Composite Materials: Designing Mud Bricks
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Organization:  Lawrence Hall of Science
Contact person:  Lizzie Hager-Barnard
Contact information:  lizziehb@berkeley.edu
General Description
Type of program: Classroom activity 
In this activity, students learn what composite materials are and why they are used in many industries.  Students put these ideas to work as they design and create their own bricks.  After the bricks are made, students employ a variety of mechanical tests to evaluate their bricks.

Notes:

This activity works well as an inquiry-based exercise.

This activity is an excellent complement to “Why are Seashells so Strong?”, since both are related to composite materials.    

Program Objectives

Big idea: 

Many natural and engineered (synthetic) objects are made of composite materials.  Composite materials combine the advantages of their individual components.
Learning goals:

As a result of participating in this program, visitors will: 
1. Learn what composite materials are

2. Learn why scientists and engineers use composite materials

3. Learn about the mechanical properties of a variety of simple materials

4. Learn how to conduct simple mechanical tests

NISE Network content map main ideas:

[x] 
1. Nanometer-sized things are very small, and often behave differently than larger things do.

[x] 
2. Scientists and engineers have formed the interdisciplinary field of nanotechnology by investigating properties and manipulating matter at the nanoscale.
[  ]
3. Nanoscience, nanotechnology, and nanoengineering lead to new knowledge and innovations that weren’t possible before.
[  ] 
4. Nanotechnologies have costs, risks, and benefits that affect our lives in ways we cannot always predict.

National Science Education Standards:

[x] 
1. Science as Inquiry

[x] 
K-4: Abilities necessary to do scientific inquiry

[x] 
K-4: Understanding about scientific inquiry
[x] 
5-8: Abilities necessary to do scientific inquiry
[x] 
5-8: Understanding about scientific inquiry
[x] 
9-12: Abilities necessary to do scientific inquiry
[x] 
9-12: Understanding about scientific inquiry

[x] 
2. Physical Science

[x] 
K-4: Properties of objects and materials
[  ] 
K-4: Position and motion of objects
[  ] 
K-4: Light, heat, electricity, and magnetism
[x] 
5-8: Properties and changes of properties in matter
[x] 
5-8: Motions and forces
[  ] 
5-8: Transfer of energy
[  ] 
9-12: Structure of atoms
[x] 
9-12: Structure and properties of matter

[  ] 
9-12: Chemical reactions

[x] 
9-12: Motions and force

[  ] 
9-12: Conservation of energy and increase in disorder

[  ] 
9-12: Interactions of energy and matter

[  ]
3. Life Science

[  ] 
K-4: Characteristics of organisms
[  ] 
K-4: Life cycles of organisms
[  ] 
K-4: Organisms and environments
[  ] 
5-8: Structure and function in living systems
[  ] 
5-8: Reproduction and heredity
[  ] 
5-8: Regulation and behavior

[  ] 
5-8: Populations and ecosystems
[  ] 
5-8: Diversity and adaptations of organisms

[  ] 
9-12: The cell

[  ] 
9-12: Molecular basis of heredity
[  ] 
9-12: Biological evolution
[  ] 
9-12: Interdependence of organisms
[  ] 
9-12: Matter, energy, and organization in living systems
[  ] 
9-12: Behavior of organisms

[  ] 
4. Earth and Space Science

[  ] 
K-4: Properties of earth materials
[  ] 
K-4: Objects in the sky
[  ] 
K-4: Changes in earth and sky
[  ] 
5-8: Structure of the earth system
[  ] 
5-8: Earth's history
[  ] 
5-8: Earth in the solar system
[  ] 
9-12: Energy in the earth system
[  ] 
9-12: Geochemical cycles

[  ] 
9-12: Origin and evolution of the earth system
[  ] 
9-12: Origin and evolution of the universe
 [x] 
5. Science and Technology

[x] 
K-4: Abilities to distinguish between natural objects and objects made by humans
[x] 
K-4: Abilities of technological design
[  ] 
K-4: Understanding about science and technology
[x] 
5-8: Abilities of technological design
[  ] 
5-8: Understanding about science and technology
[x] 
9-12: Abilities of technological design
[  ] 
9-12: Understanding about science and technology
 [  ] 
6. Personal and Social Perspectives

[  ] 
K-4: Personal health
[  ] 
K-4: Characteristics and changes in populations
[  ] 
K-4: Types of resources
[  ] 
K-4: Changes in environments
[  ] 
K-4: Science and technology in local challenges
[  ] 
5-8: Personal health
[  ] 
5-8: Populations, resources, and environments
[  ] 
5-8: Natural hazards
[  ] 
5-8: Risks and benefits
[  ] 
5-8: Science and technology in society
[  ] 
9-12: Personal and community health
[  ] 
9-12: Population growth
[  ] 
9-12: Natural resources
[  ] 
9-12: Environmental quality
[  ] 
9-12: Natural and human-induced hazards
[  ] 
9-12: Science and technology in local, national, and global challenges
[x] 
7. History and Nature of Science

[x] 
K-4: Science as a human endeavor
[x] 
5-8: Science as a human endeavor
[x] 
5-8: Nature of science
[x] 
5-8: History of science
[x] 
9-12: Science as a human endeavor
[x] 
9-12: Nature of scientific knowledge
[x] 
9-12: Historical perspective
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 15 minutes
       1—3 hours**
15 minutes
**  The program time will vary considerably depending on factors such as: (1) how many bricks are made, (2) how many mechanical tests are performed, and (3) how much time is spent introducing the activity and discussing the results.  Furthermore, this program time (1—3 hours) assumes that you’re using playdough in place of dirt/soil.  Using dirt instead of playdough will increase the program time by 2—3 days, because it takes time for the bricks to dry.  More information about this is given in the Program section.
Background Information
Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000). It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1-100 nanometers. A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific terms

Composite  --  A composite is something that is made up of different things/elements.  One example is bone, which is made up of minerals, proteins, and other substances.  Composites are useful because they combine the advantages of the different things they’re made of.  Many composites are made of a matrix and a reinforcement material (see definitions below).
Matrix  --   Composite materials often contain a matrix and a reinforcement material.  The matrix is the majority/continuous material. The matrix material surrounds the reinforcement and keeps the reinforcement material(s) in place. In concrete, the matrix material is cement.
Reinforcement material --  Reinforcement materials are used in composite materials to improve the mechanical properties of the composite.  They often improve the overall hardness and/or stiffness of the composite, by complementing the matrix material. In concrete, the reinforcement material is often gravel.
Grain-direction / Fiber-direction --  In a material with fibers, the grain- or fiber-direction describes the direction of the fibers.  It’s important to know the grain-direction, because objects often have different mechanical properties in the grain-direction compared to other directions.
Hardness  --  Hardness is one measure used to define the mechanical properties of a material.  If a material is hard, it resists permanent changes when a force is applied.  Ceramic plates are very hard.  You can tell they are hard because they are difficult to scratch and indent.  The hardness of an object can be measured in different ways, such as how easily it is scratched or dented.   (Note:  People also describe the hardness of water.  This is a different use of the term “hardness”, and is not the same as its mechanical definition.)  
Toughness  --  Toughness is another way to define the mechanical properties of a material.   If a material is tough, it can withstand a lot of force without breaking.  (Said a different way, tough objects can absorb a lot of energy and deform before they break.)  Ceramic plates are not tough, which you can tell because they break easily when dropped.  The toughness of an object is often measured through an impact test, in which a sample is hit with a pendulum or arm.  During this test, scientists measure the amount of energy the sample absorbs.
Program-specific background

Composites

This activity is designed to be a fun, hands-on way for students to learn about composite materials.  A composite is something that is made up of different things/elements. Composites are useful because they can combine the advantages of their individual elements.  For example, composites are often used in airplane and bike manufacturing because they can be lightweight while still being strong.
One very common composite is concrete (see image below).  Concrete is made of cement, water, and an aggregate like gravel (http://en.wikipedia.org/wiki/Concrete).  When you look at concrete you can tell it’s a composite because you can see that it is made of different materials.  Many composites are similar to concrete, in that they are made of small particles embedded in another material.  However, you can also have composites with much more complicated structures, as shown below on the right. 
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   Left:  concrete 
          image source: http://commons.wikimedia.org/wiki/File:Concrete_aggregate_grinding.JPG
   Right:  schematic of a composite  

image source:  http://en.wikipedia.org/wiki/File:Composite_3d.png
Composites are used in many technological and engineering fields.  From planes, to artificial limbs, to bicycles, composites are key to items we use everyday.  Other examples of composites are: disc brake pads, fiberglass, shells, wood, particleboard, papier-mâché, airplane components, and many bike parts (like carbon-fiber bike forks).  A fun list of composite objects that you may use can be found here: http://www.composites.ugent.be/home_made_composites/composites_in_daily_life.html.

Nanocomposites
Composites are very important in the fields of nanoscience and nanotechnology. Many scientists and engineers are trying to figure out how to improve current composite designs, or build new nano-composites.  But humans did not make the original nanocomposites.  Nanocomposites have existed in nature for ages.
Some of the most well known nanocomposites are naturally occurring ones, such as bones and teeth. Bones and teeth both consist of mineral components, to make them hard, as well as other substances, like proteins, to make them tough. If bones were just made of minerals, they would be like china plates and break quite easily.  But if they were just made of proteins, they would not be able to bear (support) weight very well.  This is why nature designed bone and teeth as composite materials – so that they would have excellent mechanical properties. 
It may seem confusing that bones and teeth are examples of nanocomposites, since our teeth and bones are not nano-sized.  But, the individual components – the individual mineral and protein pieces – that make up teeth and bones are nano-sized.  Another way of saying this is that these objects have nanoscale structure.  And it’s not just a coincidence that bones and teeth are nanocomposites.  If bones and teeth were not nanocomposites – if the individual components of bones and teeth were much larger – they would not have as good mechanical properties.

Interested in learning more about nanocomposites?  The references list at the end of this section contains links to articles on nanocomposites.
Mud bricks

The original composite materials may have been created by nature, but humans have been making our own composites for thousands of years.  One early example of composites is mud bricks.  These bricks go by different names.  For example, in many parts of the Americas they are referred to as adobe.  To make these bricks, people mix soil/clay, water, and a fibrous material like straw or sticks and then dry the bricks in the sun.  This may sound too simple, but these bricks are actually a very effective building material.  And since this technology appears to have been around 8000 years ago, it’s very impressive!  
When you consider all the advantages of these bricks, our ancestors definitely developed a great formula.  They used cheap, available materials to create building units that could support lots of weight, were easy to build homes from, and stood up to weather (wind, rain, etc.).  These bricks are also fireproof, provide good temperature control, and block sound. 

Wikimedia commons has many photos of mud brick walls and buildings, which can be found at http://commons.wikimedia.org/wiki/Category:Mud_buildings.  A few of these images are shown below.
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(A)  Photo of an Ethiopian woman making mud bricks for her house.  Image is in the public domain (http://commons.wikimedia.org/wiki/File:Bati_woman_making_mud_bricks.jpg).

(B)  Mud brick house in Sudan.  Source: http://commons.wikimedia.org/wiki/File:Tuti_Island_(Khartoum,_Sudan)_006.jpg.
(C)  Mud brick house in Spain.  Source:  http://commons.wikimedia.org/wiki/File:Adobe_espagne_nord_ouest.jpg.
Bricks like these have been around for thousands of years and about 30% of people still live in buildings made of earthen bricks.  And mud brick construction isn’t limited to less developed countries – even where more modern building materials are available, buildings are still being made of mud bricks.  The Australian Government even has a website to explain the advantages of mud bricks (http://www.yourhome.gov.au/technical/pubs/fs56.pdf).  Furthermore, the American Society of Civil Engineers published a review of the building codes and practices for earthen structures in 2011 (http://cedb.asce.org/cgi/WWWdisplay.cgi?280423).

Since buildings are still being constructed of earthen materials, scientific and engineering studies of these building materials are ongoing.  Most of the work being done in this field is focused on documenting and improving the strength of earthen building materials.  The references section on the next page includes examples of these studies that were published in the last 4 years. In this activity, students will replicate this type of work as they design and test their own mud bricks. 
Designing and testing mud bricks
In this activity, students will act as scientists and engineers as they make and characterize their own mud bricks.  By designing and testing their own bricks, students will delve into an engineering problem in a fun, hands-on way.  They will also get an introduction to the study of materials (materials science), since students will need to think about what properties they want their bricks to have. They will also need to consider how their brick’s materials and design/structure affect the brick’s properties.  Finally, students will get introduced to simple mechanical tests that can be used to test their brick(s).  This activity is very similar to the type of work that engineers and scientists are currently doing.
References:

1. Articles about nanocomposites

a. Nanocomposite:  http://en.wikipedia.org/wiki/Nanocomposite
b. Nanocomposites and their Applications:  http://www.understandingnano.com/nanocomposites-applications.html
c. Nanocomposites:  http://www.cem.msu.edu/~kanatzid/Nanocomposites.html
2. Images of mud brick walls and buildings.  Wikimedia Common’s “Mud buildings” category page.  http://commons.wikimedia.org/wiki/Category:Mud_buildings
3. Websites about making mud bricks
a. The Adobe Brick Technique:  http://www.solidearth.co.nz/adobe-brick-technique.php
b. How to Make Mud Bricks Used in Adobe Huts:  http://www.heifer.org/blog/2012/07/how-to-make-mud-bricks-used-in-adobe-huts.html
c. Adobe:  http://en.wikipedia.org/wiki/Adobe
d. Mud Brick Construction ASS103:  http://www.acsedu.co.uk/Courses/Permaculture-and-Self-Sufficiency/MUD-BRICK-CONSTRUCTION-ASS103-198.aspx
e. Making Mud Bricks:  www.alalakh.org/mudbricks2008.asp
4. Australian Government website on the advantages of building with mud bricks: http://www.yourhome.gov.au/technical/pubs/fs56.pdf
5. Research articles from the past four years about mud bricks
a. P. Jaquin.  How mud bricks work.  http://www.ewb-uk.org/system/files/Paul+Jaquin+report.pdf
b. C.-M. Chan.  Effects of natural fibres inclusion in clay bricks: physico-mechanical properties.  International Journal of Civil and Environmental Engineering 3(1) 2011.
c. Swan, et al.  Sustainable earthen and straw bale construction in North American buildings: codes and practice.  Journal of Materials in Civil Engineering 23(6) 2011.  
d. Piattoni, et al.  Experimental analysis and modelling of the mechanical behaviour of earthen bricks.  Construction and Building Materials 25 (2011).
Materials
Overview
Safety equipment:
· Gloves:  Materials should be safe, but gloves may be a good idea if people want to keep their hands clean, or if they do not want to handle some of the materials (e.g., they have an allergy to hay or grass) 

· Safety glasses: for the mechanical tests
Materials:
Note:  It’s not necessary to have all the materials from sections B and C – just pick at least 3 materials from each section.

(A)  General materials

(1)  Container to hold matrix and reinforcement materials


(2)  Paper and pens/pencils to record brick design and results

(3)  Scale for measuring brick materials as well as the weights used in the  mechanical testing  

(B)  Matrix materials (at least 3 of these materials)



(1)  Playdough


(2)  Clay



(3)  Dirt / soil



(4)  Sand



(5)  Flour


(C)  Reinforcement materials  (at least 3 of these materials)



note: It’s preferable to have materials of different densities



(1)  Hay, straw, or dried grass


(2)  Pebbles (try to get pebbles that are all of a similar size)



(3)  Pieces of cardboard / notecards



(4)  Toothpicks
(5)  Sawdust

(6)  Split peas or other dried lentils

(7)  Dry rice


(D)  Materials for making bricks



(1)  Stirring utensils (popsicle sticks, plastic knives/spoons, etc.)



(2)  (Optional) Molds (Tupperware containers, small milk cartons, etc.)



(3)  Water


(E)  Materials for mechanical testing



(1)  Weights (sand, beans, books, soup cans, normal bricks, etc.)

(2)  (Optional) Container for weights (if using small weights like sand, beans, etc.) 
(3)  (Optional)  Timer (clock, watch, timer, etc.)
(4)  (Optional)  Indenter – pencil, foam board, hollow weight (like empty bottle)

Note: If you use dirt/soil/etc. instead of playdough the activity time will increase significantly, since you’ll have to wait for the bricks to dry.
Material sources:
Many materials can be collected outdoors (examples: dirt, soil, sand, pebbles, etc.).  Other materials can be purchased at grocery stores (examples: split peas, rice, stirring utensils, soup cans, etc.).  Hay and straw can be purchased at many gardening supply stores or animal feed stores, and are also available from www.amazon.com.  
Playdough
Playdough can either be purchased or made using the following recipe.  Note that the amount of water should be adjusted to achieve the desired consistency.  
Mix 3 cups flour, 1.5 cups salt, and 2 teaspoons cream of tartar in a large bowl.  Heat 2.25 – 2.5 cups water, 3 teaspoons salad oil, and food dye (optional) until almost boiling.  (You can heat this mixture on the stove or in a microwave.)  You may want gloves for the next step, as it’s messy.  Add liquid materials to dry materials and knead well to mix.  Let Playdough cool if it’s still warm, since it’s more likely to grow mold if you store it when it’s warm.  Store playdough in a Tupperware container or Ziploc bag.  
Safety note: Playdough will grow mold over time, so you don’t want to make it too far ahead of time.  Similarly, you don’t want to make playdough that is too moist, since this will cause it to grow mold faster.  Storing Playdough in the fridge will retard mold growth.  
Set Up
Time: 15 minutes
** Setup time assumes you’ve already made playdough, if you’re using it. 
Create 5 stations that correspond to the materials sections (A—E) above.  At the first station students will pick out the general materials for the activity.  At station #2 they will choose matrix materials and at station #3 they will pick their reinforcement materials.  Students will then create the bricks at station #4 and test them at station #5.  

Decide where you want to put your scale(s).  The scale(s) could be placed at station #1, #4, and/or #5.  The scale(s) will be used to measure the amounts of each material that go into each student’s brick.  Students will also need a scale to weigh the weights used to perform the mechanical tests on the brick.  

If you have carpet, or just wish to make clean up easier, consider laying paper on and under stations, particularly stations #3 and #4. 
Program Delivery
Time:  1 – 3 hours
Safety

Warn people that there’s wheat in the playdough, in case they have allergies.  

If you use heavy weights to test the bricks, make sure that the students use them safely.  (Usually heavy weights won’t be necessary.)
For very young children:
Make sure very young children do not stick objects in their mouths.

Talking points and procedure
Note: This write-up presents an instructor-directed form of this activity.  However, this activity would also work very well as an open, inquiry-based activity where the students choose materials and design their bricks without prior knowledge about how to make the best bricks.

Discussion:

If you use playdough, it will take 1—3 hours for the students to finish this activity.  (If you make bricks from materials that must be dried in the sun, this activity will take a few days.)  The length varies with the number of bricks each student creates and the number of mechanical tests that are done.  You can have a discussion before and/or after this activity.  During this discussion you can cover material from the background section of this document as well as the talking points below.
Introduce composite materials 

Discuss what composite materials are and why they are used, using the information given in the background section.
What are the characteristics of optimal bricks? 

Have students brainstorm the important properties of bricks.  Examples of optimal bricks could be bricks that: aren’t too heavy; can support weight without cracking or compressing; don’t cost too much; are easy to make; and don’t compress non-uniformly (don’t become slanted).
How do we make optimal bricks?
We want to make bricks that are hard and tough, so that they don’t deform too much, but also don’t break easily.  Explain what the terms hard and tough mean.  (For definitions of hard and tough, see the Program Specific Definitions section of this document.)  To accomplish this, we combine matrix materials that are very tough (like playdough, soil, and/or flour) with reinforcement materials that can make the brick stiffer and harder (rice, straw, sawdust, etc.)  The resulting bricks are composites, since they are made of multiple materials.
Importance of materials and structure 
When we think about how something is made, we usually just think about the materials that are inside an object.  We don’t think too much about the structure or arrangement of the different parts.  But when you want to optimize something you’re making, it’s important to choose the best materials and the best structure/arrangement.  
One simple way to introduce this idea to your students is with a piece of paper.  Most types of paper, from cheap copy paper to fancy card stock, have a paper grain.  This means that many of the long fibers are aligned in a particular direction (the fiber or grain direction).  Because of this alignment, the properties of the paper are different in different directions.  Thus, even though the materials are the same, the structures are different and this has a large effect.  This is an important issue for book publishers, who must consider the grain direction when deciding how to create their books.
There are many ways to see how this fiber direction affects a piece of paper’s mechanical properties.  The first way is to try to tear the paper in the long direction, and then the short direction.  In one case you can get fairly neat/straight tears, while in the other case you get very jagged tears.  The jagged tears occur when you tear the paper perpendicular to the fiber grains.  This happens because you actually have to break many fibers instead of just pulling paper fibers apart from each other.  
You can also see the difference the fiber direction makes by bending the paper.  Start by gently picking up one side of the paper, and curling (bending) it over so it makes an arch.  Press down with your finger and feel the resistance.  Then, uncurl the paper, and curl it in the opposite direction.  Again, press down and feel the resistance.  There should be more resistance to pushing down when you curled the paper against the fiber direction.

More information about determining the grain direction in paper can be found at these websites:
· Determining Paper Grain Direction:  http://rozwoundup.typepad.com/roz_wound_up/2010/03/determining-paper-grain-direction.html#more
· How Paper Affects Folding:  http://www.foldfactory.com/teach_lesson_1.html
Preparing to build bricks:
Note:  If you’re conducting this activity as an inquiry-based activity, you will likely want to skip the points in #4 and #5.
1. Explain the boundaries/limits and (optional) design goals for this activity.  For example, if you’re setting a weight limit, explain that.  
2. If you want to turn this activity into a contest, explain what mechanical tests you’ll use (if any), to judge the winning bricks.  If you want to make the activity more challenging for older students, you can set additional metrics, like awarding extra points to the lightest brick, the largest (by volume) brick, or the cheapest brick.  (To determine the cheapest brick you’d have to estimate the prices of the various materials.)  These metrics would force the students to optimize multiple parameters, just like real engineers must.
3. Explain the stations to the students

· Collect basic materials at station (A)

· Choose matrix materials at station (B)
· Choose reinforcement materials at station (C)

· Form bricks at station (D)
· Perform mechanical tests at station (E)

4. Before the students pick their materials, have them investigate the different choices. Here are questions for them to consider:  
· What are the mechanical properties of the different materials?  

· How are the materials similar?  How are they different?  

· Which reinforcement materials break the easiest?  

· Which materials would make the best bricks, and why?  What are the worst choices, and why?  

· If you have a weight limit for your brick, how does this affect how you choose your materials? 

5. To optimize your bricks, you need to pick the best materials and arrange/structure them in the best way.  You can encourage your students to think about:
· How do you want to assemble your materials?
· Do you want everything mixed up randomly, or in a particular arrangement?

· Do the materials have the same strength in every direction?  For example, is it easier to break the straw by bending or pulling?

6. Remind your students that they need to record which materials they choose, and how much of each they use.  They should also draw a picture of what their brick looks like, indicating the placement and arrangement of the reinforcement materials within the matrix materials.  Also, when they form their brick, they should note how easy it is to get it to be the desired shape, since this tells you something about the deformability and hardness of the brick.
7. Finally, before releasing your students to pick out their materials, give them a few pointers on forming bricks:
· If using playdough, knead it well before you start so there aren’t any cracks.  
· If you’re not using a mold, it may be difficult to directly form a brick/rectangular prism shape.  It may be easiest to roll your material into a ball and then flatten/pinch the sides to form a cube-like shape.
8. Have your students choose their materials and create their bricks.

9. ** If using soil (and not playdough), put the bricks outside in the sun and wait for them to dry.  (Drying will take about 1—3 days). **

10. Have students test their bricks, using some of the suggested mechanical tests (see next page). 

11. Lead a discussion about which bricks performed best, and why.  Ask your students what they would improve if they were to do this activity again.  If you want to make this activity a contest, figure out which bricks won. 

Mechanical tests
There are a variety of mechanical tests you can do on the bricks.  When discussing these mechanical tests with your students, it’s nice to talk about what information you hope to get from the test (or, equivalently, what property of the brick you’re measuring with a particular test).  In the list of suggested tests below, the words in bold italics indicate some of the mechanical properties that you’re measuring with each particular test.  Note:  It’s definitely not necessary to conduct all these tests.  Just pick a few, or let your students choose.

Note:  If you want to expose your students to the issues engineers and scientists face in the “real world,” you can teach them about the importance of planning their mechanical tests.  You can explain that some tests are more destructive to a sample than others, and this needs to be considered before you do the tests.  You need to plan out what you’re going to do, and the order in which you’ll do it.  
1. Compressibility / strain / crack propagation/ toughness:  Test how your bricks respond to weight – real bricks need to be able to bear the weight of all the bricks on top of them!  Measure the initial height of your brick.  Place a weight on top of your brick, and weight a few seconds for it to settle.  Remove the weight and look for cracks.  Does the top of the brick stay flat, or is one side now shorter than the other?  Measure the change in height, and calculate how much the brick compressed (by dividing the change in height by the original height). 
Notes:  Have every student wait the same amount of time and use the same amount of weight.  Optimally, try to make the bricks similar in size (or at least similar in cross-section area) to make the results more comparable.
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The above image shows that you can use a bowl filled of sand to conduct this test.  During this test, the weight caused the brick to visibly crack. 
2. Hardness / crack propagation:  Test the hardness of your bricks.  Build an indenter, and use it to measure the hardness of your brick.  If your bricks aren’t too strong, you can make an indenter by just pushing a pencil through foam board.  (You don’t have to use foam board, but you want the pencil to have enough resistance to its surroundings that it doesn’t move easily.  Pencils work well because they are cone-shaped at the top, just as real indenters have a varying shape at the end.)  Once you have your indenter, put the pencil tip on the center of the brick, and add a weight (such as an empty jar) to the eraser end of the pencil.  Place your hands on the edges of foam board to keep it in place, but don’t use your hands to support (lift up) the weight.  Wait for a specific amount of time, and then carefully remove the weight, and then the indenter.  Look to see if there are cracks, and examine the hole that the indenter created – how deep is it? 
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     Image A: indenter system


     Image B:  Initial setup
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   Image C: during testing


       Image D: results
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Image E:  measuring the hole

         Image F: measuring the hole

3. Bending resistance:  If your bricks are long enough, you can prop up the sides and put a weight in the middle.  This type of test is called a 3-point bending test, and a photo of this type of test is shown below.
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Source:  http://n.ethz.ch/student/simstepf/images/3-point-bend.JPG
4. Cohesion:  Cohesion describes the ability of something to stick together, or stay stuck together.  Test the cohesion of your brick by rolling it end-over-end and observing any changes that occur.
5. Weatherability:  Test how your bricks perform after they’ve been dried out or after you spray water on them.  Dry your bricks in the sun or dunk/spray them with water, and then repeat test #1, #2, or #3.
6. Fatigue:  Test how your bricks respond to fatigue (repeated testing).  Test how your bricks perform when you repeat test #1, #2, or #3.   An especially fun combination of tests is Test #1, Test #2, and Test #1 again.  This isn’t technically a fatigue test since different tests are done, but it’s fun since you get to see how the repeated compression changes the shape of the dent. 
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The above image is of bricks that were first used for test #1, then test #2, and then used in test #1 again.  The brick on the left is 94% playdough and 6% dry rice (by weight), while the brick on the right is 100% playdough.  The hole (created by test #2) in the 100% playdough brick (on the right) became very flattened after test #1 was repeated. On the other hand, the hole in the brick on the left did not change shape significantly.
7. Toughness:   Drop the brick and see what happens.  (Note: this test is likely very destructive, so it should be done last!) 
Tips and troubleshooting

Try this activity ahead of time, to make sure that the matrix materials you have will work well.  (Sometimes the playdough may be too wet, or the soil may not stick together well.)
It’s nice to have bricks made of just matrix materials (e.g., just playdough or just soil) as a comparison.  
Common visitor questions

How do I make playdough at home?
Give the visitor the instructions from the Materials section.
What is a composite material?

Consult the definitions at the beginning of this write-up.

These don’t seem like normal bricks!  Are these even bricks?
Bricks made with playdough or flour are obviously pretty different from the type of fired bricks we usually see in the United States.  But bricks made from dirt/soil and straw are an old, original form of brick that is still used in many parts of the world.
Do people still make buildings from mud bricks?

Yes, about 30% of people live in buildings constructed from earthen materials.  See the background section for more information.
Going further…
Another NISE activity, “Why are Seashells so Strong?”, is an excellent complement to this one since both are related to composite materials.    

The following activities from TeachEngineering are related to composites:

· “Engineering Bones” http://www.teachengineering.org/view_lesson.php?url=collection/cub_/lessons/cub_biomed/cub_biomed_lesson01.xml
· “Bone Fractures and Engineering” http://www.teachengineering.org/view_lesson.php?url=collection/cub_/lessons/cub_biomed/cub_biomed_lesson10.xml
· “What Makes our Bones Strong?”  http://www.teachengineering.org/view_activity.php?url=collection/van_/activities/van_skeletal_system_activity2/van_skeletal_system_activity2.xml
· “Explore the Forces of Tension” http://www.teachengineering.org/view_lesson.php?url=collection/wpi_/lessons/wpi_tension/tension.xml
· “Fun Look at Material Science” http://www.teachengineering.org/view_lesson.php?url=collection/uoh_/lessons/uoh_matlsci/uoh_matlsci_lesson01.xml
The following activities from TeachEngineering introduce mechanical testing:
· “Breaking the Mold” http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_brid/cub_brid_lesson04_activity1.xml
· “Breaking Beams” http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_mechanics/cub_mechanics_lesson07_activity1.xml
· “Soapy Stress” http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_rock/cub_rock_lesson01_activity1.xml
· “Glue Sticks Bend & Twist” http://www.teachengineering.org/view_activity.php?url=collection/wpi_/activities/wpi_gluestick/glue_joy_act.xml
Clean Up
Time:  15 minutes
Collect materials that won’t be usable in the future and dispose of them.  Return playdough to bags or containers, to prevent it from drying out.  Clean up remaining materials.
Universal Design
This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities. 

The following features of the program’s design make it accessible:

[X] 
1. Repeat and reinforce main ideas and concepts

· Explicitly state overarching main idea and supporting concepts visually and aurally.

· Actively engage visitors with the content visually, aurally, and tactilely.

· Deliver one core concept at a time.

· Repeat core concepts frequently during the program.

· Punctuate the delivery of key ideas by presenting them visually, aurally and tactilely.
· Check in with the audience along the way.
[X] 
2. Provide multiple entry points and multiple ways of engagement

· Enable learners to enter at different places and take away different messages.
· Actively engage audience members in the program.

· Ask questions that encourage visitors to relate the content to their everyday life.

· Connect the content to a range of prior experience and everyday life examples.

· Use multiple analogies to represent the same idea.
· Engage more than one sense when delivering jokes and special effects.

[X] 3. Provide physical and sensory access to all aspects of the program
· Speak slowly and provide extra time for people to process important ideas.

· Provide auditory descriptions of models and images.

· Provide tactile models that are easy to handle and manipulate.
· Use color and/or tactile designs to impart meaning on models and images.

To give an inclusive presentation of this program:

· Ask your students questions and check in with them along the way to make sure they’re engaged and with you.

· Relate the topics to things visitors are familiar with 
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