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Background

In experiment 4, the failure properties of chicken bones and wood surrogates were compared using a 3-point bending test.  Significant differences were found in the stiffness and uniformity of the wood surrogates and bone samples, suggesting that the wood is an inadequate surrogate for the chicken bone (see appendix, table 1).  Furthermore, the experiment revealed that there was no difference in average fracture force when the loading rate was allowed to vary between 5, 10, and 15 in/minute (see appendix, table 1).  More tests were suggested to find factors that would have more significant effects on the structural failure properties of bones.  
This experiment will expand on experiment 4 and take it in a new direction, testing the affects of wetness on the mechanical properties of both the wood surrogates and the chicken bone samples.  Outside studies1 examining a similar subject have found results which seem to indicate that low water content is a main contributor to high load stiffness. Understanding the factors that influence stiffness and failure force may be important in devising treatment for bone related ailments.  As before, stiffness, k, is determined by dividing the maximum force by displacement (k = F/d).  Displacement is defined as the displacement of the bone from time of impact to time of fracture.  For the purposes of the experiment, the chicken bone samples are assumed to be homogenous and isotropic to allow for calculations.  The chicken bone samples are also assumed to be identical, and as such, all the bones in each sample group will be submerged in water for the same amount of time and will dry for the same amount of time.  
Hypothesis/Objectives/Aims

The main objective of this experiment is to determine the effects of moisture on the failure properties of wood surrogate and chicken bone samples in the 3 point bending test.  
The central hypothesis of this experiment is that as the chicken bones and wood surrogate samples are allowed to dry for increasing periods of time, their stiffness values, k, will increase.  This is because increased wetness compromises the stiffness of an object.  Fracture force will increase and displacement will decrease when the bone and wood surrogate samples are allowed to dry for increasing periods of time.  In turn, the energy absorbed by the bone and wood surrogate samples will also increase when the time allotted for drying is increased.  
Equipment
Major Equipment

Weight set (500g, 1 kg, 2 kg)

Instron Model 4444 benchtop materials testing machine

Customized bending jig (variable positions of beam supports)

Lab Equipment

Length measuring instruments: calipers and rulers

Knives and cutting board

Supplies and Newly Purchased Equipment
15 chicken legs
15 chicken legs are suggested for this experiment to make it possible to test 3 samples of 5 at different drying times

Wood surrogates (~75)
Since it was established from the previous experiment that the wood surrogates serve as a poor surrogate for the chicken bone, more wood surrogates are required so the students can test 2 or 3 wood surrogates at the same time to more closely match the mechanical properties of the bone.  

2 Buckets with Water

One bucket for the wood surrogates and the other for the chicken bones
Proposed Methods and Analysis
A.  Instron Set-Up


-Refer to Lab Manual

B.  Wooden “Surrogate” Trials

1.  Wood sticks are provided as surrogate bone samples for testing of the apparatus, and analysis of the data.  It is highly suggested that the students test 2 or 3 wood sticks at once (by either stacking them on top of each other or using some sort of tape to hold them together) if they wish to more accurately simulate a chicken bone sample.  

2.  Many wood sticks are provided and it is highly advised that students take advantage of the wooden surrogates to determine suitable loading and sampling rates for the actual experiment.  

3.  Timing is important for the experiment.  Each group should determine the length of time the wood surrogates should spend submerged in the water.  It should not be too short or too long, as either could lessen the impact of results found.  The group should also coordinate the tests so that the chosen drying times are imposed on all the surrogates in each sample.  For example, drying 3 samples for 45 minutes at once saves time but also allows for experimental error.  It is important to account for the time it takes for each test and cycle between the samples accordingly.

C.  Dissection and Bone Testing
4.  Carefully remove the meat from the bones of each chicken leg and store each bone in the water bucket until time of use.  

5.  Take time to verify the sampling rate and loading rate.  It was suggested that the group refer to the wood surrogate tests to help with these considerations.

6.  As with the wooden surrogates, timing is important and precise cycling of bone samples into testing to ensure that wait times are imposed secures the integrity of results found. 
With proper timing, this experiment should take no longer than 3 hours.  
B. SAMPLE PROTOCOL 
· Calibrate the Instron machine using several weights. Set the Labview program to record 20 data points per second.

· Measure the lengths and cross-sectional areas of the 3-wood stick surrogates using a caliper. 

· Place 3 wood sticks into the bucket of water for 1 minute and test immediately, stacking them one on top of the other (tape or some adhesive may be used), at a loading rate of 10 in/min.  Repeat twice and record fracture force and deflection of the 3- wood stick surrogate samples.  Calculate stiffness.
· Perform the same procedure with a 10 min and 30 min drying time. 
· Measure the lengths of bones and outer radius using a caliper. Average several measurements to account for asymmetry.

· Submerge 5 chicken bones in the water for 1 minute.  Test the chicken bones immediately at a loading rate of 10 in/min; repeat for wait times of 10 and 30 min.   Record fracture force and deflection of bones.  Calculate stiffness.

· Determine cross-sectional areas of bones after fracture using a caliper to measure the thickness of the cortical bone. Average several measurements to account for asymmetry.

· Tabulate mean fracture forces and deflections, standard deviations. Use MATLAB to integrate the force-deformation plot in order to determine energy for all trials.

· Perform statistical analysis using the ANOVA test to compare the fracture forces at three different wait times (ANOVA<0.017).   Perform one-tailed t-tests assuming unequal variances if necessary.  
Potential Pitfalls & Alternative Methods
There are several procedural and experimental errors that might occur that could diminish the impact of results found in the experiment.  First and foremost, it is important to consider the assumptions made about the chicken bones.  The chicken bones were all assumed to be homogenous and isotropic for the purposes of allowing meaningful calculations to be made.  By taking measurements of the chicken bone samples and averaging them, it became possible to make the calculations of the experiment more accurate. 
The bone samples were also assumed to be identical in size and structure. Hence, the same drying time and the same “submerged” time was allotted to all the chicken bones of a particular sample.  In reality, both the degree of wetness and dryness that can be achieved by the bone sample in a certain span of time depends greatly on the size of the bone and the internal makeup of the bone.  The accuracy of results can be analyzed by looking at the standard deviation of stiffness values and fracture forces within each sample group.  If the standard deviations within one sample group are large enough that they completely discount any of the differences between sample groups, then the data has been compromised by the flawed assumption that the chicken bones are same in structure and size and viable conclusions can be drawn.  If the standard deviations are not so large, then the accuracy of the data is preserved for the purposes of showing and not showing significant differences between sample groups.  This is further complicated by the fact that the test may end up showing that there is no significant difference in the fracture forces or stiffness values of the chicken bones at the different drying times.  Then, it is more likely that the standard deviation of fracture forces and stiffness values within each sample are just as large as the non-significant differences in the values found between samples.  An alternative method would be for the group to eyeball a chicken bone, measure its size (cross sectional area, length, etc) and set up a quantitative system to determine the amount of time it spends in the water and the amount of time it spends drying based on certain important size specifications of the bone.  This could provide much more meaningful data; however, at the same time, it would make the experiment much more difficult to execute.  
Budget
Three times the number of chicken legs used in Experiment 4 

300 chicken legs – Fresh Grocer - ~ $200

Three times the number of Popsicle sticks used in Experiment 4

2 boxes of Craftsticks Jumbo (500/box) – 2 * $5.99
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Appendix
	COMPARISON
	TYPE
	VALUE

	1) Wood Surrogates vs. Chicken Bone Stiffness
	P(T<=t) one-tail
	9.31E-08

	2) Chicken Bone Fracture Force 5 in/min vs. 10 in/min vs.    15 in/min
	ANOVA (Single Factor)
	0.344


Table 1:  T-test between wood surrogate and chicken bone stiffness and ANOVA test for chicken bone fracture force at 3 designated loading rates
