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Construction Challenge 1
Building a ‘Core’ Piece of Road  
What you are going to do: Make your own ‘core’ piece of a road using ‘natural’ materials. (A ‘core’ is a cylindrical section of road. Read on to find out why it is so very important). You may find some of the words tricky so refer to the Glossary. 
Before carrying out the experiment it’s important to get prepared! Read this first!

Did you know? Fact 1: It is important when constructing a road that the surface is safe and reliable for those using it. However, for the surface to be safe and reliable the layers below it are just as important!
Did you know? Fact 2: The thickness of a road is made up of a number of different layers and although it might look the same, each layer has its own purpose
Did you know? Fact 3: The number of vehicles expected to travel on the road helps the engineers decide which type of layers are required. (For example, the A9 will need to be a lot stronger than the road outside your school!)
Fun Fact: Some people call the surface of a road, Tarmac. Tarmac is actually the name of a company who provides a surface layer for roads. This is similar to a vacuum cleaner being called a Hoover or thermal clothing being called Under Armour! 





Look at this picture of the layers below a road. 
Can you see the different layers within this sample? 
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Figure 1: Core samples taken from an existing road – notice the difference in layers? Over time layers can merge with each other so won’t be as clearly defined. 
Question! What do you notice about the sizes of rock (aggregate) the further down you go? Do they get bigger or smaller?
Answer! They get bigger! This is because the layers at the bottom help provide the strength for the road while the layers at the top help provide the stiffness.
Did you know? Fact 4: The picture above is an example of a core. A core is a cylindrical shape and is taken out the ground using a drill. It helps the engineers to examine how strong the existing road is.  
[bookmark: _GoBack]Did you know? Fact 5: Another thing which is important within each layer is the air void content. Air void content is the amount of space within the core material that can allow air to pass through. If the air void content is too high it allows water and air to enter which can make the layer unstable. If the air void content is too low this means that during summer and warm weather it can’t expand and the layer could become damaged or crack. 
Did you know? Fact 6: The different types of layers found in a road can vary in type of material and thickness. (Look at the picture below to see what each layer looks like.) 
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Did you know? Fact 7: The types of layers that can be found on a road are:
Surface layer
This layer is the most important layer as it comes in direct contact with all the heavy vehicles. It is usually made of better quality materials than the other layers and it is generally quite dense. Some points to remember about this layer:
· It provides grip for vehicles and helps water drain off the road which helps prevent puddles which can be dangerous for vehicles. 
· It must be compacted well enough that it doesn’t wobble or move under a heavy load.
· It must also be waterproof to protect the layers below from leaking water as this could reduce the strength of the road over time.
Binder layer
The binder layer helps the surface layer withstand the high stress concentrations from the weight of the vehicles down to the next layer. 
Base layer
The base layer is used to help the other layers above by adding strength to help carry the weight of the vehicles above. (This layer can sometimes be split into two layers called upper base and lower base).



[image: :::::::::::Desktop:image002.png]Materials within the upper base and lower bases can vary but a Cement Bound Granular Mixture (CBGM) can be found on the base layer of some roads. 
Cement Bound Granular Mixtures can have large, dry aggregates within them which means the mixture won’t stick together. If a mixture doesn’t stick together it means that it won’t be as strong.  To make it strong, small amounts of cement and water are added. Adding small amounts of cement and water is like adding glue. This helps bind everything in the mix together to increase its strength!




Foundation layer
This layer is usually a layer of natural soil which is prepared to receive the heavy loads from all the layers above.








The Experiment
The Academy9 team would love to hear from you! Why not take pictures carrying out the experiments and send them david.pollock@transport.gov.scot and we’ll try and include them on our website.
Aim: The aim of this challenge is to see if you can make your own ‘core’ piece of road using natural materials.
What you will need: (Important! Always wear a pair of gardening gloves when carrying out the experiment and always ask an adult for help when cutting).
· 1 litre clear plastic bottle (an empty juice bottle would do)
· Salt dough (see the recipe for making salt dough below) 
· Ruler
· Scissors
· Felt tip pen
· Dark food colouring (optional)
· Pair of gardening gloves
· Variety of materials for the different layers (examples below) 
Foundation Layer: Soil 
Base layer: Small garden stones 
Binder Layer: Gravel  
Surface Layer: Crumbed biscuits
What you have to do
· Make your salt dough (keep to one side)
· Cut the plastic bottle in half (Remember! Always get an adult to help you)
· Recycle the top half  
· Measure the bottom half and divide it into 4 equal sections (mark a point at each section with a felt tip pen)
· Draw a line all around the bottle from each marked point (These will be your layers)
· Make the different layers by following the steps below:

a. Foundation Layer: Add soil to the bottom of the bottle and up to the first marked line (Important! You need to avoid air voids so make sure you squeeze the soil very tightly to make sure it is really compacted (packed closely together).
b. Base Layer: Take enough small garden stones to fill the bottle up to the second marked line (Important! To avoid air voids in this layer mix these stones with enough salt dough to make sure they are as tightly packed together as possible) 
c. Binder Layer: Take enough gravel to fill the bottle up to the third marked line (Important! To avoid air voids in this layer mix these stones with enough salt dough to make sure they are as tightly packed together as possible).
d. Surface Layer: Take enough crumbed biscuits to fill the bottle up to the fourth marked line (Important! To avoid air voids in this layer mix these stones with enough *salt dough to make sure they are as tightly packed together as possible)  
(*To make this surface layer look like a ‘real’ road you may wish to add food colouring to the salt dough before mixing it with the sand)
Congratulations! You have now built a ‘core’ piece of road
Why don’t you take a picture and send it to the Academy 9 team at david.pollock@transport.gov.scot.  We would love to see what you have created. 







Worksheet: Construction Challenge 3
Make a ‘core’ Piece of Road
Activity 1: Below is a diagram of a ‘core’ from a piece of road. Read the information above and label it correctly. Write the names of the layers on the left-hand side. Draw a picture of the materials you used in each section. Label the names of the materials on the right-hand side. (Remember! To label a diagram correctly you should use a ruler and draw arrows)








__________________





________________


________________
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________________





Activity 2: Choose the correct answers from the list below to answer these questions. Write the answers on the lines below 
1. Which layer of a road is it most important to be safe and reliable?  
____________________________________________________________

2. What helps the engineers decide which type of layers are required on a road? 
_____________________________________________________________

3. Do the sizes of rock (aggregate) get bigger or smaller the further down you go? 
_____________________________________________________________

4. What shape is a ‘core’? 
_____________________________________________________________

5. What is used to take a ‘core’ out of the ground?
_____________________________________________________________

6. Why do engineers have to take ‘cores’ out of the ground?
_____________________________________________________________

7. What is an ‘air void’?
_____________________________________________________________


Answers: 
1. To test their strength
2. The number of vehicles expected to travel on the road
3. An air void is the amount of space within the core material that can allow air to pass through
4. Cylindrical shape
5. A drill
6. Surface layer
7. Bigger
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