
Staff Notes: 
 
This course consists of 6 double modules.  You need to do Module 1 first and then after that, it is up to you which module you do and 
in which order so you can choose the module which fits in with the time and teaching area you have available. 
 
You may need to mix in small task ideas of your own to reinforce a point or to stretch the exercise if pupils finish extra quick. 
 
There are many photographs used in this document.  If you wish to use them in your presentations as a teaching aid, they will be on my  
www.ajbooker.co.uk website in the ‘Education > Misc..’ section.  They are all high resolution and will work well on the faculty 
projector. 
   
ALL MODULES ARE SET AT AN APPROPRIATE LEVEL FOR ALL STAFF. 
 
There will be no assessment or marking of the work but I suggest you give verbal feedback and run appropriate tasks as competitions. 
 
Most modules involve competitions to see who can build the highest, strongest etc.. It might be worth adding categories such as best 
team, neatest result etc  so more than one group share the glory. 
 
Last word… This is supposed to be fun, feel free to change things, if it still gets the main learning outcomes across. 
 
Notes on Resources: 
 
Plasticine is fairly easy to source. 
The wooden sticks are ‘spills’ used for lighting Bunsen burners in science and are extremely cheap.  Pupils will normally need to cut 
them up but it is easy to do this by snapping between the fingers. 
If  you build on plastic trays, it is far easier to clear up………. 
 
Andrew Booker—2005 



Resources:  Plasticine, 6 long wooden sticks per pupil. 

Gently bend a stick in your fingers—
WITHOUT BREAKING IT.   
 
You have applied a BENDING 
FORCE to the stick.   
 
This force is one of 5 different forces 
that affects any structure. 

The other three forces are described 
below:  Can you match them up with 
the appropriate diagram? 
 
Tension forces pull on a structure. 
 
 
Compression forces push on a 
structure. 
 
 
Shear forces act a bit like scissors, 
stressing the structure in opposite 
directions, very close together. 

A 

C 

B 

Take a stick and gently twist it 
by the ends. 
 
 
You have applied a Torsional 
force to the stick.  This force 
twists structures. 
 
 
 
Forces can be shown  with 
arrows.  Here are the arrows 
used for the first two forces.   
Which is which? 

INTRODUCTION: 
 
Structures are things that support 
LOADS.  These loads can be 
solid, liquid or gas…..  The loads 
push, pull and twist structures, 
they try to FORCE the structure 
into a different shape. 
 
The forces will distort and bend 
the structure out of shape unless 
the materials the structure is 
made of are strong enough. 
 
 
A stool has strong, rigid metal 
legs.  How effective would a 
rubber stool be? 

Tacoma Narrows Br idge— Nov  1940 



RESISTING FORCES: 
 
Use four long sticks and build the 
square as shown on the right. 
 
Squeeze the plasticine round the 
ends of the sticks to join them. 
 
Try and distort the square by 
pushing it sideways...easy isn’t it! 

REINFORCING STRUCTURES: 
 
Remake your square a little smaller 
so the ends stick out a bit, and use 
one of the long sticks across the 
centre like this. 
 
Now when you try and distort it, it will 
be stronger.   
 
Of course plasticine isn’t very strong 
so it will still break fairly easy. 
 
It is stronger because you have split 
the structure up into triangles. 

Triangles are a lot stronger than squares as they resist the 
forces on a structure which try to distort them. 
 
Using triangles in this way is called 
TRIANGULATION 
 
You can see triangulation based structures everywhere.  Many 
roofs, bridges and cranes use this technique. 
 
These types of structures are called FRAME structures. 
 
Frame structures are made up of separate, usually straight 
pieces of rigid material. 
 
If the forces being resisted are Tension forces, you can replace 
hard materials with flexible ones like ropes and steel wires. 
 
In this crane , the dotted line is in tension, and is a rope. 



BRIDGE HISTORY: 
 
The earliest bridges were probably 
no more than branches laid across 
streams.   
 
Trees would naturally fall over and 
then get used by early ‘man’.   
 
A simple bridge is subject to what 
type of force? 

Bridges don’t have to be massive tree 
trunks to be effective, In a team, use 
two of your long sticks to build this 
bridge. 
 
Notice how wobbly it is… Would it be 
safe to cross if it was 10 metres long? 
 
Why is it so wobbly? 

Resources:  12 long wooden sticks per team, three wooden 
blocks per team. 

PENCIL CASE BRIDGE: 
 
Use all six of your sticks to build a bridge between the blocks.  
Without breaking the sticks, how much weight can your bridge 
take? 

PENCIL CASE BRIDGE Part 2: 
 
Use small pieces of plasticine to fix the ends of the wood so they 
are upright as shown in the diagram below. 
 
Does your bridge appear stronger or more stable this way 
round? 



You can make a stronger bridge by 
triangulating the structure. 
 
Triangulation means to design using 
triangles as the main building 
shapes. 
 
Try to build the bridge design shown 
on the right using your sticks.  You 
will have to cut some of your sticks 
down a bit to get it to work, but the 
longest length (where the road 
would go) should not be cut. 

Try redesigning your bridge UPSIDE DOWN so the pointy bit is at 
the bottom.  Can you get it to work?  What is the advantage of this 
bridge design? 

Resources:  12 long wooden sticks per team, three wooden 
blocks per team. Small pieces of plasticine 

You might find it easier if you stick the bridge parts down to the 
blocks using plasticine.  This is known as ‘Anchoring’ a bridge in 
real life. 
 
A bridge could be extremely strong but be blown over in one 
piece if it is not held down in some way. 
 
Build the super simple bridge below and try to blow it over... 

Strong bridges. 
 
Use all your sticks and plasticine to build an arch bridge. 
 
These bridges are popular because they can take great weights 
and use shorter lengths of material.  It is not usually possible to 
find a single 100m length of steel to cross a 100m gap... 



PUSHING OUT: 
 
Fizzy drinks come usually come in 
plastic bottles. 
 
The bottles, when pressurised by the 
fizzy drink inside them, are rigid. 
 
You can push very hard on the outside 
of the bottle without denting it. 
 
If the bottle is empty though…. It is very 
weak.  Why? 

Pet bottles are examples of a type of structure 
called SHELL structures.  Shell structures are 
usually a smooth flowing shape, Like the shell of 
an egg, or a crab 

 
 
They are very common.  A crabs shell is 
called an exoskeleton, It is the hard 
framework that supports and protects 
the soft crab bits inside it.   
Egg and crab shells are examples of 
NATURAL STRUCTURES. 

Resources:  A4 paper, 2 blocks per team, masking tape 

STRONG SHAPES: 
Shell structures are usually shaped to maximise their strength… 
We can see how this works by draping a piece of paper between 
two wooden blocks. 

Try folding the piece of paper into a concertina shape as shown 
below.  You will find it holds far more weight. 

The paper cannot 
support its own 
weight 
 
It badly sags in the 
middle and if the 
blocks were taller, 
would fall through 
completely 



GUIDE THAT LOAD: 
 
Shell structures can be extremely strong if the LOAD on them is 
resisted where they are strongest. 
 
 
Paper round… 

QUALITY SHELLS: 
 
Most natural structures such as eggs and 
crabs have thicker shells where there is the 
most LOAD on the structure.  Which bits of a 
crabs shell are thickest? 
 
QUALITY BRIDGE TASK: 
 
Fold a piece of paper roughly into a concertina shape, Don’t 
bother making good creases and don’t worry about making all the 
folds evenly spaced. 
 
 
Fold a second piece of paper 
much more carefully into a 
concertina shape.  Make all the 
folds the same width and crease 
them crisply. 
 
 
 
 
 

 
 
NOW  test them.  The rough 
bridge will not hold much 
weight, and you will also find 
that  it bends to one side.  
Why is this? 

Roll a piece of new A4 paper into a cylinder about 
the width of your palm, and carefully stick the 
masking tape down to hold it together.   
 
Trim off any overhanging pieces of masking tape. 

Place a small piece of wood or other flat stiff object on the top to 
spread the load, and pile stuff on top, carefully balancing it.    
 
The weight record is 5Kg. 
 
When it is heavily loaded, Dent the side of the cylinder with a 
ruler, and the paper cylinder crumples.   Why? 
 
 Even if you iron the paper flat again and re-use it, it will never be 
as strong… Why? 


