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BACKGROUND

Studying the fracture behavior of biological materials, such as skins and bones, provides crucial information on creating artificial replacement materials and understanding the limitations of their applications. There are many factors that contribute to the different fracture properties of biological materials. These include the structural and material properties of the material, the loading rate, and other non-mechanical factors such as age, health, or the physical activities of the chicken. Experiment 3:”Instron Tensile Testing: Structural & Material Properties of Chicken Skin”, and Experiment 4: “Fracture Properties of Chicken Bones: Bending Testing”, were two experiments which investigate these properties of chicken skins and chicken bones, respectively. 
In Experiment 4, it was determined that fracture energies of chicken bones varied with different applied loading rates. Fracture energy was determined from the stress-strain curve (refer to Figure 1), and results indicated that two different loading rates produced two different fracture energies (p=0.0015, n=5) in chicken bone samples.
Drawing the results from Experiment 4, this experiment aims to investigate the effect of different loading rate on the fracture behavior of chick skin sample, further expanding the study of structural and material properties of chicken skin that was done in Experiment 3. Using the data obtained from Instron Model 4444, the fracture energies of the chicken skin sample exposed to different loading rates will be determined and compared statistically among the samples. From the trail run in Experiment 3, the loading rates of 10mm/min and 90mm/min were used and proved to be appropriate rates to apply to the specimens. 
Based on the results in Experiment 4 and the study of the effect of loading rate on fracture toughness, where fracture energy of a material increases significantly with an increase in the loading fracture velocity (“Backers”), it is anticipated that higher loading rate will result in higher fracture energy in the chicken skin samples.
HYPOTHESIS AND OBJECTIVES
The primary objective of this experiment is to examine the effect of different loading rates on the fracture energies of chicken skin samples, which determined by integrating the stress-strain curve using the trapz() function in Matlab. This experiment aim to investigate if higher loading rates would produce higher fracture energies in the chicken under Instron 4444. 
Based on results in Experiment 4 and other previously done research, the central hypothesis of this experiment is that higher loading rate will result in higher fracture energy of the chicken skin. 
EQUIPMENT

Major Equipment:
· Instron Model 4444 bench-top materials testing machine - The machine is required to perform the tensile testing of the chicken skin and obtain the data to determine the fracture energies of the samples.
Lab Equipment:
· Weight Set (500g, 1 kg, 2 kg) - The weights are used to calibrate the Instron and verify the load cell transducer settings.
Supplies:
· Scalpel, scissors, and cutting board – tools used to cut and prepare the chicken skin
· Calipers and rulers – tools used to measure the dimension of the samples
· Marker – to mark on the chicken skin when cutting, if necessary, to get the right orientation of the skin fiber
Newly Purchased Equipment: (refer to Budget section for more information)
· 6 Fresh Chicken Legs – to obtain skin specimens 
PROPOSED METHODS & ANALYSIS
Specific Procedure

A) Specimen Harvest and Preparation (45 minutes) 
1) Remove the skin from the 6 chicken legs provided. It is important to note the orientation of the skin fiber at this step since different orientations could produce different fracture energies when the skin is under tension. Refer to Picture 1 for a way to cut the skin while maintaining the orientation of the skin fiber. Use the marker if necessary to help marking the orientation of the fiber.
2) Cut the skin pieces into samples of rectangle shapes with 1”x 1.5” dimension. Get at least 2 samples from each of the leg to do a pair t-test. There should be at least 12 samples in total; 2 from each of the 6 legs. Store specimens in wet paper towels.
3) Use a ruler and a caliber to measure the dimension of each specimen and calculate the cross-sectional area of the skin specimens at the side of the width 1”. This cross-sectional area will be used to obtain the stress and strain curve in later steps.
B) Instron Set-Up and Instron Specimen Tensile Testing (2-3 hours)
1) For the calibration and set-up of the Intron Model 4444, refer to the lab manual of Experiment 3.
2) The no-load position is defined to be the position where the chicken skin is mouthed between the two clamps of the Instron and the distance between the two clamps is exactly 1” apart. This no-load position must be kept constant before running the Instron throughout every run in the experiment. Refer to Picture 2 for the direction in loading the samples onto the Instron.
3) Set the rate of loading to be 10mm/min
4) Follow Experiment 3 lab manual for instruction on how to run the Instron after the sample is loaded. 
5) Observe the specimen and record fracture force to be the point where the skin completely breaks into two pieces (defined to be fracture point in this experiment).  In addition, make the notes about the rupture position or shape that could be of interest for discussion. 
6) Perform the run on 6 skin specimens; one from each of the legs.

7) Repeat step 4 and 5 for the loading of 90mm/min on the rest of the 6 skin specimens.

C) Graphing and Calculation ( 1-2 hours)
1) Create a load-deformation plot from the data obtained from the Instron.
2) Normalize the load-deformation data with the sample geometry to determine the stress and strain data. Divide load by cross sectional area calculated earlier to determine stress. Divide deformation by nominal length to determine strain (Refer to Equation 1,2 and 3 in the Appendix)
3) Use the trapz() function in Matlab to integrate the stress-strain curve until the fracture point to determine failure energy.
4) Perform a one-tailed paired t-test on the fracture energies for the two loading rates. 

Analysis of Proposed Methods 

The hypothesis of this experiment is that higher loading rate will result in higher fracture energy of the chicken skin. In order to test this hypothesis, a one-tailed paired t-test could be used to analyze the data. A one-tailed t-test is chosen since the goal of the experiment was to determine whether a higher loading rate will produce higher fracture energy. A paired t-testing is chosen since the data from each of the run, for the two loading rates, are obtained from the same chicken leg. 

Provided that the hypothesis is correct, it is anticipated that the result from the one-tailed t-test will give a p-value of less than 0.05, and the average fracture energies of the sample under 90mm/min loading rate will be higher than the corresponding average under 10mm/min loading rate. This would indicate that higher loading rate results in higher fracture energy in chicken skin. 
POTENTIAL PITFALLS & ALTERNATIVE METHODS/ANALYSIS 

One potential pitfall in this experiment is the non-uniformity of the chicken skin. While the dimension of the chicken skin is specified in the protocol, cutting the skin samples may not produce perfect rectangular shapes due to the skin texture. This suggests that any differences in fracture energies among the samples could partially be due to the variation in the dimension and the non-uniform nature of the chicken skin, and not the varying loading rates. For the purpose of the analysis, the experiment has to be performed under the assumption that all chicken skin samples are uniform in shape and size. An alternative solution to this could be to use foam, such as the Confor Slow Recovery Polyurethane Foam, to replace the skin specimens. This foam is easier to cut and the shape of the samples will be more accurate and precise. However, the foam might not be a good representation of the skin, and therefore the results obtained might not portray the accurate fracture behavior of the actual chicken skin samples. 
Another potential pitfall is the range of the loading rates in the experiment. While the two loading rates of 10mm/min and 90 mm/min have been tested to be appropriate for this experiment in Experiment 3, the range of the loading rates may not be wide enough for any observable changes in the fracture energies of the skin samples. An alternative solution to this problem is to try out the same experiment with wider range of loading rates. This, however, might be limited by the time constraint of this experiment as the run with low loading rates could be time-consuming. 
In addition, due to the stickiness of chicken skin, the fracture point of skin could be ambiguous since the pattern in which the skin fractures may vary due to the non-uniformity of the chicken skin. The fracture point of the chicken skin, therefore, is more difficult to determine than the fracture point of chicken bones in Experiment 4. To solve this problem, a fracture point in this experiment is defined to be a point where the skin completely separates into two pieces. It is important, therefore, to keep this as a guideline in determining the fracture points of the samples throughout the experiments. 

Lastly, there are various other factors, apart from the loading rates, that could have contributed to differences in fracture energies. These include the other non-mechanical factors such as age, health, or the physical activities of the chicken. There is no real solution to this problem, since all skin samples are inherently different and we are unable to control the non-mechanical factors. Therefore, we have to disregard these non-mechanical factors and assume that all samples are homogeneous. 
BUDGET 
Chicken Legs
2 chicken legs make up about 1 lb. One group will need 6 chicken legs for the experiment. Thus, a group will need a total of 3 lb of chicken legs. There are 20 lab groups in the class. Therefore, a total 60 lb of chicken legs will be required. 
	Supplier
	The Fresh Grocer (40th and Walnut)

	Price/Unit
	$ 0.90/lb

	Quantity needed
	60 lb

	Total Price
	$ 54.00
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APPENDIX

Figure 1: Stress-Strain Curve
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Picture 1: Removing the chicken skin while maintaining the orientation of the skin fiber 
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Picture 2: Mouthing the Chicken Skin Samples on the Instron
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Equation 3: [image: image5.png]


 
The arrows show the vertical and horizontal alignment of the skin fiber that should be noted when removing the skin and placing the skin samples on the Instron.





Point “R” represents the fracture point. The area under the graph from zero to point “R” represents the failure energy of the sample. 











PAGE  
2

