic deformation

· Deformation doesn’t have to be permanent

· When a part has deflected or deformed too much
· Deflection, twisting, bending

· Highway overpass

· If too much deflection a truck could hit the beam

· Parts with close tolerances

· Small deflections can cause binding 

· Yielding

· Plastic deformation at room temperature

· Creep at high temperature

· Yield point is the design criteria

· Design parts to stay under the yield strength of the selected material

· Fracture

· Sudden fracture of brittle materials

· Fatigue over many cycles of load 

· Ultimate strength is design criteria

· Failure isn’t always a bad thing if used correctly

· Planned failures are used every day
Failure(Examples of Planned Failure

· Unplanned failures can be catastrophic

· This will be part of your work for your presentation
· Read about the unplanned failures on the IDE 120 website and be prepared to discuss the failure and what could have been done to prevent it

· Failure Theories
· Developed to predict when different types of materials will fail under different loads

· It is easy to predict failure if we have performed a test for the specific type of loading that is present

· Unfortunately we usually will have combinations of the basic stresses present so we need some theory to help us know when failure is predicted

· Most based on an assumption that failure will occur when stress, strain, or energy exceeds a certain value

Failure(Theories of Failure
· 4 Cases of Mohr’s Circle

· Even in the case of plane stress there are really 3 principal stresses since we live in a 3-D world
· The 
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· Maximum Normal Stress Failure Theory

· Predicts yielding whenever one of the three principal normal stresses equals the yield strength of the material

· Yield strength may be different for tension and compression

· Who remembers what type of stresses cause brittle materials to fail?
· Brittle materials fail due to normal stresses so this theory is applicable for brittle materials under certain loading conditions
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· Maximum Shear Stress Failure Theory

· Predicts yielding if the maximum shear stress in any element equals the shear stress in a tension testing specimen when the specimen begins to yield
· 
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· Applies for ductile materials since they fail due to shear stresses

· 
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· von Mises Failure  Theory
· Predicts yielding whenever the von Mises stress equals the normal yield stress of a tension test specimen at the yield point 
· Also called Maximum Octahedral Shear Stress Theory or Maximum Distortion Energy Theory

· von Mises stresses are used to represent the entire complex stress state (using only ONE value
· von Mises stress is another name for octahedral normal stress

· 
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· For plane stress element
· 
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· Predicts yielding when the shear stress is:
· 
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· Fully Plastic Action
Failure(Intro to Fully Plastic Action
· Fully plastic action is when the material has yielded across the entire cross section

· Tension Test

· Yield point is clearly defined by sudden change from linear to nonlinear stress-strain curve

· Entire cross section yields at the same time to become fully plastic
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· Torsion Test

· Yield point is not as clearly defined

· Yielding starts at outside of specimen and works its way toward the middle as the torque is increased
· Flexure Test

· Again, yield point is not well defined

· Cross section begins yielding at point farthest from the neutral axis

· A plastic shell develops around an elastic core as load is increased

· Finally the entire cross section will yield and be fully plastic

· Lab Procedure
· We will be performing flexure tests on A36 steel specimens
· The flexure test will be a 3-point flexure test


[image: image12.emf]L


· Test will be performed on one of the UTM machines we have used before

· Make sure to take all necessary measurements before testing your specimen

· Diameter of bar

· Distance between supports

· Set to 8 inches

· Collect data to determine the fully plastic load for the beam
· Beam will be loaded exactly in the middle between the two supports

· This will be similar to the torsion test since the load values should become constant at a certain point

· Computer will detect this and stop the test

· Calculations
· After finding 
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in the lab (which will be the point selected with the cursor), begin your calculations by applying Eq. (1) to find the fully plastic moment at the center of the beam which is the maximum moment in the beam
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· 
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· Next, apply Eq. (2) to find the maximum elastic moment in the beam

· 
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· Myp is the moment required to first yield the outside of the beam

· This equation only works for circular cross-sections

· Finally, use Eq. (3) to find the yield strength of the beam

· 
[image: image17.wmf]3

4

yp

y

M

S

c

p

=


· From 
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which only applies up to the yield point
· Lab Report
· Formal report written by your group worth 100 points
· Include a printout of the computer data report sent to you in an e-mail
· Create a table comparing the results of your tension, torsion, and flexure tests for A36 steel
· Will have to refer back to some of your previous lab reports to find information

· Show the normal yield strength (Sy) from the tension and flexure test

· Show the shearing yield strength (Ssy) from your torsion test

· Create a second table showing the following experimentally determined ratios

· 
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· Compare both of these ratios to the ratios predicted by the Maximum Shear Stress Theory and the von Mises Failure Theory using % difference
· MSST

· 
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· VMFT

· 
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· Comment on which theory appears to match your experimental values the best

· Presentation
· Each group will write their two experimental stress ratios on the board
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