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Abstract: This experiment illustrated the effects and distribution of a uni-axial tensile point load over an aluminum plate.  Additionally, experimental values for many of aluminum’s physical characteristics were obtained.  The calculated experimental values deviated only slightly from the known values for aluminum.  Additionally, the plate exhibited the expected distribution of stress across its width.  The hole in the center of the plate exhibited the highest stress levels, as predicted, and revealed much about the way in which a structure acts with mechanical disparities.  In addition to the E and v values, the distributions across the X axis were also compared to the theoretical values and plotted on the graphs below.  Further from the hole, the experimental distributions matched better, but near the hole they were still relatively close.  
Introduction:  The point of this experiment was to examine the way in which stress is distributed over a uni-axially loaded test material.  Additionally, the manner in which the stress is concentrated in the material, and around a hole at the center of the test subject was also examined.  The test consists of a metal “sheet” 1/8th inch thick that includes 24 independent strain gages that will keep track of the strain in the material at different points, and around a hole at the center of the sheet.  Each strain gage is set up to measure strain in the X or Y direction alone.  The results and data from each gage will be compiled and the characteristics of the distribution/concentration will be examined.  

Background / Theory:  In order to understand the goals and results of this lab, a brief explanation of stress/strain in uniaxial tension is necessary.  First, the primary equation linking the ideas of Force/Area (stress) and Change in Length/Original Length (strain) is stress = E * strain where E is young’s modulus.  This lab focuses on the relationships between perpendicular strains when loaded in one direction.  In the case of aluminum, when in tension in the Y direction, the material will “shrink” or have a negative strain value in the X direction, i.e. as the metal is pulled apart, it’s sides come together.  This relationship is quantized by Poisson’s Ratio v, which gives an exact ratio of strain in the Y vs. X direction.  The following equations illustrate this relationship and use Poisson’s ratio:

Stress(x) = [E/(1-v^2)](Strain(x) + vStrain(y)
Stress(y) = [E/(1-v^2)](Strain(y) + vStrain(x)
Additionally, the average stress in the sheet of aluminum is given by:

Stress(avg) = Load / (Width*Thickness) when far from the center hole and:
Stress(avg) = Load / (Width*Thickness – 2(radius)*(thickness)) when near the hole.

In terms of distribution, the stress is distributed more evenly as the distance from the load point approaches the width of the plate.  i.e. as the y coordinate approaches the value for width, the stress is nearly uniform from left to right (X axis) across the plate.  Closer to the load point, the stress is concentrated around the load point.

Experimental Apparatus:  In order to carry out the experiment an Instron test machine was used in conjunction with a measured aluminum plate and a series of strain gages connected to the proper read-out apparatus.  The rest of the experiment was completed using the values given by the strain gages, and the known load(s) from the Instron machine.  

Procedure: 
1.) Pre-load the prepared aluminum sheet to a relatively low load (10-15lbs) in order to make any previous warpage of the plate irrelevant.  
2.) Copy down the strain values for this pre-load and use it as a zero-point for each of the next loads and their corresponding strain values.
3.) Load the plate to 4,000lbs and allow to settle for several minutes.  
4.) Copy down each strain value for the entire set of gages and subtract the zero value from above; this is your strain at a load of 4,000lbs
5.) Load the plate to 8,000lbs and again allow to settle.
6.) Copy each strain gage value, again subtracting the zero value.  
7.) Unload and remove the plate.  

Results:  Below are a series of graphs that illustrate first, the distribution of stress as the Y coordinate approaches the width of the plate.  As expected, the graph starts out with the stress concentrated near the center, and lower near the edges.  As y approaches W, the stress becomes more uniformly spread over the entire plate.  The strain values from these gages was also used with the theoretical stress (P/Wt) to calculate an experimental value for Young’s Modulus: (Eexp = 1.13*10^7 psi).  A commonly accepted value for Aluminum is 1.0*10^7 which shows a slightly high experimental value.  Perhaps this difference arose because of the non-ideal loading (finite area, not a point load), or the presence of the hole at the center.  The effects of the whole decrease with distance, but do not completely disappear for the entire plate.  These graphs are broken down by load amount, and location (A-A, B-B, etc…)
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[image: image3.emf]Stress(y) vs. X Coordinate (4,000lbs) Row B-B
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[image: image4.emf]Stress(y) vs. X Coordinate (8,000lbs) Row B-B
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[image: image5.emf]Stress(y) vs. X Coordinate (4,000bs) Row C-C
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[image: image6.emf]Stress(y) vs. X Coordinate (8,000lbs) Row C-C
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In addition to the above plots of Stress(y) vs. X Location, an experimental value for Poisson’s ratio v was calculated.  In order to calculate v 3 X-Direction strain values were used in conjunction with 3 corresponding Y-Direction strain values from the same location.  The negative ratio of the 2 values gives Poisson’s ratio.  (v exp = 0.3329).  A commonly accepted value for aluminum is 0.3300.  From this we can see that the plate deformed approximately 3 times as much in the Y-Direction as in the X-Direction.  

Attached is a series of calculations from which the graphs were created.  In addition, the stress around the hole was also calculated for the distances of 0.5 (=the radius), 0.625”, and 0.875”.  Below are the graphs of both experimental and theoretical stress values around the hole.  Again, the experimental values are slightly higher than the theoretical:
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[image: image8.emf]Stress(y) vs. X Coordinate (8,000lbs) Row H-H (Theoretical)
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[image: image9.emf]Stress(y) vs. X Coordinate (4,000lbs) Row H-H (Experimental)
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[image: image10.emf]Stress(y) vs. X Coordinate (8,000lbs) Row H-H (Experimental)
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Discussion:  The calculated results seem to match up relatively well when examining the graphs.  The stress near the whole in the experimental values was not as close to the theoretical values as elsewhere on the plate.  The stress near the hole, however, was extremely large compared to elsewhere on the plate as originally expected.  Because of the manner in which the stress is diverted along the edge of, and around the hole, the values in the area were significantly higher than along line C-C for example.  The obtained experimental values for E and v were rather accurate (~0.88% error for v and ~13% error for E).  As mentioned earlier, the graphs of the stress from X=0” ( X=4.0” along each line (A-A, B-B, etc…) appear very similar to the theoretical graphs in the lab manual: The stress starts out concentrated at the loading point and disperses more evenly as you move down the plate.  The most uniform distribution occurs where the Y Coordinate = Width of plate.  In this experiment, one possible source of error would be improperly placed strain gages, or failing to zero the strain readings for each load.  More importantly, if the aluminum had any impurities or deformations within the plate it would have caused some variation in stress/strain distributions.  If the plate were perfectly uniform and the load area extremely small, the results would have been closer to theoretical.  
Conclusion:  Having completed the experiment, each goal has been met with experimental values for E and v as well as illustrations of the distribution across the plate.  It was found that the hole increased stress in its general vicinity as well as exhibiting the highest levels of stress along the inside of the radius.  As expected, the aluminum exhibited negative strains in the X direction when uniaxially loaded in tension in the Y direction.  This ratio turned out to be approximately 1:3 X:Y.  In order to improve this experiment, I would narrow the focus of the lab to perhaps 1 or 2 of the original goals.  For example, focus on either the experimental calculations of E and v, or examine the distribution of stress and strain.  Although related, these two analysis require completely different calculations.  If narrowed to one or the other, it could be studied more deeply and perhaps the experiment could be “expanded” in one direction or the other.  The main problem associated with this lab was the confusion regarding placement and orientation of the 24 strain gages.  If we were only concerned with E/v or Distribution around a hole for example, we could eliminate nearly half of the gages and it would have been easier to conceptualize exactly what is taking place where.  
