· What is strain transformation and how is it useful?
· This lab will help you better understand the concepts of stress and strain transformation you have learned about in IDE 110

· Allows you to determine the principal strains on an element and the orientation of the element with the principal strains
· Will help you understand what is happening to the strain gages we have used in previous labs

· Lab Procedure
· This lab involves some of the more difficult calculations we will do this semester
· Don’t be overwhelmed, together we’ll make it through it
· Ask for help if you need it
· Hand out Transparencies and Data Sheets
· Draw an example square on the board
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· Before testing, measure using calipers or protractor
· Probably best if the same person makes the same measurements before and after testing

· Lengths of the sides (4 per square)
· Use the points of the calipers for your measurements

· Be consistent when measuring- either always outside lines or always inside lines

· Accurate measurements will give better results 

· Angles between sides (4 per square)
· Your measurements will be in degrees

· It is okay to only use degrees on your data sheet

· For calculations be absolutely sure you work in radians

· Orientation angle for each square (1 per square)

· Assume the top square is perfectly aligned horizontally and vertically

· Align top square with 90º or 270º line and then find the orientation angle

· Do this for all four squares and record in the left column of squares on your data sheet
· Take your transparency sheet to a UTM

· Load the sheet in the grips

· The sheet will be stretched about 2.5 inches
· The sheet will be permanently deformed from its original dimensions

· Be careful not to touch the ink on the sheet after testing since it will come off and ruin your results

· After testing

· Make the same measurements as before except you don’t need to measure orientation angle
· Lengths of the sides (4 per square)
· Angles between sides (4 per square)
· Record your final measurements in the middle column on your data sheet

· Calculations
· Normal Strain

· Same as what we used in the tension testing lab

· Elongation of a line segment per unit length

· 
[image: image31.wmf]2

xy

g


· For the squares

· Two sides are aligned with the x and y directions for each square

· Find the average normal strains for the x and y directions

· 
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· Example
· Record calculated values in the right column of your data sheet
· Shear Strain

· Defined as change in the angle between two line segments that were originally perpendicular
· We will assume for our calculations that all the squares have 90º corners before testing

· You still need to measure the initial angles

· May help explain why your results aren’t perfect

· 
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· For the squares

· Calculate the average shear strain for each square
· 
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· Example
· Principal Strains

· The normal and shear strains we just found were the normal and shear strains in a coordinate system aligned with the arbitrary x-y coordinate  systems of the squares on the transparency

· Really want to find the maximum normal and shear strains in the transparency sheet

· All squares should experience the same principal normal and shear strains since the entire transparency sheet is subjected to the same strain

· St. Venant’s principal from Photoelasticity

· The principal strains can be calculated using either the given formulas or Mohr’s circle

· You can use either method to find your results

· My recommendation would be to use Mohr’s circle for the one square you perform hand calculations on and then program the equations in Excel 

· This gives you a very good way to double check that everything has been correctly entered in Excel

· The formulas from Mohr’s circle are the same as if you just use formulas, however Mohr’s circle gives a good visual check of your calculations

· Mohr’s Circle
· Mohr’s circle represents all the possible combinations of normal and shear strain on an element as the element is rotated

· A 1º rotation of the strain element corresponds to a 2º rotation around Mohr’s circle in the same direction
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· Mohr’s Circle Equations
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· Example

· Assignment

· The report for this lab should be a memo worth 100 points
· Need to complete the calculations discussed and report the results in typed tables
· Need to show hand calculations for one square
· Also remember to include your original data sheet
· Create a table that includes the following information
	Square #
	Θ
	εx
	εy
	γxy
	θp
	ε1
	ε2
	γmax


· Also make tables that compare the following using % differences

· % Difference formula for experimental values

· 
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· θ to θp for each square using % difference
· θ to θp should be the same if the load is applied axially and your measurements are accurate 
	Square #
	θ
	θp
	% Diff.
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· Compare ε1 and ε2 values for all 4 squares
· The ε1 values should be the same for all four squares as should the ε2 values
· For your % differences report the largest % difference between squares along with the smallest

	Square #
	ε1
	ε2
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	Largest % Diff.
	
	

	Smallest % Diff.
	
	


· Compare 
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 for square 1
· Since square 1 is aligned along the axial load, 
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for square 1 should be the principal normal strains 
· Compare γmax for all 4 squares 

· Again in theory they should all be the same

· Report the largest and smallest % differences among the four values

	Square #
	γmax

	
	

	
	

	Largest % Diff.
	

	Smallest % Diff.
	


· Compare your 
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for square 4 to 
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· Since square 4 is 45º from the axis of loading, it has the maximum shear strains

· Presentation

· Each group will come to the board and fill in the following information for square 1 and square 4 from your data set

	Square #
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· Two random groups will then be asked questions about the lab.
2θp





R





ε





Y





εavg











ε1





X





ε2








� EMBED Equation.DSMT4  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





R





� EMBED Equation.3  ���





θ








_1202015659.unknown

_1212731005.unknown

_1212732496.unknown

_1224230310.unknown

_1212732542.unknown

_1212732489.unknown

_1202016126.unknown

_1202016166.unknown

_1212730988.unknown

_1202016174.unknown

_1202016135.unknown

_1202015915.unknown

_1189165404.unknown

_1202014311.unknown

_1202015651.unknown

_1202015099.unknown

_1189166558.unknown

_1189166586.unknown

_1189166517.unknown

_1189165041.unknown

_1189165254.unknown

_1189165355.unknown

_1189165316.unknown

_1189165218.unknown

_1189148903.unknown

_1189165016.unknown

