SOUTH CAROLINA STUDIES

       Unit 5; Day 5
THEME = RESOURCES OF THE COASTAL PLAIN                                        SCIENCE

LESSON TITLE: Making and Using Artificial Rocks
OBJECTIVES: Students will be able experiment to make the best concrete.
PRIMARY STANDARDS ADDRESSED: Science 8th - III.B.2.c;  III.B.2.d;  III.B.2.e 
PRIOR SKILLS REQUIRED: ability to describe texture and composition of rock samples
TEACHER BACKGROUND INFO: Mining Association of S.C. website <http://www.scmines.com>; 

Mineral Information Institute website <http://www.mii.org/sidewalk.html>.        
LOGISTICS: 1 @ 50-minute class – large tables or other work area – students work in cooperative groups


plus 1 @ 20-minute period as a follow up
MATERIALS:  small paper cups, water, sand, cement, and pea gravel; optional: white glue; copies of handout “Additional Background Resources”; drop-test surface; 6-sample ‘rock’ sets; wood stirrers

PROCEDURES:

   1. Ask students to explain the difference between an ‘artificial’ diamond and a ‘real’ diamond in a piece of jewelry.  Also ask them to explain the difference between ‘artificial’ turf and ‘real’ turf on a football field.  Try to arrive at a general definition for an ‘artificial’ substance.   

   2. Divide students into groups and hand each group a set of six samples (concrete, brick, macadam asphalt, conglomerate, oil shale, and kaolin).  Do not identify the samples for the students at this time.  Ask students to determine which ‘rocks’ are real and which are artificial (according to the definition arrived at in Procedure #1) and ask them to name each sample as best they can.
   3. Ask students if they are familiar with the terms “cement” and “concrete”.  Ask them to tell you what they think is the difference between them.  After discussing answers, give them the correct definitions.
   4. Have students read the Information on the “Additional Background Resources” pages regarding “Roads and Highways” and “Airports and Runways”.  Ask them to come up with some reasons why “manufactured rocks” like concrete are used in this type of construction instead of real slabs of rock. 
   5. Have groups make small batches of concrete using the directions on the Student Work Sheet. Make sure they recognize the ‘Inquiry Objective’: “To determine what makes “perfect” concrete”; and the ‘Assessment Criteria’ for perfect concrete: “it has to be hard—(be able to pass a drop test) and smooth.”
Caution ***  Cement is a caustic material.  It can burn skin and eyes, just like acid.  If you desire a safer way to demonstrate the making of concrete, then substitute 1 part of white glue mixed with 10 parts of water in place of the cement.
   6.  After a suitable drying period, test the concrete samples. Good samples will be both smooth and hard.
   7.  [optional]  If time permits, have a concrete making contest to determine the “best” mixture.
SAMPLE CULMINATING ASSESSMENT:   

   - Your concrete samples were made in a classroom.  Write a short story about how you think a real (naturally occurring) rock with similar ingredients to concrete could be made through geological activity.  Describe the individual ingredients needed for the rock, and the processes needed for the rock to be formed.  Describe the type of natural environment where this rock might be produced.  Where in South Carolina do you think such rocks might be found today?  What uses could your rock have? 
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STUDENT  WORK  SHEET

LESSON TITLE: Making and Using Artificial Rocks
a.  Directions for making ‘concrete’.  Your group is going to make three samples of concrete in small paper cups.  Your group needs to determine how much of each ingredient to use.  Be sure to stir your ingredients together completely.  Your teacher will tell you where to get the ingredients and how to measure the amount used.  Each sample combination (recipe) must be different.  You are trying to set up an experiment to determine what makes “perfect” concrete.  Label your cups with sample numbers and your group name.  Record the exact amount of each ingredient you use for each sample recipe in the chart below. Place all three samples in the designated drying area.  We will allow the samples to dry for approximately 24 hours before evaluating them.

	Ingredient
	Sample 1 recipe
	Sample 2 recipe
	Sample 3 recipe

	cement
	
	
	

	water
	
	
	

	sand
	
	
	

	gravel
	
	
	


After a drying period of 24 or more hours, test the concrete.
Smoothness test.

Slowly peel away the paper cups over a trash can.  Compare the smoothness of your three samples.  

    b.  Which sample recipe made the smoothest sample?   ____________________________
    c.  Which sample recipe made the least smooth sample?   ___________________________
Hardness test.
First—over a trashcan, squeeze your concrete sample.  Does it crumble and fall apart or is it hard? 
    d.  Which sample recipe made the hardest sample?   __________________________
    e.  Which sample recipe made the least hard sample?    __________________________
Take your hardest sample to the drop test area designated by your teacher.  Hold your concrete at a height of 1 meter above the surface and let it fall.  Does the sample stay in one piece, does it dent, chip, etc?  Record your observation.  
*** Those samples that remain intact after this first test can have a “drop off” contest from a height of 2 meters to determine the class winner! 
Write a conclusion for your experiment:
If you had to create another sample recipe for concrete, what would you do differently and why?  
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TEACHER  ANSWER  KEY
LESSON TITLE: Making and Using Artificial Rocks
1. Ask students to explain the difference between an ‘artificial’ diamond and a ‘real’ diamond . . . 

   Answers may vary about the differences in artificial and real substances.  From your discussion you might develop a definition that “real” refers to a substance formed in or by forces/processes in the natural world.  “Artificial” refers to products that have been produced with the aid of humans. 
2. Divide students into groups and hand each group a set of six samples . . . 

   Answers may vary for the names of the rocks and rock products.  Concrete, brick, and macadam asphalt are ‘artificial’ while conglomerate, oil shale, and kaolin are ‘naturally occurring’.
3. Ask students if they are familiar with the terms “cement” and “concrete”. . .   

   Answers may vary for differences between cement and concrete.  Many students will think the terms are interchangeable, but they are not.  Cement is a binding agent made from lime, sand, and clay.  It is used in the production of mortar, brick, block and concrete.  Concrete is a mixture of cement and aggregate materials (sand and pebbles). 
4. Have students read the “Additional Background Resources” section regarding “Roads and Highways”. . . 

   Answers may vary for the advantages of “manufactured” rocks over real rocks.  However, it should be apparent that the cost and labor of cutting real rock slabs for most construction would be much higher than manufactured rocks.  Most importantly, the ability to shape and mold manufactured rocks is the key to their lower cost and greater usefulness. 
5.  Have groups make small batches of concrete . . .
   Answers will vary considerably.  .  However, samples made with ratios similar to the chart below should test the best.  Smoothness and hardness will depend a lot on the ratio of sand to course aggregate, and the particle size of the course aggregate.  The best drop-test surface would be metal, but concrete (sidewalk)  or flagstones will do fine.  In writing their conclusion, students should refer to their experimental results and predict a better ratio of ingredients.
Recommended (ideal) concrete mix ratio.
	Material
	By Volume *
	By Weight *
	By Ratio
	Paper Cup Size Volume

	Cement
	1 cu ft.
	94 lbs
	1 part
	.5 cubic inch         [8 ml]

	Water
	5.5 gl.
	46 lbs
	.75 part or as needed
	.35 cubic inch       [6 ml]

	Sand
	2 cu ft.
	200 lbs
	2 parts
	1 cubic inches      [16 ml]

	Coarse aggregate**
	3 cu ft.
	260 lbs
	3 parts
	1.5 cubic inches   [24 ml]


*This mix makes about 4 cubic feet (0.1 cubic meter) of concrete, enough to make 12 sq. ft. of sidewalk, 3 inches thick.       ** Particles graded 1/4 to 3/4 inch (6 to 19 mm) in size

SAMPLE CULMINATING ASSESSMENT:   

   -Your concrete samples were made in a classroom.  Write a short story about how you think a real (naturally occurring) rock with similar ingredients to concrete could be made through geological activity.  Describe the individual ingredients needed for the rock, and the processes needed for the rock to be formed.  Describe the type of natural environment where this rock might be produced.  Where in South Carolina do you think such rocks might be found today?  What uses could your rock have? 

Answer:  Stories will vary.  However, all should describe clastic sedimentary rocks made in high energy depositional environments that include moving water.  Locations in South Carolina could be anywhere in the Coastal Plain where the energy level was high enough to transport gravel.  ‘Concrete’ rocks could be used for roadbed, buildings and construction, flooring, etc.
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ADDITIONAL BACKGROUND RESOURCES
LESSON TITLE: Making and Using Artificial Rocks
Roads & Highways

(information compiled from Mineral Information Institute – Golden, Colorado – website <http://www.mii.org>)
There are more than 2,336,000 miles of hard-surfaced roads in the United States. The majority of those roads do not have both asphalt and concrete surfaces, like the ultimate road shown below. However, a two-lane road is at least 24-feet wide, so you can begin to estimate the amount of materials that were mined to construct the roads we use everyday.
There are more than 1,571,000 miles of dirt roads in the U.S. And every year, they need more dirt put on top of them because driving makes the dirt disappear. It disappears as dust when the sand and rocks are worn finer and finer by the weight of cars. The construction of a typical interstate highway can require as much as 20,000 tons per lane mile. There are 583,000 bridges in the United States; the majority of them are made of concrete and steel.
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Airports and Runways

(information compiled from Mineral Information Institute – Golden, Colorado – website <http://www.mii.org>)
There are about 18,345 airports in the United States, covering more than 4 million acres of land. While it is virtually impossible to estimate the amount of sand, gravel, stone, and cement used to build those airports, this information can help you begin to appreciate the amount of mining that must occur so people can fly. Just one new airport, Denver International Airport built in the 1990s, required more than 10 million tons of aggregates. There are more than 281,000 non-military airplanes in the U.S., 7,400 of which are the commercial carriers (the airline companies). The carriers traveled more than 5.5 billion miles each year, involving more than 8 million different trips, with 550 million passengers on those planes. The amount of minerals and metals needed to build those airplanes is unknown, but they consume more than 13 billion gallons of fuel each year. All the above information is for the USA only.
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