Strain Transformation


Lab Background

The topic of strain transformation is important because it allows the use of arbitrarily oriented strain gage rosettes to find the principal strains for a given loading situation.  Without the use of strain transformation the measurement of strains on complex geometries is nearly impossible since it is very difficult to know ahead of time how the principal strains will be oriented.

Lab Procedure

Each group will be given a transparency sheet with four squares printed on it.  Each of the squares will be oriented differently on the sheet.  The following procedure should be followed in the lab:

1) Before deforming the sheet, measure the lengths of all the sides of the squares (4 per square, 16 total) using calipers and record them on your data sheet in the left column.
2) Measure and record the angles between the sides of the squares (4 per square, 16 total).  The measurements recorded on your data sheet can be in degrees, but before you perform any calculations you need to convert to radians.
3) Measure and record the orientation angle of each square with respect to the horizontal.

4) Use a UTM to deform the transparency sheet 2.5 inches.  Be careful not to touch the ink after deformation since it will easily rub off and ruin your results.

5) After deforming your sheet, measure the lengths of all the sides of the squares and the angles between the sides of the squares and record them on your data sheet in the middle column.

6) You do not need to measure the orientation angle of the square after deformation.

Calculations

You should begin your calculations by finding the average normal strain in the x-direction (
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) and y-direction (
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) for each square using Eq. (1).  Then, find the average shear strain (
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) for each square using Eq. (2).  Next, you will need to find the principal strains, maximum shear strain, and principal direction for each square.  The principal strains (
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), maximum shear strain (
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), and principal direction (
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) can be found using either Mohr’s circle or the equations method.  If you choose to use the equations method, the required equations are given as Eqs. (3)-(5).  If you choose to use Mohr’s circle, the required equations are given in Eq. (6).
Lab Report

The report for this lab should be a short memo that will be worth 100 points.  Your group should complete and attach hand calculations for one of the squares.  Also, be sure to attach your original data sheet along with your transparency sheet. 
The results of your calculations should be reported in typed tables.  The following values should be shown in one table in your report.

	Square #
	θ
	εx
	εy
	γxy
	θp
	ε1
	ε2
	γmax


Your report should also include a table or tables that make the following comparisons using percent differences:

1) Compare θ to θp for each square.  

2) Compare ε1 and ε2 values among the four squares.  Report the largest and smallest % differences among the values.
3) Compare εx and εy for square 1 to ε1 and ε2 for square 1.

4) Compare γmax among the four squares.  Report the largest and smallest % differences for the values.
5) Compare γxy for square 4 to γmax for square 4.
Once you have made all the required comparisons you should discuss how well your results match what would be expected.  Include any reasons you can think of for why your results differ from what is expected.
Presentation

Each group will come to the board and fill in the following information for squares 1 and 4.
	Square #
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Then two random groups will be asked questions about the lab.
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Equations 

(1) Average Normal Strain


(2) Average Shear Strain

[image: image12.wmf]1,1,2,2,

1,2,

1

2

xfxixfxi

x

xixi

LLLL

LL

e

æö

--

=+

ç÷

ç÷

èø




[image: image13.wmf]1,2,3,4,

1

42222

xyffff

pppp

gaaaa

æö

=-+-+-+-

ç÷

èø



[image: image14.wmf]x

e

= normal strain in x-direction, in/in

[image: image15.wmf]xy

g

 = shear strain, rad
Lx,f = final length, in
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= final angle between sides, rad
Lx,i = initial length, in

(3) In-Plane Principal Strains


(4) Maximum In-Plane Shearing Strain
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= in-plane principal strains, in/in
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= maximum in-plane shearing strain, rad
(5) In-Plane Principal Direction


(6) Mohr’s Circle Equations
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= in-plane principal direction

(7) Percent Difference
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Exp1= experimental value #1
Exp2= experimental value #2
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