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Objective

The purpose of this experiment was to obtain a stress-strain curve and determine basic mechanical properties for four nonmetallic materials, Nylon, PVC, Acrylic, and Polycarbonate.

Procedure

Each of the four, dog-boned shaped, nonmetallic materials, Nylon (width .3940 in), PVC (width .5020 in), Acrylic (width .4950 in, and Polycarbonate (width .5040 in), is measured with a caliper for thickness and width.  They are individually placed in a Q-test machine with an extensometer, clamped into place, and stretched until fracture occurs.  The experimenter observes the deformation of each material, and refers to the data for stress and strain information.  The experimenter then uses this data to make conclusions about the materials’ mechanical properties.  

Below are the four materials’ cross-sectional areas:

Material = (width)(thickness) = area in^2

Nylon = .060 in^2
PVC = .061 in^2

Acrylic = .0579 in^2

Polycarbonate = .0585 in^2

Specimens are 9 in x ½ in x ½ in

The experimenter must make a stress vs. strain curve for each material.  Using the force and distance data gathered by the Q-test machine, the experimenter divides the force by the cross sectional area of the material to obtain stress (units = lb/in^2 = psi), and divides the distance the material was stretched by the initial distance (change in length / initial length) to obtain strain.  The initial distance between the grips of the machine was 6.2 in.
Results and Discussion

Data from the Q-test machine was collected and inputted into an Excel document, producing four separate stress-strain curves for each of the materials.  Samples of the stress and strain calculations, resulting graphs, and analysis of the graphs are shown below.
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Figure 1. Nylon Stress-strain curve.  
Stress Sample Calculation:

Force = 326.744 lbs

Cross sectional area of Nylon = .06 in^2

326.744 / .06 = 5445.743 psi = stress

Strain Sample Calculation:

Distance = .94 in

Initial grip separation = 6.2 in

.94 in / 6.2 in = .151613 = strain

The Nylon Stress-strain curve shows us that nylon is very ductile.  We can see a clear elastic state, where the deformation is linear from about 0-0.025 Strain, and from 0 to about 4700 psi stress.  Then the curve arcs, indicating it has entered an inelastic state, and eventually breaks off.  We observed necking at the break point, and strings of material shredding at the break point, both indicating ductile behavior.  It was also considerably stretched in length before breaking.  These occurrences all suggest that Nylon is ductile. 

We find by looking at the graph that Nylon’s Young’s Modulus, E, is equal to the slope of the elastic region:

E = delta y / delta x = [(4000-0)psi] / [(0.015-0)] = 266,667 psi
The internet suggests that Young’s Modulus should be between 230,000 and 550,000 psi.
  Therefore our answer is within accepted limits.
The tensile strength is calculated by observing where the stress-strain curve reaches its peak.  In Nylon’s graph, we see that the tensile strength is about 7000 psi.

The suggested value for tensile strength is 75 MPa
 which is equal to 10877.83 psi.  Our value is low.
The yield strength is calculated by following the slope of the elastic region of the stress-strain curve after observing an offset strain of .2%.  We can estimate this to be about 5000 psi after looking at the graph.

The internet indicates that yield strength for nylon should be about 2180-123000 psi
, therefore our value is in the accepted range.
Finally, the rupture strength is the last point on the graph, before the material breaks.  We estimate this point to be at about 5250 psi.  

The accepted value for rupture strength should be about 5000 psi
, and so our value is relatively close.

Using these same techniques, we can find the same mechanical properties for the other three materials, after constructing their graphs.
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Figure 2. Polycarbonate Stress vs. Strain curve.

Looking at this graph, we can determine that polycarbonate is more brittle than Nylon.  The distinction between the elastic and inelastic regions is very hard to see, and the elastic region ends very early on.  The arcing begins quickly, indicating a less ductile material.  When one observes polycarbonate stretching, one can see that its thickness does decrease at the break location, which suggests a slightly ductile material.  Its width decreases at the break location as well, and it showed necking before breaking.  These observations do suggest a ductile material, but not nearly as ductile as Nylon.

Using the same methods as before, we can find Young’s Modulus to be about 333,333 psi.  Polycarbonate’s Young’s Modulus should be 2-2.4 GPa, which can be converted to 290,075 – 348,091 psi
.  Our value is in the accepted range.  

The tensile strength in the graph is about 9000 psi, and the internet suggests that it should be at about 9,000 psi
.  So our value is right on target.

The yield strength in the graph is about 6000 psi, and it should be at about 6530-10,000 psi
, meaning our value is just slightly low, but not that far out of range.

The rupture strength in the graph is about 6100 psi, and it should be at about 6320-7530 psi
, therefore our value is a little low but very close to the accepted range.
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Figure 3. PVC stress vs. strain curve

PVC deforms in a very similar manner to Nylon.  The reason why the graphs do not look identical is because the Nylon sample was notched, to control deforming.  PVC took a considerably longer time to break than any of the other materials, and Nylon would have behaved in this manner had it not been notched.  Necking occurred at the break point, and there was color change (the material was lighter) near this point as well.  Some of the material recovered from its deformation, and therefore some length was lost on the rebound.  All of these facts point to a ductile material.

PVC’s Young’s Modulus here is about 250,000 psi.  The accepted value is about 217,556 psi
, and so we are relatively close.

We can find that the tensile strength is about 8000 psi, and the accepted value is about 7000 psi
.  This means our value is off by quite a lot, and the error may be attributed to the material’s resilience, and ability to regain some of its length even after exiting the elastic stage.  

The yield strength of PVC is about 8000 psi, and the accepted value is 7685 psi
, and so we are again relatively close.

Finally, the rupture strength of PVC is about 5000 psi in our graph, and the internet suggests that it should be between 8000 and 13000 psi.  Again, we are very far off, and our sample broke after a larger decline in stress than the Internet value suggests.  We might attribute this to the very ductile nature of PVC, and its ability to stretch for an incredibly long time before breaking.  It took a considerably longer time for PVC to break than for the other three materials.  This might contribute to its unusually low rupture strength value.
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Figure 4. Acrylic Stress Vs. Strain

This material is a very good example of a very brittle material.  It broke very easily, and very quickly.  No necking occurred, and the break point was completely flat and smooth.  

The Young’s Modulus for this material is about 250,000 psi according to the graph.  The Internet suggests that it should be 327,000 psi
, and so ours is a little low.  This might be because our slope is not as steep as most Acrylic stress strain curve’s, because our tested sample broke faster than the typical sample.  Two samples were tested for the Acrylic because the first sample broke so quickly.  Deformities in the acrylic could be to blame for the second rapid break, graphed here.

The tensile strength for this material is about 7200 psi, and it should be about 6820-11500 psi
.  This means our value is within the accepted range.

Acrylic’s yield strength is about 7000 psi, and it should be between 7980 and 12300 psi
.  Our value is a little low, but is not very far outside the accepted range.  If our slope was steeper, the yield strength would most likely fit in the accepted range.

Lastly, Acrylic’s rupture strength is about 6800 psi in our graph, and the internet suggests that it should be 9000-11000 psi
.  This means our value is low, but again, it would be higher if our slope was a little steeper.  The fact that our samples broke early and had less steep slopes might have contributed to the error we found in this test.

We see from analyzing these graphs that in general, ductile materials tend to have steeper slopes in the elastic region, and a rather large inelastic region, while brittle materials have lesser slopes in the elastic region, and almost no or very little inelastic region.  They break faster, and their break points are cleaner (smooth, flat surface), than ductile materials.  Ductile materials tend to neck before they break, and some discolor at the break point.  We see all of these properties displayed in the materials tested, and we find that PVC and Nylon are more ductile than Acrylic and Polycarbonate.  Polycarbonate is more ductile than Acrylic, and Acrylic is very brittle.  

Examining the results of the properties of each of the materials, we can find that for ductile materials, the Modulus of Elasticity (Young’s Modulus, E), tends to be lower than E for brittle materials.  This is because the graphs of brittle materials tend to be dominated by the elastic region of the stress-strain curve, thereby making the slopes that calculate the Modulus of Elasticity more accurate and direct than the slow-deforming, plastic ductile materials. 

The tensile strength for ductile materials is also lower than the tensile strength for brittle materials.  This is because brittle materials tend to be stronger than ductile materials, but break more easily.  Therefore it takes a considerable amount of force, but not as much time, to break the brittle material.  The highest point of stress on a ductile material, which dictates the tensile strength, also tends to be close to the break point of that material.

Our results do not indicate a pattern for yield strength or rupture strength corresponding to brittle/ ductile materials.  However, we know that brittle materials rupture under more stress than ductile materials, but rupture faster and under less strain in general. 

Conclusion

After having analyzed four materials and their mechanical properties, conclusions can be drawn about general deformation patterns of brittle and ductile materials, and ways to determine if a material is brittle or ductile.

Ductile materials tend to neck at the break point, they tend to deform longer than brittle materials, and their break points tend to be ‘sloppy’, compared to the very smooth, flat surfaces of a brittle fracture.  Brittle materials tend to break suddenly, and not neck at the break point.

Strong, brittle materials require more force to break, but break quickly when that force is applied.  This forces the tensile strength and the Young’s Modulus to be higher for brittle materials, and lower for ductile materials.  Ductile materials deform slowly, and have distinctions between the inelastic and elastic regions of their graphs.  
We can determine that because of their deformation patterns and because of the data we gather from their graphs, that PVC and Nylon are ductile while Acrylic and Polycarbonate are brittle, and that Acrylic is more brittle than Polycarbonate.
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