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Background.
Young’s Modulus, a commonly used measure of a specific material’s elasticity, can be determined several different ways, including the 3-point bending test. In this proposal, an expansion of experiment 4 Bending: Bone Fracture, chicken bones are prepared to be either water hydrated or dehydrated. The Young’s Moduli of these bones are then to be experimentally derived via the 3-point bending test and compared to each other. The interest in this idea is a result of previous background research. Experiments have shown that the cortical bone of humans possess different mechanical properties under different water saturation levels, such as strength, toughness and stiffness. Bones subject to higher, dry temperatures are shown to have lower ductility and more easy to break. Since chicken drumstick bones are cortical bones, there is good reason to believe that moisture levels will also affect biomechanical properties of chicken bones. 
Hypothesis.


The proposed hypothesis is that dehydrating the chicken bone will significantly affect its Young’s Modulus. Throughout the lab several sub-goals or aims should be kept one’s mind. Firstly, the principles of 3-point bending, deformation and stress-strain relationships are to be applied. The lab participant should further familiarize his/herself with the Instron 4444 testing machine, and how to set up a bending jig. Once the results are collected and analyzed, think about how and why hydration would or would not affect fracture properties of a bone. Finally, learn to minimize lurking variables in such a lab requiring preciseness.
Proposed Methods & Analysis.


Obtain and thaw 20 chicken drumsticks. As in the previous bending experiment, remove as much muscle tissue as possible to maximize bone and jig contact area. Measure and record the length and diameter of each bone. Submerge all 20 chicken bones into room temperature water for 1 hour. Remove the bones: place 10 onto a sheet of dry paper towel and let air dry for 2 hours, and another onto wet paper towel ready for use. Cover the bones on the wet towel to ensure they stay moist; the wet towels will act as a condition stabilizer. 
 In the same manner as previously done, set up and calibrate the Instron Model 4444 testing machine. Adjust the cross-head speed to 10 inches/min; this will be constant bending rate to be used throughout the proposed experiment. Perform a few test trials with the given wood surrogates just to get a feel for using the machine and recording data. One by one, break and obtain data for each chicken bone wrapped in wet paper towel. Create resistive force vs. displacement graphs, and measure the thickness of each bone via a caliper. Other graphs can be created as well, such as strain vs. displacement, as shown in Figure 1. The thickness of the bone will be used to calculate the inner radius of the bone beam structure. After allowing the other set of chicken bones to dry for 2 hours, repeat the bending test process above, and obtain comparative data. Be sure to stop the cross-head as soon as it breaks the bone. 
For each graph, locate the peak point and record its corresponding force, which represents the fracture force of that particular chicken bone. This is because the resistive force from the bending jig would increase as it bends the bone until finally the bone snaps, and offers no more resistance. Hence the graph shows the force increase until the fracture point in which the force decreases as the cross-head continues to move momentarily.  Using the equations given in Figure 2, calculate the Young’s Modulus for each trial. Apply a t-test assuming unequal variances to compare the Young’s Moduli for hydrated and dehydrated chicken bones. If the p-value of the one tail test is less than 0.05, than there is a statistical difference between the two sets’ Young’s Moduli, thereby supporting the proposed hypothesis. After making a statistical conclusion, draw inferences as to maybe why hydration affects or does not affect chicken bone biomechanical properties.
Potential Pitfalls & Alternative Methods/Analysis.


Even with carefully controlling variables in this experiment, such as setting a constant cross-head rate, there are a few potential pitfalls to be discussed. One easy mistake is to leave muscle remaining on the bone, as any muscle in contact with the 3-point bending jig will act as a cushion, affecting the resulting fracture force. Another pitfall is that the diameter of a bone differs along its length. A chicken bone does not follow an ideal cylinder. To cope with this, one can measure the diameter along several points of the bone and average the numbers in an attempt to account for diameter differences. A third pitfall is that it is assumed the bone is hollow, when in fact it is not: chicken bones, like all bones, contain marrow and fluid, materials that are substantial and need to be taken into account. An actual testing problem experienced from the original experiment that also applies is that the bone is not always perfectly aligned. Human error will easily misalign the bone and create data error. 

As the experiment carries on, the fact that neither set of chicken bones (hydrated or dehydrated) can be tested all at once also poses a problem. As the bones sit there in the paper towel, the last one to be tested may be slightly more dehydrated than the first one. But the reason it is proposed to place them into wet paper towels is that it is unknown how long the bones would take to become fully hydro-saturated. If bones were left in water as they are sequentially taken out to be tested, some bones could become significantly more hydrated than other pieces as time goes on. Due to this pitfall, it is better to just wrap them all in wet paper towel, and minimize drying altogether. 


The same time problem applies to the set of dehydrated bones. Those tested earlier will be slightly more hydrated than those tested later. The best way to minimize these effects is to prolong the drying time so that the small drying time differences among the samples will almost be negligible. 


Finally, random error is always present. The purchased chicken bones are but one sample from the entire population of chicken bones. They could contain deviant properties from the norm. The best solution is to increase the sample size in future experiments when there is not a clear cut time limit. 
Budget.

The only additional resources needed for the proposed experiment are extra chicken drumsticks. The drumsticks are to be purchased from Purdue Corporation via online ordering at its website (Appendix). Purdue’s uncooked chicken drumsticks average 2.2 oz each (61 grams) and is priced at $1.19 per lb. To supply twenty groups with 20 drumsticks each, and to be safe, 65lbs (55lbs ± 10lbs), or $77.35 of Purdue chicken drumsticks are to be purchased.
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Appendix.
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Figure 1. Plot showing Fracture Strain versus Bone Displacement (prior to fracture) of the Chicken Bones. The linear regression of the data is also presented on the plot.
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Figure 2. Mathematical definition of stress; Young’s Modulus given for this case of simple beam theory; stress-strain relationship
