· Torsion Testing
· What is a torsion test?

· Torsion tests apply a load to a specimen by twisting the ends of the specimen in opposite directions

· Why perform a torsion test?

· Get several values similar to those from a tension test

· Values obtained include:

· Modulus of Rigidity

· Sometimes called the Shear Modulus

· Similar
 to Modulus of Elasticity for tension test

· Shearing Yield Point

· Ultimate Shear Strength

· Maximum Elastic Torque

· Fully Plastic Torque

· Lab Procedure
· We will split into two large groups to perform the tests

· One large group will work with me on one machine

· Other large group will work with TA on other machine

· Each group needs to collect their own data

· For Example: Group 1, 2, and 3 each have their own data sheet even though the data will be identical between groups

· An A36 steel bar will be used in the tests

· Equipment used

Torsion(Assignment(Torsion Testing Equipment
· Measurements

· Diameter of the rod before testing

· Troptometer radius

· This needs to be from the center of the bar to the tip of the pointer

· Easiest to find by measuring from the outside of the bar to the pointer and then adding on the radius of the bar

· One end of the bar will remain fixed while the other end is slowly twisted by applying torque
· You will collect data at each 100 in-lb increment of torque from 0 to 1000 in-lb of torque
· Once the torque is above 1000 in-lb you will take readings at every 0.1 in  increment of arc length 
· Continue these readings until the fully plastic torque has been clearly reached

· Fully plastic torque occurs when the bar continues to twist but the amount of torque required remains constant

· It is up to the groups to decide when enough data points have been collected

· Want several data points in the fully plastic region to ensure good results

· After fully plastic torque has been established you will no longer need to collect data at regular intervals
· We will continue to twist the bar until it fractures
· Only thing left to find will be the maximum torque

· Torque vs. Angle of Twist Diagram

· These are the values you will actually be recording in the lab

· Show how to determine the Fully Plastic Torque and the Maximum Elastic Torque

· Draw figure on board
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· Formulas

· 
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(polar moment of inertia for circular cross section)
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· Shearing Stress-Strain Diagram
· Element on the surface of the bar oriented along the axis

· Has only shear stresses acting on it (pure shear)

· Draw figure on board
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· Similar to tension stress-strain diagrams

· Normal Stress is replaced by Shear Stress

· Normal Strain is replace by Shear Strain

· Assumes a linear elastic, perfectly plastic material

· Draw figure on board
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· Formulas
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 (applies only in linear elastic portion)
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· Yielding in Circular Shafts

Torsion(Short Version
· Yielding starts at outer surface since maximum stresses are present there

· As material yields there is a plastic shell that forms on the outside of the material

· Eventually the entire cross section will yield and the fully plastic state will be reached

· Fracture Surfaces

· Ductile Materials

· Fail due to shear stress

· Fracture surface should be oriented with shear stresses on element

· Results in a 90º fracture surface

Torsion(Fracture Geometry
· Brittle Materials

· Fail due to normal stresses

· Remember that an element oriented 45º from a pure shear element has only normal stresses

· Results in brittle materials fracturing with a 45º fracture surface

· The fracture surfaces are oriented just the opposite of what we found in the tension tests

· Direct Shear Test

· While we are waiting on the torsion testing specimen to fracture we will perform a direct shear test
· Will work as an entire section
· Material to test will be an A36 bar identical to the one used for torsion testing
· Procedure
· Measure the diameter of the A36 steel bar
· Load specimen in the shear testing fixture
· Apply load to the specimen using a cross-head speed of 0.1 in/min
· Run the test until the computer stops the cross-head
· Record the 0.2% offset yield load from the computer
· Record the maximum load from the computer
· Calculations
· Find the shearing yield strength by applying
· 
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· Find the ultimate shearing strength using
· 
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· Assignment

· Memo worth 100 points
· Attach your initialed original data sheet

· Experimental Results
· Torsion Testing

· Create a plot of torque (T) vs. angle of twist(φ) using your data

· Based on your data and plot

· Determine the Fully Plastic Torque (TFP)

· Calculate the Maximum Elastic Torque (TE)

· Use linear regression to calculate the slope of the linear elastic portion of the plot

· Only use data points up to the Maximum Elastic Torque

· Use your slope to calculate the modulus of rigidity (G)

· Calculate the shearing yield strength and ultimate shearing strength
· Direct Shear Testing

· Calculate and report the shearing yield strength

· Calculate and report the ultimate shearing strength

· Discussion of Results

· Discuss how well your data points fit the linear regression line

· Compare your shearing yield strength and ultimate shearing strength between the torsion test and the direct shear test

· Look up a reference value for G and compare your experimental value to the reference value
· Presentation
· Each group will come to the board and fill in the following values
	TE (in-lb)
	TFP (in-lb)
	Experimental
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· Two random groups will be selected to answer questions about the lab
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