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Concept


Relationship between mechanical properties and function of specific materials.


Objectives


The student will develop stress-strain curves for several representative materials.


SCIENCE PROCESS SKILLS


�
Identifying


Measuring


Observing


Predicting


Experimenting


Collecting and interpreting data


Analyzing data


�
BACKGROUND


Polymers or macromolecules are gaining interest in  technical and scientific communities. There is an abundance of new and useful polymeric structures which generate corresponding new, interesting and potentially useful (mechanical) properties. � REF _Ref332428646 \* MERGEFORMAT �Figure 1� illustrates a way of categorizing both natural and synthetic polymers(1). Without going into detail,  the sub�categorization that will be emphasized is dividing solid material oriented polymers into:


fibers (low elongation and high stiffness, modulus)


plastics (intermediate elongation and generally intermediate stiffness)


elastomers or rubbers (high elongation and low modulus).


Examples of natural fibers are wool, silk and wood. Common synthetic fibers are Nylon (polyamides), and Rayon. Rubbers are more readily identifiable. Natural rubber (polyisoprene) comes from trees. Rubber bands and tires are common examples of synthetic elastomers. But plastics are all synthetic, originating with Bakelite, discovered by Leo Bakeland in the early 1900’s. Synthetic plastics are ubiquitous now. Eyeglass lenses are often made of polycarbonates. Trash bags are often polyethylene. Cookware is coated with a non�stick, high surface energy Teflon or tetrafluoropolyethylene.


Polymers�
�
Natural�
Synthetic�
�
Organic�
Organic�
Inorganic�
�



Proteins


DNA


Wool


Silk


Wood (Cellulose)


Natural Rubber�



Fibers





Antron® III (Carpets)


Qiana®


Nylon®


Orlon® (A Wool Substitute)


Kevlar® - Nylon® (A composite bullet Proof Vest)





�



SiO2 - Based Glass


Silicones�
�
�



Plastics





Plexiglas®


Contact Lens


Corian® (Substitute Marble)


Surlyn® (Golf Ball Covers)





�
�
�
�



Elastomers





Spandex (Swimwear)


Rubber Tires


Rubber Bands


�
�
�
Figure � SEQ Figure \* ARABIC �1�:  Categorization of Natural and Synthetic Polymers


Materials Needed


90- 32.0 gram bolts (or an equivalent constant mass material)


1- light weight basket with removable handle (toy sand buckets or margarine buckets with handles will do fine.  Plastic bowls can be rigged with wire handles, but  the weights may pull the wire through the edges.)


1- elastic strap (about 8 inches long) with metal hooks at ends (often called a bike strap or bungee strap)


Scotch tape 


1 tape measure (or meter stick)


scissors


table clamp and 2-way bar clamp


3  metal bars (often used as pulley supports in the lab)


various materials for tensile testing:  6-pack rings,  rubber bands of various widths, typing paper, cloth strips, strips cut from 2 liter drink bottles,  etc.


Procedure


Attach one hook of the elastic strap to a lab clamp off the edge of a lab counter.


Do not allow the bucket to hang too far above the ground; accidents can happen.


Measure length of the strap excluding the metal hooks.


Add incrementally (maybe 5 bolts) specific loads (weights) to the basket.


After each additional load (weight of bolts) measure the new length and record the total weight.


The bungee strap should not break and will establish data to help the student understand that all materials, even if they are elastic, will not have the same index of expansion.


Remove the basket  of weights and bungee strap.  Arrange three metal bars  so that two of them support a third bar, just as though you were going to hang pulleys.  Continue steps 1-5 until each testing material breaks or all weights have been used.   Repeat for several materials.


Record the lengths for the weight increments as well as the maximum weight held for each material.


Materials that are cut into strips (3 cm x 30 cm) can be looped around the bar and the handle of the bucket.  Scotch tape can be used to secure the ends of the strip being tested.  The 6-pack rings can be folded around the handle of the bucket and slid onto the cross bar.  Remember that both ends of the cross bar will have to be supported, so reset the clamp.


�
OBSERVATIONS


Use  your data to graph  a set of bar graphs that illustrates the maximum weights supported by each material.








Another set of  bar graphs may be constructed for the maximum lengths before breaking.








If  you have a graphing calculator, plot  these with your calculator.








Does the mass of the material strip being tested affect the load that can be held?








Does the cross-sectional  area (thickness x length) of the strips affect the load that can be held?
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