
The Stress of Making the Perfect Concrete 

ABSTRACT

Chemical reactions are part of the world around (and under) us.  This lab will allow students to design their own recipe for creating the strongest possible concrete sample.  By giving the student control over the variables of curing time, water amount, cement amount, and the amount of aggregate to use, the students will be able to discover that the curing of concrete is an exothermic, chemical reaction that is governed by many of the same rules that govern other reactions we have discussed in class and that by repeated trials they can experimentally determine what factors will create the strongest concrete.   


Grade Level

9th Grade Physical Science

Resource Type

Lab Activity

Subject

9th Grade Physical Science 
National Science Standards 
Content Standard A
· Abilities necessary to do scientific inquiry

· Understandings about scientific inquiry

Content Standard B
· Structure of atoms

· Structure and properties of matter

· Chemical reactions

· Motions and forces

Ohio Science Standards for both Science Content & Inquiry

Physical Sciences


Nature of Matter
9. Investigate the properties of pure substances and mixtures (e.g., density, conductivity, hardness, properties of alloys, superconductors and semiconductors).
16. Illustrate that chemical reactions are either endothermic or exothermic (e.g., cold packs, hot packs and the burning of fossil fuels).
23. Explain the change in motion (acceleration) of an object. Demonstrate that the acceleration is proportional to the net force acting on the object and inversely proportional to the mass of the object. (F net =ma. Note that weight is the gravitational force on a mass.)
24. Demonstrate that whenever one object exerts a force on another, an equal amount of force is exerted back on the first object.
Science and Technology


Abilities To Do


Technological


Design

2. Identify a problem or need, propose designs and choose among alternative solutions for the problem.
3. Explain why a design should be continually assessed and the ideas of the design should be tested, adapted and refined.

Scientific Inquiry


Doing Scientific

Inquiry

1. Distinguish between observations and inferences given a scientific situation.
2. Research and apply appropriate safety precautions when designing and conducting scientific investigations (e.g., OSHA, Material Safety Data Sheets [MSDS], eyewash, goggles and ventilation)
3. Construct, interpret and apply physical and conceptual models that represent or explain systems, objects, events or concepts.
5. Develop oral and written presentations using clear language, accurate data, appropriate graphs, tables, maps and available technology.
6. Draw logical conclusions based on scientific knowledge and evidence from investigations.

Your Local Course of Study Objectives

Not applicable 

Your OBJECTIVE(S)

1.  Students will be able to define what type of change has occurred in the concrete during curing.

2. Students will classify the curing as an endothermic or exothermic reaction.  They will also classify if the reaction is a chemical or physical change.  

3. Students will construct a recipe for their concrete sample and perform an experiment testing the strength of their sample and recipe.  

4. Students will analyze the results of their tests and propose reasons for the success or failure of their sample.    

5. The students will then report to the class their results and together decide what the most important factors in concrete strength are.  


ACTIVITY PRE-ASSESSMENT

1.  Students will first create a journal entry describing what concrete is used for in everyday life and the forces it is put under.

2.  A brief pretest will be given to the students.


1.  What type of mixture is uncured cement?


2.  Is the curing of cement a chemical reaction or physical change?

3.  What are the most important factors (ingredients) in creating concrete with greater strength? 

4.  Please list the two main components of concrete.

5.  What do we call pulling forces?

6.  How do you know if the following reaction is exothermic or endothermic?


2 Ca3SiO5 + 7 H2O ---> 3 CaO.2SiO2.4H2O + 3 Ca(OH)2 + 173.6kJ
7.  The sample you will create in class (the size of a toothpaste box) will hold how much weight?

 

Your Lesson/Project

The Stress of Making the Perfect Concrete
Chemical reactions are part of the world around (and under) us.  This lab will allow students to design their own recipe for creating the strongest possible concrete sample.  By giving the student control over the variables of curing time, water amount, cement amount, and the amount of aggregate to use, the students will be able to discover that the curing of concrete is an exothermic, chemical reaction that is governed by many of the same rules that govern other reactions we have discussed in class and that by repeated trials they can experimentally determine what factors will create the strongest concrete.   

Materials 
-Safe location with hard floor (We will be performing our tests in my schools FFA garage).

-Safety Goggles

-Closed toe shoes

-Gloves

-Cement

-Sand (aggregate)

-Water

-Mixing cups

-Stirrers 

-Measuring devises for wet and dry materials (We will be using graduated cylinders to measure wet volume of water, and beakers for measuring the volume of dry materials).

-Bucket (with handle) 

-Free weights (We are using 2.5 pound free weights).

-Empty paper towel rolls for molds.   

-Thermometer 

Directions and Overview.

The students will work in groups of two and use the material listed above to create concrete cylinders.  These cylinders will held in place spanning a space between two work tables.  A bucket will be suspended from the center of the cylinder and weight (free weights) will be carefully added until the failure of the cylinder.  The maximum supported weight will be recorded in the table below and later compared to the results of the rest of the class. 

Step 1: Measure and record in the table below the amount of cement, sand, and water that is added to the mixing cup.  Also record the temperature of the area the cement is to harden, and the time it will be allowed to cure.  

	Sample Number
	Sand (ml)
	Cement (ml)
	Water (ml)
	Temp. (C) 
	Cure Time 
	Max Weight

	
	
	
	
	
	
	


Step 2:  Put the well stirred mixture into the paper towel roll and allow to cure for at least 24 hours.  

Step 3:  After curing, remove the concrete from the roll and take to the location were the sample will be tested.

Step 4:  Place the bucket handle over the sample and support both ends on the tables with the bucket hanging between the tables.  

Step 5:  Place weight carefully into the bucket in measured increments.  We will sue 2.5 pound free weights.  Wait 30 seconds between adding more weight.  Record the max weight supported by the sample in the final column of the table above.  

Step 6:  Share results with the rest of the class by recording the amounts of sand, cement, and water on the board as well as the weight each supported.  Have the students then create three graphs. Comparing each of the variables with the weight supported.  

Step7:  Have students write a paragraph on what they believe is the most important variable using the information from their graphs.  




PRE/POST-ASSESSMENT

1.  Students will be asked to share with the class the exact ingredient amounts used as well as the results of the strength test by filling in a class table with the information.

2.  After the results have been shared the class will discuss what recipies seemed to result in the highest strength. 

3.  The pretest will also be given again as a posttest and the results compared for improvement.  

 
1.  What type of mixture is uncured cement?


2.  Is the curing of cement a chemical reaction or physical change?

3.  What are the most important factors (ingredients) in creating concrete with greater strength? 

4.  Please list the two main components of concrete.

5.  What do we call pulling forces?

6.  How do you know if the following reaction is exothermic or endothermic?


2 Ca3SiO5 + 7 H2O ---> 3 CaO.2SiO2.4H2O + 3 Ca(OH)2 + 173.6kJ
7.  The sample you will create in class (the size of a toothpaste box) will hold how much weight?

