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Material Testing Lab
Part 1: Buckling Load

Purpose

The Objective for this lab is to find E; Young’s Modulus in addition to ‘m’ and ‘n’, the exponents for the Length and Radius.  In order to find Young’s Modulus, we need to find the load at which different pastas begin to buckle, the pastas length at which they begin to buckle, and the pastas diameter.  A material with a higher E deforms less with the same force as a material with a smaller E. 
Procedures

We wanted to come up with a value for E.  To get that value we measured the buckling load by pushing on the upper end of a length of material whose lower end is supported by a scale.  We pushed on the pasta until it began to bend and we recorded the weight that it took.  

We tested three different diameters of spaghetti and recorded the buckling load for each.  We first used a digital caliper to get the exact diameter of the pasta.  After we got the diameter we began testing the buckling load for the full length of pasta.  After we got a buckling load measurement, we trimmed approximately 1 cm off of the piece of pasta, and then we tested that piece for its buckling load.  We continued to do this untill we took 10 measurements.  We repeated this process for the 3 diameters of pasta.

After we conducted the tests we had raw data.  To format it, we plotted a graph of P vs. L for all of the spaghetti diameters.  The next step was to find the variables; m & n.  
Results/Analysis:


Our objective for this section of our lab was to determine the strength i.e. Young’s Modulus for spaghetti of different radii.  In order to determine Young’s Modulus (E), we had to manipulate the equation for the Euler Buckling Load ‘P’: P = βLmRn.  To begin we realized we had three unknowns in this equation: m, n, and β.  The values for these variables needed to be found one at time with the other unknowns remaining constant in our equation.  The first variable we wanted to find was ‘m’.  To accomplish this we set β equal to 1 in order to have it set as a constant value in the equation.  Additionally, by looking at one type of spaghetti at a time we were able to create a constant radius because each type of spaghetti had the same radius.  With β and R constant in our equation we were left with the equation P = Lm.  In order to find ‘m,’ the exponent of the length we realized the need to use logarithms.  We figured that since both P and L change throughout the experiment that “m” is the change in P over the change in L i.e. log P/ log L. Thus, “m” is the slope of the plot of log P versus log L (See Attached Graph A). Since we were experimenting with three different spaghetti’s we calculated three different “m”s. Even though each “m” was close to -2 the variation in the values of “m” can be attributed to possible sources of systematic error in the scale due to the fact that that the scale can be off by 2.  Therefore, any measurement between 2 and 4 would be reported as 2 not 3.5.  This is a systematic error because the scale itself is scaling everything down from its true value.  Additionally, there is normal scientific random error throughout our experiment, including the length measurements as well as the measurement of the radii.  All of these errors contributed to the overall error in our experiment and to a variance in our ‘m’ values.  

Once we figured out the value for ‘m’, we had to determine a way to find ‘n’.  The first problem, which we encountered is that we could not simply do the reverse of the process used to find ‘m’ in having a plot of Log(Force) vs. Log(Radius) since our lengths did not remain constant throughout our experiment. In addition, the change in length also constituted a change in P (the bucking load or force on the spaghetti), therefore we were unable to input a set value for both L and P.  To solve this problem we reexamined our equation P = βLmRn seeking a way to find ‘n’.  To solve the problem that our L values changed throughout the experiment and between types of pasta, we rearranged our equation in the following way:  

Log(P) – mLog(L) = nLog(R)
This rearrangement allowed us to combine both dimensions of L and P so we were able to plot together against the Radius.  This rearranged equation when plotted displays the value of ‘n’ as the slope of the best-fit line of the graph.  (See Attached Graph B).  After examining this graph we obtained a value for the variable n, which was equal to 3.9183.  The values obtained for ‘m’ and ‘n’ were then used to find Young’s Modulous (E) for the spaghetti.  Since β = EП3/4 and P = βLmRn we were able to manipulate these equations to find an equation for E in terms of P, L, R, m, and n.  Our equation was:

E = 4P / П3LmRn
Using this equation we found Young’s Modulous for every length of each type of spaghetti.  After all E’s were calculated, we calculated an average E for each type of spaghetti.  To determine error in our experiment we calculated the Standard Deviation of Young’s Modulous for each type of spaghetti.  This Standard Deviation told us how close we had calculated our values for E.  The Average Young’s Modulous and Standard Deviation are seen in the table below.  

	Pasta
	Avg. Young's Modulous
	Standard Deviation for E

	8 Spaghetti
	1.20E+09
	4.06E+07

	9 Spaghetti
	9.37E+08
	3.25E+07

	Angel Hair
	5.04E+09
	3.25E+08


Part 2: Deflection
Purpose 

The purpose of measuring the deflection of pasta by applying weight is to have a second measurement for yield or fracture strength.  This method is considered the indirect method while Part 2 is considered the direct method.  
Procedure
For this test procedures are very simple.  We put a piece of pasta over a span that measured a certain length.  For the stronger pastas we used a larger span and for the weaker pastas we used a smaller span.  We attached weight in the center of the pasta pulling down until the pasta snapped.  We slowly added weight and after the pasta snapped we put the weight on a scale and recorded our findings.  We conducted 2 tests for each of the pastas.  The relationship between deflection (y) and the bending load (P) is

P = 48yIE/L3
In this formula E = Young’s Modulus, L is the span, and I is the cross-sectional moment of inertia of the specimen.  For a circular cross-section, I = (1/4)(R4)(3.14)

The ready to use formula is…


E = (Slope * L3) / (48 * (1/4)(R4)(3.14))
From this formula we found E.  We then found the fracture or yield strength.  By applying load, the pasta took an arc shape.  Using trigonometry, we found that the arc radius is…


p = (1/2y)( (L/2)2 + y2)

When the specimen is bent strain is imposed on the material.  At the center of the material there is a point called the neutral plane where strain passes from compression to tension.  We then found strain on the material…


 = C/; C = distance from the neutral plane

In our case, C is simply the radius of our specimen, so max = R/.  We used Hook’s law to convert maximum stress to fracture or yield strength.  

max = E max 
Using Young’s Modulus which we found earlier and then using the strain calculation we made we were able to deduce the fracture strength.
Results / Analysis
Young’s Modulus
Number 8 spaghetti
= 1.58 * 109 Pa
Number 9 spaghetti
= 1.18 * 109 Pa
Angel Hair spaghetti
= 2.27 * 108 Pa
Maximum Stress

Number 8 spaghetti
= 1.33 * 107 Pa
Number 9 spaghetti
= 8.59 * 106 Pa
Angel Hair spaghetti
= 1.49 * 106 Pa
In this test we found that the experimental strengths are proportional to their cross-sectional areas.  As the radius increases the strength also increases.  Although we found that the proportions were off, they were within about 1, and we attributed this to human error.  We found that while testing, measurement was far from exact.  When trying to determine a measurement by eye errors can and where made.  An example is during one test the three of us thought it was three different measurements.  We decided to take an average between those measurements.  Another error that was made was the centering of the weight.  To test the deflection of the pasta, you had to add weight to a container that was supposed to be hanging from the center of the pasta.  That container wasn’t always perfectly centered and therefore could have affected the point at which the pasta failed.  While measuring deflection, measurement tools like the mirror on the deflection device could have attributed to the error.  In our tests there was both systematic and random error.  Measurement tool error and not positioning weight in the exact center of the pasta is systematic error while measuring an objects length is random error.  A way of reducing error is to measure more than once.  If measurements are made more than once and are compared we could find where errors are made, re-measure, and get a correct number.  
Part 3: Yield Strength, Fracture Strength

Purpose 

The purpose of this test is to find the yield strength of the three different diameter spaghettis.  This method is a direct measurement of tensile strength while deflection is an indirect measurement of deflection.  We want to find what load it takes to snap a piece of these spaghettis from tensile load.  In a bridge you have both tension and compression.  The buckling load test will tell us how much load it takes to snap a piece of spaghetti under compression, and this test will tell us how much load it takes to snap a piece of spaghetti under tension.  
Procedures


We used a lever-and-fulcrum apparatus.  To hold the pastas, we put epoxy on the two ends of the pasta, and then attached a cotter pin on each end.  Each specimen was made to a length of 13cm from center to center of the cotter pins.  We made three specimens for each pasta.  


To test the tensile strength we put our specimen in the fulcrum and attached the pasta to the fulcrum by using pins that go through the cotter pins.  We then attached a bucket to the end of the fulcrum beam, and added weight until the pasta snapped.  After the pasta snapped we removed the bucket with the weight in it, and weighed the entire bucket and recorded the weight.  For the larger pasta we mounted the weight farther down the beam so that we got a ration of 1:3 (larger pasta took too much weight so by using a 1:3 ratio we had to put 1/3 of the weight in the bucket and just multiply our findings by 3).  We used the same procedures for the different pastas and for each pasta we conducted three tests.  
Results / Analysis




